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The Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule for Mode! Years 2021-2026 
Passenger Cars and Light Trucks 

AGENCIES: Environmental Protection Agency and National Highway Traffic Safety 
Administration. 

ACTION: Final Rule. 

SUMMARY: EPA and NHTSA, on behalf of the Department of Transportation, are 
issuing final rules to amend and establish carbon dioxide and fuel economy standards. 
Specifically, EPA is amending carbon dioxide standards for model years 2021 and later, ari.d 
NHTSA is amending fuel economy standards for model year 202 ! and setting new fuel economy 
standards for model years 2022-2026. The standards set by this action apply to passenger cars 
and light trucks, and will continue our nation-'s progress toward energy independence and carbon 
dioxide reduction, while recognizing the realities of the marketplace and consumers' interest in 
purchasing vehicles that meet all of their diverse needs. These final rules represent the second 
part of the Administration's action related to the August 24, 2018 proposed Safer Affordable 
Fuel-Efficient (SAFE) Vehicles Rule. These final rules follow the agencies' actions, taken 
September 19, 2019, to ensure One National Program for automobile fuel economy and carbon 
dioxide emissions standards, by finalizing regulatory text related to preemption under the Energy 
Policy and Conservation Act and withdrawing a waiver previously provided to California under 
the Clean Air Act. 

DATES: This final rule is effective on (INSERT DATE 60 DAYS AFTER DATE 
OF PUBLICATION IN THE FEDERAL REGISTER]. 
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ADDRESSES: EPA and NHTSA have established dockets for this action under Docket 
ID Nos. EPA-HQ-OAR-2018-0283 a nd NHTSA-20 I 8-0067, respectively. All documents in the 
docket are listed in the http://www.regulations.gov index. Although listed in the index, some 
information is not publicly available, e.g. , confidential business information (CBI) or other 
information whose disc losure is restricted by statute. Certain other material. such as copyrighted 
material, wi ll be publicly available in hard copy in EPA's docket, and electronically in NHTSA's 
online docket. Publicly available docket materials can be found either electronically in 
www.regulations.gov by searching for the dockets using the Docket ID numbers above, or in 
hard copy at the following locations: 

EPA: EPA Docket Center. EPA/ DC. EPA West, Room 3334, 1301 Constitution Ave., 
NW. Washington, DC. The Public Reading Room is open from 8:30 am to 4:30 pm, Monday 
through Friday, excluding legal holidays. The telephone number for the Public Reading Room is 
(202) 566-1744. 

N HTSA: Docket Management Facility, M-30, U.S. Department of Transportation (DOT), 
West Building, Ground Floor, Rm. W l 2-140, 1200 New Jersey Ave., SE. Washington, DC 
20590. The DOT Docket Management Facility is open between 9 am and 5 pm Eastern Time, 
Monday through Friday, except Federal holidays. 

FOR FURTHER INFORMATION CONTACT: EPA: Christopher Lieske, Office of 
Transpo11ation and A ir Quality, Assessment and Standards Divis ion, Environmental Protection 
Agency, 2000 Traverwood Drive, Ann Arbor, Ml 48105; telephone number: (734) 2 14-458½_: 
fax number: (734) 214-4816; email address: lieske.christopher@epa.gov, or contact the 
Assessment and Standards Division, email address: otaqf'h14t~~@epa.gov. NHTSA: James 
Tamm. Office of Rulemaking, Fuel Economy Division, National Highway Traffic Safety 
Administration. 1200 New Jersey Avenue. SE. Washington, D.C. 20590; te lephone number: 
(202) 493-0515. 
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SUPPLEMENT ARY INFORi\IATION: 

Does this action apply to me? 

This action affects companies that manufacture or sell new light-duty vehicles, light-duty 
t_rucks, and medium-duty passenger vehicles, as defined under EPA 's CAA regulations,1 and 
passenger automobiles (passenger cars) and non-passenger automobiles (light trucks) as defined 
under NHTSA 's CAFE re~ulatidns.2 Re( ulated categories and entities include: 

Category NAICS Examples of potentially regulated entities 
CodesA 

Industry ........ . 335111 Motor Vehicle Manufacturers. 

336112 

Industry ........ . 8111 l l Commercial Jrnporters of Vehicles and Vehicle Components. 

[ndustry. 

811112 

811198 

423110 

335312 Alternative Fuel Vehicle Converters. 

336312 

336399 

811198 

A North American Industry Classification System (NAICS). 

Thi's list is not intended to be exhaustive, but rather provides a guide regarding entities 
likely to be regulated by this action. To determine whether particular activities may be regulated 
by this action, you should carefully examine the regulations. You may direct questions regarding 
the applit:ability of this action to the person listed in FOR FURTHER INFORMATION 
CONTACT. 

' "Light-duty vehicle," "light-duty truck," and "medium-duty passenger vehicle" are defined in 40 CFR 86.!803-01. 
Generally speaking, a "light-duty vehicle" is a passenger car, a "light-duty truck" is a pick-up truck, sportautility 
vehicle, or minivan up to 8,500 lbs gross vehicle weight rating, and a "medium-duty passenger vehicle" is a sport
utility vehicle or passenger van from 8,500 to 10.000 lhs gross vehicle weight rating. 
2 ~Passenger car" and "light truck" are define<l in 49 CFR Part 523. 
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I. Executive Summary 

NHTSA (on behalf of the Depaitmcnt of Transportation) and EPA are issuing final ru les 
to adopt and modify standards regulating fuel economy and tailpipe carbon dioxide (CO2) 
em issions dUJ 1c1·,c leul,ug.: t•f tllhc:r Jir enmlilit111ing refri.,;er,rn1·, for passenger cars and light 
trucks for MYs 2021 -2026. These fi nal rules follow the proposal issued in August, 20 l 8 and 
respond to each agency 's legal obligation to set standards based on the factors Congress directed 
them to consider, as well as the direction of the United States Supreme Court in Massaclwsett-s 
v. EPA. which stated that ''there is no reason to think the two agencies cannot both administer 
their obligations and yet avoid inconsistency."·' 

These standards apply to light-duty vehicles, which NHTSA divides for purposes of 
regulation into passenger cars and light trucks. and EPA divides into passenger cars, light-duty 
trucks, and medium-duty passenger vehicles (i.e .• sport utility vehicles, cross-over utility 
vehicles, and light trucks). These standards are the product of significant and ongoing work by 
both agencies to craft regulatory requirements for the same group of vehicles and vehicle 
manufacturers. This work aims to faci litate, to the extent possible within the statutory directives 
issued to each agency, the ability of automobile manufacturers to meet all requirements under 
both programs with a single national fleet under one national program of fuel economy and 
tailpipe ~.--GIIG emission regulation~. 

The agencies estimate that this final rule will save approximately [xxx] billion barrels of 
o il " ,, IHj'dr,•J 1. lw!J111,: lilt' \I) '11' 11 i.111J,11tl u11, 1c1111 1lu-t1u:,"l1 'I) :11:1, ttt I''·• I'' ' ,..,1111 
1hc l>JPR\I I and reduce CO:~ emissions by approximately (xxx] mil lion metric tons over the 
lifetimes of Hi,__...passenger cars and light trucks produced in MYs 2021-2026 .1, , ,,111r.1r,d t11 
wld1ntc the· \1'\ _:,11_:,11 , t.111J:11d, ..:1111sta1111hr11utcl1 \]'\ '1)21, 1.1 .l'''~''"L·d 111 ll)c '\l_'R\!1. The 
agencies project that under the.,,, final standards, required technology costs -1-1--+-'tth+-~be 
reduced by $(xxx], and, equally important, 111i-t1:,11n , L

0 h1_.,__h: costs to U.S. consumers for new 
vehicles -1-1--+-'tth+-~be $(xxx] lower, on average, than they would have been if the agencies had 
retained the standards set forth in the 2012 final rule ,mJ t111,,:111c1II) 11pli<'l1J b:, I I'\ in J,11wo1r:, 
_:,, 11 - . While these final standards are estimated to result in [:xxx] additional bil lion barrels of oil 
consumed and [xxx] addi tional million metric tons of CO2 as compared to the current estimates 
of what ».t--rc1.1111111tc till' standards set forth in ~1.,: 2012 tin.II 1uk would h,t\c' require;!, the 
agencies explain at length below why we believe the overall benefits of the final standards 
outweigh these additional costs. Overall (fleetwide) net benefits would have been higher if the 
agencies had decided that the proposed standards should be finalized, but both agencies have 
concluded that standards that increase "' ,, in~.:110. by 1.5 percent per year better reflect the 
consideration~ ,111hnd1«I i111111dc1 their respective statutory l-a8<'h, ut "' 11,-,, as also explained 
below. 

-' 549 U.S. 497,532 (20071. 
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EPA and NHTSA are final izing separate sets of standards for passenger cars and for light 
trucks under their respective statutory authorities. EPA is ~n:\ i~inl! its national tailpipe 
CO2 emissions standards for passenger cars and light trucks under section 202(a) of the C lean 
Air Act (CAA)~4 aAd lmder i1.. c1mhori1~ w eAabli,,h A1c1ric-~ 1mt! l'flt'&,1:ff<' pa .~t'n_;cr ear antl li,;ht 
1n:1ek flee! luel ernAClm~ puP,uall t lo the E:Aerg~ Polie~ aAd C Bn•,er\atiuA ),el f[PC:.\):-NHTSA 
is setting national corporate average fuel economy (CAFE) standards under EPCA, as a mended 
by the Energy Independence and Security Act (EISA) of2007.6 

Section 202(a) of the CAA requires EPA to establish standards for emissions of 
pollutants from new motor vehicles that cause or contribute to air pollution that may reasonably 
be anticipated to endanger public health or welfare. Standards under section 202(a) are l11Hlli', 

take effect only "after providing ~such period as the Administrator finds necessary to permit the 
development and application of the requisite technology, giving appropriate consideration to the 
cost of compliance within such period."7 In establishing such standards, EPA ffitl,,t-Consider~ 
issues of technical feasibility, cost, and available lead time, among other t hings. 

EPCA, as amended by EISA. contains a number of provisions governing how NHTSA 
must set CAFE standards. EPCA requires 1ha1 the Department of Transportat ion establish 
separate passenger car and light truck standards~ at "the maximum feasible average fue l 
economy level that the Secretary decides the manufacturers can achieve in that model year,"9 

based on the agency's consideration of four statutory factors: technological feasibil ity. economic 
practicability, the effect of other standards of the Government on fuel economy, and the need of 
the United States to conserve energy.10 EPCA does not define these terms or specify what 
weight to give each concern in balancing them- such considerations are left within the 
discretion of the Secretary of Transportation (delegated to NHTSA) based upon current 
information. Accordingly, NHTSA interprets these factors and determines the appropriate 
weighting that leads to the maximum feasible standards given the circumstances present at the 
time of promulgating each CAFE standard rulemaking. While EISA, for MYs 2011-2020, 
additionally required that standards increase ''ratably'' and be set at levels to ensure that the 
CAFE of the industry-wide combined fleet of new passenger cars and light trucks reach at least 
35 mpg by MY 2020,11 EISA requires that standards for MYs 2021-2030 simply be set at the 
maximum feasible level as determined by the Secretary (and by delegation. N HTSA). 1

~ 

Sections III and VIJI below contain detai led discussions of both agencies' statutory 
obligations and authorities. 

4 42 U.S.C. 752 I (a). 
-+~ l l,,,,. 1 • '-iii.,ih t 

6 49 u.s.c. 32902. 
7 CAA Sec. 202(a); 42 U.S.C. 75-1-2 (a)(2). 
8 49 U.S.C. 32902(b)( I). 
"49 U.S.C. 32902(a). 
IO 49 u.s.c. 32902(!). 
11 49 U.S.C. 32902(b)(2)(A) and (C). 
"49 U.S.C. 32902(b)(2)(B). 
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As stated above, NHTSA and EPA are finalizing rules for passenger cars and light trucks 
that the agencies believe represent appropriate levels of CO2 emissions standards and maximum 
feasible CAFE standards for MYs 2021-2026, pursuant to their respective statutory authorities. 
EPA is es1t10k,hing tinalizim! standards that are projected to ~a\:hic, e, on an average 
industry fleet-wide basis, [xxx] grams/mile (g/mi) of CO2 in model year 2026. NHTSA is 
establishing standards that are projected to require, on an average industry fleet-wide basis, 
[xx.x] miles per gallon (mpg) in model year 2026. The agencies note that real-world CO2 is 
typically 25 percent higher and real-world fuel economy is typically 20 percent lower than the 
CO2 and CAFE compliance values discussed here, and also note that a po11ion of EPA 's 
expected "CO2" improvements will ~ be made through improvements in minimizing air 
conditioning leakage and ~ use of alternative refrigerants, which will not contribute to fuel 
economy but will contribute toward reductions of .:liH1a1e rcda11:•u emi, ,ions(,HG,. 

~ 11.L· .in;d CAFE and CO2 standards are vehicle-footprint-based, as are the 
standards currently in effect. The...., standards will become more stringent for each model year 
from 2021 to 2026, relative to the MY 2020 standards. Generally. the larger the vehicle 
footprint, the less numerically stringent the corresponding vehicle C01 and mpg targets. As a 
result of the footprint-based standards, the burden of compliance is distributed across all vehicle 
footprints and across all manufacturers. Each manufacturer is subject to individualized standards 
for passenger cars and light trucks, in each model year, based on the vehicles it produces. ~ 
lh;:_standards are carefully crafted, both in terms of the footprint curves and the rate of increase 
in stringency of those curves, ,., 11la1 manufacturers are not compelled to build vehicles of any 
pa11icular s ize or type. 

In the NPRM, the agencies sought comment on a variety of possible changes to existing 
compliance flexibilities that have been created over the past several years. The vast majority of 
the existing compliance flexibilities are not being changed, but a small number of flexibilities, 
im:ludinl! some related to real-world fuel efficiency improvements are being finalized. 4i 
~ \, (\IJ'I 111 lhL· un,h~,llt'.1.'J Ile '\tb1,I1ic,, EPA 1' 111;,kmc: 11,1 Lh l)bc'," ill"' 1l111111c 10..1.!;; 

pro11,i,,n, allow1m: manufacturers to make improvements relating to air conditioning 
refrigerants and leakage and ,1,+l•k.!c11,·rJtl credit, l,,r those improvements toward CO2 
compliance~-ri+ltl-+-1' \ 1 111.il,~~-+n !~k,H11Httl1h-r>l-Lredtt <1'<,11lc1hlc. EPA is also not 
making any changes to the existing CH.J and N20 standards. EPA is rth<+extending the "O g/mi 
upstream" 111ce1111h pr11, 1,1,111 for electric vehicles beyond its current sunset of MY 2021. 
through MY 2026. I I'\ i, Jl,11 pr .. , 1J1m: .t 2 II mul1111l1,·r lnr Lkd1, .. tnl 111,, Ju.d-lu,·lc-J 11.1tL,1,, 
h.,.t_, ,_,J,i_ic.!.,'.'.!.L"!)1 \.l\ '11'2- '112h I hi.' .lt'.c'llch.:s ,trc .Ji'<• 111.1).,111:.: "'Il le 11111'1'<1\t.:ltlc'tlh 111 th, Pil

e, Lie ,1c·d1h pn,,:1,1111 h• 111\H tJ, ,11,,11111111111::. 11\L l11Ji11c: ,1ddt11L. ,·c·n,1111 1i.:Li11111l11:.:1,·, '" 1hc· 1irc·
,1ppr,,,t1J 1l'd111nll1~\ 111t·11u. 01her11 is@. eornt=ilione@ tle;·ibilitiuts in tl~J t ~ J)f@grRn~s ti" not 
d .im~e _; i~M++i.i!lml., •ii r 1~10 fit1t1hule. These changes should help to streamline manufacturer use 
of those flexibilities in ce11ain respects. Othern ise, compliance 17cxibili1ies_in tbe 1110 programs 
do not change signitic::mtl) for the final rule. While manufacturers and suppliers sought a 
number of other additional compliance flexibilities, the agencies have concluded that the 
aforementioned existing flexibilities are reasonable and appropriate, and that additional 
flexibi lities are not justified. 

[Text Fo1thcoming) 
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Table 1-1 Table 1-1 and Table l-2Table 1-2 present the total costs (technology and social), 
benefits, and net benefils for NHTSA's 2021 -2027 preferred alternative CAFE and CO2 levels, 
relative to the tvlY 2022-2025 augural standards and current MY 2021 standard. The preferred 
alternative exhibits a stringency rate increase of 1.5 percent per year for both passenger cars and 
light trucks. The values in Table 1-1 Table 1-1 and Table l-2Table 1-2 display (in total and 
annualized forms) costs for all MY 1975-2029 vehicles, and the benefits and net benefits 
represent the impacts of the standards over the full lifetimes of the vehicles sold or projected to be 
sold during model years 1975-2029. 

For this rulemaking, the baseline for cost and benefit reponing for NHTSA ·s CAFE 
program is the augural standards for MYs 2022-2026 and the existing standard for MY 202 1. 
For EPA 's CO2 program, the baseline is ihc , un ~111 I: li,i.tl MYs 2021-2025 standards and EPA 
program provisions td,~·d t 11c 211 I 2 t 11k . 

For this analysis, negative signs are used for changes in costs or benefits that decrease 
from those that would have resulted from the augural standards for MY 2022-2026 or the 
pre\ iou,h existing standard for MY 2021. Any changes that would increase either costs or 
benefits are shown as positive c hanges. Thus, an alternative that decreases both costs and 
benefits, will show declines (i.e., a negative sign) in both categories. From Table 1-1 Table 1-1 
and Table 1-2Table 1-2, the preferred alternative (Alternative 3) is estimated to decrease costs 
relative to the augural baseline by from $182 to $279 billion over the lifetime of MYs 1975-2029 
passenger vehicles (range determined by discount rate across both CAFE and CO2 programs). It 
wi ll also decrease benefits from $ 188 to $3 14 billion over the life of these MY neets. The net 
impact will be lr"m a decrease ~++-,.++.-$41 billion to an increase of $2 billion in total net 
benefits to society over this roughly 45-year timeframe. Annua lized, this amounts to roughly $xx 
- $xx bi II ion per year. 

Table 1-1 - Estimated 1975-2029 Model Year Costs, Benefits. and Net Benefits under the 
Prefen-ed Alternative, CAFE 

Cumulati\'e Across MYs 1975-2029 

Totals Annualized 

3% 7% 3% 7% 
Discount Discount Discount Discount 

Rate Rate Rate Rate 

Costs -279.6 -200.3 

Benefits -314.0 -197.9 

Net 
-34.4 2.3 

Benefits 

Table 1-2 - Estimated 1975-2029 Model Year Costs, Benefits. and Net Benefits under the 
Prefen-ed Alt.emative, CO2 

C umulath•e Across MYs 1975-2029 
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Totals Annualized 

3% 7% 3% 7°;i, 
Discount Discount Discount DisC0llnl 

Rate Rate Rate Rate 

Costs -258.4 -182.9 

Benefits -299.6 -188.7 

Net 
-41.3 -5.8 

Benefits 

Table l-3Table I-3 and Table l-4Table I-4 lists costs, benefits, and net benefits for all seven 
alternatlves that were examined. 

A1' 

I 

2 

3 

4 

5 

6 

7 

Alt 

I 

2 

3 

Table 1-3 - Total Costs, Benefits, and Net Benefits Passenger Cars and Light Trucks, 
MYs 1975-2029, I Standards 

3% Discount Rate 7%, Discount Rate 

MY~ 
Stringency of Rate 

Net Ne, Increase Costs Benefits Costs Benefits Benefits Benefits 

2021-2026 
0.0.%iYear PC, 

-329.1 -370.8 -41.7 -234.6 -232.5 2.1 0.0%1YearLT 

2021-2026 
0.5%/Year PC, 

-322.0 -362.9 -40.8 -229.5 -227.4 2./J 0.5%iYear LT 

2021-2027 
1.5%/Ycar PC, 

-279.6 -314.0 -34.4 -200.3 -197.9 2.3 l.5%Near LT 

2021-2026 
1.0%/YearPC, 

-268.7 -298.0 -29.2 -19'.L7 -187.8 4.9 2.0%/'r.'ear LT 

2022-2026 1.0%/YearPC, 
-195.4 -211.9 -16.5 -139.3 -132.3 6.9 2.0'ViJYearLT 

2021-2026 
2.0%/YearPC, 

-188.3 -201.9 -13.6 -135.9 -127.5 8.3 
3.0%IYearLT 

2022-2026 
2.0%fYearPC, 

-130.4 -140.2 -9.9 -94.0 -87.9 6.1 3.0,%/YearLT 

Table I-4-Total Cos.ts, Benefits, and Net Benefits Passenger Cars·and Light Tmcks, 
MYs 1975-2029, CO::. Standards 

3% Discount Rate 7% Discount Rate 

MY, Stringency ofRate 
Net Ne, Increase Costs Benefits 

Benefits 
Costs B,enefits 

Benefits 

2021-2026 
0.0%rYearPC, 
0.0%/YearLT -314.8 -369.7 -54-8 -221.2 -231.6 -10.4 

2021-2026 
0.5%NearPC, 
0.5%/YearLT -305.5 -358.3 -52.8 -214.9 -224.6 -9.7 

202!-2027 
1.5%/YearPC, 
l.5%fYear LT -258.4 -199.6 -41.3 -182.9 -188.7 -5.8 
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4 2021-2026 
I .0%Near PC. 
2.0%/Year LT -2-l6.2 -285.5 -39.3 -174.2 -1 79.6 -5.4 

5 2022-2026 
I .O¾Near PC, 
2.0%/Year LT -180.3 -206.-l -26.1 -117.3 -129.5 -2.2 

6 202 1-2026 
2.0%/Year PC. 
3 .0%/Year LT - 180.4 -206.9 -26.5 -129.2 • I 3 1.5 -2.3 

7 2022-2026 
2 .0%/Year PC, 
3.0%/Year LT - 123 .3 · l 39.3 -16.0 -88.3 -89. 1 -0.9 

Table Table l-5Table 1-5 and Table 1-6Table 1-6 show a summary of various impacts of the 
preferred alte rnative for CAFE and CO2 s tandards. Impacts are presented in monetized and non
monetized values, as well as from the perspective of society and the consumer. 

Table 1-5 • Summary oflmpacts for the Preferred Alternative ( 1.5%/Year PC. 1.5%/Year 
LT), CAFE Standards 

Category 
Light Passenger Combined 

Truck Car Fleet 
Required MPG for MY 2030 34. 1 47.7 40.5 

Achieved MPG for MY 2030 36.0 50.3 42.7 

Achieved MPG for MY 2020 31.9 44.2 37.5 

Per Vehicle Price Increase -SI ,360 -$823 -$ 1.083 

MY 2030 Lifetime Fuel Savings (per vehicle), Discounted 
-$2,046 -$1,181 -$1 ,423 

at 3% 
MY 2030 Lifetime Fuel Savings (per vehicle), Discounted 

-$1.580 -$927 -SI ,! 10 
at 7% 

Consumer Per Vehicle Savings, Discounted at 3% -$903 -$577 -$499 

Consumer Per Vehicle Savings, Discounted at 7% -$343 -$253 -$110 
Payback Period Re lative to MY 2017 (Years), Values 

5 6 6 
Discounted at 3% 
Payback Period Relative to MY 2017 (Years), Values 

6 8 7 
Discounted at 7% 

Total Lifetime Fuel Savings (bGallons) -38 -46 -84 

Total Lifetime CO2 Reductions (mill ion metric tons) -409 -5 14 -923 

\ c:l11d, '-.tic! - .l.111:,I Fatalities (Excluding Rebound 
-2.349 1.875 -474 

Miles) 
\ cl ,,I. ,.,1. 1,-1,I 11"d fatalities (Rebound Miles) -3, 735 525 -3,210 

Total Technology Costs ($b), Discounted at 3% -$85 -$41 -$126 

Total Technology Costs ($b), Discounted at 7% -$68 -$32 -$10 1 

Total Net Societal Benefits ($b), Discounted at 3% $108 -$142 -$34 

Total Net Societal Benefits ($b ), Discounted at 7% $82 -$80 $2 

Table 1-6 • Summary oflmpacts for the Preferred Alternative ( 1.5%/Year PC, 1.5%/Y ear 
LT), CO2 Standards 

Category 
Light 
Truck 

Passenger 
Car 

Combined 
Fleet 

10 
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Required CO, for MY 2030 (g/mi) 243 168 202 
Achieved CO~ for MY 2030 (glmi) 136 166 197 

Per Vehicle Price Increase -SI .098 -$856 -$977 
MY 2030 Lifetime Fuel Savings (per ,·ehicle), Discounted -$1.948 -$1 ,392 -$ 1.461 at3% 
MY 2030 Lifetime Fuel Savings (per Yehick). Discounted 

-$1.504 -$1.096 -$1.143 at 7% 

Consumer Per Vehicle Savings. Discounted at 3% -$1 ,205 -$708 -S678 
Consumer Per Vehicle Savings. Discounted at 7% -$647 -$351 -$280 
Payback Period Relative to MY 201 7 (Years). Values 

5 5 5 Discounted at 3% 
Payback Period Relati,e to MY 2017 (Years). Values 

6 7 7 Discounted at 7% 
Total Lifetime Fuel Savings (bGallons) -31 -47.3 -78 

Total Lifetime CO2 Reductions (million metric tons) -342 -525 -867 
_u:_[·Jtl, '-.Ii ·_t _1d.11,·d Fatalities (Excluding Rebound 

-2,235 1,763 -471 Miles) 
\, li1L· lc '-,li e -r,·l..t, I Fatalities (Rebound Miles) -3,626 460 -3,166 

Total Technology Costs (Sb), Discounted at 3% -$65 -$43 -S108 
Total Technology Costs ($b). Discounted at 7% -$53 -$34 -$86 

Total Net Societal Benefits ($b), Discounted at 3% $91 -$65 -$4 1 
Total Net Societal Benefits ($b). Discounted at 7% $68 -S74 -$6 

The agencies note that the NPRM drew more public comments (and, particularly, more 
pages of substantive comments) than any rulemaking in the histo1y of the CAFE or CO~ tailpipe 
emissions programs-exceeding 750,000 comments. The agencies recognized in the NPRM that 
the proposal was significantly different from the final rules set forth in 20 I 2, and explained at 
length the reasons for those differences-namely, that new information and considerations. along 
with an expanded and updated analysis, and [ PA·, difkn:nl bJ!ancina of,tatullm facwr< had 
led to different tentative conclusions. Today's fina l rules represent a further evolution of the 
work that supported the proposal, based on improved qLtantitative methodology and in careful 
consideration of the hundreds of thousands of pub! ic comments and deep reflection on the 
serious issues before the agencies. Simply put, the agencies have heard the comments, and 
today's analysis and decision reflect the agencies' grappling with the issues commenters raised, 
as well as all of the other infom1ation before the agencies. These programs and issues are 
weighty. and the agencies believe that a reasonable balance has been struck in these final rules 
between the many competing national needs that these regulatol)' programs collectively address. 

II. Overview of final rule 

[Text Forthcoming] 
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Ill. Purpose of the rule 

The Administrative Procedure Act (APA) requi res agencies to incorporate in their fi nal 
rules a ·'concise general statement of their basis and purpose.''13 While the entire preamble 
document represents the agencies' overal I explanat ion of the basis and purpose for this 
regu latory action, this section within the preamble is intended .1 ,1 d11~cl ·,p.:,1 .1ulh 111 ~ 

t,-,,1JJrc" lffitt-lllic..APA 1.111J rl' l.11,·d l \ \ 1 requirement::. Executive Order 12866 further states 

that "Federal agenc ies should promulgate only such regulations as are required by law, are 
necessary to interpret the law, or are made necessary by compelling public need, such as material 
failures of private markets to protect or improve the health and safety of the public, the 
environment, or the well-being of the American people."1

~ Section Yl(on sales] discusses at 
greater length the quest ion of whether a market failure exists ihat these final ru les may address. 

NHTSA and EPA are legally obligated to set CAFE and (-+~ 1,I 11, standards, 
respectively, and do not have the authority to decline to regulate. 15 The agencies are issuing 
these final rules to fulfill thei r respective statutory obligations to provide maximum feasi ble fuel 
economy standards and limit emissions of pollutants from new motor vehicles which have been 
found to endanger public health and welfare (in this case, specifically carbon dioxide (CO~). 
methane (CH4), nitrous oxide (N20 ), and hydrotluorocarbons (HFCs)). Continued progress in 
meeting these statutory obligations is both legally necessary a nd good for America - greater 
energy security and reduced emissions protect the American public. 

The final standards, as compared to the proposal which would have maintained standards 
at MY 2020 levels through MY 2026, are projected to reduce fue l consumption by [xxx] billion 
gallons over [xxx], and to reduce C01 emissions by [xxx] million metric tons over some amount 
of time. 

As explained above, these fina l ru les set 11, 1 «"11<' ~ <'.J• -~ amend• fuel economy and 
carbon dioxide standards for model years 2021-2026. Many commenters argued that it was not 
appropriate to amend previously-established co~ and CAFE standards. generally because those 
commenters bel ieved that the administrative record established for the 2012 final rule and EPA 's 
January 2017 Final Determination was superior to the record that informed the N PRM, and that 
that prior record led necessarily to the policy conclusion that the previously-established standards 
should remain in place.16 Some commenters similarly argued that EPA's Revised Final 
Determination - which-,-l«t-1-4!-+. preceded this regulatory action - was invalid because, 11-i,. ~ 
,,.,rn,1"'t111"f~~ allege, it did not follow the procedures established for the mid-term evaluation 

LlSU.S.C. 553(c) ..:" 1 L.. 11 \ ... t \\ "- '- 1 11-,f, 11\1 ... I ,t 1.11 1r,11 \ . 

14 EO 12866. Section I (a). 
"For CAFE, see 49 U.S.C. 32902; for CO2, see 42 U.S.C. 752l (a). 
16 Comments arguing that the prior record was superior to !he current record, and thus a bener basis for decision
making. will be addressed 1hro11ghou1 the balance of this preamble. 
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that EPA codified into regulation,17 and also because the Revised Final Determination was not 
based on the prior record.1s 

The agencies considered a range of alternatives in the proposal. including the baseline/no 
action alternative of retaining the existing EPA carbon dioxide standards. As the agencies 
explained in the proposal, the proposal was entirely de 1101·0, based on an entirely new analysis 
reflecting the best and most up-to-date information available 10 the agencies. JQ This rulemaking 
action is separate and distinct from the ~ Revised Final Determination, which did 11 .. 1 reilt'tl 
11-,11 " ·" 11-1th,·1 ,, l''''l''"-·J ""r a final decision that the standards "must" be revised. EPA 
retained ful l discretion in this rulemaking to revise the standards or not revise them. In 
a~add111,,11~. the case law is clear that agencies are free to reconsider their prior decisions.~0 

With that legal principle in mind, we agree with commenters that the amended (and 1-H,c'- new) 
CO2 and CAFE standards must be consistent with the CAA and ~ EPCNEISA, respectively, 
and this preamble and the accompanying FRIA explain in detai l why the agencies believe they 
are consistent. The section below discusses briefly the authority given to the agencies by their 
respec.tive governing statutes, and the factors that Congress di rected the agencies to consider as 
they exercise that authority in pursuit of fu lfilling their statutory obligations. 

A. EPA 's statutory requirements 

EPA is setting national CO~ standards for passenger cars and light trucks under Section 
202(a) of the Clean Air Act (CAA),~1 ,md wider w au1l,nri1~ IB lfle,bUn:! pa,.;t'ngl:!r t'tlr aAJ ligl11 
lrtid, Aet!t fuel t!fAAtllll'. 1,11r.,uttAI IA !ht' 1-'nerg~ P11lie~ HAU Ct•n•,er1 ati11A \et f ~ PC \ l Section 
202(a) of the CAA requires EPA to establish standards for emissions of pollutants from new 
motor vehicles which ~11,i ,.,, cause or contribute to ai r pollution which may reasonably be 
anticipated to endanger public health or welfare.23 In establishing such standards, EPA ffiti-.1 

17 40 CFR 86.l 8 18-12(h). 
18 See. e.g.. comments from the States and Cities. Attachment I. Docket No. NHTSA-20 18-0067-11735, at 40-42: 
CARB, Detailed Comments, Docket No. NHTSA-2018-0067-11873. at 7 )-72; CBD e1. al. Appendix A. Docket No. 
NHTSA-2018-0067-12000, at 21 4-228. 
1• 83 FR 42968, 42987 (Aug. 24, 20 18). 
'" See. e.g., Encino Motorcars, LLC v. Navarro, 136 S. Ct. 2117, 2 125 (2016) ("'Agencies arc free to change their 
existing policies as long as they provide a reasoned explanation for the change.''); FCC v. Fox Television Stations, 
Inc .. 556 U.S. 50~. 5 15 ( 2009) ( When an agency changes its existing position. it "need nol always provide a more 
detailed justification than what would suffice for a new policy created on a blank slate. Sometimes it must - when. 
for example, its new policy rests on factual findings that contradict those wh ich underlay its prior policy: o r when its 
prior policy has engendered serious rel iance interests that must be taken into account. . .. In such cases it is not that 
funher justification is demanded by the mere fact of policy change, but that a reasoned explanation is needed for 
disregarding facts and c ircumstances that underlay or were engendered by the prior policy.") 
"42 U.S.C. 7521 (a). 

-1.U.J~ .... .-'.S.lU ...... -t 4 

~3 See Coalition for Responsible Regulation v. EPA. 684 F.3d 102, I 14- 115 (D.C. Cir. 2011) (" 'If EPA makes a 
finding of endangerment. the Clean Air Act requires the [a]gency to regulate emissions of the deleterious pollutant 
from new m01or vehicles . .. . Given the non-discretio nary duty in Section 202(a)( I ) and the limited ficxibility 
available under Section 202(a)(2). which this court has held related o nly to the moto r vehicle industry, . . . EPA had 
no statutory basis on which it could ground [any] reasons for furl her inaction"") (qu01ing Mas.rnc/111se11s , .. EPA, 549 
U.S. 497. 533-35 (2007). 
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consider:: issues of technu111...!1, l+t--+1-feasibility, cost, ,,-IJt!..available lead time .. 111J 11th,·1 L1Lt<>r,. 
Standards under s.~ection 202(a) thus take effect only ·after providing --such period as the 
Administrator finds necessary to permit the development and applicat ion of the requisite 
technology, giving appropriate consideration to the cost of compliance within such period.'':J 
I I'\' ,1dllll\.lJ.l n.:quir,·111,111' ,lie lurl ,-r d,,,u"c·d 1n ',,•, 1i1111 \ Ill \ 

Histnr:, 11! 11' \ " re,;ul,tti.,11 ,,! '.ch1L1,, <'1111 1t111 

I I'\ c111tl 11' ,· I 11du11,;cn11<•1 ! I 11111111! 

11 c\l I ,•nh .. 11111~;1 

~- ¼-tti• h • 7 d-1 Hrtt'th. .,._ ttt-tlnc, •ht_'<- ~ -1-1 .\--+q<tttrtk·•-.++h'-t-t.t f"-+l-ltttrlttt-t-tttt----.,..,t-
-1+, 'I-It-H4ttd,• .. -.+fld-l 1 1 ....i-ni--.i .. 1i--. +t, +ttt-+rlt+, -k, 

B. N HTSA 's statuto1y requirements 

NHTSA is setting national Corporate Average Fuel Economy (CAFE) standards for 
passenger cars and light trucks for each model year as required under EPCA, as amended by 
EISA.15 EPCA mandates a motor vehicle fuel economy regulatory program that balances 
statutory factors in setting minimum fuel economy standards to facilitate energy conservation. 
EPCA allocates the responsibility for implementing the program between NHTSA and EPA as 
follows: NHTSA sets CAFE standards for passenger cars and light trucks; EPA establishes the 
procedures for testing, tests vehicles. collects and analyzes manufacturers' data, and calculates 
the individual and average fuel economy of each manufacturer's passenger cars and light trucks; 
and NHTSA enforces the standards based on EPA 's calculations. 

The following sections e numerate specific statutory requirements for NHTSA in setting 
CAFE standards and NHTSA's interpretations of them, where applicable. Many comments were 
received on these requirements and interpretations. Because this is intended as an overview 
section, those comments will be addressed below in Section YI II rather than here, and we refer 
readers to that part of the document for more information. 

For each future model year, EPCA (as amended by EISA) requires that DOT (by 
delegat ion, NHTSA) establish separate passenger car and I ight truck standards at "the maximum 
feasible average fuel economy level that the Secretary decides the manufacturers can achieve in 
that model year, "16 based on the agency's consideration of four statutory factors : ''technological 

>4 42 U.S.C. 7521(a)(2). 
"EPCA and EISA direct the Secretary ofTransponation 10 develop, implement, and enforce fuel economy 
standards (see 49 U.S.C. 32901 et, seq.). which authority 1he Secrelary has delegated lo NHTSA at 49 CFR I .94(c). 
'
6 49 U.S.C. 32902(al and (b). 

14 

Commented [A23]: DELETE: EPA discussion of 
stalum') requiremcnls is con1ained in Section Vlll.A. 



**~ EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

feasibility, economic practicability, the effect ofother motor vehicle standards of the 
Government on fuel economy, and the need of the United States to conserve energy .""7 The law 
also allovrs NHTSA to amend standards that are already in place, as long as doing so meets these 
requirements.l8 EPCA does not define these tenns or specif)' what weight to give each concern 
in balancing them; thus, NHTSA defines them and detennines the appropriate weighting that 
leads to the maximum feasible standards given the circumstances in each CAFE standard 
rulemaking."9 

El SA added several other requirements to the setting of separate-passenger car and-light 
truck standards. Standards must be "based on 1 or more vehic,le attribmes related to fuel 
economy and express[ed] ... in the form of a mathematical function."30 New standards-must also 
be set-at least 18 months before the model year in question, as would amendments to increase 
standards previously set.31 NHTSA must regulations prescribing average fuel economy 
standards for at least 1, but not more than 5, model yea-rs at a time.Jc A number of comments 
addressed these requirements; for the reader's reference, those comments -..viii be summarized 
and responded to in Section Vlll. EISA also added the requirement that NHTSA set a minimum 
standard for domestically-manufactured passenger cars,33 which will also be discussed further in 
Section VIII below. 

For MYs 20 l 1-2020, EISA further required that the separate standards for passenger cars 
and for light trucks be set at levels high enough to ensure that the achieved average fuel economy 
for the entire industry-wide combined fleet of new passenger cars and light trucks reach at !east 
35 mpg not later than MY 2020, and standards for those years were also required to "increase 
ratably."J~ For model years after 2020, standards must be set at the maximum feasible level.35 

~, 49 u.s.c. 32902(i). 
"49 u.s.c. 329{)2(gl. 
'' See Center for Biologi~al Diversity v. NHTSA, 538 F.3d 1172, 1195 (9th Cir. 2008) (hereafter ·•CBD ,·. NHTSA") 
("The EPCA clearly requires the agency to consider these four factors. but it gives NHSA discretion to decide how 
to balance the statutory factors - as long as NHTSA 's balancing does not undermin~ ihe fundamental purpose-of the 
EPCA: energy conser,ation,") 
'° 49 U.S.C. 32902(b)(3)(A). 
31 49 U.S.C. 32902(a), (g)(2). 
3' 49 U.S.C. 39202(b)(3J(B). 
"' 49 U.S.C. 32902{b)(4), 
"49 U.S.C. 32902(b)(2)(A) and (C), NHTSA has CAFE standards in place that are projected to result in industry
achieved fuel economy levels over 35 mpg in MY 2020. EPA typically provides verified fin'al CAFE data from 
manufacturers to NHTSA several months or longer after the close oflhe MY in question, so the actual MY 2020 
fuel economy will not be known until well after MY 2020 has ended. The standards for all MYs up to and including 
2020 are known and not at issue in this regulatory act(on, so these- provisions are noted for completeness. rather than 
immediate relevance to this final rule. Because neither of these requirements apply after MY 2020, they are not 
relevant 10 this rulemaking and will not be discussed further. 
J; 49 U.S.C. 32902(bj(2)(B). 
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l. Factors that must be considered in deciding what levels of CAFE 
standards are "maximum feasible" 

a) Technologicalfi?asibiliry 

"Technological feasibility" refers to whether a particular method of improving fuel 
economy can be available for commercial application in the model year for which a standard is 
being established. Thus, in determining the level of new standards, the agency is not liinited to 
technology that is already being commercially applied at the time of the rulemaking. For this 
rulemaking, NHTSA has evaluated and considered all types of technologies that improve real
world fuel economy, although not every possible technology was expressly included in the 
analysis, as discussed in Section VI and also in Section Vlll. 

b) Economic practicabilitJ· 

"Economic practicability" refers to whether a standard is one "within the financial 
capability of the industry, but not so stringent as to" lead to ''adverse economic consequences, 
such as a significant loss of jobs or the unreasonable elimination of consumer choice.":i6 The 
agency has expJained in the past that this factor can be especially important during rulemakings 
in which the automobile industry is facing significantly adverse economic conditions (with 
corresponding risks to jobs). Economic practicability is a broad factor that includes 
considerations of the. uncertainty surrounding future market conditions and consumer demand for 
fuel economy in addition to other vehicle attributes.37 1n an attempt to evaluate the economic 
practicability of different future levels of CAFE standards (i.e., ihe regulatory alternatives 
considered in this rulemaking), NHTSA considers a variety of factors, including the annual rate 
at which manufacturers can increase the percentage of their fleet(s) that employ a particular type 
of fuel-saving technology, the specific fleet mixes of different manufacturers, assumptions about 
the cost of the standards to consumers, and consumers' valuation of fuel economy, among other 
things, including, in part, safety. 

It is important to note, however, that the law does not preclude a CAFE standard that 
poses considerable challenges to any individual manufacturer. The Conference Report for 
EPCA, as enacted in 1975, makes clear, and the case law affirm$, "a determination of maximum 
feasible average fuel economy should not be keyed to the single manufacturer which might have 
the most difficulty achieving a given level of average fuel economy."3s Instead, NHTSA is 
compelled "to weigh the benefits to the nation of a higher fuel economy standard against the 
difficulties of individual automobile manufacturers."3q Accordingly, while the law permits 
NHTSA to set CAFE standards that exceed the projected capability of a particular manufacturer 

"67FR 770]5, 77021 (Dec. 16, 2002). 
"See, e.g., Center for Auto Safety v. NHTSA ("CAS"), 793 F.2d 1322 (D.C. Cir. 1986) (Administrator's 
consideration of market demand as component of economic practicability found to be reasonable); Public Citizen v. 
NHTSA. 848 F.2d 256 (D.C. Cir. 1988) (Congress established broad guidelines in the fuel economy statute; 
agency's decision to set lower standard was a reasonable accommodation of conflicting policies). 
"Center for Auto Satety v. NHTSA ("CAS"), 793 F.2d 1322, 1352 (D.C. Cir. 1986). 
"Id. 
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as long as the standard is economically practicable for the indtL~try as a whole, the agency cannot 
simply disregard that impact on individual manufacturers,"0 That said, in setting fuel economy 
standards, NHTSA does not seek to maintain competitive positions among the indu~1ry players, 
and notes that while a particular CAFE standard may pose difficulties for one manufacturer as 
being too high or too low, it may also present oppo1tunities for another. NHTSA has long he!d 
that the CAFE program is not necessarily intended to maintain the competitive positioning of 
each particular company. Rather, it is intended to enhance the fuel economy of the vehicle fleet 

on American roads, while protecting motor vehicle safety and paying close attention to the 
economic risks. 

c) The effect of other motor vehicle Standards of the Gorermnenl on 
fUel economy 

"The effect of other motor vehicle standards of the Government on fuel economy" 
involves an ana_lysis of the effects of compliance with emission. safety, noise, or damageability 
standards on fuel economy capability and thus on average fuel economy. In many past CAFE 
rulemakings, NHTSA has said that it considers the adverse effects of other motor vehicle 
standards on fuel economy. It said so because, from the CAFE program's earliest years,~1 the 
effects of such compliance on fuel economy capability over the history of the program have been 
negative ones. For example, safety standards that have the effect of increasing vehicle weight 
lower vehicle fuel economy capability and thus decrease the !eve! of average fuel economy that 
the agency can determine to be feasible. NHTSA has considered the additional weight that it 
estimates would be added in response to new safety standards during the rulemaking 
timeframe.42 NHTSA has also accounted for EPA 's "Tier 3" standards for criteria pollutants in 
its estimates oftechnology effectiveness.43 

The NPRM also discussed how EPA 's CO2 standards for light-duty vehicles and 
California's Advanced Clean Cars program fit into NHTSA 's consideration of"the effect of 
other motor vehicle standards of the Government on fuel economy." We note that on September 
19, 2019, to ensure One National Program for automobile fuel economy and carbon dioxide 
emissions standards, the agencies finalized regulatory text related to preemption of State tailpipe 
CO2 standards and Zero Emission Vehicle (ZEV) mandates under EPCA and partial withdrawal 
of a waiver previously provided to California under the Clean Air Act.44 This final rule's.impact 
on State programs - including California's - will therefore be somewhat different from the 
NPRM's consideration. In the interest of brevity, this preamble will hold further discussion of 
that point, along with responses to comments received, until Section VIII. 

'" Id. (" ... the Secrecary must weigh the benefits to the nation of a higher average fuel economy standard aflainst the 
difficulties of individual automobile manufacturers.") 
"' 42 FR 631 84. 63188 (Dec. 15. 1977). See also 42 FR 33534, 33537 (Jun. 30, 1977). 
i2 FRIA, Ch. [xxx]. 
'-' FRIA, Ch. [xxx]. 
"84 FR 51310 (Sept. 27, 2019). 
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d) The need of the United States to conserve energy 

"The need of the United States to conserve energy" means "the consumer cost, national 
balance of payments, environmental, and foreign policy implications of our need for large 
quantities of petroleum, especially imported petroleum.''45 Environmental implications 
principally include changes in emissions of carbon dioxide and criteria pollutants and air toxics, 
Prime examples of foreign policy implications are energy independence and security concerns. 

( 1) Commmer costs and/i1el prices 

Fuel for vehicles costs money for vehicle owners and operators. All else equal (and this 
is an important qualification), consumers benefit from vehicles that need less fuel to perform the 
same amount of work. Future fuel prices are a critical input into the economic analysis of 
potential CAFE standards because they determine the value of fuel savings both to new vehicle 
buyers and to society, the amount of fuel economy that the new vehicle market is likely to 
demand in the absence of new standards, and they infom1 NHTSA about the consumer cost of 
our need for large quantities of petroleum. In this final rule, NHTSA 's analysis relies on fuel 
price projections estimated using the version ofNEMS used for the U,S. Energy Information 
Administration's (EIA) Annual Energy Outlook for 2019.46 Federal government agencies 
generally use ETA 's price projections in their assessment of future energy-related policies. 

(2) National balance a/payments 

Historically, the need of the United States to conserve energy has included consideration 
of the "national balance of payments" because of concerns that importing large amounts of oil 
created a significant wealth transfer to oil-exporting countries and left the U.S. economically 
vulnerable.47 As recently as 2009, nearly half of the U.S. trade deficit was driven by 
petroleum,48 yet this concern has largely lain fallow in more recent CAFE actions, in part 
because other factors besides petroleum consumption have since played a bigger role in the U.S. 
trade deficit.49 Given significant recent increases in U.S. oil production and corresponding 

"42 FR 63184, 63188 (1977) . 
.,. The analysis for the proposal relied on fuel price projections from AEO 2017; the difference in the projections is 
discussed in Section VJ. 
41 See, e.g .• 42 FR 63184, 6319:Z (Dec. 15, 1977) ("A major reason for this need [to reduce petroleum consumption] 
is that the importation of large quantities of petroleum creates serious balance of payments and foreign policy 
problems. The United States currently·spends approximately $45 billion annually for imponed petroleum. But for 
this large expenditure, the current large U.S. trade deficit would be a surplus.") 
.,, s~e ·Today in Energy: Recent improvements in petroleum trade balance mitigate U.S. trade dcficlt," U.S. Energy 
lnfonnation Administration (Jul. 21, 2014 ), al'(Ji/ab/e al hnps:llw"-w,eia.gov/todayincnergyldeta]l.php?id= l 719 I. 
•• See, e.g., Nida <;:akir Melek and Jun Nie, "What Could Resurging U.S. Energy Production Mean for the U.S. 
Trade Deficit," Mar. 7, 2018, Federal Reserve Bank of Kansas City. Available at 
https:l/www.kansascityfed.org/publications/research/mb/articles/20 l 8iwhat-could-resurging-energy-production
mean. The author:s state that "The decline in U.S. net energy impons has prevented the total U.S. trade deficit from 
widening further ... .In 2006, petroleum accounted for about 16 percent of U.S. goods imports 'and about 3 percent of 
U.S. goods expons. By !he end of20l7, the share of petroleum in total goods impons declined to 8 percent, while 
the share in total goods expons almost tripled, shrinking the U.S. petroleum trade deficit. Had the petroleum trade 
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decreases in oil imports, this concern-seems likely to remain fallow for the foreseeable future.50 

Increasingly, changes in the price of fuel have come to represent transters between domestic 
consumers of fuel and domestic producers of petroleum rather than gains or losses to foreign 
entities. 

As flagged in the NPRM, some commenters raised concerns about potential economic 
consequences for automaker and supplier operations in the U.S. due to disparities betw~en CAFE 
standards at home and their counterpart fuel economy/efficiency and CO2 standards abroad. 
NHTSA finds these concerns more relevant to technological feasibility and economic 
practicability considerations than to the national ba!ance of payments. The discussion in Section 
VIII below addresses this topic in more detail. 

(3) Environmental implications 

Higher fleet fuel economy can reduce U.S. emissions of various pollutants by reducing 
the amount of oil that is produced and refined for the U.S. vehicle fleet, but can also increase 
emissions by reducing the cost of driving, which can result in more vehicle miles traveled (i.e., 
the rebound effect). Thus, the net effect of more stringent CAFE standards on emissions of each 
pollutant depends on the relative magnitude of both its reduced emissions in fuel refining and 
distribution and increases in its emissions from vehicle use. Fuel savings from CAFE standards 
also necessarily results in lower emissions ofCO1, the main greenhouse gas emitted as a result of 
refining, distributing, and using transportation fuels. Reducing fuel consumption directly 
reduces CO2 emissions because the primary source of transportation-related CO2 emissions is 
fuel combustion in internal combustion engines. 

NHTSA has.considered environmental issues, both within the context of EPC A and the 
context of the National Environmental Policy Act (NEPA), in making decisions about'the setting 
of standards since the earliest days of the CAFE program. As courts of appeal have noted in 
three decisions stretching over the last 20 years,51 NHTSA defined ''the need of the United States 
to conserve energy" in the late 1970s as ineluding, among other things, environmental 
implications. In 1988, NHTSA included climate·change concepts in its CAFE notices and 

de licit not improved, all else unchanged, the total U.S. trade deficit would likely have been mme than 35 percent 
wider by the end of2017." 
lO For an illustration of recent increases in U.S. production, see, e.g., 'U.S. crude oil and liquid fuels production." 
Short-Term Energy Outlook, U.S. Energy Information Administration (Aug. 2019), al'aifable al 
http://www.eia.gov/outlooks/steoiimageslFigl6.png. EIA noted in Apr;J 2019 that "Annual U.S. crude oil 
production reached a record level of 10.96 million barrels per day'{bld) in '2018, !.6 million bid (17%) higher than 
2017 levels. In December 2018, monthly U.S. crude oil produqion reached 11,96 million b/d, the highest monthly 
level of crude oil production in U.S. history. U.S crude oil production has increased significantly over the past 10 
years, driven mainl) by production from tight rock formations using horizontal drllling and hydraulic fracturing. 
EIA projects that U.S. crude oi! production will continue to grow in 2019 and 2020, a\'craging 12.3 million b.'d and 
13.0 million bid, respectively." ··Today in Energy: U.S. crude oil production grew 17% in 201'8, surpassing the 
previous record in 1970," EIA, Apr. 9, 2019. Availah!e at http://www.eia.gov/todayinenergy/detai1.php?id=38992. 
'' CAS, 793 F.2d 1322, \325 n. 12 (D.C. Cir. 1986);PublicCiti=en, 848F.2d 256,262-63 n. 27 (D.C. Cir 1988) 
{noting tliat ~NHTSA itself has interpreted the fad ors it must consider in setting CAFE standards as including 
environmental effects"); CBD, 538 F.3d l l 72 {9'h Cir. 2007). 
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prepared its first environmental assessment addressing that subject.32 [t cited concerns about 
climate change as one of its reasons for limiting the extent of its reduction of the CAFE standard 
for MY 1989 passenger cars.5' Since then, NHTSA has considered the effects ofreducing 
tailpipe emissions ofCOc in its fuel economy rulemakings pursuant to the need of the l!nited 
States to conserve energy by reducing petroleum consumption. 

(4) Fo1·eign policy implications 

U.S. consumption and imports of petroleum products can impose additional costs (i.e., 
externalities) on the domestic economy that are not reflected in the market price for crude 
petroleum or in the prices paid by consumers for petroleum products such as gasoline. NHTSA 
has said previously that these costs can include ( 1) higher prices for petroleum products resulting 
from the effect of U.S. oil demand on world oil prices, (2) the risk of dismptions to the U.S. 
economy caused by sudden increases in the global price of oil and its resulting impact on fuel 
prices faced by U.S. consumers, and (3) expenses for maintaining the strategic petroleum reserve 
(SPR) to provide a response option should a disruption in commercial oil supplies threaten the 
U.S. economy, to allow the U.S. to meet part of its International Energy Agency obligation to 
maintain emergency oil stocks, and to provide a national defense fuel reserve.54 Higher U.S. 
consumption of crude oil or refined petroleum products increases the magnitude of these external 
economic costs, thus increasing the true economic cost of supplying transportation fuels above 
the resource costs of producing them. Conversely, reducing U.S. consumption bf crude oil or 
refined petroleum products (by reducing motor fuel use) can reduce these external costs. 

While these costs are considerations, the United States has significantly increased oil 
production capabilities in recent years, to the extent that the U.S. is currently producing enough 
oil to satisfy nearly all of its energy needs and is projecfed to continue to do so [or even be_come 
a net energy exporter in the near future).55 This has added stable new supply to the global oil 
market, which ameliorates the U.S.' need to conserve energy from a security perspective even 
_given that oil is a global commodity. We discuss this issue in more detail in Section VIII below. 

2. Factors thatNHTSA is prohibited from considering 

EPCA states that in determining the level at which it should set CAFE standar/js for a 
particular model year, NHTSA may not consider the ability of manufacturers to take advantage 
of several EPCA provisions that facilitate compliance with CAFE standards and thereby can 
reduce their costs of comp!iance.56 As discussed further below, NHTSA cannot consider 

~~ 53 FR 33080, 33096 (Aug. 29, l 988). 
~J 53 FR 39275, 39302{Oct. 6, 1988). 
'- \Vhlle the U.S. maint'alns a military presence in certain parts of the world to help secure global access to 
petroleum supplies. that is neither the primary nor the sole mission of U.S. forces overseas. Additionally, the scale 
of oil consumption reductions associated with CAFE standards would be insufficient to alter any existing military 
missions focused on ensuring the safe and expedient production and transportation of oil around the globe. See 
Chapter [xxx] of the FRlA for more information on this topic. 
"See AEO 2019, al 14 {"ln the Reference case, the United States becomes a net exporter of petroleum liquids after 
2020 as U.S. crude oil production increases and do,mestic consumption of petroleum products decreases."). 
Available al https://www.eia.gov/out1ooks/aeo/pdf/aeo2019.pdf. 
56 49 U.S,C. 32902(hl. 
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compliance credits that manufacturers earn by exceeding the CAFE standards and tl:ien use to 
achieve compliance in years in which their measured average fuel economy falls below the 
standards. NHTSA also cannot consider the use of alternative fuels by dual-fueled vehicles 
(such as plug-in hybrid electric vehicles) nor the availability of dedicated alternative fuel 
vehicles (such as battery electric or hydrogen fuel cell vehicles) in any model year. EPCA 
encourages the production of alternative fuel vehicles by specif)ring that their fuel economy is to 
be detennined using a special calculation procedure that results in those vehicles being assigned 
a higher fuel economy level than they actual!y achieve. For non-statutory incentives that 
NHTSA developed by regulation, NHTSA does not consider these incentives subject to the 
EPC A prohibition on considering flexibilities. These topics will be addressed further in Section 
vm below, 

3. Other considerations in determining maximum feasible CAFE standards 

NHTSA historically has Interpreted EPC A's statutory factors as including consideration 
for potential adverse safety consequences in setting CAFE standards. Courts have consistently 
recognized that this in1erpretation is reasonable. As courts have recognized, "NHTSA has 
always examined the safety consequences of the CAFE standards in its overall consideration of 
relevant factors since its earliest rulemaking under the CAFE program."57 The courts have 
consistently upheld NHTSA 's implementation of EPCA in this manner.5~ Thus, in evaluating 
what levels of stringency would result in ma-..imum feasible standards; NHTSA assesses the 
potential safety impacts and considers them in balancing the statutory considerations and to 
detennine the maximum feasible level of the standards.w Many commenters addressed the 
NPR...\1's analysis of safety impacts; those comments will be summarized and responded to in 
Section VI and also in each agency's discussion in Section vm. 

The above sections explain what Congress thought was important enough to codify when 
it directed each agency to regulate, and begin to explain how the agencies have interpreted those 
directions over time and in this final rule. The next section looks mo.re closely at the interplay 

17 CompelitfreEmerprise· /nstilllte>'. l>'HTSA, 901 F.2d 107, JW n. 11 (O.C. Cir. 1990) ("C£/-f') (citing 42 Fed. 
Reg. 33534, 33551 (Jun. 30, 1977). 
"See, e.g., Compelitfre £me.prise /nsfilUie , .. .VHTSA, 956 f.2d 321, 3221D.C. Cir. 1992) ("CEI-II") (in 
determining the maximum feasible fuel economy standard, "NHTSA has always taken passenger safety into 
account," ci1ing CEJ-1, 901 F.2d at 120 n. 11); CompeliliW! Enlerprise lmtifule v. NHTSA, 49 F.3d 481, 483-83 
(D.C. Cir. l 995) (same); Cemer for B,o/o/!,ital Di,w,,.ity "· NHTSA, 538 F.3d 117:!, 1203-04 (9"' Cir. 2008) 
(upholding NHTSA's analysis of vehicle safety issues with weight in connection with che MYs 2008-201 I light 
truck CAFE rulemaking). 
'°NIHSA stated in the NPRM that "While we discuss safety as a separacc consideration, NHTSA also considers 
safety as closely related to, and in some circumstances a subcomponent of, economic practicability. On a broad 
level, manufacturers have finite resources lO invest in research and development. Investment into the development 
and implementation offuel saving technology necessarily comes at the expense ofinvesting in other areas such as 
safety technology. On a more direct level, when making decisions on how to equip vehicles. manufacturers must 
balance cost considerations to avoid pricing further consumers out of the market. As manufacturers add lechnolog} 
to increase fuel efficiency, they may decide against installing new safety equipment to reduce cost increases, And as 
the price oh·ehicles increase beyond the reach of more consumers, such consumers continue to drive or purchase 
older, less safe vehicles. [n assessing praeticabitity, NHTSA also considers the harm to the nation's economy 
caused by highway futalities and injuries.~ 83 FR at 43209 (Aug.24.2018), Many comments were received on this 
issue, \,·hich will be discussed further in Section VIII belov.~ 
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between Congress's direction to the agencies and the aspects of the market that these regulations 
affect, as follows. 

IV. Purpose of analytical approach considered as part of decision-making 

A. Relationship of analytical approach to governing law 

Like the NPRM, today's final rule is supported by extensive analysis of potential impacts 
of the regulatory alternatives under consideration. Below. Section VI reviews the analytical 
approach, Section VII summarizes the results of the analysis. and Section Vlll explains how the 
final standards-informed by this analysis-fulfill the agencies' ,statutory obligations. 
Accompanying today's notice, a final Regulatory lmpact Analysis (FRIA) and, forNHTSA ·s 
consideration, a final Environmental Impact Analysis (FEIS), together provide a more extensive 
and detailed enumeration of related methods, estimates, assumptions, and results. The agencies' 
analysis has been constructed specifically to reflect various aspects of governing !aw applicable 
to CAFE and CO2 standards, and has been expanded and improved in response to comments 
received to the NPRM and based on additional work by the agencies. The analysis aided the 
agencies in implementing their statutory obligations, including the weighing of competing 
-considerations, by reasonably infonning the agencies about- the estimated effects of choosing 
different regulatory alternatives. 

The agencies' analysis makes use of a range of data (i.e., observations of things that have 
occurred), estimates (i.e., things that may occur in the future), and models (i.e., methods for 
making estimates). Two examples of data include (1) records of actual odometer readings used 
to estimate annual mileage accumulation at different vehicle ages and (2) CAFE compliance data 
used as the foundation for the "analysis fleet" containing, among other things, production 
volumes and fuel economy levels of specific configurations of specific vehicle models-produced 
for sale in the U.S. Two examples of estimates include (1) forecasts of future GDP growth used. 
with other estimates, to forecast future vehicle sales volumes and (2) the "retail price equivalent" 
(RPE) factor used to estimate the ultimate cost to consumers of a given fuel-saving technology, 
given accompanying estimates of the technology's "direct cost." as adjusted to account for 
estimated "cost learning effects." 

The agencies' analysis makes use of several models, some of which are actually 
integrated systems of multiple models. As discussed in the NPRM, the agencies' analysis of 
CAFE and CO2 standards involves two basic elements: first, estimating wa)S each manufacturer 
could potentially respond to a given set of standards in a manner that considers potential 
consumer response; and second, estimating Various impacts of those responses. Estimating 
manufacturers' potential responses involves simulating manufacturers' decision-making 
processes regarding the year-by-year application of fuel-saving technologies to specific vehicles. 
Estimating impacts involves calculating resultant changes in new vehicle costs. estimating a 
variety of costs (e.g., for fuel) and effects (e.g., CO2 emissions from fuel combustion) occurring 
as vehicles are driven over their lifetimes before eventually being scrapped, and estimating the 
monetary value of these effects. Estimating impacts also involves consideration of the response 
of consumers---e.g., whether consumers will purchase the vehicles and in what quantities. Both 
of these basic analytical elements involve the application of many analytical inputs. 
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The agencies' analysis uses the CAFE Model to estimate manufacturers' potential 
responses to new CAFE and CO2 standards and to estimate various impacts of those responses. 
The model may be characterized as an integrated system of models. For example, one model 
estimates manufacturers' responses, another estimates resultant changes in total vehicle sales, 
and still another estimates resultant changes in fleet turnover (i.e., scrappage). The CAFE model 
makes use of many inputs, values of which are developed outside of the model and not l:r the 
model. For example, the model applies fuel prices; it does not estimate fuel prices. The model 

does not determine the form or stringency of the standards; instead, the model applies inputs 
specil)'ing the form and stringency of standards to be analyzed and produces outputs showing 
effects of manufacturers working to meet those standards, which become the ba~is for comparing 
between different potential stringencies. 

The agencies also usi;: EPA's MOVES model to estimate "tailpipe" (a.k.a. "vehicle'· or 
"downstream''),emission factors for criteria pollutants, ou and use four DOE and DOE-sponsored 
models to develop inputs to the CAFE model, including three developed and maintained by 
DOE's Argonne National Laboratory. The agencies use the DOE Energy Information 
Administration's (EIA's) National Energy Modeling System (NEMS) to estimate fuel prices,61 

and use Argonne's Greenhouse gases, Regulated Enl.issions, and Energy use in Transportation 
(GREET) model to estimate emissions rates from fuel production and distribution processes.62 

DOT also sponsored DOE/Argonne to use Argonne's Autonomie full-vehicle modeling and 
simulation system 10 estimate the fuel economy impacts for roughly a rnlllion combinations of 
technologies and vehicle types. 63• 64 Section VT, below, and the accompanying final RIA 
document details of the agencies· use ofrhese models. In addition, as discussed in the final EIS 
accompanying today's notice, DOT relied on a range of climate and photochemical models to 
estimate impacts on climate, air quality, and public health. The ElS discusses and documents the 
use of these models. 

As further explained in the NPRM,65 to prepare for analysis supporting the proposal, 
DOT expanded the CAFE model to address EPA statutory and regulatory requirements through a 

60 See )lttps:!/www.epa.gm·lmoves. Today"s linal rule used version MOVES20l4b, available vi 
l7ttps://.,,,ww.epa.govlmovesnatest-version-mo1or-vchiclc-emission-simulator-moves. 
"See https:l/www.eia.gov/outlooks/aeolinfo_nems_archive.php. Today's final rule uses fuel prices estimated using 
the Annual Energy Outlook (AEO) 2019 version ofNEMS (see 
hnps:lh.vww.eia.gov/outlook.slaeo/data/browserl#l?id= 3-AEO2019&cases=ret20J 9&sourcekeya.()J. 
°' Jnfonnation regarding GREET is available at https:1/greet.es.anl.gov/index.php. Today's notice uses the 2018 
version of GREET. 
"As part of the Argonne simulation effort. individual technology combinations simulat~d in Autonomie were 
paired with Argonne's BatPAC model to estimate the battery cost associate<! with each !echnology combination 
based on characteristics of the simulated vehicle and its level of electrification. lnfonnation regarding Argonne's 
BatPAC model is available at http://w,vw.cse.an!.gov/batpac/. 
"In addition, the impact of engine technologies on fuel consumption, toique, and other metrics was characterized 
using GT POWER simulation modeling in combination with other engine modeling that was conducted by !AV 
Automotive Engineering, Inc. (]AV). The engine characterization "maps" resulting from this analysis were used as 
inputs for the Autonomie full-vehicle ~imulation modeling. Information regarding GT Power is available at 
hnps://www.gtisoft.comigt-suite-application.s/propulsion-systemslgt-power-engine-simulation-software, 
"' 83 FR 42986, 43003 (Aug. 24. 201 8). 
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year-by-year simulation of how manufacturers could comply with EPA 's CO2 standards, 
including: 

• Calculation of vehicle models' CO; emission rates before and after application of 
fuel-saving (and, therefore, CO2-reducing) technologies; 

• Calculation of manufacturers' fleet average CO2 emission rates; 

• Calculation of manufacturers' fleet average CO2 emission rates under attribute-based 

CO2 standards; 
• Accounting for adjustments to average CO2 emission rates reflecting reduction of air 

conditioner refrigerant leakage; 
• Accounting for the treatment of a lternative fuel vehicles for CO2 compliance; 
• Accounting for production ·'multipliers'' for PHEYs, BEYs, compressed natural gas 

(CNG) vehicles, and fuel cell vehicles (FCYs); 
• Accounting for transfer of CO, credits between regulated fleets; and 
• Account ing for carried-forward (a.k.a. "banked") CO2 credits. including credits from 

model years earlier than modeled explicitly. 

As further discussed in the NPRM, a lthough EPA had previously developed a vehicle 
simulation tool ("ALPHA") and a fleet compliance model ("OMEGA"), and had applied these in 
prior actions, having considered the facts before the Agency in 20 18, EPA determined that, ' 'it is 
reasonable and appropriate to use DOE/ Argonne's model for full-vehicle simulation, and to use 
DOT's CAFE model for analysis ofregulatoiy alternatives."66 

As discussed below and in Section Yl, some commenters-some citing deliberative EPA 
staff communications during NPRM development. aiitl l'Ae •;ul:imiuing ct>l!llll<'llb e~ o tenner 

EP\ s1aff 1~1~m0~r cln ,d~ in•,flhed in the nrigina1i0A 1;1f1lit' a"1me menliflHetl 0 ~1H, \ 1,wJel 
took strong exception to EPA 's decision to rely on DOE/Argonne and DOT-originated models as 
the basis for analysis informing EPA 's decisions regarding CO" standards. Some commenters 
argued that the EPA Administrator must consider a, ,1 i l.ibk <'-¼'"'<~models and analysis 
originating with EPA staff. and that to 111,1., 1d rel ._.,,lu,i,.:h 1111 m11,k 1, .md .111.11 , , k11<1 ,\I ,., 

~1•1d,1111,111.il h l.l\,.:d J,. ,1ht"11,, c: would be arbitral)' and capricious. As explained below 
(and as explained in the NPRM), it is reasonable for the Administrator to consider analysis and 
information produced from many sources, including, in this instance, the DOE/Argonne and 
DOT models. The Administrator has the discretion to determine what information reasonably 
and appropriately informs decisions regarding 1hc• i-,u.11 cc .111d 1c 11,i,'L.!!.Lemissions standards 
under ,._.,11 .. 1121121,11 "'the < \ \ . Some commenters conflated models with decisions, 
suggesting that the former mechanically determine the latter. The CAA authorizes the EPA 
Administrator, not a model, to make decisions abollt emissions standards, just as EPCA provides 
similar authority to the Secretary. Models produce analysis, the results of which help to inform 
decisions. However, in making such decisions, the Administrator 111<1~ 11d l1t 111,1 consider::: 
other relevant information beyond the outputs of any models-including public comment-and, 
in any event, must exercise judgment in establishing appropriate standards. 

' 6 83 FR 42986, 43000 ( Aug. 24, 2018). 

24 

Commented [A24]: CHANGE AS SHOWN: We bclie,c 
it is no1 aprropriate to characterize the cornrnenti:rs in such a 
mann1.::r a~ it appears biased. EPA prefers to fitctuall~ state 
1he comments. and not to provide- partial li~ts of a 
commente(s past work experience or a11emp1 to chat71cterize 
th~ir crl!dentiaJs. 



*** EO 12866 Review Draft Do Not C ite. Quote or Release During Review*** 

Some commenters conflated models with inputs and/or with results of the modeling. All 
of the models mentioned above rely on inputs, including not only data (i.e .. facts). but also 
estimates (inputs about the future are estimates, not data). Given these inputs, the mode ls 
produce estimates- ultimately, the agencies· reported estimates of the pote11tia l impacts of 
standards under consideration. In other words. inputs do not define mode ls: models use inputs. 
Therefore, disagreements about inputs do not logically extend to disagreements about models. 
Sim ilarly, while models determine resul ting outputs, they do so based on inputs. Therefore. 
disagreements about results do not necessarily imply disagreements about models; they may 
merely reflect disagreements about inputs. With respect to the Administrator's decisions 
regarding models underlying today's analysis, comments regarding inputs, therefore, are more 
appropriate ly addressed separately, which is done so below in Section VI. 

The EPA Administrator's decision to continue relying on the DOE/Argonne Autonomie 
tool and DOT CAFE model rather than on the corresponding tools developed by EPA staff is 
informed by consideration of comments on results and on technical aspects of t he models 
themselves. As discussed below, some commenters questioned specific aspects of the CAFE 
model's simulation of manufacturer's potential responses to CO: standards. Considering these 
comments, the CAFE model applied in the final rule's analysis includes some revisions and 
updates. For example, the "effecti ve cost" metric used to select among available opportunities to 
apply fuel-saving technologies now uses a "cost per credit" metric rather than the metric used for 
the NPRM. Also, the model's representation of sales " multipliers" EPA has included for CNG 
vehicles, PHEVs, BEVs, and FCVs reflects current EPA regulations or, as an input-selectable 
option, an alternative approach under consideration. On the other hand, some commenters 
questioning the CAFE model's approach to some CO2 program features appear to ignore the fact 
that prior analysis by EPA (using EPA's OMEGA) model likewise did not account for the same 
program features. For example, some stakeholders took issue with the CAFE model's approach 
to accounting for banked CO2 credits and, in particular, credi ts banked prior to the model years 
accounted for explicitly in the analysis. In the course of updating the basis for analysis fleet 
from model year 2016 to model year 20 17, the agencies have since updated corresponding 
inputs. However, even though the abi lity to carry forward credits impacts outcomes, EPA's 
OMEGA model used in previous rulemakings. \\ hile de,i1rned around the implicit as,umption ol 
cn:dit ti:mkinl! \\ ilhin ::i 11nn. -if.doc~ nnt model nplicith cn:dit banh.ing.-1w, t!F ~auemp1eJ 
hl a1:.:11l!Al ll-ir Ht!tli1 Ra1il<iAg am!. i11eleea. lad,iAg a~ ear b:, :,ear :,u·w1!!1"t!. flm,u,1 a1:eol!A1 ,-_.., 
eredit banl,ing. Therefore, ~ with respect to this important CO2 program flexibility, the 
CAFE model provides a •;l!j;leriar reasonable basis for estimating actual impacts of llc-Yr thl' 
re\ ised-C02 standards. 

For its part, NHTSA remains confident that the combination of the Autonomie and CAFE 
models remains the best available for CAFE rulemaking analysis, and notes, as discussed below, 
that even the environmental group coalition stated that the CAFE model is aligned with EPCA 
requirements.67 In late 200 I, after Congress discontinued an extended series of budget "riders" 
prohibiting work on CAFE standards, NHTSA and the DOT Volpe Center began development of 
a modeling system appropriate for CAFE ru lemaking analysis, because other available models 
were not des igned with this purpose in mind, and lacked capabilities important for CAFE 

67 Environmental g roup coalition.NHTSA-2018-006 7-1 2000, Appendix A. at 14-25. 
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rulemakings. For example, although NEMS had procedures to account for CAFE standards, 
those procedures did not provide the ability to account for specific manufacturers, as is 
especially relevant to the statutory requirement that NHTSA consider the economic practicability 
of any new CAFE standards. Also, as early as the first rulemaking making use of this early 
CAFE model, commenters stressed the importance of product redesign schedules, leading 
developers to introduce procedures to account for product cadence. In the 2003 notice regarding 
light truck standards for MYs 2005-2007, NHTSA stated that "we also changed the methodology 
to recognize that capital costs require employment of technologies for several years, rather than a 
single year .... In our view, this makes the Volpe analysis more consistent with the [manually 
implemented] Stage analysis and better reflects actual conditions in the automotive industry."6

H 

Since that time, NHTSA and the Volpe Center have significantly refined the CAFE model with 
each ofrulemaking. For example, for the 2006 rulemaking regarding standards for MYs 2008-
2011 light trucks, NHTSA introduced the ability to account for attribute-based standards, 
account for the social cost of CO2 emissions, estimate stringencies at which net benefits would 
be maximized, and perform probabilistic uncertainty analysis (i.e., Monte Carlo simulation).69 

For the 2009 rulemaking regarding standards for MY 2011 passenger cars and light trucks, we 
introduced the ability to account for attribute-based passenger car standards, and the ability to 
apply "synergy factors" to estimate how some technology pairings impact fuel consumption,7° 
For the 20 lO rulemaking regarding standards for MYs 2012-2016, we introduced procedures to 
account for FFV credits, and to account for product planni_ng as a multiyear consideration.71 For 
the 2012 rulemaking regarding standards for MYs 2017-2025, we introduced several new 
procedures, such as(]) accounting for electricity used to charge electric vehicles (EVs) and plug
in hybrid electric vehicles (PHEVs), (2) accounting for use of etha.nol blends in flexible-fuel 
vehicles (FFVs), (3) accounting for costs (i.e., "stranded capital") related to early replacement of 
technologies, (4) accounting for previously-applied technology when determining the extent to 
which a manufacturer could expand use of the technology, (5) applying technology-specific 
estimates of changes in consumer value, (6) simulating the extent to which manufacturers might 
utilize EPCA's provisions regarding generation -and use of CAFE credits, (7) applying estimates 
of fuel economy adjustments (and accompanying costs) reflecting increases in air conditioner 
efficiency, (8) reporting privately-valued benefits, (9) simulating the extent to which 
manufacturers might voluntarily apply technology beyond levels needed for compliance with 
CAFE standards, and (10) estimating changes in highway fatalities attributable to any applied 
reductions in vehicle mass.72 Also for this 2012 rulemaking, we began making use of 
Autonomic to estimate fuel consumption impacts of different combinations of technologies, 
using these estimates to specify inputs to the CAFE model.73 ln 2016, providing analyses for 
both the draft TAR regarding light-duty CAFE standards and the final rule regarding fuel 
consumption standards for heavy-duty pickup trucks and vans, we greatly expanded our use of 
Autonomie-based full vehicle simulations and introduced'the ability to simulate compliance with 

6~ 68 FR at 16885 (Apr. 7, 2003). 
Ml 71 FR at 17566 el seq. (Apr. 6, 2006). 
70 74 FR at 14196 el seq.'(Mar. 30,3009). 
71 75 FR at 25599 el seq. (May 7, 2010). 
"77 FR 63009 el seq. \Oct. 15, 2012). 
71 77 FR at 627!2 ct seq. (Oct, 15, 2012). 
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attribute-based standards for heavy-duty pickups and vans.74 And, as discussed in at length in 
the NPRM and below, for this rulemaking, we have, among other things, refined procedures to 
account for impacts on highway travel and safety, added procedures to simulate compliance•with 
CO2 standards, refined procedures to account for compliance credits, and added procedures to 
account for impacts on sales, scrappage, and employment. We have also significantly revised 
the model's graphical user interface (GU[) in order to make the model easier to operate and 
understand. Like any mode!, both Autonomie and the CAFE model benefit from ongoing 
refinement. However, NHTSA is confident that this combination of models produces a more 
realistic characterization of the potential impacts of new L -\ U _standards than would an other 
combination of available models. Some stakeholders, while commenting on specific aspects of 
the inputs, models, and/or results, commended the agencies' exclusive reliance on the 
DOE/Argonne Autonomie tool and DOT CAFE model. With respect to CO2 standards, these 
stakeholders noted not only technical reasons to use these models rather than the EPA models, 
but also other reasons such as efficiency, transparency, and ease with which outside parties can 
exercise models and replicate the agencies' analysis. These comments are discussed below and 
in Section VI. 

Nevertheless, some comments regarding the model's handling of CAFE and/or CO:i 
standards, and some comments regarding the model's estimation of resultant impacts, led the 
agencies to make changes to specific aspects of the model. Comments on and changes to the 
inputs and model are discussed below and in Section VI; results are discussed in Section VII and 
in the accompanying RIA; and the meaning of results ln the context of the applicable statutory 
requirements is discussed in Section VIII. 

As explained, the analysis is designed to reflect a number of statutory and regulatory 
requirements applicable to CAFE and tailpipe CO~ standard settii:tg. EPC A contains a number of 
requirements governing the scope and nature of CAFE standard setting. Among these, some 
have been in place since EPCA was first signed into law in 1975, and some were added in 2007, 
when Congress passed EISA and amended EPCA. The CAA, as discussed elsewhere, provides 
EPA with very broad authority under Section 202(a), and does not contain EPCAJEJSA 's 
prescriptions. In the interest of harmonization, however, EPA has adopted some of the 
EPCA/ElSA requirements !i,: Ii».: CH J- .w,,~:·<11,1 into its tailpipe CO2 regulations. andNHTSA, 
in tum, has created some additional flexibilities by regulation not expressly envisioned by 
EPCA/EISA in order to harmonize better with some ofEPA's programmatic decisions. 
EPCAJEISA requirements regarding the technical characteristics of CAFE standards and the 
analysis thereof include, but are not limited to, the following, and the analysis reflects these 
requirements as summarized: 

Corporate Average Standards: 49 u.·s.c. 32902 requires standards that apply to the 
average fuel economy levels achieved by each corporation's fleets of vehicles produced for sale 

"81 FR at 73743 et seq. (Oct.25/2016); Draft TAR. available at Docket No. NHTSA-2016---006l!-0001, Chapter 
'3. 
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in the U.S.75 CAA Section 202(a) tlt1e, net rir~.:lu..:k.:i\e~ the EPA Administrator d1>cre1i,,n to 
e,1ahlish th.: form of thi: lien: e\l"te,.,in,; CO2 standards a., de /co"cl,, llee1 a, erage re.:iuiremenl. 
and in the 2010 Ruic fir,t t:~lahli,hinc 1-:PA light-due, ,.:hi..:k CO' ,tam.lard~ l:P \ adopit:d u 
fleet-I\ idea, erace approach. E:P \ ha:; ,.-uleptetl a ,imilt1r ttpfln'lach in the in1ere~ lll 
haFA~flAii"atiun. The CAFE Model, used by the agencies to conduct the bulk of today's analysis, 
calculates the CAFE and CO2 levels of each manufacturer's fleets based on estimated production 
volumes and characteristics, including fuel economy levels, of distinct vehicle models that could 

be produced for sale in the U.S. 

Separate Standards for Passem!er Cars and Light Trucks: 49 U.S.C. 32902 requires the 
Secretary of Transportation to set CAFE standards separately for passenger cars and light trucks. 
CAA Section 202(a) ~~~.,!.,," ' the EPA Administrator fh-+ffi-L specify~ CO: 
standards separately for passenger cars and light trucks, and EPA has adopted ,ud1 au -.mtthtt 
approach in the inter6l flfharnrnHi;atiHn. The CAFE Model accounts separately for passenger 
cars and light trucks, including differentiated standards and compliance. 

Attribute-Based Standards: 49 U.S.C. 32902 requires the Secretary of Transportation to 
define CAFE standards as mathematical functions expressed in terms of one or more vehicle 
attributes related to fuel economy. This means that for a given manufacturer's fleet of vehicles 
produced for sale in the U.S. in a given regulatory class and model year, the applicable minimum 
CAFE requirement (i.e., the numerical value of the requirement) is computed based on the 
appl icable mathematical function, and the mix and attributes of vehicles in the manufacturer's 
fl eet. In th.: 211111 Ruk lir,t ,.:,t,1bli-l1111c: l t >~ ,1.,nJc1rd,. I I'\ .ti,., aunplc'd ,111.,11r1b11tc-'.1'c·J 
,1,111d,11d undc:r ii- bn,.1d CAA Section 202(a) .1uth1>1 it, . i11,il<11 I~. J,•c 11111 1•rc•, ,uJ, 111.- I I'\ 
\tl111ini 1rn1<11 11-'IH Jclii!il1.c ( < l ta11J.11,I . cllltl I I'\ hct t1d, j'lcJ 1 ,11"lll,11 "l'l''''··'h 111 tilt' 

11Hcre t ,11 hc1rn" 111,•.111t111 The CAFE Model accounts for such functions and vehicle attributes 
explicitly. 

Separately Defined Standards for Each Model Year: 49 U.S.C. 32902 requires the 
Secretary to set CAFE standards (separately for passenger cars and light trucks) at the maximum 
feasible levels in each model year. CAA Section 202(a) .tll,,", I I'\ 111 " 1.il•l1,h ,1.11d.11J, t,,, 
c:,11:h 111,,JL·I \L";II "' \ c·hic·k,. a11d I I'\ h.1 d -,.,~•11 !11 ;J11 ,,, l,11 thi, li11al rule. ,1111il.11 1,, thL' 
.!J'l'L P.IL Ii 1.1kc:JJ i11 thL· pre I i .. u, li.cht-du1, 1 i.:hic k <. < >' ,1~111d.11 d 'c't! 111'-! rule:,,~,.,.._ n, 1t p1 « I uJ, 
tl1t' I I'\ \Jmmi 11,1t111 ln11~~ ,ettin,: l fl ,lc111J,11J t'j',lr,llcl~ I, 1 t't1dl 1m,dcl ~ ,.ir. c111d I I'\ 11" 

t1tl,,ri10J" ,imilc11 "f'l'lnct,I, 11, the 111lc'1,: .1 ,,I h .. rm111i1,•111i"n The CAFE Model represents each 
mode l year explicitly, and accounts for the production relationships between model years.76 

7; This differs from safety standards ,,.,, 1 ,,, .. ,.., .,..............,,~--.•~~. which apply separately to each vehicle. For 
example. every vehicle produced for sale in the U.S. must. on ilS own. meet all applicable federal motor vehicle 
safety standards (FMVSS). but no vehicle produced for sale must. on its own, federal fuel eco nomy s tandards. 
Rather, each manufacturer is required to produce a mix of vehicles that, taken together. achieve a n average fuel 
economy level no less 1han the applicable minimum level. 
1• For example, a new engine first applied to given vehicle model/configuratio n in model )'ear 2020 will most likely 
be "carried forward" to model year 2021 of that same vehicle model/configuration, in order to reflect the fact that 
manufacturers do not apply brand-new engines 10 a given vehic le model every single year. 
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Separate Compliance for Domestic and Imported Passenger Car Fleets: 49 U.S.C. 32904 
requires the EPA Administrator to determine CAFE compliance separately for each 
manufacturers' fleets of domestic passenger cars and imported passenger cars. which 
manufacturers must consider as they decide how 10 improve the fuel economy of their passenger 
car fleets. CAA 202(a) does not preclude the EPA Administrator from determining compliance 
with CO2 standards separate ly for a manufacturer's domestic and imported car fleets .i .. 111 · '--

1hc \J111111,tr,l11>1 II.is ,I I ,·s.11,.1bk ba,,, l11r d, 1i11c_ ,, I I, I\\ L \<.'I , the < ,I I( 1 pr11_1.1111 I I' \ d_-,1,:11' d 
!!.!.Jl1,· ~ti I I I ,111J 'III: I in.ti Rulo:, <lid 11u1 i111. l,1d, ,ud1 d Ji,1inll1,111, .111d I I' \ did 11ll\ pt l'J'< 1,, , , 
.. -1 1111 c11111111,·111 nn 1.1J...111c! such .111.1rp111acl1 1111 111, ', \1 1 ruk .. lltH 11' \ ht1 , tlr,li 11,·t1 l t1 c1J111·1 .. 
,in11l .. 1 "l'J1t ,1c1.!1. The CAFE Model is able to account explicitly for this requirement when 
simulating manufacturers' potential responses to CAFE standards. bu1 combines any given 
manufacturer's domestic and imported cars into a s ingle fleet when simulating that 
manufacturer's potential response to CO2 standards. 

Minimum CAFE Standards for Domestic Passenger Car Fleets: 49 U.S.C. 32902 requires 
that domestic passenger car fleets achieve CAFE levels no less than 92 percent of the industry
wide average level required under the appl icable attribute-based CAFE standard, as projected by 
the Secretary at the time the standard is promulgated. CAA 202(a) does not preclude the EPA 
Administrator from correspondingly requi ring that domestic passenger car t1eets achieve CO2 
levels no greater than I 08.7 percent ( 1/0.92 = 1.087) of the projected industry-wide average CO2 
requirement under the attributed-based standard. ""l rm_ 11 L \d111i111,1 ,11,,1 .. ,, .11c,1,1,11.Jhk 
ba,i, l,1rd11in" "' 1111\\1.'\c'i. 111, ( ,I ll, prnc"r.111111 ' \ J_-,1 ... nc·J in 1'1,· 'll l ll .md .:111.: I 11,d 1{111,·, 
drd 11111 mdud..: ,ud1 .1 d1,1in-:1i,ll1. ,md I I'\ did rh,t p111p11,,' e11 .1,J... 1111 , 111111111.'lll ,1111.11.111" , u,,_11 
.in .1r1ir11.1ch IPr till' ..., \I I rnlc·. h n l P \ h,1 , Jecl11,,d 111 dth 'j'l n -.in1tl,11 dl'fl• .1cl ,. The CAFE 
Model is able to account explicitly for this requirement for CAFE standards, and sets this 
requirement aside for CO2 standards. 

Civil Penalties for Noncompliance: 49 U.S.C. 32912 prescribes a rate (in dol lars per tenth 
of a mpg) at which the Secretary is to levy civil penalties if a manufacturer fails to comply with a 
CAFE standard for a given fleet in a given model year, after considering available credits. Some 
manufacturers have historically demonstrated a will ingness to treat CAFE noncompliance as an 
"economic" choice, electing to pay civil penalties rather than achieving full numerical 
compliance across all fleets. The CAFE Model calculates civil penal ties for CAFE shortfalls and 
provides means to estimate that a manufacturer might stop adding fuel-saving technologies once 
continuing to do so would be effectively more "expensive" (after accounting for fuel prices and 
buyers' willingness to pay for fuel economy) than paying c ivi l penalties. In contrast, the CAA 
does not authorize the EPA Administrator to allow manufacturers to sell noncompliant l1 _i11-du1, 
, L'im 1..:, tli:'t'i... and instead only pay civil penalties; mam1la~1urer, .,,, hti , Rti,1 c? w ra~ ..:+wl 
fk'Rahie; f<ir C.\H 1.e>mrlinnee 1,mEI 10 t'R1plo~ LP\"•, m@r<' e•t1cn·,i1 t' j'lfllgrammatie tle·,il>ilitit', 
10 meel tai lpip~ l'O: e1~fr;_,io11!, ·,lanElarEI ,. Thus, the CAFE Model does not allow civi l penalty 
payment as an option for CO2 standards. 

Dual-Fueled and Dedicated Alternative Fuel Vehicles: For purposes of calculating CAFE 
levels used to determine compliance, 49 U.S.C. 32905 and 32906 specify methods for 
calculating the fue l economy levels of vehicles operating on alternative fuels to gasoline or diesel 
through MY 2020. After MY 2020, methods for calculating alternative fuel vehicle (AFV) fuel 
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economy are governed by regulation. The CAFE Model is able to account for these 
requirements explicitly for each vehicle model. However. 49 U.S.C. 32902 requires that 
maximum feasible CAFE standards be set in a manner that does not presume manufacturers can 
respond by producing new dedicated alternative fuel vehicle (AfV) models. The CAFE model 
can be run in a manner that excludes the additional application of dedicated AfV technologies in 
model years for which maximum feasi ble standards are under consideration. As allowed under 
NEPA for analysis appearing in EISs informing decisions regarding CAFE standards, the CAFE 
Model can also be run without this analytical constraint. CAA 202(a) does not preclude the EPA 
Administrator adopting analogous provisions, but EPA has instead tftt'tl-c•,t.ih!1,l!nl through 
regulation to ~111cluJc· dual- and alternative fue l vehicles on a CO2 basis 1-ri+!J-tttr"":!h \I) 
.:::11.:::1,. lH ,d cl 1Jce c1rn· ,,. n, 11 •111 dcttr1c11:, .:c11er.11i, 1,1il' ;1111.11llll,1LILIIL"r°, 17,,,_1 1dc ,l\c"l,l~c J,,1 
('lll"J'"'L' nl dc!cT111111.11~ u>111pli.111,c· 1111h t ! ,.::: ,t.indank The CAFE model accounts for this 
treatment of dual- and alternative fuel vehicles when simulating manufacturers' potential 
responses to CO2 standards. I "r 11.1lur.il c..i, ,,l11clc,. h,,th J,·Jic.11c·J .,nd du.il-111ck.!,.I ~ 
L·,t.1hl1,hin~ .o 111uh111licr ol .::: 11 I Pr 111,>tkl, .::or, '11'.::: - '11~c,. i-P,\ ha, al ,l't ~lee1eJ ltl .,u13pflFI i1, 
deeisien·, ,~ ith E!A!tl~ ,i., !hat ..:1:msider_. 1he pl'lh!ntial !ha! maAt1l"at:111rt'flj •.H1t1hl re·,pt1Atl lO AeY. 
ilaHElanl r: f'FAdu,in,;. Re" \f,\ fflt'lt.lcb. .ond !he ( \I I m, ... kl ... tl>le I' ttllc'..t 1111 o11·11111,1,I, 

Creation and Use of Compliance Credits: 49 U.S .C. 32903 provides that manufacturers 
may earn CAFE "credits" by achieving a CAFE level beyond that required of a given fleet in a 
given model year, and specifies how these credits may be used to offset the amount by which a 
different fleet falls sho11 of its corresponding requirement. These provisions allow· credits to be 
"ca1Tied fonvard" and "carried back" between model years, transferred between regulated classes 
(domestic passenger cars, impo11ed passenger cars. and light trucks), and traded between 
manufacturers. However, these provisions also impose some specific statutory limits. For 
example, CAFE compliance credits can be carried forward a maximum of five model years and 
carried back a maximum of three model years. Also, EPCA/EI SA caps the amount of credit that 
can be transferred between passenger car and light truck fleets, and prohibits manufacturers from 
applying traded or transferred credits to offset a failure to achieve the applicable minimum 
standard for domestic passenger cars. The CAFE Model explicitly simulates manufacturers' 
potential use of credits carried forward from prior model years or transferred from other fleets.77 

77 As explained in Section VI. the CAFE Model does not explicitly s imulate the potential that manufacturers would 
carry CAFE or CO2 credi!s back (i.e .. borrow) from future model years, o r acquire and use CAFE complianc credits 
from other manufacturers. At the same time. because EPA has ~ ..... . not limit, I credit tradin11.. the CAFE 
Model can be exercised in a manner that s im.ulates unlimited (a.k.a. "perfect") CO, compliance cr~dit trading 
throughout the indusiry (or, potentially, within discrete trading "blocs"). The agencies believe there is significant 
uncertainly in how manufacrurers may choose to employ these particular flexibilities in the future: for example. 
while it is reasonably foreseeable that a manufacturer who over-complies in one year may "coast" through several 
subseqL1e111 years relying on those credits rather than continuing 10 make technology improvements, it is harder to 
assume with confidence that manufacturers will rely on future technology investments (that may not pan o ut as 
expected. as if market demand for "target-beater" vehicles is lower than expected) to offset prior-year shortfalls. or 
whether/how manufacturers will trade credits with market competitors rather than making their own technology 
investments. Historically, carry-back and trading have been much less utilized than carry- forward, for a variety of 
reasons including higher risk and preference not to "'pay competitors (O make fuel economy improvements we 
should be making" (to paraphrase one manufacturer). a lthough the agencies recognize that carry-back and trading 
are L1sed more freq L1ently when slandards require more technology application than manufacturers believe their 
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49 U.S.C. 32902 prohibits consideration of manufacturers' potential application of CAFE 
compliance credits when setting maximum feasible CAFE standards. The CAFE Model can be 
operated in a manner that excludes the application of CAFE credits after a given model year. 
CAA 202(a) does not preclude the EPA Administrator adopting analogous provisions. In ii-. 
light-dtn, 1ehicl1? GOOG!IG program, EPA has ei~limited the ~uratinn ofcompliance 
credits from most model years to 5 years, and to limi t ~mrr,w, in.,_! credit deli~il ,:11-r, lo rn Jrd to 3 
years, etl¼-and has not adopted any limits on transfers (between fleets) or trades (between 
manufacturers) of compliance credits. The CAFE Model is able to account for the absence of 
limits on transfers of CO2 standards. lnsofar as the CAFE model can be exerc ised in a manner 
that simulates trading of CO2 compliance credits, such simulations treat trading as unlimi ted.78 

EPA has considered manufacturers' ability to use credi ts as part of its decisions on th- final 
l 02 standards, and the CAFE model is now able to account for that. 

Statuto1y Ba5is for Stringencv: 49 U.S.C. 32902 requires the Secreta1y to set CAFE 
standards at the maximum teasible levels, considering technological feasibility, economic 
practicability, the need of the Nation to conserve energy, and the impact of other government 
standards. EPCNEJSA authorizes the Secretary to interpret these factors, and as the 
Department's interpretation has evolved, NHTSA has continued to expand and refine its 
qualitative and quantitative analysis. For example, as discussed below in Section VI, the 
Autonomie s imulations reflect the agencies' judgment that it would not be economically 
practicable for a manufacturer to "split" an engine shared among many vehicle 
model/configurations into a myriad of versions each optimized to a single vehicle 
model/configuration. Also responding to evolving interpretation of these EPCA/EISA factors. 
the CAFE Model has been expanded to address additional impacts in an integrated manner. For 
example, the CAFE Model version used for the NPRM analysis included the abil ity to estimate 
impacts on labor util ization internally, rather than as an external "off model'' or "post 
processing'' analysis. In addition, NEPA requi res the Secretary to issue an EIS that documents 
the estimated impacts of regulatory alternatives under consideration. The EIS accompanying 
today's notice documents changes in emission inventories as estimated using the CAFE model, 
but also documents corresponding estimates- based on the application of other models 
documented in the EIS, of impacts on the global climate, on tropospheric air quality, and on 
human health. Regarding CO~ standards, CAA 202(a) provides ~ hr, ,.id authority for the 
establishment of motor vehicle emissions standards, and the final rule 's analysis, like that 
accompanying the agencies' proposal, addresses ~ l.1e111r, relevant to the EPA 
Administrator's dec ision making, such as ,111pc1c1 , 11 11,,., .1pr,1«111 1n, I technolo~ .,.. 

markets will bear. Given the uncertainty just discussed, and given also the fact that the agencies have yet to resolve 
some of analytical challenges associated with s imulating use of these flexibil ities. the agencies consider borro\ving 
and trading to involve sufficient risk that it is prudem to support today's decisions with analysis that sets aside the 
potential that manufacturers could come to depend widely on borrowing and trading. While compliance costs in real 
life may be somewhat different from whal is modeled today as a result of this analytical decision, that is broadly true 
no matter what, and the agencies do not bel ieve that the difference would be so great 1ha1 it would change the policy 
outcome. 
78 To avoid makingjudgments (thal would invariably mm out to be at least somewhat incorrect) about possible 
future trading activity, the model simulates trading by combining all manufacturers into a single entity. so that the 
most cost-effective choices are made for the fleet as a whole. 
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k,1,1hi111, , air qualit)1.illl.£!ili.l', costs to industry and consumers. ,.!Jld le ,d 11111, 11, . ._., ,1r1 1 .. , 
( ,,111r l1.111,·e. ,md "11:'Heli!, uAt.l t·n ,b 11:1 ,ticic't~ . 

Other Factors: Beyond these starutory requirements applicable to DOT and/or EPA are a 
number of specific technical characteristics of CAFE and/or C01 regulations that are also 
relevant to the construction of today's analysis. These are discussed at greater length in Section 
VI. !=or e\ample. F P \ l~a, dt'liAt!d prMet.lt1rt', ll'lr enl.t1liHiH,- a, t!rage l'Oo 1.-, d•,. a11tl hd 
n.•, i<,ed rroeedun:?s ltir calrnlating C \I r leYel~. te rc'tlecl manufarwrer,.' aprlicatitrn of "off 
c:,di:'" li:'t'lmologit?, that inl:'F<'<be fut!l t!c0no111y 1am:I rt!clm: .. CO~ t!Ali-, ,itm~l ill \', a~, s Blll rt!lled<'B 
e., tilt' l,111g . lttAtliAg te·,t pr0ct'tlt1re·, used l" All:!ll~t1rc' ft1el ,·co,mm~ . Although too little 
information is available to account for~ 111 h,, k ,1\:d11 provisions explicitly in the same 
way that the agencies have accounted for other technologies. the CAFE Model does include and 
makes use of inputs reflecting the agencies' expectatio ns regarding the extent to which 
manufacturers may earn such credits, a long with estimates of corresponding costs. Similarly, the 
CAFE Model includes and makes use of inputs regarding credits th.it the c'\1,1111_ EPA pn,:.:rJm 
hc1 e le,tt'd 1, allow~ manufacturers to earn toward CO2 levels (not CAFE) based on the use of 
air conditioner refrigerants with lower global warming potentia l (GWP), or on the application of 
technologies to reduce refrigerant leakage. In addition, \lie ~~EPA 11 .. '-!r.1rn hc1, c l.c1u1 ;. 
provide:: that through model year 2021, manufacturers may apply "multipliers'' to plug-in hybrid 
electric vehicles, dedicated electric vehicles. fuel cell vehicles, and Ii: dr"::'•'1· 11.11u1.il c. .. vehicles 
raml '11 th1, li n, tl ruk I I' \ 1, r1n, iJin:.: th;i l lllJnul tdlffch ,>I 11.11.ir.il c..1, h'h1<k, ll\;\\ ·'111''' .. 
.:; \ m11h q111,T lr .. m \11 'rl~:?-211:?1i1. such that when calculating a fleet's average-::COc levels (not 
CAFE), 111 1hc· ,1PPli..:.11'k 11111dd, 1:.1r,. the manufacturer may, for example, "count" each electric 
vehicle twice. The CAFE Model accounts for these multipliers.~• ->tk"ttttt't dtt+<'ht 
1c;ul.11o 1~, f'"'' 1,1, 11 .~·-.·m-rlth'-fttn+t+t"rlJ't'h-"'d""'. Although these are examples of regulatory 
provisions that arise from the exercise of discretion rather than specific statutory mandate, they 
can materially impact outcomes. Section YI explains in greater detail how today ' s ana lysis 
addresses them. 

B. Benefits of ana lytical approach 

The agencies' analysis of CAFE and CO~ standards involves two basic elements: first, 
estimating ways each manufacturer could potentially respond to a given set of standards in a 
manner that considers potential consumer response; and second. estimating various impacts of 
those responses. Estimating manufacturers' potential responses involves s imulating 
manufacturers' decision-making processes regarding the year-by-year application of fuel-saving 
techno logies to specific vehicles. Estimating impacts involves calculating resu ltant changes in 
new vehicle costs, estimating a variety of costs (e.g., for fuel) and effects (e.g., CO:: emissions 
from fuel combustio n) occurring as vehicles are driven over their lifetimes before eventually 
being scrapped, and estimating the monetary value of these effects. Estimating impacts also 
involves consideration of the response of consumers-e.g., whether consumers wi ll purchase the 
vehicles and in what quantities. Both of these basic analytical eleme nts involve the application 
of many analytical inputs. 

As mentioned above, the agencies' ana lysis uses the CAFE model to estimate 
manufacturers' potential responses to new CAFE and CO2 standards and to estimate various 
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impacts of those responses. DOT's Volpe National Transportation Systems Center (often simply 
referred to as the "Volpe Center") develops, maintains, and applies the model for NHTSA. 
NHTSA has used the CAFE model to perform analyses supporting every CAFE rulemaldng 
since 2001, and the 2016 rnlemaking regarding heavy-duty pickup anc! van fuel consumption and 
CO:i emissions also used the CAFE model for analysis.79 

NHTSA recently arranged for a formal peer review of the model. In general, reviewers' 
comments strongly supported the model's conceptual basis and implementation, and commenters 
provided several specific recommendations. The agency agreed with many of these 
recommendations and has worked to implement them wherever practicable. lmplementing some 
of the recommendations would require considerable further research, development, and testing, 
and will be·considered going forward. For a handful of other recommendations, the agency 
disagreed, often finding the recommendations involved considerations (e.g.,_ other policies, such 
as those involving fuel taxation) beyond the model itself or were based on concerns with inputs 
rather than how the model itself functioned. A report-available in the docket for this rulemaking 
presents peer reviewers' detailed comments and recommendations, and provides DOT's detailed 
responses. 8n 

As also mentioned above, the agencies use EPA·s MOVES model to estimate tailpipe 
emission factors, and use DOE/EIA's NEMS to estimate fuel prices,81 use Argonne's GREET 
model to estimate downstream emissions rates. 32 DOT also sponsored DOE/Argonne to use the 
Autonomie full-vehicle modeling and simulation tool to estimate the fuel economy impacts for 
roughly a million combinations of technologies and vehicle types.83

· 84 

EPA developed two models after 2009, referred to as the "ALPHA" and "OMEGA" 
models, which provide some of the same capabilities as the Autonomie and CAFE models. EPA 
applied the OMEGA model to conduct analysis of tailpipe co, emissions standards promulgated 
in 2010 and 2012, and the ALPHA and OMEGA models to conduct analysis discussed in the 

10 While both agencies used the CAFE Model to simulate rirnnufacturer:,/ potential responses to standards, some 
model inputs differed EPA 'sand DOT's analyses, and EPA also used the EPA MOVES model to calculate resultant 
changes in emis.sions inventories. See 81 FR 73478, 73743 (Oct. 25, 2016). 
ll<l Docket No. NHTSA-2018-0067-0055. 
11 See https://www.eia.go;./out!ooks/aeo/info_nems_archive.php. Today's notice uses fuel prices estimate<l using 
the Annual Energy Outlook (AEO) 2019 version of NE MS (see https:l/www.eia.gov/outlooks/archive/aeol9i and 
hnps~'/www,eia.gov/outlooks/aeo/data/browser/#/?id=3-AEO20! 9&cases=ref20 l 9&sourcekey,e()). 
'"Information regarding GREET is available at hnps:i/greet.es.anl.gov/inde..-.;:.php. Availability ofNEMS is 
discussed at https)/www.eia.gov/outlooks/aeo/info_nerns_archive.php. Toda)''s notice uses fuel prices estimated 
using the AEO 2019 version ofNEMS. 
a, As part of the Argonne simulation effort. individual technology combinations simulate<l in Autonomie were 
paired with Argonne's BacPAC model to estimate tl1e banery cos! associated with each technology combination 
based on characteristics oft he simulated vehicle and its level of electrification. lnfom1ation regarding Argonne's 
Bat PAC model is available at http://www.cse.anl.gov/batpac/. 
Jl4 Furthermore, the impact of engine technologies on fuel cansump!ion, torque, and other metrics was characterized 
using GT POWER £imulation modeling in combination with other engine modeling 1hat was conducte<l by !AV 
Automotive Engineering, lnc. (!AV). The engine characterization ~maps" resulting from this analysis were used as 
inputs for the Autonomic full-vehicle simulation modeling. Information regarding GT Power is available at 
htlps:/iwww.gtisoft.comigt-suite-applicationslpropulsion-systemsig1-power-englne-simulation-software. 
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above-mentioned 2016 Draft TAR and Proposed and 2017 Initial Final Determinations regarding 
standards beyond 2021 . ln an August 2017 notice. the agencies requested comments on. among 
other things, whether EPA should use alternative methodologies and modeling, including 
DOE/Argonne's Autonomie full-vehicle modeling and simulation tool and DOT's CAFE 
model.85 

Having reviewed comments on the subject and having considered the matter ful ly, the 
agencies have determined it is reasonable and appropriate to use DOE/Argonne' s model for full
vehicle simulation, and to use DOT's CAFE model for analysis of regulatory alternatives. EPA 
interprets Section 202(a) of the CAA as giving the agency broad discretion in how it develops 
and sets CO2 emissions standards for light-duty vehicles. Nothing in Section 202(a) mandates 
that EPA use any specific model or set of models for analysis of potential co~ standards for 
light-duty vehicles. EPA weighs many factors when detern1ining appropriate levels for CO~ 
standards. including the cost of compliance (see Section 202(a)(2)), lead time necessary for 
compliance (id.), safety (see NRDCv. EPA. 655 F.2d 318. 336 n. 31 (D.C. Cir. 1981))and other 
impacts on consumers/6 and energy impacts associated with use of the technology.87 Using the 
CAFE model allows consideration of a number of factors. The CAFE model explicitly evaluates 
the cost of compliance for each manufacturer, each fleet, and each model year; it accounts for 
lead time necessary for compliance by directly incorporating estimated manufact urer production 
cycles for every vehicle in the fleet, ensuring that the analysis does not assume vehicles can be 
redesigned to incorporate more technology without regard to lead time considerat ions; it 
provides information on safety effects associated with different levels of standards and 
information about many other impacts on consumers, and it calculates energy impacts (i.e., fuel 
saved or consumed) as a primary function, besides being capable of providing infon11ation about 
many other factors within EPA 's broad CAA discretion to consider. 

Because the CAFE model simulates a wide range of actual constraints and practices 
related to automotive engineering, planning, and production, such as common vehicle platforms. 
sharing of engines among different vehicle models, and timing of major vehicle redesigns. the 
analysis produced by the CAFE model provides a transparent and realistic basis to show 
pathways manufacturers could follow over time in applying new technologies, which helps bener 
assess impacts of potential future standards. Furthermore, because the CAFE model also 
accounts fully for regulatory compliance provisions (now including CO, compliance provisions). 
such as adjustments for reduced refrigerant leakage, production "multipliers" for some specific 
types of vehicles (e.g .. PHEVs), and carried-forward (i.e .. banked) credits. the CAFE model 
provides a transparent and realistic basis to estimate how such technologies might be applied 
over time in response to CAFE or C0 1 standards. 

There are sound reasons for the agencies to use the CAFE model gniAg l"ttr· ctrd in this 
final rulemaking. First. the CAFE and C01 fact analyses are inextricably linked. Furthermore, 
the analysis produce,d by the CAFE model and DOE/Argonne's Autonomie addresses the 

"82 FR 39551, 39553 (Aug. 2l, 2017). 
86 Since its earliest Title II regulations. EPA has considered the safety of pollution control technologies. See 45 FR 
14496, 14503 ( 1980). 
87 See George£. Warren Co1p. ,., EPA, 159 F.3d 616, 623-624 (D.C. Cir. 1998) (ordinarily pen11issible for EPA to 
consider factors not specifically enumerated in the Act). 
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agencies' analyt ical needs. The CAFE model provides an explicit year-by-year simulation of 
manufacturers' application of technology to their products in response to a year-by-year 
progression of CAFE standards and accounts for sharing of technologies and the implications for 
timing, scope, and limits on the potential to optimize powertrains for fuel economy. In the real 
world, standards t1dt1n~~~ are specified on a year-by-year basis,--tt,-,i 111 ,pl: •*ll"' ,;+~ lt'" ~f ,--., Ii 
1111 , 111 .. • l,Hu1.-, and manufacturers ' year-by-year plans involve some vehicles "carrying forward" 
technology from prior model years and some other vehicles possibly applying "extra" technology 
in anticipation of standards in ensuing model years, and manufacturers ' planning also involves 
applying credi ts carried forward between model years. FunhtJrn1t-m~. n1t1nufr1t'tur.-P; u111m•1 
,1p1imii'tJ the! re"" emain for I uel eeo11A!l1: (~n .,, t"f'.> , 0l1i1:1lc Hwee I c1:1Hl\;.ura1ien IE>r e',ample. ~• 
g.i\ en .-ngi11e, hares amo11g multifllc!,. ehiele motfol, ,en11tll rraeti1ccil>I:, tic! ~rlit i11lt1 aifferenl 
HH' ,it'n , lflr e,1ch ~a11fig11n11i,,n ,,r l:'ud1 11100,d. t!Uch ,1 i1h a ,light I: ,tillerem ,:fr,ploetJR1t"1H. The 
CAFE mode l is designed to account for these real-world factors. 

Considering the technological heterogeneity of manufacturers' current product offerings, 
and the wide range of ways in which the many fuel economy-improving/CO2 emissions-reducing 
technologies included in the analysis can be combined, the CAFE model has been designed to 
use inputs that provide an estimate of the fuel economy achieved for many tens of thousands of 
di fferent potential combinations of fuel-saving technologies. Across the range of technology 
classes encompassed by the ana lysis fleet, today's analysis involves more than a million such 
estimates. While the CAFE model requires no specific approach to developing these inputs, the 
National Academy of Sciences (NAS) has recommended, and stakeholders have commented, 
that full-vehic le simulation provides the best balance between realism and practicality. 
DOE/Argonne has spent several years developing. applying, and expanding means to use 
distributed computing to exercise its Autonomie full-vehicle modeling and simulation tool over 
the scale necessa1y for realistic analysis of CAFE or average tailpipe CO2 emissions standards. 
This scalability and related flexibil ity (in terms of expanding the set of technologies to be 
simulated) makes Autonomie well-suited for developing inputs to the CAFE model. 

In addition, DOE/Argonne's Autonomie also has a long history of development and 
widespread application by a tttttrlt-widet range of users in government, academia, and industry. 
Many of these users apply Autonomie to inform funding and design decisions. These real-world 
exercises have contributed significantly to aspects of Autonomie important to producing realistic 
estimates of fuel economy levels and CO2 emission rates, such as est imation and consideration of 
performance, utility, and driveability metrics (e.g., towing capability, shift business. frequency of 
engine on/off transitions). This steadily increasing realism has, in t urn, steadily increased 
confidence in the appropriateness of using Autonomie to make significant investment decisions. 
Notably, DOE uses Autonomie for analysis supporting budget priorit ies and plans for programs 
managed by its Vehicle Technologies Office (VTO). Considering the advantages of 
DOE/Argonne's Autonomie model, it is reasonable and appropriate to use Autonomic to 
estimate fuel economy levels and CO2 emission rates for di fferent combinations of technologies 
as applied to different ty pes of vehicles. 

Commenters have also suggested that the CAFE model's graphical user interface (GUI) 
facilitates others ' ability to use the model quickly- and without specialized knowledge or 
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train ing- and to comment accordingly.88 For the N PRM, HTSA significantly expanded and 
refined this GUI, providing the ability to observe the model's real-time progress much more 
closely as it simulates year-by-year compliance with e ither CAFE or CO~ standards.x9 A lthough 
the model's ability to produce real istic results is independent of the model's GUL the CAFE 
model's GUI appears to have facilitated stakeholders' meaningful review and comment during 
the comment period. 

The question of whether EPA ,., : 1, 111 should consider and l'c +H-1+>1'1tld J.,~ ~ 
analysis using non-EPA-staff-developed modeling tools has generated considerable debate •>Wi 

tilllc'~ilh.' _:q,- :'Ill> let• 11 ,c1 ... , 11i,,11, r11ic m+Jlc'l+lt-1:' .... dH"-tlt,•11 c111,l lhc c,•ltf-.c>-,•-I-H+t-

n,h:m,1ts111::. Even prior to the N PRM, certain commenters ~lt11111_ the· I l' \ ·, 1.:c1111,i,kr.111,111 

,t, :-, , , - I ma, I kt, r111111a11, >11 had argued that EPA could not consider, in setting tailpipe co~ 
emissions standards, any information derived from non-EPA-staff-developed modeling. Many 
of the pre-NPRM concerns foc used on inputs used by the CAFE model for prior rulemaking 
analyses.'KI. 9 '- " 2 Because inputs are exogenous 10 any model, they do not determine whether it 
would be reasonable and appropriate for EPA to use NHTSA 's model for analysis. Other 
concerns focused on ce,1ain characteristics of the CAFE model that were developed to align the 
model better with EPCA and El SA. The model has been revised I , 1I ,, , u1c ,.,~ 111c. to 
accommodate both EPCA/EISA and CAA analysis, as explained further below. Some 
commenters also argued that use of any models other than ALPHA and OMEGA for CAA 

"From Docket . umber EPA- HQ-OAR- 2015---0827. see Comment by Global Automakers, Docket ID EPA-HQ
OAR-2015-0827-9728. at 34. 
89 The updated GUI provides a range of graphs updated in real t ime as the model operates. These graphs can be 
used to monitor fuel economy or CO, ratings of vehicles in manufacturers' fleets and 10 monitor year-by-year CAFE 
(or average CO, ratings). costs, avoided fuel o utlays, and avoided CO2-related damages for specific manufacturers 
and/or specific fleets (e.g., do mestic passenger car. light truck). Because these graphs update as the model 
progresses, they should greatly increase users' understanding of the model's approach to consideratio ns such as 
multiyear planning, payment of civi l penalties. and credit use. 
90 for example, EDF previously stated that " the data that NHTSA needs to input into its model is sensitive 
confidential business information 1ha1 is not transparent and cannot be independently verified ... . " and it claimed 
"the OMEGA model's focus o n direct technological inputs and costs- as opposed to industry selt:reported data
ensures the model more accurately characterizes the true feasibil ity and cost effectiveness of deploying [carbon 
dioxide] reducing technologies." EDF, EPA-HQ-OAR-20 15-0827-9203, at 12. T hese statements are not correct, as 
nothing about either the CAFE or OMEGA model either obviates or necessitates the use of CBI to develop inputs. 
•• As another example. CARB previously stated that "another promising technology entering the market was not 
even included in the NHTSA compliance modeling" and that EPA assumes a five-year redesign cycle, whereas 
NHTSA assumes a six to seven-year cycle." CARB. EPA-HQ-OAR-2015-0827-9 197. at 28. Though presented as 
criticisms of the models, these comments-at leas, with respect 10 the CAFE mode l- actually concern model inpurs. 
Nl-lTSA d id not agree with CARB about the commercialization potential of the engine technology in question 
("Atkinson 2") and appli ed model inputs accordingly. Also, rather than applying a one-size-fits-all assumption 
regarding redesign cadence, NHTSA developed estimates specific to each vehicle model and applied these as model 
inputs. 
0

' As another example, NRDC has argued that EPA should not use the CAFE model because it "allows 
manufacturers to pay civil penallies in lieu of meeting the standards. an alternative compliance pathway currently 
allowed under EISA and EPCA." NRDC, EPA-HQ-OAR-2015-0827-9826. at 37. While the CAFE model can 
simulate c ivil penalty payment, NRDC's comment appears to overlook the fact that this result depends on model 
inputs; the inputs can easi ly be specified such that the CAFE model will set aside civil penalty payment as an 
alternative to compliance. 
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analysis would constitute an arbitrary and capricious delegation ofEPA's decision-making 
authority to NHTSA, ifNHTSA models are used for analysis instead.93 As discussed above. the 
CAFE Model-as with any model- is .i ,.,.,J used to provide analysis, and does not result in 
1c2ul~1tt1r1 decis ions. Decisions .1h.,u111i~ ,IJ 1•n,p11.11c k1c· l " L' l ll ss1u11 1111d,1 d .111d ,111c 1 
hJ'c'd, ,,J th~ rnk111.1~111e2 are made by EPA 1n .i m lllll,-+--lfut1~H•tnl J,.,.u11dc·1 ,1, -t.1tut11n 

J.11_11i .. ~111d h,1,~,_l ,,n rck-1.1 111 inf,,nna11,,1_ 111c 11d1 11.:! modeling outputs, sensitiv ity cases, public 
comments, any many other pieces of information. 

Comments responding io the NPRM's use of the CAFE model and Autonomie rather 
than also (for CO2 standards) ALPHA and OMEGA were mixed. For example, the 
environmental group coalition stated that the CAFE mode l is a ligned with EPCA requirements,9.i 

but a lso argued +tlf I.' . iMgle pa,t!ti page, ( I ) that EPA is legally prohibited from "delegat(ing] 
technical decision-making to NHTSA";45 (2) that ''EPA m ust exercise its technical and scientific 
expert ise" to develop COc standards and "Anything less is an unlawful abdication of EPA 's 
statutory responsibi lities'·;% (3) that EPA staff is m uch more qualified than DOT staff to conduct 
analysis re lating to standards and has done a great deal of work to inform development of 
standards;97 (4) that "The Draft TAR and 2017 Final Determination re lied extensively on use of 
sophisticated EPA analyt ic tools and methodologies,'" i.e. , the "peer reviewed s imulation model 
ALPHA," "t he agency' s vehicle teardown studies,'' and the '·peer-reviewed OMEGA model to 
make reasonable estimates of how manufacturers could add technologies to vehicles in order to 
meet a fleet-wide (CO~ emissions] standard";98 (5) that NHTSA had said in the MYs 2012-2016 
rulemak.ing that the Volpe [CAFE] model was developed to support CAFE rulemaking and 
incorporates features "that are not appropriate for use by EPA in setting (tailpipe CO~] 
standards" ;99 (6) allegations that some EPA staff had d isagreed with aspects of the NPRM 
analysis and had requested that "EPA 's name and logo should be removed from the DOT
NHTSA Preliminary Regulatory Impact Analysis document" and stated that "EPA is relying 
upon the technica l analysis performed by DOT-NHTSA for the [NPRM]";'°0 (7) that EPA had 
developed "a range of relevant new analysis" that the proposal "failed to consider,'' including 
"over a dozen 2017 and 2018 EPA peer reviewed SAE articles"; 101 (8) that EPA 's OMEGA 
modeling undertaken during NPRM development "found costs ha!fthat ofNHTSA 's findings," 
" Yet NHTSA did not correct the errors in its modeling and analysis, and the published proposal 
drastically overestimates the cost of complying ... . " ; 101 (9) that some EPA staff had requested 
that the technology "HCR2'' be inc luded in the NPRM analysis, "Yet N HTSA overru led EPA 
and omitted the techno logy"; 103 ( I 0) that certa in EPA staff had initia lly '·rejected use of the 

03 See. e.g .. CBD er al., NHTSA-~0 I 8-0067-12057, al 9. 
•

4 Environmenta l g roup coalition. NHTSA-20 18-006 7-12000, Appendix A. at 24-25. 
"' Id. at 12. 
96 Id. at 14. 
• 1 Id. at I 5-17. 
"' Id. at 17. 
09 Id. at 18. 
100 Id. at 19. 
101 Id. at 20. 
, o, Id. a l 2 1. 
10

' Id. a l 2 1-22. 
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CAFE model for development of the proposed (tailpipe CO~] standards";104 ( 11) that there are 
"many specific weaknesses of the modeling results derived in this proposal through use of the 
Volpe and Autonomie models'' and that the CAFE model is "not designed in accordance with" 
Section 202(a) of the CAA because (A) EPA " is not required to demonstrate that standards are 
set at the maximum feasib le level year-by-year," (B) because EPCA "preclude[s NHTSA] from 
considering vehicles powered by fue ls other than gas or diesel" and EPA is not similarly bound, 
and (C) because the CAFE model assumed that the value of an overcompliance credit equaled 
$5.50. the value of a CAFE penalty. 105 Because of al l of these things. the environmental group 
coalition stated that the proposal was "unlawful" and that ··Before proceeding with this 
rulemaking, EPA must consider all relevant materials including these excluded insights, perform 
its own analysis, and issue a reproposal io allow fo r public comment."106 

Some environmental organizations and States contracted for external technical analyses 
augmenting general comments such as those summarized above- EDF engaged ,1 u 111sul1 .. 111. 

Richard Rykowski, for a detailed review of the agencies' analysis.107 \Ir. R:, i.Lw, ~l,i i, a forn1~r 
LP,\ t!mpln) t>t! v, l1A. duri11g JOO~. ~O I 0 . ...,,1o. imol , t!d in dc\~loping tilt' tt!cl111in1l .-nA,o!ptinn aml 
iniual aesig.n nrl P \ ., 0 \ 11:.6 \ 1Tl0th!I d•, aA allt!FAt½li-. In oor, (' \f I. Hl(ltlel. a•," ell a·· the 
c1ppliHIIIL10 0f1h,H 1T1Aat!l lll LP.\ ·•, ror1inn of1he 2010 rul,m,al,ing li.1r CO aAd C. \f L a<111J,1rtl, 
apl"lical-111 h• \1 V , 2(:) 12 2(:) I 1a.=-A mong Mr. Rykowski's comments, a few specifically involve 
differences between these two models. Mr. Ryksowski recommended NHTSA 's CAFE model 
replace its existing "effective cost" metric (used to compare available options to add specific 
technologies to specific vehicles) with a "ranking factor" used for the same purpose. As 
discussed below in Section VI. the model for today's final ru le adopts this recommendation. He 
also states that ( l ) "EPA has developed a better way to isolate and rej ect cost ineffective 
combinations of technologies ... [and) includes only these 50 or so technology combinations in 
their OMEGA model runs"; (2) "NHTSA 's arbitra1y and rigid designation of leader-follower 
vehicles for engine, transmission and platform level technologies unrealistically slows the rollout 
of technology into the new vehicle fl eet"; (3) "the Volpe Model is not capable of reasonably 
simulating manufacturers' ability to utilize CO2 credits to smooth the introduction of technology 
throughout their vehicle line-up"; and (4) "the Volpe Model is not designed to reflect the use of 
these [A/C leakage] technologies and refrigerants.''109 

Separately, the California Air Resources Board and Californ ia Department of Justice 
engaged, respectively, Gary Rogers of Roush Industries and K.G. Duleep of H-D Systems 
(HOS), for supporting analyses. Pritir 1ojaini11.,; Ro1:1sh (i11 20 I I 1. ".1r. Regt!R> mana,;11d Fl•\ 
l\orlh .\merica, I Ac .. ·., l1itc'tt-';tff'P')liea I I>\ ,, ith 1echRt1lo!.!, d .. mon·,lrntillns a11J rn..l sh1di .. 
ref<'renct'd in 1he draft T \R.110 .\mang ,11her 1hin,:~. \11. Duleep ·· ,t>n ed lb tht> 11:'aJ v, i1ne ,., t>11 

'"'Id.al 23. 
,os Id. at 24-25. 
106 /d. at 27. 
'"' EDF. NHTSA-2018-0067-12 108, Appendix B. 
~~ t J1 \ P.:•o:-4 ~\ l;I' 11,, f lpl 11 I I 'I t:. I • l'cd ell! I .,,,.. __ .,.....,1~~~,1~• ....... r 

.\-,-.h...,.tt-41.t.J.'t"- • -~~\H i.-, \ .. ,.,~.µ.\ It, 11,1 I ti, t:: 1 I I! \ ~••l 1
!!1lt11• ,, *t le.~ 

'"'EDF.op. ci1., al 73-75. 
+,...tt--1..+tt,itt-+t;;- ,114 ~~ '"" - 111, 
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Mr. Rogers's analysis foc uses primarily on the agencies' published analysis. but 
mentions that some engine " maps" (estimates- used as inputs to full vehicle simulation-of 
engine fuel consumption under a wide range of engine operating conditions) applied in 
Autonomie show greater fuel consumption benefits ofturbocharging that those applied 

previously by EPA to EPA's ALPHA model, and these benefits could have caused NHTSA's 
CAFE model to estimate an unrealistically great tendency toward turbocharged engines (rather 
than high compression ratio engines).11~ 1vl r. Rogers also presents alternative examples ofyear
by-year technology application to specific vehicle models, contrasting these with year-by-year 
results from the agencies' NPRrvl analysis, concluding that "that the use of logical, unrestricted 
technology pathways, with increme ntal benefits suppo11ed by industry-accepted vehicle 
simulation and dynamic system optimization and calibration, together with publicly-defensible 
costs, allows cost-effective solutions to achieve target fuel economy levels which meet MY 2025 
existing standards." ' 13 

Mr. Duleep's analysis also focuses primarily on the agencies' published analysis. but 
does mention that (I) "the A utonomie modeling assumes no engine change when drag and 
rol ling resistance reductions are implemented, as well as no changes to the t ransmission gear 
ratios and axle ratios •. . . [but] the EPA ALPHA mode l adj usts for this effect'' : (2) "baseline 
differences in fue l economy [between two manufacturers' different products using similar 
technologies] a re carried for all future years and this exaggerates the differences in technology 
adoption requirements and costs between manufacturers; (3) '·assumptions [that most technology 
changes are best applied as part of a vehic le redesign or freshening] result in unnecessary 
disto1t ion in techno logy paths and may bias results of costs for different manufacturers' '; and (4) 
that for the sample results shown for the Chevrolet Equinox "the publicly available EPA lumped 
parameter model (which was used to suppo11 the 20 16 rulemaking) and 2016 TAR cost data . .. 
results in an estimate of attaining 52.2 mpg for a cost of $2110, whic h is less than half the cost 
estimated in the PRIA." 114 

Beyond these comments regarding differences between EPA ' s models and the Argonne 
and DOT models applied for the N PRM, these and other technical reviewers had many specific 
comments about the agencies' analysis for the NPRM, and these comments are discussed in 
detail below in Section VI. 

Manufacturers, on the other hand, suppo11ed the agencies' use of Autonomie and the 
CAFE model rather than, in EPA's case, the ALPHA and OMEGA models. Expressly 
identifying the distinction between models and model inputs. Global Automakers stated that: 

111 H-D Svstems, NHTSA-2018-0067-11985, at 8. 
1" Roush.Industries, NHTSA-20 l 8-0067-1 I 984, at 17-21. 
"' Ro ush lnduslries, NHTSA-2018-0067-11 984. at 17-30. 
11' H-D Systems. op. cit .. at 48. et seq. 
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The agencies provided a new, updated analysis based on the most up-to-date data, using a 
proven and long-developed modeling tool, known as the Volpe model, and offering 
numerous options to best determine the right regulatory and policy path for ongoing fue l 
efficiency improvements in our nation. ow, all stakeholders have an opportunity to 
come to the table as part of the public process to provide input. data, and information to 
help shape the final rule.115 

This NPRM's use of a single model to evaluate alternative scenarios for both programs 
provides consistency in the technical analysis. and Global Automakers supports the 
Volpe model's use as it has proven to be a transparent and user-friendly opt ion in this 
current analysis. The use of the Volpe model has allowed for a broad range of 
stakeholders, with varying degrees of technical expertise, to review the data inputs to 
provide feedback on this proposed rule. The Volpe model's accompanying 
documentation has historically provided a clear explanation of all sources of input and 
constraints critical to a transparent modeling process. Other inputs have come from 
modeling that is used widely by other sources, specifically the Autonomie model, 
allowing for a robust validation, review and reassessment. 11 6 

The A lliance commented, similarly, that "at least at this time, NHTSA ·s modeling 
systems are superior to EPA's" and "as such, we support the Agencies' decision to use NHTSA 's 
modeling tools for this rulemaking and recommend that both Agencies continue on this path. 
We encourage Agencies to work together to provide input to rhe single common set oftools.''117 

Regarding the agencies' use of .1 r..:, 1~.:J , i:r,ion of Argonne's Autonomie model-fdt-1..,r 
~ relath.: t,) th.: ,.:r,ion u,ed for tht! 21llh Drat! I .-\R, the Alliance 
commented that (I) "the benefits of virtually all technologies and the ir synergistic effects are 
now determined with full vehicle s imulations"; (2) ·'vehicle categories have been increased to I 0 
to better recognize the range of0- 60 performance characteristics within each of the 5 previous 
categories, in recognition of the fact that many vehicles in the baseline neet significantly 
exceeded the previously assumed 0-60 performance metrics. This provides better resolution of 
the baseline neet and more accurate estimates of the benefits of technology . . .. "; (3) "new 
technologies (like advanced cylinder deactivation) are included, while unproven combinations 
(like Atkinson engines with 14: I compression, cooled EGR, and cylinder deactivation in 
combination) have been removed"; (4) "Consistent with the recommendation of the National 
Academy of Sciences and manufacturers. gradeabil ity has been included as a performance metric 
used in engine sizing. This hel_ps prevent the inclusion of small disp lacement engines that are 
not commercially viable and that would artificially inflate fuel savings"; (5) "the All iance 
believes N HTSA ' stools (AL1tonomie/Volpe) are superior to EPA 's 
(APLHA[sic]/LPM/OMEGA). This is not surprising since Nl-lTSA 'stools have had a 
s ignificant head start in development . ... "; (6) "the Autonomic model was developed at Argonne 
National Lab with funding from the Department of Energy going back to the PNGV (Partnership 
for Next Generation Vehicles) program in the I 990s. Autonomie was developed from t he start to 

,1., Global Automakers, NHTSA-2018-0067-12032. at 2. 
116 Global Automakers, NHTSA-2018-0067-12032, Anachment A. at A-1 2. 
111 Alliance. NHTSA-2018-0067-12073, at 134. 
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address the complex task of combining 2 power sources in a hybrid powertrain. It is a physics
based, forward looking, vehicle simulator, fully documented with available training··. and (7) 
"EPA's ALPHA model is also a physics-based, forward looking, vehicle simulator. However, it 
has not been validated or used to simulate hybrid powertrains. The model has not been 
documented with any instructions making it difficulrfor users outside of EPA to run and 
interpret the model."118 

Regarding the use ofNHTSA's CAFE model rather than EPA's OMEGA mode!, the 
Alliance stated that ( I) NHTSA 's model appropriately diffCrentiate between domestic and 
imported automobiles; (2) in NHTSA 's model, "dynamic estimates of vehicle sales and 
scrappage in response to price changes replace unrealistic static sales and scrappage numbers"; 
(3) NHTSA 's model "has new capability to perform [CO2 emissions] analysis with [tailpipe 
C01] program flexlbilities"; (4) "the baseline fleet [used in NHTSA 's model] has been 
appropriately updated based on both public and manufacturer data to reflect the technologies 
already applied, particularly tire rolling resistance"; and (5) "some technologies have been 
appropriately restricted. For example, !ow rolling resistance tires are no longer allowed on 
performance vehicles, and aero improvements are limited to maximum levels of 15% for trucks 
and JO% for minivans.'' 119 The Alliance continued, noting that "NHTSA's Volpe model also 
predates EPA's OMEGA model. More importantly, the ne\V Volpe model considers several 
factors that make its results more realistic.'' 1! 0 As factors leading the Volpe model to produce 
results that are more realistic tha'n those produced by OMEGA, the Alliance commented that ( 1) 
"The Volpe model includes estimates of the redesign and refresh schedules of vehicles based on 
historical trends, whereas the OMEGA model uses a fixed, and too short, time interval during 
which all vehicles are assumed to be fully redesigned .... "; {2) "The Volpe model allows users to 
phase-in technology based on year of availability, platform technology sharing, phase-in caps, 
and 10 follow logical technology paths per vehicle., .. "; (3) "The Volpe model produces a year-by 
year analysis from the-baseline model year through many years in the future, whereas the 
OMEGA model only analyzes a fixed time interval. ... "; (4) "The Volpe model recognizes that 
vehicles share platforms, engines, and transmissions, and that improvements to any one of them 
will likely extend to other vehicles that use them" whereas '"The OMEGA model treats each 
vehicle as an independent entity .... "; (5) "The Volpe model now includes sales and scrappage 
effects"; and (6) "The Volpe model is now capable ofanalyzing for CAFE and [tailpipe COl] 
compliance, each with unique program restrictions and flexibilities.'' 111 The Alliance also 
incorporated by reference concerns it raised regarding EPA 's OMEGA-based analysis supporting 
EPA 's proposed and prior final determinations. 122 

.The Alliance further stated that "For al! of the above reasons and to avoid duplicate 
efforts, the Alliance recommends that the Agencies continue to use DOT's Volpe and Autonomic 
modeling system, rather than continuing to develop two separate systems. EPA has 

111 /d·atl35. 
119 Jd.atJJ4. 
I;!<> Id. at 135. 
'"' Id at 135-136. 
mid.at 136. 
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demonstrated through supporting Volpe model code revisions and by supplying engine maps for 
use in the Autonomie model that their expertise can be properly represented in the rulernaking 
process without having to develop separate or new tools." 123 

Some individual manufacturers provided comments supporting and elaborating oh the 
above comments by Global Automakers and the Alliance. For example, FCA commented that 
"the modeling performed by the agencies should illuminate the differences between the CAFE 
and [tailpipe CO:, emissions] programs. This cannot be accomplished when each agency is using 
different tools and assumptions. Since we believe NHTSA possesses the better set of tools, we 
support both agencies using Autonomic for vehicle modeling and Volpe (CAFE) for fleet 
modeling."1~4 

Honda stated that "The current version of the CAFE model is reasonably accurate in 
tenns ofteclmology efficiency, cost, and overall compliance considerations, and reflects a 
notable improvement over previous agency modeling efforts conducted over the past few years. 
We foun9 ihe CAFE model's characterization ofHonda·'s "baseline" fleet-critical modeling 
minutiae that provide a technical foundation of the agencies' analysis-to be highly accurate. We 
commend NHTSA and Volpe Center staff on these updates, as well as on the overall 
transparency of the model. The model's graphical user interface (GUI) makes it easier to nm, 
model functionality is thoroughly documented, and the use oflogical, traceable input and output 
files accommodates easy tra'cking of results."1;, 5 Similarly, in an earlier presentation to the 
agencies, Honda included the following slide comparing EPA 's OMEGA model to DO T's CAFE 
(Volpe) model, and making recommendations regarding future improvements to the latter: 

"'Id. at 136. 
'" FCA, NHTSA-2018-0067-l 1943, at 82. 
,:,., Honda, EPA-HQ-OAR-2018-0283, at21-22. 
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Modeling Comparison - 2017 
Issue EPA/OMEGA NHTSA / Volpe 

GUI n/a Helpful 

Documentation 
Difficult for users to understand 

Very Good 
(or buried in obscure docket) 

Technology LPM - "Black Box" Detailed & 
Interactions Difficult to understand Transparent 

Efficiency 
>10% too optimistic 

Reasonably Accurate 
"significantly inaccurateff 

Baseline Input 
Independent Analysis Proactively confirmed inputs with each OEM 

Databases 

Grid Emissions (upstream) 
. Turn-off early compliance strategy 

Suggested . Increase speed of runs 
Improvements . Learning based on cumulative volumes . Optional Turn off 30 months compliance . Add Roll0S and RolllS as tech options 

figure IV- I - Honda comparison of EPA and NHTSA fleet mode]s116 

Toyota, in addition to arguing that the agencies' application of model inputs (e.g ., an 
analysis fleet based on MY 2016 compliance data) produced more realistic resu lts than in the 
draft TAR and in EPA ·s former proposed and final dete1minations, also stressed the importance 
of the CAFE model's year-by-year accounting for product redesigns, stating that this produces 
more realistic results than the OMEGA-based results shown previously by EPA: 

The modeling now better accounts for factors that limit the rate at which new 
technologies enter and then diffose through a manufacturer's fleet. Bringing new or 
improved vehicles and technologies to market is a several-year, capital-intensive 
undertaking. Once new designs are introduced, a period of stability is required so 
investments can be amortized. Vehicle and technology introductions are staggered over 
time to manage limited resources. Agency modeling now better recognizes the inherent 
constraints imposed by realit ies that dictate product cadence. We agree with the 
agencies' understanding that "the simulation of compliance actions that manufacturers 
might take is constrained by the pace at which new technologies can be applied in the 
new vehicle market'", and we are encouraged to learn that "agency modeling can now 
account for the fact that indiv idual vehicle models undergo significant redesigns 
relatively infrequently." The preamble correctly notes that manufacturers try to keep 
costs down by applying most major changes mainly during vehicle redesigns and more 
modest changes during product refresh, and that redesign cycles for vehicle models can 
range from six to ten years, and eight to ten-years for powertrains. This appreciation for 
standard business practice enables the modeling to more accurately capture the way 

"• Honda, NHTSA-2018-0067-1201 9. at 12. 
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vehicles share engines, transmissions, and platfonns. There are now more realistic limits 
placed on the number of engines and transmissions in a powertrain portfolio which better 
recognizes manufacturers must manage limited engineering resources and control 
supplier. production, and service costs. Technology sharing and inheritance between 
vehicle models tends to limit the rate of improvement in a manufacturer's fleet. 117 

These comments _urging EPA to use NHTSA 's CAFE model echo comments provided in 
response to a 2018 peer reYiew of the model. While identifying various opportunities for 
improvement, peer reviewers expressed strong overall support for the CAFE model's technical 
approach and execution, For example, one reviewer, after offering many specific technical 
recommendations, concluded as follows: 

TI1e model is impressive in its detail, and in the completeness of the input data that it 
uses. Although the model is complex, the reader is given a clear account of how 
variables are.variously divided and combined to yield appropriate granularity and 
efficiency within the model. The model tracks well a simplified version of the real-world 
and manufacturing/design decisions. The progression oftechnology choices and cost 
benefit choices is clear and logical. In a few cases, the model simply explains a 
constraint, or a value assigned to a variable, without defending the choice of the value or 
commenting on real-world variability, but these are not substantive omissions. The 
model will lend itself well to future adaptation or addition of variables, technologies and 
pathways.118 

Although the peer review charge focused solely on the CAFE model, another peer 
reviewer separately recommended that EPA "consider opportunities for EPA to use the output 
from the Volpe Model in place oftheir OMEGA Model output"1~9 

More recently, in response to the NPRM, Dr. Julian Morris, an economist at George 
Washington University, commented extensively on the superiority of the agencies' NPRM 
analysis to previous analyses, offering the following overall assessment: 

I have assessed 'the plausibility ofthe analyses undertaken by NHTSA and EPA in 
relation to the proposed SAFE rule. I found that the agencies have" undertaken a 
thorough-one might even say exemplary-analysis, improving considerably on earlier 
analyses undertaken by the agencies of previous rules relating to CAFE standards and 
[tailpipe CO2] emission standards. Of particular note, the agencies included more 
realistic estimates of the rebound effect, developed a sophisticated model ofthe
scrappage effect, and better accoun1ed for various factors atlecting vehicle fatality 
rates. 130 

121 Toyota, NHTSA-20!8-0067-12098, Attachment I, at 3 el s~q. 
l'.'a"NHfSA, CAFE Model Peer Review, DOT HS 812 590, hnps:1/w"w,tJhl;,a.gov/dru,ument/cafe-rnodel-peer
review, at 250. 
ll9 Id. a[ 287-288 and 304. 
no Morris, J., OAR-2018-0283-4028, at 6-11. 
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The agencies carefully considered these and other comments regarding which models to 
apply when estimating potential impacts of each of the contemplated regulatoty alternatives. For 
purposes of estimating the impacts of CAFE standards, even the coalition of environmental 
advocates observed that the CAFE model reflects EPCA ' s requirements. As discussed below in 
Section YI, EPCA imposes specific requirements not only on how CAFE standards are to be 
strucwred (e.g., inc luding a minimum standard for domestic passenger cars). but also on how 
CAFE standards are to be evaluated (e.g., requi ring that the potential to produce additional AFYs 
be set as ide for the model years under consideration), and the CAFE model reflects these 
requirements, and !ht' ugt.'At:ic~'- lffS-\ consider~ the CAFE model to be the best available tool 
for CAFE rulemaking analysis. Regarding the use of Autonomie to construct fuel consumption 
(i.e., efficiency) inputs to the CAFE model, the agencies recognize that other vehicle simulation 
tools are available, including EPA 's re,entl~ de,, l,•reJ ALPHA model. However, as also 
discussed in Section YI, Autonomic has a much longer history of development and refinement, 
and has been much more widely applied and val idated. Moreover, Argonne experts have worked 
carefully for several years to develop methods for running large arrays of simulations expressly 
structured and calibrated for use in DOT's CAFE model. Therefore. the agencies consider 
Autonomie to be the best available tool for constructing such inputs to the CAFE model. While 
111,• c1.:,n,·i,• lw, ,•'-I 11 ', \ It.is also carefully considered potential specific model refinements. as 
well as the merits of potential changes to model inputs and assumptions, none of these potential 
refinements and input have led e 11h t'1 .ig, n e: '-I 11, \ to reconsider us ing the CAFE model and 
Autonomie for CAFE rulemaking analysis. 

With respect to estimating the impacts ofCOc standards, even though Argonne and the 
agencies have adapted Autonomic and the CAFE model to support the analysis ofC01 standards, 
environmental groups, Cali fornia, and other States would prefer that EPA use the models it 
developed during 2009-2018 for that purpose. D I Arguments that EPA revert to its ALPHA and 
OMEGA models fall within three general categories: ( I) arguments that EPA 's models would 
have selected what commenters consider better (i.e., generally more stringent) standards, (2) 
arguments that EPA 's models are technically superior, and (3) arguments that the law requires 
EPA use its own models. 

The first of these arguments-that EPA's models would have selected better standards
conflates the analytical tool used to inform decision-making with the action of making the 
decision. As explained elsewhere in this document and as made repeatedly clear over the past 
several rulemakings, the CAFE model (or, for that matter, any model) neither sets standards nor 
dictates where and how to set standards; it simply informs as to the potential effects of setting 
different levels of standards. In this rulemaking, EPA has made its own decis ions regarding 
what CO" standards would be appropriate under the CAA. 

T he third of these arguments-that EPA is legally required to use only models developed 
by its own staff-is a lso without merit. The CAA does not require the agency to create or use a 
specific model of its own creation in setting tailpipe CO2 standards. The fact that EPA 's 

131 The last-finalized versions of EPA ·s OMEGA model and ALPHA tools were published in 2016 and 2017. 
respectively. 
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decision may be info1med by non-EPA-created models does not, in any way, constitute a 
delegation of its statutory power to set standards or decision-making authority. 132 Arguing to the 
contrary would suggest, for example, that EPA 's decision would be invalid because it relied on 
EIA's Annual Energy Outlook for fuel prices for all of its regulatory actions rather than 
developing its own model for estimating future trends in fuel prices. Yet, all Federal agencies 
that have occasion to use forecasts of future fuel prices regularly (and appropriately) defer to 
EIA's expertise in this area and rely on EIA 's NEMS-based analysis in the AEO, even when 

those same agencies are using EIA 's forecasts to inform their own decision-making. Similarly, 
this argument would mean that the agencies could not rely on work done by contractors or other 
outside consultants, which is contrary to regular agency practice across the entirety of the 
Federal Government. 

The specific c laim here that use of the CAFE model instead of ALPHA and OMEGA is 
somehow illegitimate is similarly unpersuasive. The CAFE and CO2 rules have, since 
Massachusef/s v. EPA, all been issued as joint ru lemakings, and, thus are the result of a 
collaboration between the two agencies. This was true when the rulemakings used separate 
models for the different programs and continues to be true in today's final rule, where the 
agencies take the next step in their collaborative approach by now using simply one model to 
simulate both programs. In 2007, immediately following this Supreme Court decision, the 
agencies worked together toward standards for model years 201 1-2015, and EPA made use of 
the CAFE model for its work toward possible future CO2 standards. That the agencies would 
need to continue the unnecessary and inefficient process of using two separate combinations of 
models as the joint National Program continues to mature, therefore, runs against the idea that 
the agencies, over time, would best combine resources to create an efficient and robllst 
regulatory program. For the reasons discussed throughout today's final rule, the agencies have 
jointly determined that Autonomie and the CAFE model Jul\ I! ,igAi li~aAI !cdmi~al aa, aAtagt> 
~ arc tlit>rdl'lre 1lw Alt'Fl' appropriate models to use to support both analyses. 

Further, the fact that Autonomie and CAFE models were initially developed by 
DOE/A rgonne and NHTSA does not mean that EPA has no role in either these models or their 
inputs. That is, the development process for CAFE and CO2 standards inherently requires 
technical and policy examinations and deliberations between staff experts and decision-makers 
in both agencies. Such engagements are a healthy and important part of any rulemaking 
activity-and particularly so with joint rulemakings. The Supreme Coun stated in 
Massachuselts v. EPA thah "The two obligations [to set CAFE standards under EPCA and to set 
tailp ipe CO2 emissions standards under the CAA] may overlap, but there is no reason to think the 

13' " [A] federal agency may turn to an o utside entity for advice and po licy recommendations, provided the agency 
makes the final decisions itself." U.S. Telecom. Ass·n v. FCC, 359 F.3d 554, 565-66 (D.C. Cir. 1004). To the 
extent commenter.; meant to suggest outside parties have a reliance inte rest in EPA using ALPHA and OMEGA to 
set standards. EPA and NHTSA do not agree a reliance imerest is properly placed on an analytical methodology. 
wh ich consistently evolves from rnle 10 rnle. Even if it were. all parties that closely examined ALPHA and 
OMEGA-based analyses in the past either also simultaneously closely examined CAFE and Autonomie-based 
analyses in the past, or were fully capable of doing so, and thus, should face no additional difficulty now they have 
only one set of models and inputs/outputs to examine. 
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two agencies cannot both administer their obligations and yet a~oid inconsistency.""' When 
agency experts consider analytical issues and agency decision-makers decide on policy. which is 
informed (albeit not dictated} by the outcome of that work, they are working together as the 
Court appears to have intended in 2007. even if legislators' intentions have varied in the decades 
since EPCA and the CAA have been in place.1

-'
4 Regulatory overlap necessarily involves 

deliberation, which can lead to a more balanced, reasonable. and improved analyses. and better 
regulatory outcomes. It did here. The existence of deliberation is not per se evidence of 
unreasonableness. even if some commenters believe a different or preferred policy outcome 
would or should have resulted.135 

Over the 44 years since EPCA established the requirement for CAFE standards. NHTSA, 
EPA and DOE career staffha,c discussed. collaborated on. and debated engineering. economic. 
and 01her aspects of CAFE regulation, through focused meetings and projects, informal 
exchanges, publications. conferences and workshops, and rulemakings. 

Part of this expanded exchange has involved full vehicle simulation. While tools such as 
PSAT (the DOE-sponsored simulation tool that predated Autonomic) ,,ere in use prior 10 2007. 
including for discrete engineering studies supporting inputs 10 CAFE rulemaking analyses, these 
tools' information and computing requirements were such that NHTSA had determined (and 
DOE and EPA had concurred) that it was impractical to more fully i111egrate full vehicle 
simulation i1110 rulemaking analyses. Since that time. computing capabilities have advanced 
dramatically, and the agencies now agree that such integration of full ,·chicle simulation-such 
as the large-scale exercise of Autonomie to produce inputs to the CAFE Model-<:an make for 
more robust CAFE and CO! rnlemaking analysis. This is not to say, though, that experts always 
agree on all methods and inputs involved with full vehicle simulation. Differences in approach 
and inpulS_,_ lead to differences in results. For example, DOE/Argonne·s Autonomic model 
simulates technologies in a discrete matter .. lk1t<1 I II\ \LPI, \ , ""'d ··hm1p ..-
,.,din11l,,gie hl.!t'tl~c'F. \I , . Pc«lti e \I 1' 11 \ 1\1 ,Jc'I ld!f Ill 1:!..?1 t'lt11'lllt'III ,o1111p,11ul I,• 

...\-ttl,q1.,11Hc'. ii '•J'illl'• ti ,111allt'1 htRl!t! t-1flht> tt'drnnlo!,!lt'. t'h. leo1 1112 11,, ,,.,,ti t • u e 41,.., ~ 
~"' ~ 1111 1•1 _df These differences discussed in greater detail below in Section VI. 
and in the FRIA accompanying today·s notice. 

Moreover, DOE has for many years used Autonomie (and its precursor model, PSAT) to 
produce analysis supporting fuel economy-related research and development programs involving 

m 1-tassachusetts , . EPA. 549 U.S. -197. 532 (2007 ). 
' " For example. when \\ide-ranging amendments to 1l1e CAA were being deba1ed. S. 1630 contained provisions that 
if enac1ed, would have authorized au1omo1ive CO: emissions standards and prescribed specific average levels 10 be 
achieved by 1996 and :!000. In a lcncr 10 Senators. thcn-Adminis1rmor William K. Reilly 1101cd lhat the Bill 
··requires for the first time control of emissions of carbon dioxide: !his is essemial~r a requiremem /0 lmpro,·e Juel 
~.Qiciency .. and ou1lincd four reasons 1he H.\\'. Bush Administration opposed the requirement, including 1hat .. i, is 
inappropriate 10 mid 1his 1-eri· complex issue to 1he Clew, Air Act ll"hich is already.full of complica1cd and 
,v111ro1·ersia/ issues.·· Reilly, W .. Lener to U.S. Senators (January 26. 1990). The CAA arnendmentS uhima1ely 
signed into law did 1101 contain these or any other provisions regarding regulation of CO~ emissions. 
,;~ Sae, e.g., U.S. I louse of Reprcsenta1ives, Comminec on Oversight and Govemmem Refonn. Staff Report, I 12th 
Congress, "A Dismissal of Safety. Choice. and Cost: The Obama Administration's :sic" Auto Regulations". August 
10. 2012, at 19-21 and 33-3-1. 
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billions of dollars of public investment, and NHTSA 's CAFE model with inputs from 
DOE/Argonne's Autonomie model has produced analysis supporting rulemaking under the 
CAA. In 2015, EPA proposed new tailpipe CO: standards for MY 2021-2027 heavy-duty 
pickups and vans, finalizing those standards in 2016. Supporting the NPRM and final rule, EPA 
relied on analysis implemented by NHTSA us ing NHTSA 's CAFE model, and NHTSA used 
inputs developed by DOE/Argonne using DOE/Argonne's Autonomie model. CBD questioned 
this history, asserting that, "EPA conducted a separate analysis using a different iteration of the 
CAFE model rather than rely on the version which NHTSA used, again resulting and parallel but 
corroboracive modeling results."13

" CBD's comment mischaracterizes EPA ·s accual use of the 
CAFE Model. As explained in the fina l rule, EPA 's "Method B" analysis was developed as 
follows: 

In Method B, the CAFE model from the NPR.M was used to project a pathway the 
industry could use to comply with each regulatory alternative, along with resultant 
impacts on per-vehicle costs. However, the MOVES model was used to calculate 
corresponding changes in total foel consumption and annual emissions for pickups and 
vans in Method B. Additional calculations were performed to determine corresponding 
monetized program costs and benefits. 137 

In other words, l I'\ 1c1.l1111cul ,1t1!1 u ,cd c1 1•1.,.,...t.,11 1 <-'I' 11•~~-NHTSA 's CAFE 
Model ,\,I' u,c·d to perform ~"'l+t t-nt part of the analysis-that is, the part that involves 
accounting for manufacturers' fleets, accounting for available fuel-saving technologies, 
accounting for standards under consideration, and estimating manufacturers' potential responses 
to new standards-and used EPA 's MOVES model to perform .:, 111111c1r.11i'> el~ ,r,. ,1-=hll,•rn,11,I 
"downstream" calculations of fuel consumption and tailpipe emissions, and used spreadsheets to 
calculate even more straightforward calculations of program costs and benefits. While some 
stakeholders perceive these differences as evidencing a meaningfully independent approach, in 
fact, the EPA ~ analysis was, at its core, wholly dependent on NHTSA 's CAFE Model, and 
on that model 's use of Autonomie simulations. 

C,h 1m the dbo\ e , the t>Ai) rt:A111inillg 11r,;umen1 l't1r [P \ It• re, en !t:l it.. pre, iou·,I~ 
de, elot1ed FR ode ls rather than rel~ i11g t•n \uwnomie and £ht: l'.\~ 1:- m01fol 11 n1,1lel i:Je lliat the 
fi.rnnt!F are so teeAnieall~ sut1erior tn 1he laH<'F that e'> en m1>d,d refinetllt'nL, and inftH changc·, 
,.:ar1n1ll ledd ,",1,itt11it1111ie ar10 the ( .\I l model h• 1irndllii<' llf'fll'nflria!e ctn«:l reel ,t1t1aPle re ,uh., fo1 
f+I: rnleA,al,ing a1MI: s;i,. As discussed below, having considered a wide range of technical 
differences, the agencies find that for this joint CAFE and tai lpipe co~ em issions rulemaking 
analysis, the Autonomie and the CAFE models provide the best analytical combination , .. , 
t \ I I .111.ih ,i, .. 111d .11 .IJ'J'I •J2l0IL 'L 1 , >I 11 ,.,1 101 t I l~ .111.d -, - . As discussed below in Section 
VI, Autonomie not only has a longer and wider history of development and application, but also 
DOE/Argonne's interaction with automakers, supplier and academies on continuous bases had 
made individual sub-models and assumptions +tN>l-t' robust. Argonne has also been using 
research from DOE's Vehicle Technology Office (\/TO) at the same time to make continuous 

116 CBD. el al .. 20 I 8-006 7- 12000, Appendix A. a t ~7. 
137 81 FR 73478. 73506-07 (October 25, 2016). 
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improvements in Autonomie.138 \j .,,_ 1•,l1ik \u1t11wm•<' u e <'l\-'111<' 11,ctf"- -rl 111p,1 .. ind r.P \ 
tie•, t'lof1etl t>n,.:im? map~ tl1at it ttll:tlEl htt•, e 1cJ,etl lor tt1€:le!'. · , anal~ ,i,. L I',\ dt>clint>.J to ,fo ,n. 
bt!etlll'<' lht'•;t> e11gint' 111ap, had lt:'ftlnical Ila,\ ,. a, di'.,Clcl%t!!:I hc'h:l\\ in ~.2,1ien \ I. 

As also discussed below in Section VJ, the CAFE model nm, accounts for some 
important CO2 provisions that eP.\ 's 0~ II l ,.\ model cannot ant' ; IH'II aeeount foran.· responsi1 e 
tn commenb from EDF. For example, the CAFE model estimates the potential that any given 
manufacturer might apply CO2 compliance credits it has carried forward from some prior model 
year. \J, hile the lhe EDF comments,me e01nmen1er. \lr. R~ kt1Y. ,l,i. take~ issue with how the 
CAFE model handles credit banking,. 1he1, ell,e', 1101 a,!.n,v.1lt'.lgt> 1ha1 r P \ ·'., 0~ 11 G.\ m,ltl,4. 
le1d , it1g a~ t!ur b'., :, <'BF rern!•,en1a1ion af et11Hf"liMct'. i, t1ltng<"tl1t'r ineapahle ol~ 
<1ee,11,1n1i11,; l'tir er.-i:lit hanking. Also, althtHJgh \Ir. R~ lctrn ,l.i ·,r Df ·, comments regarding A/C 
leakage and refrigerants are partially correct insofar as the CAFE model does not account for 
leakage-reducing technologies explicitly, the c0mmen1 i, w, aprlicahle 10, >~!Ioli.\ 1l'i it i, 1a the 
C \FE tHAdel anel , i11 a11:, e, en1howc1 er, data regarding which vehicles have which leakage
reducing technologies was not available for the MY 2016 fleet. Nevertheless, as discussed in 
Section YI, NHTSA has refined the CAFE model's accounting for the cost of leakage reduction 
technologies. 

fhe 1:1ge11cie, ha•, e abn ct111 ,itler2d ~-Ir. R~ l,m, . l, i ·,, c11m1ne1H'i ,ug,;e. 1 iA,; 11101 ll.,111g 
Ol'.11 G\ 1M11,1ld be rreleral:ile because. rn1herilH1A •,t'lt:'ctiAg A-um hundred, t11'1he1,1st1nd, uf 
poteA1iul c11mlainu1ion. er1ech11t1lngie,. o• 11-.G\ i11elude, 011ly 1l1e "50 £1r so" eembiAatioR., 1hm 
1-P.\ hA• alFeael~ e:leterffiiAed lo t-e eo·,I efll.'cliYe. Tht:' "'helter 11a~" ofnrnl.ing 1lfr elett'm1im11ion 
b aho ell\.>nhel: a me.lei. bu1 the ,erarc11i1:111 0f1hi, ffiodel fi:om Or>-lfli\ i,. a!, e1 ideA.-eel 1,~ 
mant:tfiumJrers· e0A1mt!11L. allfasealaf') . e:,13eeii:1II) i,1 lt:<nns ofre•,ealing he"" 13eeili.- ,ehie lt' 
Jf1Atlt!I e11nfig,111uioA•, iAilial engitieeriAg rrnpe11ie. are aligned,,, ith. pecilie· initial 1eehAol0,;~ 
e0mbin11tio11!,. R:, using a fi:1II . et ef l<"ehn.,-,leg~ .:t'lmhinatil'IA',, 1he C \vJ:; mei:lel mal,e, 1,:r:, 
clear h1.-111 ead1 \thide ffiEHfol eo11tiguratioA i, d,•,ignl'el to a !,pecitie initial cOA1him11it1B a11a. 
hen121c, hm1 ,uh• c:'tJUt'ntl) ft1t>I uflA ,uH1p1ien and ui_ 1 ,hongt!~. ere ac,nunlea !er. \ lefc'm t'r. 
LP_\ ·., •;erarntion ef··1hinAing .. rro,·e~, frnm O' 11::G \ ' • n1ai1i eomplianee ~inrnh:11i,11i me1l,e , 
,en•,iti\ i~, aAul~ .,i, di mc11ll rn in1plt·1:n~111. 1m1cl1 le ,s fello•\ . I he ag,m.-ie· tine. 1he1eficire, 1hu1 
!he C,\rF model'•, Bf>f1Mtl1ch efretainin,; a full _,el of\t!l1ie le sinrnlatinn rt'.,ull 1hrought11:1Ht1<:> 
complianee simulation t.,-, lit' teetmicall~ •;ufterier e11.l 1110re traA,flarenl. 

Regarding comments by Messrs. Duleep, Rogers, and Rykowski suggesting that the 
CAFE model, by tying most technology application to planned vehicle redesigns and freshening, 
is too restrictive, the agencies disagree. As illustrated by manufacturers' comments cited above, 
as reinforced by both extensive product planning information provided to the agencies, and as 
further reinforced by extensive publicly available information, manufacturers tend to not make 
major changes to a specific vehicle model/configuration in one model year, and then make 
further major changes to the same vehicle model/configuration the next model year. There is 
ample evidence that manufacturers strive to avoid such discontinuity, complexity, and waste, and 
in the agencies' view, while it is impossible to represent every manufacturer's decision-making 

138 U.S. DOE Benefits & Scenario Analysis publications is available al 
httos://www.autonomie.net/publicationsl[\lel economy repon.html. Last accessed November l-l, 2019. 
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process precisely and with certainty, the CAFE model's approach of using estimated product 
design schedules provides a realistic basis for estimating what manufacturers could practicably 
do. Also, the re levant inputs are simply inputs to the CAFE model. and if it is actually more 
realistic to assume that a manufacturer can change major technology on a ll of its products every 
year, the CAFE model can easily be operated with every model year designated as a redes ign 
year for every product. -\.\,-hilt 11li 111.11,,: th. l \I I m,,,l,:l ,.1p.1hl, ,ii ,1,,1,,11111; in .1 IL' 
lc'dll 11< ""'.. ".!lllt1t1I d'.<t\11 lo: : «II lc'j'lc' c'llldli.>n !lid! cdlltc 1,or11.11J rc,111, ,l .. :;!1< hil.ccli 

illlldc·I ~<'ell',. tht' ( l\11 (, 'r 111,,dd ,c19r .. 11 lie' t'j't:'F-llt:'tl Ill ti 11.1:, 1l1c11 dccil~llll lt•r 1 1hc11 ihe .1,:, lkic", 

.. ,,n 1d<1 '" he \ ,r: •~di r11~>ln-n11111:; t Hf idc'rdllt !l '· 

However, having also considered Mr. Rykowski ' s comments about the CAFE model's 
"effective cost" metric, and having conducted extensive side-by-side testing within the context of 
other updates to the model and inputs. the agencies are satisfied that an alternative metric like 
that used in OMEGA leads to more optima l choices under most cond itions.--'- Therefore, 
NHTSA has revised the CAFE model accordingly, as discussed below in Section VI. 

Section VJ also addresses Mr. Rogers's comments on engine maps used as est imates to 
full vehicle simulation. In any event, because engine maps are inputs to full vehicle modeling 
and simulation, the relative merits of specific maps provide no basis to prefer one vehicle 
simulation modeling system over another. Similarly, Section VI a lso addresses Mr. Duleep's 
comments preferring EPA 's prior approach, using ALPHA, of effectively assuming that a 
manufacturer would incur no additional cost by reoptimizing every powenrain to extract the full 
fuel economy potential of even the smallest incremental changes to aerodynamic drag and tire 
ro ll ing resistance. Mr. Duleep implies that Autonomie is flawed because the NPRM analysis did 
not apply Autonomie in a way that makes such assumptions. The agencies discuss powertrain 
sizing and calibration in Sectio n VI, and note here that such assumptions are not inherent to 
A utonomie; like engine maps, these are inputs to full vehicle simulation. Therefore. neither of 
these comments by Mr. Rogers and Mr. Duleep lead the agencies to find reason not to use 
Autonomie. 

None of this is to say that A utonomie and the CAFE model as developed and applied for 
the NPRM left no room for improvement. In the PIUvl a nd RIA, the agencies discussed plans 
to continue work in a range of specific technical areas, and invited comment on all aspects of the 
analysis. As discussed below in Chapter VI, t he agencies received extensive comment on the 
published model, inputs, and analysis, both in response to the NPRM and, for newly-introduced 
modeling capabilities (estimation of sales. scrappage, and e mployment effects), in response to 
additional peer review conducted in 2019. The agencies have carefully considered these 
comments, refined various specific technical aspects of the CAFE model (like the "effective 
cost" metric mentioned above). and have also updated inputs to both Autonomie and the CAFE 
model. Especially given these refinements and updates, EPA maintains that for thi~ final W; 
rulemaking analysis, Autonomie and the CAFE model are !edmit:1111~, ~llftt.!ritir lo FP,\ ·, .\LPI I,\ 
tlAd OMI:G \ 1'!letlel.,;ippropriah: anal\ tical tools to inform fftt!ib decision on the h~\el of the 
,tandards. Therefore, having the discretion to select among available. tcdmicalh d\Oilohl~:,ound 

~ .. +J+-.¼~t't ---Ht11h-f ..,,,Ith,,: I. H\.hH-t-~---~~t,,,.lt , .. -t~lt--4-+-tt~l 1-rh.,:"-- H~ ( '~-t"\-44t'-t---.-4- Htt'k., 1•,..--tt.,_\ --4:- \" .. l'-:1-+'T-~--'H:' 

\~t.->-h.-t:"-.J..!tr,-.--J.--~ il~I •• t•--~•~ fH 4 )\.~t---4-t---\ 
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and apprupriat.: methods for conducting rulemaking analysis, dlltl reu•Jc.!llilin.; that nrndel, 
iAl"i:,nn icim d11 nt11 mak~ r~.;1:1la1t•r~ tl~ci•iow,, EPA has elected to rely ~ n the Autonomie 
and CAFE models to produce today's analysis of regulatory alternatives for CO2 standards. 

The following sections provide a brief technical overview of the CAFE model, including 
changes NHTSA made to the model since 20 12, and differences between the cu1Tent analysis, the 
analysis for the 20 16 Draft TAR and for the 2017 Proposed Determination/2018 Final 
Determination, and the 20 18 NPRM, before discussing inputs to the model and then diving more 
deeply into how the model works. For more information on the latter topic, see the CAFE model 
documentation, available in the docket for this rnlemaking and on HTSA 's website. 

I. What assumpt ions have changed since the 20 12 fi nal rule? 

Any analysis of regulatory actions that will be implemented several years in the future. 
and whose benefits and costs accrue over decades, requires a large number of assumptions. Over 
such time horizons, many, if not most, of the relevant assumptions in such an analysis are 
inevitably uncertain. ,~o The 2012 CAFE/CO" rule considered regulatOI) ' alternatives for model 
years through MY 2025 ( 17 model years after the 2008 market information that formed the basis 
of the analys is) that accrued costs and benefits into the 2060s. Not only was the new vehicle 
market in 2025 unlikely to resemble the market in 2008, but so, too, were fuel prices. It is 
natural, then, that each successive CAFE/CO, analysis should update assumptions to reflect 
better the current state of the world and the best current estimates of future conditions.

141 

However, beyond the issue of unrel iable proj ections about the future, a number of agency 
assertions have proven similarly problematic. In fac t, Securing America's Energy Future 
(SAFE) stated in their comments on the NPRM : 

Although the agencies argue ''circumstances have changed" and ··analytical methods and 
inputs have been updated," a thorough analysis should provide a side-by-side comparison 
of the changing circumstances, methods, and inputs used to arrive at this dete1111ination . .. 
They represent a rapid, dramatic departure from the agencies' previous analyses. without 
time for careful review and consideration.142 

We describe in detail (below) the changes to critical assumptions, perspectives, and 
modeling tech niques that have created substantive differences between the c urrent analysis and 
the analysis conducted in 2012 to support the fi nal rule. To the greatest extent possible, we have 
calculated the impacts of these changes on the 20 12 analysis. 

140 As often stated, " It' s difficult to make predictions, especially aboul 1he future:· See. e.g .. 
hnps://guoteinvestigator.com/2013/ 10/20/no-prcdict/. 
'" See, e.g. , 77 FR 62785 (Oc1. 15. 2012) ("If EPA ini1iates a rulemaking [to revise standards for MYs 2022-2025). 
it will be a joint rulemaking with NHTSA . . . . NHTSA ·s developmen1 of ilS proposal in that later rulemaking. will 
include the making of economic and technology analyses and estimates that are appropriate for those model years 
and based on then-cum:111 infonnation."). 
'" Securing Amcrica·s Energy Future, NHTSA-2018-0067-12172, at 39. 
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a) The value offi1el savings 

The value of fuel savings associated w ith the preferred alternative in the 2012 final rule is 
primarily a consequence of two assumptions 143 : the fuel price forecast and the assumed growth in 
fuel economy in the baseline alternative against which savings are measured. Tn the 2012 final 
rule, both of these assumptions combined to inflate the value of fuel savings beyond what was 
practical or realistic. In fact, as the value of fuel savings accounted for nearly 80% of the total 

benefits of the 2012 rule, changing either of these assumptions is consequential. But the two are 
complemental)', and the combination of assumptions in the 20 12 final rule distorted the value of 
fuel savings in the alternatives. 

The first of these assumptions, fuel prices, was simply an artifact of the timing of the 
rule. Following recent periodic spikes in the national average gasoline price and continued 
volatility after the great recession, the fuel price forecast then produced by EIA (as part of AEO 
20 I I) showed a steady march toward historically high, sustained gasoline prices in the United 
States. However. the actual series of fuel prices has skewed much lower. As it has turned out, 
the observed fuel price in the years between the 2012 final rule and this ru le has freq uently been 
lower than the "Low Oil Price'' sensit ivity case in the 20 I I AEO, even when adjusted for 
inflation. The discrepancy in fuel prices is important to the discussion of differences between the 
current rule and the 2012 final rule, because that discrepancy leads in turn to differences in 
analyt ical outputs and thus LO differences in what the agencies consider in assessing what levels 
of standards are reasonable, appropriate, andJor maximum feasible. Yet the agencies caution 
readers not to interpret this d iscrepancy as a reflection of negl igence on the part of the agencies, 
or on the part of EIA. Long-term predictions are challenging and the fuel price projections in the 
2012 rule were within the range of conventional wisdom at the time. However, it does suggest 
that the anah ticnl ha,is for fuel economy and tailpipe CO2 regulations set almost two decades 
into the future arc 11:1lneral>lt! h' .,t1rpri.,t!.,·,uhjec.:t w 5ieni1iL,llll uncenaint, . in some ways, and 
re inforces the value of being able to adjust course when critical assumptions are proven 
inaccurate. This value was codified in regulation when E PA bound itself to the mid-term 
evaluation process as part of the 2012 final rule.144 

To illustrate this point clearly, substituting the c u1Tent (and observed) fuel price forecast 
for the forecast used in the 20 12 Ll!_Lfinal rule creates a significant difference in the value of 
fuel savings. Even under identical discounting methods (see Section 2, below), and otherwise 
identica l inputs in the 2012 version of the CAFE Model, the current (and historical) fuel price 
forecast reduces the value of fuel savings by $150 billion - from $525 billion 10 $375 bill ion (in 
2009 dollars). 

T he second assumption employed in the 20 12 (as well as the 2010) final rule, that new 
vehicle fuel economy never improves unless manufacturers are required to increase fuel 
economy in the new vehicle market by increasingly stringent regulations, is more problematic. 
Despite the extensive set of recent academic studies showing. as discussed in Section VI. that 

'" The value of fuel savings is a lso affecicd by the rebound effect assumption. assumed lifetime VMT 
accumulation. and the s imulated penetration of alternative fuel technologies. However, each of these ancil lary 
factors is smal l compared to the impac1 of the two factors d iscussed in this subsection . 
144 See 40 CFR 86- 1818-12th). 
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consumers value at least some portion, and in some studies nearly all. of the potential foe! 
savings from higher levels offuel economy at the time they purchase vehicles, the agencies 
assumed in past rulemakings that buyers of new vehicles would never purchase, and 
manufacturers would never supply, vehicles with higher fuel economy higher than those in the 
baseline (MY 2016 in the 2012 analysis), regardless of technology cost or prevailing fuel prices 
in future model years. In calendar year 2025, the 2012 final rule assumed gasoline would cost 
nearly $4.50/gallon in today 's dollars, and continue to rise in subsequent years. Even 
recognizing that higher levels of fuel economy would be achieved under the augural/existing 
standards than without them, the assertion that fuel economy and CO:! emissions would not 
improve beyond 2016 levels in the presence of nearly $5/gallon gasoline is not credible, 
particularly in light of the many public comments highlighting increased consumer demand for 
higher-fuel-economy vehicles during the gas price spike of 2008, when average U.S. prices 
briefly broke $4/gallon. In the 2012 final rule, this assumption - that fuel economy and 
emissions would never improve absent regulation - created a persistent gap in fuel economy 
between the baseline and augural standards that grew to 13 mpg (at the industry average, across 
all vehicles) by MY 2025. 

By substituting the f!l\l rt:' t'1-.~tlil'lle. l>ul 1ill t:<111 .~n ,Hi\ e. assumption that consumers are 
willing to purchase fuel economy improvements that pay for themselves with avoided fuel 
expenditures over the first 2.5 years145 (identical to the assumption in this final rule's central 
analysis) the gap in industry average fue l economy between the baseline and augural scenarios 
narrows from 13 mpg in ~025 to 6 mpg in 2025. As a corollary, acknowledging that fuel 
economy would continue to improve in the baseline under the fuel price forecast used in the final 
rule erodes the value of fuel savings attributable to the preferred alternative. While each gallon 
is still worth as much as was assumed in 2012, fewer gallons are consumed in the baseline due to 
higher fuel economy levels in new vehicles. In particular, the number of gallons saved by the 
preferred alternative selected in 2012 drops from about 180 bi ll ion to 50 billion once we 
acknowledge the existence of even a moderate market for fuel economy. 146 The value of fuel 
savings is similarly eroded, as higher fuel prices lead to correspondingly higher demand for fuel 
economy even in the baseline - reducing the value of fuel savings from $525 billion to $140 
billion. 

The magnitude of the fuel economy improvement in the baseline is a consequence of both 
the fuel prices assumed in the 2012 ru le (already d iscussed as being higher than both subsequent 
observed prices and current projections) and the assumed technology costs. In 2012, a number 

'" Greene, D.L. and Welch . .l.G., " Impacts of fuel economy improvements 011 the distribution of income in the 
U.S.,'' Energy Policy, Volume 122, November 2018. pp. 528-4 1 {YOU G IJYS, I CA:-S"T f- lND THIS Ql'OTE l'J 
THIS DOCUl'vlEN_] "Four nationw ide random sample surveys conducted between May 2004 and January 2013 
produced payback period estimates of approximately three years, consislent with the manufacturers· perceptions.") 
(Cited by Consumers Unio n, CFA. and AC EEE, Docket NHTSA-2018-0067- 11731, Attachment 4. [insert page 

number)). 
146 Readers should note that 1his is not a n estimate of the total amount of fuel that will be consumed or not consumed 
by the tleet as a whole. but s imply the amou,n of fuel that will be consumed or not consumed as a direi:t result of the 
re~ulation. As illustrated in Section VII . light-duty vehicls in the U.S. would continue to consume considerable 
quantities of fue l and emit cons iderable q uantities ofCOe even under the baseline/augurnl siandards. and agencies' 
a na lysis s hows that the standards finalized today will likely increase fuel consumption and COe emissions by a small 
amount. 
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of technologies were assumed to have negative incremental costs - meaning that applying those 
technologies to existing vehicles would both improve their fuel economy and reduce the cost to 
produce them. Asserting that the baseline would experience no improvement in fuel economy 
without regulation is equivalent to asserting that manufacturers, despite their status as profit 
maximizing entities, would not apply these cost-saving technologies unless forced to do so by 
regulation. Whi le this issue is discussed in greater detail in Section VI, the combination of 
inexpens ive (or free) technology and high fuel prices created a logically inconsistent perspective 

in the 2012 rule - where consumers never demanded additional fuel economy, despite high fuel 
costs, and manufacturers never supplied additional fuel economy, despite the availability of 
inexpensive (or cost saving) technology to do so. 

Many commenters on earlier rules supported the assumption that fuel economy would not 
improve at all in the absence of standards. In fact, some co111n1enters still suppo1i this position. 
For example, EDF commented to the NPRM that, ''NHTSA set the Volpe model to project that, 
with CAFE standards remaining flat at MY 2020 levels through MY 2026, automakers would 
over-comply with the MY 2020 standards by 9 grams/mile of CO2 for cars and 15 g/mi of CO2 
for light trucks during the 2029-2032 t imeframe. plus 1 %/year improvements beyond MY 2032. 
This assumption unreasonably obscures the impacts of the rollback and is not reflective of 

historical compliance performance."1
•
7 

EDF is mistaken in two different ways: ( 1) by acknowledging the existence of a well
documented market for fuel economy, rather than erroneously inflating the benefits associated 
with increasing standards, this assumption serves to isolate the benefits actually attributable to 
each regulatory alternative, and 1'.: 1 11 1 . 111Jced. ret11:'LII' c , I 111 1, 1 i,,tl"' 1111111.1""" 1'.-rl11r111<,11d 

\\ !tile"'<' rel: tlll 1l1t: .1c.1clcmi, l11c rcn111t: 1,111d « IHllll:"111 lr,,111 co'illj'.tlll<' 1hu1 hc11ld ,111c1 ...41 
.1t11,111,.,1>ilc I l P dt:k1:d the a cni,,,, 1!-.,11 •. 111.iri,01 J.,, lut:I c'u no•in~ c'<I l • Ilk 11,Ju tr:· 

h1 h•ncal ( \I I clllllj'lidllLc 1'1:"l lt<fllh1lk c i c1 11Ullcl t<I l'ltl·li, I <'c•>ftl- \ J, •" 11 11 I 1;111<:' 

I\ .2. I i.:mc I\ .'. c1ml I 1,:ur,• I\ I l,,r m,,rc 1lia1. "dc,ddc'. the indll 1r: ti· tl.t,!<' I \I I Hrl', 

t'',cc't·dcd tl>r, 1r111Jc1rJ I,, cu.Ii r.:<..:t1lr11,1 r~ tht, P:• ,,.,., eral IHfld tlLtrin; pcritit:I, ,,J' hi,:h i'ut>I 

~ 

147 EDF, NHTSA-2018-0067-1 1996. Commenls to DEIS, at 4. 
I l 1t 1 Jt-4-ttt-4 \I l J1,,i;., ~,11. +,-..,..,~1. .. 41 i -t.' •k I I•~ •tl+r"" ,1 ,, 1t f-..:-i1= ....... ·•-· ... 1l~ _pn i \ 1--~ + ·h l I•• +'t" ++++tt, l •-• 

~,;~~,J t,4Jl#o, \~ lJ.-

54 

Commented [A64]: RE\' ISE: Sec abo1e - that appear, 10 

h"'e hnppened. Adoption of fuel-sa,•ing 1echnologies "a,, 
slo" before 1hc standards. an~ sped up great)~ \\ i1h 1he 
stmdards. See the Automoti, e 1 rend, Repon. 
hnp~: neri:-.cpa.co\. Exe Z'\PDI .cgi P100\\'5C-~-PDF'~Docl-. 
ev- P I llOW 5(' PDF . Chap1er ~ 

In othe-r \\-ords. tbii tomment doe-.;; not address 1he finding~ 
of1he draft T.\R from the MTE. 

Commented [A65]: REVISE: Jt is u,rneces,of) to argue. 
and LPA does nnt ngn:e. that the annl)si, in the 2012 rule 
was '\\'fOng. T11e framing !lhould simpl) be that dirTcrenL 
anal) tic.al dccisions are being made for this rule. based on 
looking at the: infonnation in a different ,-.a) . hil!<o.Cd on public 
commcn~. m!\\ data. etc. - ----

Commented [A66]: REVISE: See comments above ahout 
the a,nilable litemtun: on "illinges.s to pa~ for fu~I 
econom) . 11·~ not supportable to frame the commenter as 
··erroneousl)- inflating·· benefils.. If the market is functioning 
efficiently. as argued, there should be some sound 
explanation pro, ided for wh; the MY 2017 lleet present!~ 
foih to contain oil the let'hnologie-s \1thi<.·h will pa), back in 

~ ars. 

Commented [A67): REVISE: for MY, oficr ~012. the 
pn:sent11liu11 h~re showing achic\cd \:),. requirt'.'d mpg, b) 
ri.:gulahn) d11s!) does not Ji.-:mum,tmti: that con!lumc::rs nr~ 
,,illing 10 pa) for FF he:,ond tht!' standJrd~. MJnufuctures 
cun be t>xpeeted ,o dt:tcm,ini: pricing and mar".cting 
smncgic~ tL)n_,;;;idering (I\ i;rull 1<.·ar and rruc~ cumhim.:d) 
compliam:e !)ituation. \s a r~~ult. 1hc o,eracomplillnC'C- on 1ht: 
car fleet~ sim:,: 1he more stringent ~O l:? standnrdt:-. tooJ.. effect 
can be ,mribukd IO the !<!lmtt.::g) ofsch!rnl OE\r~ tl'I 
gcnernt\! crcJits from (,;Jf 11eeb to 1ran.sfrr 10 lruc~ fl~et-. or 
l:,ank for future use. 

Rather than ~ho,, ing. 1he reg da.,. .. i:~ individually. a mun: 
appropriatt." pn:::,cnt.ation ,,ou1d be lo !tho,, lht: fleet 
combined rucl i:connm) rdati\.r.: lo the fleet comhi1tcd 
stond"rds. 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

1 3 

20 
200.1 .005. IOt, )OC .?OPb .... 00· .2010 :1 •ll iOL _ 1, 20.114 - 15, .,(lJt::, 

- oc _AFE: - - [1C Siid ;;re 

I 1,,.m<' P ~ 111 1, tJ , .. 11 C \ I I I , ,i, 11 I 1,.11c <'. I l, ,inc> 11, l .. 1 

40 

.Q ~--
3 30 

0: 28 
C. - - -------
~ 

~ 2f, 

~ •4 

2.: 

?r.HJ4 . 005 2006 2007 2008 2OUQ ~010 IOl ~ _01;. i0 . .t3 J.i .ort .?(IH, 

- 1c (AFE - - IC St noard 

~ 1\-~I I, ldllc,tl l \I I { '"'Hf'H-tl1t't 111,1'• 'It'd l ,.1 

55 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

3( 

c: ,b 

~ 
] 25 

• 1 

-·' 

I l=lllc I' 111 ,l,>l'!ud ( \I I \ t11117i1<111Lc'. I _Iii I Ille"'' 

~i+c"lc l ,H1t Ilic'! lc.illllc' 14 H<-l<:-111 c'd,11 I 11 c' <' l~ilc \lier c'leh1I" 11 ntll It: c.,1, 

, I 1lklc'<1 ,iA_' ,1c111d,11d ,. the' dcRK'h-.J dl\d l<'tjlli·cJ lclt'~-~-•11,-1;, \I lt.-11 11,.,. .... 1.111dc11d, l>c;,111 

ttt~·Nd Ii•:' d:,!.1111 I •r 1'" c'H~t'i'-:dr' '" 2" 11. the' l'l"h'l": c'dl lhid 111tlll II)- I \I I ,c'I d 5" mr _· iiiid 
::,.:; mr; I 11 c'\l"c' ' ' ',t lhc.'Ir 1,,ntl,11 ti lt•r d,•llk' Ill ttll ' uncl 111111• II lt'tl , .tl"-, le I'< cl II c' :, +cr.-l'y 
.;.1111,. the ,1111 c'(llli1,c' ~t'i+r-.•lc'I :«:'di llls!cd e....J.tml t'I ,J,•d the lt'lc'I • I' lei C •m11l1,t1kc' ~ 

lt"ll,i. llHll.1,I~ c"«'<'t'dt"d l.kll 1.111,l,t1d pi-1111 I incl"ecl 111; t.111J,u,I . ,,1111,li '"='"ll II' 21ll'5 \ cl. 

I•~ 'Ill I. di let c' c>r;il t1Hl ,«'llltlc :•cdl' ,1 ,11"111, '1:'flt~ lllllc'. I ,,·. 11,c I clu ,1r:, li,;ht li!1etn+l•t'h-t-":t' 

I \I I "" lllt'tc'I: uH11pha111 ,, i1h 111., 1"' t'I,:' l<111Jurcl 

While we have shown the impact of deviations from the 2012 rule assumptions 
individually, these two assumptions affect the value of fue l savings jointly. Replacing the fuel 
price forecast with the observed historical and current projected prices. and including any 
technology that pays for itself in the first 2.5 years of ownership through avoided fuel 
expenditures, reduces the value of fuel savings from $525 billion in the 2012 .L1!_1 ru le to $140 
bil lion, all else equal. Interestingly, this reduction in the value of fuel savings is smallerthan the 
resul t when assuming only that the desired payback period is nonzero. While it may seem 
counterintuitive, it is entirely consistent. 

The number of gallons saved under the preferred alternative is actually higher when 
modifying both assumptions, compared to only modifying the payback period. Updating both 
assumptions leads to about 100 bill ion gallons saved by the preferred alternative in 20 12, 
compared to only 50 billion from changing only the payback period, and 180 billion in the 20 12 
analysis. This occurs because the fuel economy in the baseline is lower when updating both the 
fuel price and the payback period - the gap between the augural standards and the baseline grows 
to 9 mpg, rather than only 6 mpg when updating only the payback period. Despite the existence 
of inexpensive technology in both cases, with lower fuel prices there arc fewer opportunities to 
apply technology that will pay back quickly . As a consequence, the number of gallons saved by 
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the preferred alternative in 2012 increases - but each gallon saved is worth less because the price 
of fuel is lower, 

b) Technology cos£ 

While the methods used to identif).: cost-effective technologies to improve fuel economy 
in new vehicles have continuously evolved since 2012 (discussed further here and here), as have 
the estimated cost of individual technologies {discussed-here), the inclusion of a market response 
in all scenarios (including the baseline) has changed the total technology cost associated with a 
given alternative. As discussed in Section lV.B.La), acknowledging the existence of a market 
for fuel economy leads to continued application of the most cost-effective technologies in the 
baseline - and in other less stringent alterilatives - up to the point at whlch there are no 
remaining technologies whose cost is fully offset by the value of fuel saved in the first 30 months 
of ownership. The application of this market-driven technology has implications for fuel 
economy levels under lower stringencies (as discussed earlier), but also for the incremental 
technology cost associated with more stringent alternatives. As lower stringency alternatives 
(including the 2012 baseline) accrue more technology, the incremental cost of more stringent 
altem_atives decreases. 

By including -a modest market for fuel economy, and preserving all other assumptions 
from the 2012 final rule, the incremental cost of technology attributable to the preferred 
alternative decreases from about $140 billion to about $72 billion. This significant reduction in 
technology cost is somewhat diminished by the associated reduction in the value of fuel sa\'ings 
(a decrease of $385 billion) when acknowledging the existence ofa market for fuel economy. 
Another consequence of these changes is that the incremeni'al cost of fuel economy technology is 
responsh'e to fuel price, as it should be. Under higher prices (as were assumed in 2012), 
consumers demand higher fuel economy in the new vehicle market. Under lower prices (as have 
occurred since the 2012 rule) consumers demand less fuel economy than would have been 
consistent with the fuel price assumptions in 2012. 149 Including a market response in the 
analysis ensures that, in each case, the cost of fuel economy technology within an alternative is 
consistent with those assumptions. Using the same fuel price forecast that supports this rule, and 
the same estimate of market demand for fuel economy, the incremental cost of technology in the 
preferred alternative would rise back up-to about $110 billion. 

c) The social cost of carbon (SCC) emissions 

As discussed extensively in the NPRM, the agencies' perspective regarding the social 
cost of carbon has narrowed in focus. While the 2012 final rule considered the net present value 
of global damages resulting from carbon emitted by vehicles sold in the U.S. between MY _2009 
and MY 2025, the NPR.\1 (and this final rule) consider only those damages that occur to the 
United States and U.S. territories. As a result of this change in perspective, the value of 
estimated damages per-ton of carbon is correspondingly smaller. Had the 2012 final rule utilized 

i-is This is why dozens of studies examining the ability of fuel taxes {and carbon taxes, which produce the same 
result for transportation fuels) to reduce CO, emissioi,s have found cost-effective opportunities available for those 
pricing mechanisms. 

57 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

the same perspective on the social cost of carbon, the benefits associated with the preferred 
alternative would have been about $1 1 billion. rather than $53 bil lion. However, the savings 
associated with carbon damages are a consequence of both the assumed cost per-ton of damages 
and the number of gallons of fuel saved. As discussed above, the gal lons saved in the 2012 final 
rule were likely inflated as a result of both pessimistic fuel price forecasts and the assumption 
that no market exists for fuel economy improvements. Correcting the estimate of gallons saved 
from the preferred a lternative in the 2012 rule and considering only the domestic social cost of 
carbon further reduces the savings in carbon damages to $6 billion. 

d) Sqfery neutrality 

In the 2012 final ru le, the agencies showed a "safety neutral'' compliance solution; that is, 
a compliance solution that produced no net increase in on-road fatalities for MYs 2017-2025 
vehicles as a result of technology changes associated with the preferred alternative. In practice, 
safety neutrality was achieved by expressly limiting the availability of mass reduction 
technology to only those vehicles whose usage causes fewer fatalities with decreased mass. This 
result was discussed as one possible solution, where manufacturers chose technology solutions 
that limited the amount of mass reduction applied, and concentrated the application on vehicles 
that improve the safety ofother vehicles on the roads (primarily by reducing the mass di fferential 
in coll isions). However, it implicitly assumed that each and every manufacturer would leave 
cost-effective technologies unused on entire market segments of vehicles in order to preserve a 
safety neutral outcome at the fleet level for a given model year (or set of model years) whose 
useful lives stretched out as far as the 2060s. Removing these restrictions tells a different story. 

When mass reduction technology, dete rmined in the model to be a cost-effective solution 
(particularly in later model years, when more advanced levels of mass reduction were expected 
to be possible), is unrestricted in its application, the 2012 version of the CAFE Model chooses to 
apply it to vehicles in all segments. This has a small eftect on technology costs, increasing 
compliance costs in the earliest years of the program by a couple billion dollars, and reducing 
compliance costs for MYs 2022 - 2025 by a couple billion dol lars. However, the impact on 
safety outcomes is more pronounced. 

Removing the restrictions on the application of mass reduction teclmology results in an 
additional 3,400 fatalities over the full lives ofMYs 2009-2025 vehicles in the baseline,150 and 
another 6,900 fatalities over those same vehic le lives under the preferred alternative. The result, 
a net increase of 3,500 fatalities under the preferred alternative relative to the baseline, also 
produces a net social cost of$18 billion. Our current treatment of both mass reduction 
technology, which can greatly improve the effectiveness of certain technology packages by 
reducing road load, and estimated fatalities, which now account for both general exposure 
(omitted in the 2012 final rule modeling) and fatality risk by age of the vehicle, further changes 
the story around mass reductio n technology application for compliance a nd its relationship to on
road safety. 

i,o Relative to 1he continua1ion of vehicle mass from the 2008 model year carried forward into the fuwrc. 
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2. What methods have changed since the 2012 fi na l ru le? 

Simulating how manufacturers might respond to CAFE/CO2 standards requires 
information about existing products being offered for sale, as well as information about the costs 
and effectiveness of technologies that could be applied to those veh icles to bring the fleets in 
which they reside into compliance with a given set of standards. Following extensive additional 
work and consideration since the 2012 analysis, both agencies now use the CAFE Model to 
simulate these compliance decisions. This has several practical implications which are discussed 
in greater detail in Section Yl. Briefly, this change represents a shift toward including a number 
of real-world production constraints- such as component sharing across a manufacturer's 
portfolio-and product cadence, where only a subset of vehicles in a given model year are 
redesigned (and thus e ligible to receive fuel economy technology). Fu1thermore, the year-by
year accounting ensures a continuous evolution of a manufacturer's product po1tfolio that begins 
with the market data ofan initial model year (model year 2017, in this analysis) and t he last year 
for which compliance is simulated. Finally, the modeling approach h.i 1111 ,.rctlcd Ir, w 11n, thi11 

rc ,icd ,111 tilt ,iIHf!lt' t>FtlBllcl t•l siR,;lt' \illllt''., t,1 t' I IP .<11,· ict llllt ' I ,,. :, .-1(t1 i\t'II<' , +.~ t1 p ,.,clc l tltc,1 

relies on full vehicle simulation to determine the effectiveness of any combination of fuel 
economy technologies. The combination of these changes has greatly improved the realism of 
simulated vehic le fuel economy for combinations of technologies across vehicle systems and 
classes. 

In addition to these changes to the portions of the analysis that represent the supply of 
fuel economy (by manufacturer, fleet, and model year) in the new vehicle market, this analysis 
contains changes to the representation of consumer demand for fuel economy. One such 
measure was discussed above-the notion that consumers w ill demand some amount of fuel 
economy improvement over time, consistent with technology costs and fuel prices. However, 
another deviation from the 2012 final rule analysis reflects overall demand for new vehicles. 
Across ten alternatives, ranging from the baseline (freezing f uture standards at 2016 levels) to 
scenarios that increased stringency by seven percent per year, from 2017 through 2025, the 2012 
analysis showed no response in new vehicle sales, down to the individual model level. This 
implied that, regardless of changes to vehicle cost or attributes driven by stringency increases, no 
fewer (or possibly more) units of any single model would be sold in any year, in any alternative. 
Essentially, that analysis asserted that the new vehicle market does not respond, in any way, to 
average new vehicle prices across the alternatives-regardless of whether the incremental cost is 
$1,600/vehicle (as it was estimated to be under the preferred alternative) or nearly $4,000/vehicle 
(as it was in under the 7% alternative) . Both the NPRM and this final rule, while not employing 
pricing models or full consumer choice models to address differentiated demand within brands or 
manufacturer portfolios, have incorporated a modeled sales response 1ha1 at lea.,1 aRt!mpb t:orr.:.·1 
1he l<lgieal incon ,bteR..:~ ,~fthe e,1Flier f1Rii-,•;ioA. 

An important accounting method has also changed since the l \ I I .111.,1\ ,1 , ,n 1.1, 2012 
final rule was published. At the time of that rule, the agencies used an approach to discounting, 
modd-, ear anal\ sis. that combined attributes of a private perspective and a social perspective in 
the.ir respective benefit cost analyses. I lfr, ar13roaeh ,~ as lflgi<'nll) iR..:011.,isw111. am.I R:trlher 
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~· crihed ti~ The o ld model-\ ear method discounted the value of all incremental 
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quantities, whether categorized as benefits or costs, to the model year of the vehicle to which 
they accrued. ( [P \ u,es. nm model-, ear anal) si,. but i.:akrn.lar-, .:ar anal\ sis l(ir thL· c.:mral 
anal\ ~b in ib rulemakincs. 11 hich m oids this prohlrm. l This approach is largely acceptable for 
use in a private benefit cost analysis, where the costs and benefits accrue to the buyer of a new 
vehicle (in the case of this policy) who weighs their discounted present values at the time of 
purchase. However, the private perspective would not include any costs or benefits that are 
external to the buyer (e.g., congestion or the social cost of carbon emissions). For an analysis 
that compares benefits and costs from the social perspective, attempting to estimate the relative 
value of a policy to all of society rather than just buyers of new vehicles, this approach is more 
problematic. 

The rn"d, 1-, , .1r discounting approach 1ha1 ,, r, ,, 1,.kd th, .c1ll1 .D..s!h_ , in ~ '- 11 1 '- \ , 
20 I 2 final rule was particularly distortionary for a few reasons. The fact that benefits and costs 
occurred over long time periods in the 2012 rule, and the standards isolated the most aggressive 
stringency increases in the latter years of the program, served to allow benefits that occutTed in 
2025 (for example) to enter the accounting without being discounted, provided that they accrued 
to the affected vehicles during their first year of ownership. In a setting where numerous inputs 
(e.g., fuel price and social cost of carbon) increase over time, benefits were able to grow faster 
than the discount rate in some cases 6~.011tiall~ 1m1l,iRg. 1l1t•m illlini1.:. The interpretation of 
discounting for externalities was equally problematic. For example, ~ '-111 ',. \ · ~ discounting 
approach in the final rule would have counted a ton of CO2 not emitted in CY 2025 in multiple 
ways, despite the fact that the social cost of carbon emissions was inherently tied to the calendar 
year in which the emissions occurred. Were the ton avoided by a MY 2020 vehicle, which 
would have been five years old in CY 2025, the value of that ton would have been the social cost 
of carbon times 0.86, but would have been undiscounted if that same ton had been saved by a 
MY 2025 vehicle in its initial year of usage. 

This 111PJL l-,l ll approach was initially updated in the 2016 Draft TAR to be mort 
consistent with common economic practice for benefit-cost analysis, and this analysis continues 
that approach. In the social perspective, all benefits and costs , 1 , 1, Ii nwJ, c.11 are 
discounted back to the decision year based on the calendar year in which they occur. Had we 
utilized such an approach in the 20 I 2 final rule, net benefits .. 1 1 h, 11 ,.,,k 1-, , .,, 111,, ,._ 1 would 
have been reduced by about 20 percent, from $465 billion to $374 billion- not accounting for 
any of the other adjustments discussed above. 

3. How have conditions changed since the 2012 final rule was published? 

The 2012 final rule relied on market and compliance information from model year 2008 
to establish standards for model years 2017 - 2025. However, in the intervening years, both the 
market and the industry's compliance positions have evolved. The industry has undergone a 
significant degree of change since the MY 2008 fleet on which the 2012FR was based. Entire 
brands (Pontiac, Oldsmobile, Saturn, Hummer, Mercury, etc.) and companies (Saab, Suzuki, 
Lotus) have exited the U.S. market, while others (most notably Tesla) have emerged. Several 
dozen nameplates have been retired and dozens of other created in that time. Overall, the 
industry has offered a diverse set of vehicle models that have generally higher fuel economy than 
the prior generation, and an ever-increasing set of alternative fuel powertrains. 
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As Table IV-I Table IV- I shows, alternative powertrains have steadily increased under 
CAFE/CO;,. regulations, Under the standards between 2011 and 2018, the number of electric 
vehicle offerings in the market has increased from l model to 57 models (inclusive of all plug-in 
vehicles that are rated for use on the highway), and hybrids (like the Toyota Prius) have 
increased from 20 models to 43 models based on data from DO E's Alternative Fuels Data 
Center. Fuel efficient diesel vehicles have similarly been on the rise in that period, more than 
doubling the number of offerings. Flexible fuel vehicles (FFVs), capable of operating on both 
gasoline and E85 remain readily available in the market, but have been excluded from the table 
due to both their lower fue! economy and demonstrated consumer reluctance to operate FF Vs on 
E85. They have historically been used to improve a manufacturer's compliance position, rather 
than other alternative fud systems that reduce fuel consumption and save buyers money. 

Table JV- l - Alternative Fuel Vehicle Offerings 

Model 
Diesel Electric Hybrid Hydrogen Total 

Year 

2008 6 l 16 0 23 
2009 12 l 19 0 32 
20to 14 I 20 0 35 
2011 16 2 29 0 47 
2012 17 6 31 1 55 
:2013 22 15 38 I 76 
2014 35 16 43 2 96 

2015 39 27 46 3 I 15 
2016 29 29 31 3 92 
2017 21 51 44 .2 I 18 
2018 38 57 43 2 140 

•EVs include plug-in HEVs, but do not include Neighborhood Electric Vehicles, Low Speed Electric 
Vebicles. or two-wheeled electric vehicles. Only full-sized vebicles sold in lhe U.S. and capable of60mph 
are listed. 

Not only have alternative powertrain options proliferated since the 2012 FR, the 
average fuel economy of new vehicles within each body style has increased. However, 
the more dramatic effect may lie in the range of fuel economies available within each 
body style. Figure IV-2Figure JV-2 shows the distribution of new vehicle fueLeconomy 
(in miles per gallon equivalent) by body style for MYs 2,008, 2016, and 2020 (simulated). 
Each box represents the 25111 and 75 111 percentiles, where 25 and 75 percent of new models 
offered are less fuel efficient than that level. Not only has the median fuel economy 
improved (the median shows the point at which 50 percent of new models are less 
efficient) under the CAFE/CO2 programs, but the range of available fuel economies 
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{determined by the length of the boxes and their whiskers) has increased as well. For 
example, the 25th percentile of pickup truck fuel economy in 2020 is expected to be 
significantly more efficient than 75 percent of the pickups offered in 2008. In MY 2008, 
there were only a few SUVs offered with rated fuel economies abo\"e 34MPG, By MY 
2020 almost half of the SUVs offered will have higher fuel economy ratings-with 
almost 20 percent of offerings exceeding 40MPG, 

The improvement in passenger car styles has been no less dramatic. As with the 
other styles, the range of available fuel economies has increased under the C AFE/CO1 
programs and the distribution of available fuel economies skewed higher-with 40 
percent of MY 2020 models exceeding 40MPG. The attribute-based standards are 
designed to encourage manufacturers to improve vehicle fuel economy across their 
portfolios, and they have clearly done so. Not only have the higher ends of the 
distributions increased, the lower ends in all body styles have improved as well, where 
the least fuel efficient 25 percent ofvehicles offered in MY 2016 (and simulated in 2020) 
are more fuel efficient than the most efficient 25 percent of vehicles offered in MY 2008. 
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Figure IV-2 - Fuel Economy Distribution ofNew Vehicle Market by Body Style 

Some commenters have argued that consumers will be harmed by any set of standards 
lower than the baseline (augural) standards because buyers of new vehicles will be forced to 
spend more on fuel than they would have under the augural standards. However, as Figure 
IV-2Figure IV-2 shows, the range of fuel economies available in the new market is alread)' 
sufficient to suit the needs of buyers who desire greater fuel economy rather than interior volume 
or some other attributes. Full size pickup trucks now rely on smaller turbocharged engines 
paired with 8 and 10-speed transmissions and some mild electrification. Buyers looking to 
transport a. large family can choose to purchase a·plug-in hybrid minivan. There were 57 electric 
models available in 2018, and hybrid powertrains are no longer limited to compact cars (as they 
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once were). Buyers can choose hybrid SUVs with all-wheel and four-wheel drive. While these 
kinds of highly efficient options were largely absent from some body styles in lvlY :!008, this is 
no longer the case. It the ct'tll ,umt1r a~u~plAn,~ t•fAii,!A \IP<., \<'Ri,dcs ha·, llig~etl eehintl the 
,tipfll:, ,ii t l lc'lll Ill It~ lfutfi'1:4j-.\m.~-l',llllld, drc Iii«•·~ lidJlll,! 1 It Hl!fl<'lt'IJ'C:IH 11, •lht'I 

dt' 11 "l>lt' dill 1i>ult' .1:;.1in· I HtFH1t'I ,lllph•~+H<.'ttl 111 I uc<I c'L"1111111~ 

Manufacturers have accomplished a portfolio-wide improvement by improving the 
combustion etliciency of engines (through direct injection and turbocharging), migrating from 
fou r and five speed transmissions to 8 and 10 speed transmissions, and electrifying to va1ying 
degrees. All of this has increased both production costs and fue l efficiency during a period of 
economic expansion and low energy prices. While the vehicles offered for sale have increased 
s ignificantly in efficiency between MY 2008 and MY 2020, the sales-weighted average fuel 
economy has achieved less improvement. Despite stringency increases of about five percent 
(year-over-year) between 2012 and 2016, the sales-weighted average fuel economy increased 
marginally. Figure IV-3Figure IV-3 shows an initial increase in average new vehicle fuel 
economy, followed by relat ive stagnation as fuel prices fell and remained low.151 11 is worth 
noting that average new vehicle fuel economy observed a brief spike during the year that the 
Tesla Model 3 was imroduced (as a consequence of strong initial sales volumes. as pre-orders 
were satisfied, and fuel economy ratings that are significantly higher than the industry average), 
and have settled around 27.5 MPG in Fall 2019. 
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Figure 1\1-3 - Ward's Automotive Fuel Economy Index, April 2013 - April 2017 

In their NPRM comments, manufacturers expressed concern that CAFE standards had 
already increased to the point where the price increases necessary to recoup manufacturers' 

' ' ' Ward's Au1omo1ive, https://www.wardsauto.com/ industrv/ fuel-economv-index-shows-slow-improvcment-april. 
Last accessed Dec. 13, 2019. 
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increased costs for providing further increases in fue l economy outweigh the va lue of fuel 
savings. i ; ~·153 The agencies do not agree that this point has al ready been reached by previous 
stringency increases, but acknowledge the reality of diminishing marginal returns to 
improvements in fuel economy. A driver with a 40MPG vehicle uses about 300 gallons of fuel 
per year. Increasing the fuel economy of that vehic le to 50MPG, a 25 percent increase. would 
likely be over $1000 in additiona l technology cost. However, that driver would only save 25 
percent of their annual fuel consumption, or 75 gallons out of300 gallons. Even at S3/gallon, 

higher than the current national average, that represents $225 per year in fuel savings. That 
means that the buyer's $1000 investment in additional fuel economy pays back in just under 4.5 
years (undiscounted). The agencies' respective programs have created greater as;cess to high 
MPG vehicles in all classes and e ncouraged the proliferation of a lternative fuels and powertrains. 
But if the value of the fuel savings is insufttcient to motivate buyers to invest in ever greater 
levels of fuel economy, manufacturers will face challenges in the market. 

With the fuel price increases fresh in the minds of consumers, and the great recession 
only recently passed, the CAFE stringency increases that began in 2011 (and subsequent 
CAFE/CO~ stringency increases after EPA 's program was first .;nfr,n:,;ti c ,1. d I c·d in MY 
20 12) had something of a head start. As through illustrate, the standards were not binding in 
MY 201 1-even manufacturers that had historically paid civi l pena lties were earning credits for 
overcompliance. It took two years of stringency increase to catch up to the CAFE levels already 
present in MY 2011. However. seven consecutive years of increases for passenger cars and a 
decade of increases for light trucks has changed the credit situation. Figure I Y-4Figure I Y-4 
shows CAFE credit performance for regulated fleets - the solid line represents the number of 
fleets generating shortfalls a nd the dashed line represents the number of fleets earning credits in 
each model year. 

15~ NHTSA-2018-006 7-1 "064-25 
'" NHTSA-2018-0067-12073-2 
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Figure IV-4 - Industry CAFE Credit Performance Over Time 

Fewer than half as many fleets earned surplus credits for over-compliance in MY 2017 
compared to MY 2011-and this trend is persistent. The story varies from one manufacturer to 
another, but it seems sufficient to state the obvious-when the agencies conducted the analysis to 
establish standards through MY 2025 back in 2012, mos) (if not all) manufacturers had healthy 
credit positions. That is no longer the case, and each successive increase requires many fleets to 
not only achieve the new level from the resulting increase, but to resolve deficits from the prior 
year as well. The large sums of credits, which last five years under both programs, have allowed 
most manufacturers to resolve shortfalls. But the light truck fleet, in particular, has a dwindling 
supply of credits available for purchase or trade. The COc program has a provision that allows 
credits earned during the early years of over-compliance to be applied through MY 2021. This 
has reduced the compliance burden in the last several years, as intended, but will not mitigate the 
compliance challenges some OEMs would face if the baseline standards remained in place and 
energy prices persisted at current levels. 

Table IV-2 - CAFE Credits {in millions) Eam;d by Manufacturer, Fleet, and Model Year 

Man"!acturer fleet MYWIO MY2011 MYWl2 M\'2013 MY2014 M\':!015 MY2016 M\"2!117 

BMW K '' (l.3 (0.4> ,0.3, 4.2 (LO) (6,4• {4.8 

Daimler " f2.2l /5.61 (5.21 f3.7 12.81 11.81 /4.11 ,~, 
ec, ec 2.6 '" 4.?\ IJ.?\ 11.~\ (9.3\ (i:;,71 122.2\ 

Ford IT 36,4 24,1 26.1 40.6 30.1 7,(1 (3.11) (22A 
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GM PC !7.6 !IJ.O 72 11!,9 11.() (8.5) 17.8 13.' 

ll<>nda l'C M.7 30.' 48.11 5-l.U -11.7 5J,9 50.3 ..\3,1) 

IO.! ,., (..\ . ..\) 
JLR PC (0.-ll l0.71 · '0.8) {0.Sl 10,71 0.9) (1.1) /1.4) 

Ki:, PC 20.0 l:U 8.ll 11.6 (l.11 (6.3) (?.S 10.5\ 

PC lJ.4 5.6 '' 15 ..\ 13.) l-1.7 

Mit>"hishi l'C 1.9 1.8 I)] II.I :'.O 3,1 '11.S 

PC 'J.O 16.l .12.5 ,, ' 32,3 12.l 

Suborn PC 05 10.41 ,.s , .. (I.~ 1.5 (1,7" 15.5) 

fosla 7.2 Bl.-\ 25;5.l 

To,ota 71.6 8-1.3 85.ll 58.7 20.9 

Vol,·o 11.l (0.5) (1.41 u (0.5 0.2 /ll.ZI 

VII' PC 109 ,., (].4) 1.0 3.7 l • .l !U.3) 

BM\\" lT 11.0 •. , (0.7) II.I (1.1) I0.5) 

O.imlcr (1.7) (1.5 (3.1 (2.9' (..\,5) 

FCA LT 6.4 ,z.51 (11.91 11.H (11.61 u.1· 35.5) (24.7 

LT 7.6 lS .. , J.7 ll.ll '14.6) (111.7) 

CM l.T 23.3 5.4 (O.~ ]0.5 (:13.0 120.51 

Honda LT Jfi.3 ,, ,., -l.7 12.S 11...\ 

Hvuodai l.T 5.6 ,, Ol 'U.1' '0.5' 'I.OJ 10.8' 

'" L'f <J.4\ (J.O\ , .. , .. ,., '1.5) '-l,7 fl.71 

Kia LT (1.6 ll.8 ll,l '0.3' , .. 
!l.1azda LT JC "' 

,, 2.0 ,., ..\,.1- '" 
Mitsuhis))i LT U.S IJ) "' 05 u u '" "" 
Kissan n '5.6• "" l~.P 

Suborn LT IU , .. 19.6 '4.2 I~.\ ,., 
Tmota L'J ~2-~ 1,4) '4.6 , .. '19.l 26,6' 111.z, 

Vol<o LT (O.l\ 10,4' .. , '0.8) 

\'II' ,., "·" "·' ll,l 11,t, '0.8) 

Table JV-2Table IV-2 shows the credits earned by each manufacturer overtime1~4. As 
the table shows, when the agencies considered future standards in 2012, most manufacturers 
were earning credits in at least one fleet. However, the bold values show years with deficits and 

,1, MY 2017 values represenl estimated earned credits based on MY 2017 final compliance data. 
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even some manufacturers who started out in strong positions, such as Ford's passenger car fleet, 
have seen growing deficits in recent years. While the initial banks for early-action years eases 
the burden of CO2 compliance for many OEMs, the year-to-year compliance story is similar to 
CAFE, see Table IV-3Table IV-3. 

Table IV-3 - C01 Credits (MMT) Earned by Manufacturer and Model Year 

Manufacturer M\'1009-2011 :v!Y20 12 MY20 l 3 MY20l4 MY20 l5 MY20l6 MY20l 7 

BMW 1.3 (0.1) 0.0 I.I 0.0 ( 1.0) 0.4 

Daimler 0.4 10.7) (0.3) (0.4) (0.6) 11.6) (2.3) 

FCA 10.4 ( 1.2) ( 1.0) (0.0) ( 1.5) (I 1.8) (9.ll 

Ford 16.1 4 .8 8.2 -1.8 2.0 (8. ll 16.1) 

GM 25.5 3.6 2.4 7.8 0.4 (13.2) (3.2) 

Honda 35.8 7.9 7.3 6.5 7.2 6.2 7.5 

Hyundai 14.0 3 5 5.8 I .I 0.6 0.2 (2.0) 

JLR - (0.5) 10.7\ IO.ll 0. 1 ( I.I) (0.71 

Kia 10.4 1.3 1.3 (0.8) (1.6) (2.21 (0.9) 

Mazda 5.5 0.7 0.8 1.5 1.0 1.2 10.1) 

Mitsubishi 1.4 0 .1 0 .1 0.4 0.3 0.1 0.3 

Nissan 18.1 /0.7) 5.2 -1.9 8.1 2.9 /0.3) 

Subaru 5.8 0.6 1.4 2.9 3.0 1.2 2.4 

Tesla 0.0 0.2 1.0 1.0 1.3 1.5 2.4 

Tovota 80.4 13.2 9.9 9 .8 2.6 (4.7) (3.0) 

Volvo 0 .7 rn.21 (0.3) (0.2) 0.0 IO.Ol 0.2 

vw 6.4 I0.4) 0.0 0.1 (0.4) / 1.91 14.ll 

Credit position and sho11fall rates clearly il lustrate hm, 111.111ula,1m~r. ar~ c,1mrl~ iAg ... r 
fiiiliB~ It• tumrl: . ,, i1h tl~~manu ~;ll lllrL" lkct pcrlhrm::inL·c rclati, c lo the standards. Recognizing 
that manufacturers plan compliance over several model years at any given time, sporadic 
shortfalls may not be evidence of undue difficulty, but sustained, widespread, growing sho11falls 
should probably be viewed as evidence that standards previously believed to be manageable 
might no longer be so. While NHTSA is prohibited by statute from considering availability of 
credits (and thus, size of credit banks) in detem1ining maximum feasible standards, it does 
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consider shortfalls as part of its determination. EPA has no such prohibition under the CAA and 
is free to consider both credits and shortfalls. 

V. Regulatory alternatives considered 

Agencies typically consider regulatory alternatives in proposals as a way of evaluating 
the comparative effects of different potential ways of accomplishing their desired goal. NEPA 
requires agencies (in this case, NHTSA, but not EPA) to compare the potential environmental 
impacts of their proposed actions to those of a reasonable range of alternatives. Executive 
Orders 12866 and 13563 and 0MB Circular A-4 also encourage agencies to evaluate regulatory 
alternatives in their rulemaking analyses. Alternatives analysis begins with a "no-action" 
alternative, typically described as what would occur in the absence of any regulatory action. 
This final rule, like the proposal, includes a no-action alternative, described below, as well as 
seven "action alternatives." The final standards may, in places. be refe1Ted to as the "preferred 
alternative," which is NEPA parlance, but NHTSA and EPA intend "final standards" and 
"preferred alternative" to be used interchangeably for purposes of this rulemaking. 

In the proposal, NHTSA and EPA defined the different regulatory alternatives (other than 
the no-action alternative} in tern1s of percent-increases in CAFE and CO2 stringency from year to 
year. Percent increases in stringency referred to changes in the standards year over year - as in, 
standards that become I percent more stringent each year. Readers should recognize that those 
year-over-year changes in stringency are not measured in terms of mile per gallon or CO2 gram 
per mile differences (as in, 1 perce111 more stringent than 30 miles per gallon in one year equals 
30.3 miles per gallon in the following year), but in terms of shifts in thefootprint.fimctions that 
form the basis for the acwal CAFE and C01 standards (as in, on a gallon or gram per mile basis, 
the CAFE and C01 standards change by a given percentage from one model year to the next). 
Under some alternatives, the rate of change was the same for both passenger cars and light 
trucks; under others, the rate of change differed . Like the no-action alternative, all of the 
alternatives considered in the proposal were more stringent than the preterred alternative. 

Alternatives considered in the proposal also varied in other significant ways. 
Alternatives 3 and 7 in the proposal involved a gradual discontinuation of CAFE and average 
CO2 adjustments reflecting the use of technologies that improve air conditioner efficiency or 
otherwise improve fuel economy under conditions not represented by long-standing fuel 
economy test procedures (off-cycle adjustments, described in further detail in Section IX), 
although the proposal itself would have retained these flexibilities. Commenters responding to 
the request for comment on phasing out these flexib ilities generally supported maintaining the 
existing program, as proposed . .\.\-tttk-,11111<· tt111;mc111cr ,t ,l,nl I I'\ 1, 111,.ln:, i.111.,:c 1, 11,_. 
c'\l',llll,c" p1t1.,:1u•11. l I'\ t!1t! llt<l l''"I'•' c' illl: t<ll~-4rtH:,.'t . \ cp,lldc i'"'l'"•cJ i1<lto,,, ... ,ult! 
h d Ill '1, .tl'l'I, 'l'l l<llc I 11, <Ill '" l 1111 tic I ,11 t,' Lit! t , li.111=,: ,.-+.•rt+!,'" l I' \ h~ l'<c 1-,,Jt...-+-ttri•'ftth=,j 

h:, J'uhl,, ,, onn,,·111 <111J I I'\ 111<1,' , ,,, 1t!,·1 d ""=- , 11 the hntm,. Section IX contains a more 
thorough summary of these comments and the issues they raise, as well as the agencies' 
responses. Consistent with the decision to retain these flexibilities in the final rule, alternatives 
reflecting their phase-out have not been ,, ·11 1d,1 cJ I \!I· !11.:1 ,111:1!- , d in this final rule. 
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Additionally, in the NPRM for this rule, EPA proposed to exclude the option for 
manufacturers partially to comply with tailpipe CO] standards by generating CO2-equivalent 
emission adjustments associated wit h air conditioning refrigerants and leakage after MY 2020. 
T his approach was proposed in the interest of improved harmonization between the CAFE and 
tailpipe CO2 emissions programs because this optional flexibil ity cannot be available in the 
CAFE program.155 Alternatives I through 8 111 the pi.,p,,, .ii excluded this option. EPA requested 
comment "on whether to proceed with (the] proposal to discontinue accounting for A/C leakage, 

methane emissions. and nitrous oxide emissions as part of the CO2 emissions standards to 
provide for bener harmony with the CAFE program, or whether to continue to consider these 
factors toward compliance and retain that as a feature that differs between the programs.''156 

EPA stated that if EPA were to proceed with excluding A/C refrigerant credits as proposed, 
"EPA would consider whether it is appropriate to initiate a new ru lemaking to regulate these 
programs independently .. .. " 157 EPA also stated that "(i)fthe agency decides to retain the A/C 
leakage . .. provisions for CO2 compliance, it would likely re-insert the current A/C leakage 
offset and increase the stringency levels for CO2 compliance by the offaet amounts described 
above ( i.e., 13.8 g/mi equivalent for passenger cars and 17.2 g/mi equivalent for light trucks) . 
• Jlld 1u.11n th,, um.:111, 1p, 1 i ,.. ~ ~ 1111 ,qu11.J!, 11 1,,r pa,,,, L'I ,.11, .ind '-I-I_ 111 

'-'lJllll,1knt ?.,, 11'-'.h: trud ,1 · . EPA received comments from a wide range of stakeholders, most 
of whom opposed the elimination of these flexibility provisions. 

Specifically, the two major trade organizations of auto manufacturers. as well as some 
individual automakers, suppo1ted retain ing these provisions. Global Automakers commented 
that "[a]ir condi tioning refrigerant leakage ... should be included for compliance with the EPA 
standards for all MYs, even ifit means a divergence from the HTSA standards."158 Global 
provides several detailed reasons for their comments, including that the existing provisions are 
'' ... important to maintaining regulatory flex ibility through rea l [COl] emission reductions and 

'" For the CAFE program. carbon-based tailpipe emissions ( 11-1, l•h ,.µ, CO,. 11, -'-+-I and CO) are measured. a nd 
fuel economy is calc ula1ed using a carbon balance equation. EPA , uses carbon-based emissions (CO,. •-+L IJ.'... 
and CO, the same as for CAFE) to calculate tai lpipe CO, for " , 1-.. "" ~ I r its standards. In 
addition. under the no-action alternative for the proposal and under all alternatives in the final rule. '- , 11 

,, llJ'I ,11 ~ EPA ~ ..J.+. ..'.!!_ CO, equivalent 1,., , (using Global Warming Po tential (GWP) adjustment) -.-.. 
A/C refrigerant leakage 1.. 1 t t 1 , 111.111 t .,~ 1 u ·r ,111 .. , . and nitrous oxide and methane emissions. I I \ 

.. 1 111.. 1..·111 1, , 1 I 1111 , 1 1 11 11 11 11 , Lh. The CAFE program does not include 
A/C refrigerant leakage, ni1rous oxide and me1hane e missions because they do not impact fuel economy. Under 
A lternatives 1 .g in the proposal, the standards were t ..... t.,r-4t:4. 1. I, , .• aligned for gasoline pow~red vehicles 
because compliance ,11 11, I , , ·, _ , I _ for sud, vehicles is based on tailpipe CO,. l_!t •-+1- and CO for 
both programs and not emissions unrelated to fuel economy, although diesel and alteniative fuel vehicles would 
have continued 10 be treated differently between the CAFE and CO, programs. While s uch an approach would have 
+e+>t•:..-,,,+•l, improved harmonization between the programs, standards would not have been fully aligned because 
oflhe small fraction of the fleet that uses d iesel a nd alternative fuels (as described in the proposal, such vehicles 
made up approx imately four percenl of the MY 2016 fleet). as well as difl'erences involving EPCA/ElSA provisions 
EPA has not adopted. such as minimum Slandards for domestic passenger cars and limits on credit transfers between 
regulated fleets . The~ proposal to e liminate flexibil ities associated w ith A/C refrigerants and leakage was not 
adopted for th, final rule, and the reasons for and implications or that decision are discussed further below. 
" 6 83 FR at 43193 (Aug. 24. 2018). 
1" Id. al 43194. 
'" Global, NHTSA-2018-0067-12032. Appendix A at A-5. 
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would prevent the potential for additional bifurcated, separate programs at the state level." 159 

The Alliance similarly commented that it ··suppons continuation of the full a ir conditioning 
refrigerant leakage credits under the [C01] standards."160 t ,1.,h .. 1 .111d 11, \ llian( I! h•th ,, ,, 
,,pr, , ,·d ,.,11,,rn, h111 t -.:c:ul.11 ,r ,t.11 1111 11 .H11111 ,JI 1.l.1,1111,-r, :h.11 11.11.: 111.,uc 11 c, ,. 1 

b:,wd <'ll 1. -.',1 111~ r~:.:u .1u,,11, Some individual manufacturers, including General Motors,161 Fiat 
Chrysler, 162 and BMW, 16' also commented in support of maintaining the current NC refrigerant 
and leakage credits. 

Auto manufacturing suppliers who addressed NC refrigerant and leakage credits also 
generally supported retaining the existing provisions. MEMA commented that "lt is essential for 
supplier investment and jobs, and continuous innovation and improvements in the technologies 
that the credit programs continue and expand to broaden the compliance pathways. MEMA 
urges the agencies to continue the current credit and incentives programs ... :•1

6-1 DENSO also 
supported maintaining the current provisions.16' However, BorgWarner supported the proposed 

"'' Id. Global also stated that excluding A/C leakage credits would '" ... greatly limitl) the abi lity [of manufacturers] 
to select the most cost-effective approach for 1cchnology improvements and result in a costlier. separate set of 
regulations that actual ly rela te to the overall ICO~] standards." Global also expressed concern that issuing separate 
regulations for A/C leakage could take 100 long and create a gap in which States might act to separately regulate or 
even ban refrigerants, and supported continued inclusion of AIC leakage and refrigerant regulation in EPA 's CO, 
program to avoid risk of an ensuing patchwork. Glo bal argued that manufacturers had already invested 10 meet the 
existing program. and that ·'the proposed phase-out also creates another risk that manufacturers will have stranded 
capital in technologies that are not fully amortized." Global Auto makers. EPA-HQ-OAR-2018-0283-5704. 
Anachmcnt A. at A.43-44. 
160 Alliance, NHTSA-2018-0067-12073. Full Comment Set, at 12. Alliance also expressed concern about stranded 
capital and risk of patchwork of slate regulation if MAC direct credits were not re tained in the Federal CO, program. 
Id. al 80-81. 
161 General Moto rs, NHTSA-2018-0067-1 1858. Appendix 4, a l I (""General Motors supports the extensive 
comments from the Alliance of Automobile Manufacturers regard ing flexibi lity mechanisms. and incorporates them 
by reference. In particular. the Alliance cites the widening gap berween the regulatory standards and actual 
industry-wide new vehicle average fuel economy that has become evident s ince 2016, despite the growing use of 
improvement ·credits from various flexibility mechan isms. such as off-cycle technology credits, mobi le air 
conditioner etliciency credits, mobi le air conditioner refrigerant leak reduction credits and credits from electrified 
vehicles.") 
162 FCA.NHTSA-20 18-0067-11943, a t 8. FCA also expressed concern about patchwork in the absence of a federal 
rule. Id. 
161 BMW, EPA-IIQ-OAR-2018-4204, at 3. B:vlW stated that '"Todav's ru les allow flexibili ties to be used bv the 
motor vehicle manufacturers for fuel savin~ teclmologies and etlici;ncv gains which are not covered in the · 
appl icable test procedures. To enhance th;luture use-of these tcchnol~gies and to reward motor vehicle 
manufacturer's investments taken for future innovations, the agencies should consider the continuation of current 
flexibi lities for the model vears 2021 lO 2026." -
1"' ME/VIA. available al . 
hnps:1/www.mema.org/sites/defaul t/fi lcslresource/ME/v1 A %20C AF E%20and %20G HG%20 Vehicle%20Com men ts 
% 20FINAL%20with%20Appcndices%?0Oct%2026%202018.pdf, comment at p. 2. Ml:MA also expressed concern 
about stranded capital investments by suppliers and supplier jobs if the direct MAC credits were not avai lable; stated 
that the credits were an important compl iance flexibility and "one oft he highest va lues of any c redit offered in the 
EPA program'"; and stated that "Harmonizing the programs dores not require making them identical or equivalent. 
Rather, harmonization can be achieved by bener coordinating the two programs to the extent feasible while allowing 
each agency to implement its separate and distinct mandate." Id. al 15-16. 
' 6' DENSO. NHTSA-2018-0067-1 1880, at 8. 
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removal of AlC refrigerant credits ••for hannonization reasons," while encouraging EPA to 
regulate NC refrigerants and leakage separately from the CO2 standards.1M 

The tv.'o producers of a lower GWP refrigerant, Chemours and Honeyv.•ell, commented 
extensively in support of continuing to allow A/C refrigerant and leakage credits for COJ 
compliance; making both economic and legal arguments. Both Chemours and Honeywell stated 
that A/C refrigerant and leakage credits were a highly cost-effective way for OEMs to comply 
with the CO2 standards, 167 with Chemours suggesting that OEM compliance strategies are based 
on the assumption that these credits will be available for CO2 compliance16

~ and that any 
increase in stringency above the proposal effectively necessitates that the credits remain part of 
the program. 169 Honeywell stated that all OEMs (and a variety of other parties) supported 
retaining the credits for CO2 compliance, 170 and Chem ours, Honeywell, and CBD et al. all noted 
that OEMs are alteady using the credits for low GWP refrigerants in more than 50 percent of the 
MY 2018 vehicles produced for sale in the U.S.171 The American Chemistry Council also stated 
that the "auto industry widely supports the credits, and U.S. chemical manufacturers are at a loss 
as to why EPA would propose to eliminate such a successful flexible compliance program.".17

" 

In response to NPRM statements expressing concern that the AJC refrigerant and letlkage credits 
could be market distorting, both Chemours and Honeywell disagreed, 173 arguing that the credits 
were simply a highly cost-effective means of complying with the CO, standards, 174 and that 
removal of the credits at this point would, itself, distort the market for refrigerants. Honeywell 
argued that eliminating the AJC credit program from CO2 com])liance would put the U.S. at a 
competitive disadvantage with other countries, and would risk U.S. jobs.175 

Regarding the NPRM's statem~nts that removing the A/C refrigerant and leakage credits 
from C01 compliance would promote harmonization with the CAFE program, these commenters 
argued that harmonization was not a valid basis for that aspect of the proposal. Chem ours, 
Honeywell, and CBD et al. all argued that Section 202(a) creates no obligation to harmonize the 
.CO:: program with the CAFE program,176 Chemours further argued that to the extent 
disharmonization between the programs existed, it should be addressed via stringency changes 

16• BorgWarner, NHTSA-2018-0[l{i7-l 1895, at JO. 
167 Chemour.; at 1 ("MVAC credits many times offer the 'least cost' approach to compliance ... ") and 9; Honeywell 
at 6, 
'" Chemours at 6-7' both Chem ours and Honeywell expressed concern about OEM reliance on the expectation that 
HFC credits would continue to be part of the CO, program (Chemours at 3): Honeywell al 16-20) and that 
investments in alternntive refrigeranl~ would be stranded (Chemours al 1, 3, 4-6; Honeywell at 2, 7-8). 
l<i\> Chemours at 7. 
,w Honeywell at 8-J 1. 
17f Chem ours at4; Honey,.vell at 6-7; CEO et al. al 46-47. 
172 American Chemistry Council, EPA-HQ-OAR-2018-0283-1415, at 9~10 (comments similar to Chemours and 
Honeywell). 
m Chemours at l; Honeywell al !3. 
' 74 Chem ours at 29-30; Honeywell at 13-14. 
"'Honeywell al 20-21. 
'" Chemours at 23-24; Honey\>ell at 1 l-12; CED ~I al. at 47. 
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(i.e., reducing CAFE stringency relative to CO! stringency) rather than "dropping low-cost 
compliance options."177 

These commenters a lso expressed concern that the proposal constituted an EPA decision 
not to regulate HFC emissions from motor vehicles at all. Commenters argued that the NPRM 
provided no legal analysis or reasoned explanation for stopping regulation of HFCs. m and that 
Massachusetts v. EPA requires any final rule to regulate all greenhouse gases from motor 
vehicles and not CO:i alone, 179 suggesting that there was a high likelihood of a lapse in regulation 
because EPA had not yet proposed a new way of regulating HFC emissions. 1811 Because the 
NPRM provided no specific information about how EPA might regulate non-CO~ emissions 
separately, commenters argued that the lack of c larity was inherently disruptive to OEMs.181 

CBD et cil. argued that any lapse in regulation is "illegal on its face" and that even creating a 
separate standard for HFC emissions would be "illegal'' because it "would increase costs to 
manufacturers and result in environmental detriment by removing any incentive to use the most 
aggressive approaches to curtail emissions of these highly potent GHGs." 18~ 

Environmental organizations, 183 other NGOs. academic institutions, consumer 
organizations, and state g~vernments1s.i also commented in support of continuing the existing 
provisions. 

EPA has considered its proposed approach to AIC refrigerant and leakage credits in light 
of these comments. EPA believes that maintaining this element of its program is consistent with 
EPA 's authority under Section 202(a) to establish standards for reducing emissions from LDYs. 
Thus, maintaining the optional HFC credit program is appropriate. In aJdition. LI',\ re,l•trniz..:s 
the , alue of n:l!ulaton llt'\ihili1,, dfltknmpliance opt inns, anJ tt!=-regul.1wn stabilit, for auto 
manufacturers. suppliers, anJ refril!eram proJuccr, that ha, c nuJc im e~tmcnh ba~cJ on c,1still!.! 
ree.ulations. and ,,e ha,e concluded th:n ,1c .:an maintain sufficient harmony b.:t,,ecn the l:PA 
li1.!lll dut, GHG and ~HTS.\ CAFE program, \\hile rewining 1hc c,istinl! \ l 
rl'friµ:cranl leakal!e credit program anJ associated ,,ff,-,ct bd\\een the GHG and l \ff stanJ;1rJ~ 
I unhc'L I I'\ h,1 _., 11, lmit'tl th,H lhc IX'llc'li! tr-1111 1ch1111111,: IRc' c'\I 1111,,: \ l r,·tnsr.,rll !cul.it..!<' 
crt'tli1 f'lt',_rc1111 c111,t d ,,.:1,1lc'd ,,fl ,1 h.:1".:.e11 ~ d11d l \I I ,h.11tl,11d i• t lt"fn,-....-+l 

f'I•" 1tl111~ l,,r.H+li•F..-.--t>t>IJ'lt'ilt'll l\c lc\.!1ilt1liPll 11I t'IW 1,111• l+ .. tH+lli-,.,.-+il.+1-ctll+ll+ll_'-' -',\-ct'411>tstcc-ll~t'--++"1+lil'i'~•et'-' l"'..'.41i1 

~M>,;11,; Iii~ lt'--lillmg 1+,+11Hl-1<. -hid,· •I h,1i'i11t111i,-.11;nR 

Regarding the comment from BorgWarner about how having a separate A/C refrigerant 
and leakage regulation would allow for better harmonization between the programs, we accept 

171 Chemours at 9-11 . 
118 Chemours at 1-~; Honeywell at 11. 
17"Chemoursat 18-19; Honeywe ll at 14-16. 
1
" ' Chcmours at 6; Honeywell at 16. 

18 1 Chemours at 21; Honeywell at 16; ICCT a t 1-39. 
182 CBD er al. at 46. 
18J ICCT. NHTSA-2018-0067-1 174 I. Full Comments. at 4 (describing ••air conditioning GHG-reduclion 
techno logies [as] available. cost-effective, and experiencing increased deployment by many companies due to the 
standards."); CBD er al., Appendix A, at 45-47. 
184 CARB, NHTSA-2018-0067-11873. Detailed Comments. al 120-121; Washington State Department of Ecology, 
NlffSA-2018-0067-1 J 926, at 6 (Hf Cs are an important GHG; compliance flexibilit) is important). 
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this to be an accurate statement, but believe the benefits of continued refrigerant regulation_i_:: 
JL ,c rih.:d 11, th.: p.1r.1c>1,1ph .1h11, c. as an option for CO:: compliance outweigh ft<' p+-nhlt."ttt"
. t , ,, 1,.11:J 1,-ttlt-{tl\'IM+..~hL11L lit, ,ol lull harmonization with the CAFE program. 

For these reasons, EPA is not finalizing the proposed provisions. and is making no 
changes in the A/C refrigerant and leakage-related provisions of the current program. In light of 
this eke i,,.,, ,._.,,ll I u 1o111, EPA does not need to address the l~ arguments made by CBD et al. 
and CARB about IH111 I I'\ 1111,_111 regulat~~ refrigerant-related emissions separately0c or_:1 
potential lapse, in regulation of refrigerant emissions while such a program 1,t,•u .. l 1,., 

developed. 

As with A/C refrigerant and leakage credits, EPA proposed to exclude nitrous oxide and 
methane from average performance calculations after model year 2020, thereby removing these 
optiona l program flexibilities. Alternatives I through 8 excluded this option. EPA sought 
comment on whether to remove those aspects of the program that allow a manufacturer to use 
nitrous oxide and methane emissions reductions for compliance with its CO:: average fleet 
standards because such a flexibility is not allowed in the NHTSA CAFE program. or whether to 
retain the flexibilities as a feature that <lifters between the programs. Further, EPA sought 
comment on whether to change the existing methane and nitrous oxide standards. Specifically, 
EPA requested information from the public on whether the existing standards are appropriate, or 
whether they should be revised to be less stringent or more siringent based on a ny updated data. 

The Alliance in its comments may have misunderstood EPA's proposal to mean that EPA 
was proposing to eliminate regulation of methane and nitrous oxide emissions altogether. The 
Alliance commented in support of such a proposal as they understood it, to eliminate the 
standa rds to provide better harmony between the two compliance programs. 185 The Alliance 
commented that "(n]ot only is emission of these two substances from vehicles a re latively minor 
contribution to GHG emissions. the All iance has continuing concern regarding measurement and 
testing technologies for nitrous oxide."186 The Alliance commented fu11 her that if"EPA decides 
instead to continue to regulate methane and nitrous oxide, the Alliance recommends that EPA re
assess whether the levels of the standards remain appropriate and to retain the current 
compliance flexibilities. Furthermore, in this scenario. the Alliance also recommends that 
methane and nitrous oxide standards be assessed as a fleet average and as the average of FTP and 
HFET test cycles."187 Several individual manufacturers submitted similar comments, including 

,ss Alliance, NHTSA-2018-0067-12073. Full Comment Set, at 13. 
11• Id. 
'" Id. 
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Ford, 1&8 FCA,1g9 Volvo, 1~0 and Mazda. 1~1 Ford also commented that it does not support the 
proposal to maintain the existing N20/CH~ ~tandards while removing the program flexibilities. 192 

The Alliance further commented that "data from the 2016 EPA report on light-duty 
vehicle emissions supports the position that CH4 and N20 have minimal impact on total GHG 
emissions, reporting only 0.045% in exceedance of the standard. This new information makes it 
apparent that CH~ and N20 contribute a de minimis amount to GHG emissions. Additionally, 
gasoline CH.i and N20 performance is within the current standards. Finally, the main producers 
ofCH4 and N:O emissions are flex fuel (ES5) and diesel vehicles, and these vehicles have been 
declining in sales as compared to gasoline-fueled vehicles.'' 193 The Alliance also commented 
that CH4 and N20 have minimal opportunities to be catalytically treated, as N20 is generated in 
the catalyst and CH4 has a low conversion efficiency compared to other emissions. EPA did not 
intend that additional hardware should be required to comply with the CH. or N20 standards on 
any vehicle."19

-1 

Global Automakers commented in support of continuing inclusion of nitrous oxide and 
methane emissions standards for all MYs, even ifit means a divergence from the NHTSA 
standards for these program elements in the regulations, "because they are complementary to 
EP A's program, and are better managed through a coordinated federal policy. They are also 
important to maintaining regulatory flexibility through real [CO"] emission reductions and would 
prevent the potential for additional bifurcated, separate programs at the state level."195 Global 
Automakers recommended that they remain in place per the existing program but continued 10 

support that the N20 testing is not necessary. Global Automakers commented that it "strongly 
recommends reducing the need for N:,O testing or eliminating these test requirements in their 
entirety. V!,:\A.i.,Ic·.'E!L\'>-'c'\•'ii''.Cn,,,[lt should be sufficient to allow manufacturers to 
attest to compliance with the N20 capped standards based upon good engineering judgment, 
development testing, and correlation to NOx emissions,• .. :md th.u EPA could, however, maintain 

1ss Ford, EPA-HQ-OAR-2018-0283-5691, at 4. 
'" FCA, NHTSA-2018-0067-l 1943, at 9. 
''" Volvo. NHTSA-20\8-0067-12036, at 5. 
,o, Mazda, NHTSA-2018-0067-11727, at 3 ("In reality, these emissions are at deminimis levels and have very little. 
if any, impact on global wanning. So. the need to regulate these emissions as part of the [COl] program, or 
separately, is unclear. Although most current engines can comply with the existing reguirements. there are some 
existi_ng and upcoming new technologies that may not be able fo fully comply. These technologie!< can provide 
substantial CO2 reductions.") 
102 Ford, at 4 ("Finally, without the ability to incorporate exceedances into CREE, each vehicle will need to employ 
hardware solu!ions if they do not comply. \\'e do not believe it was EPA 's intent in the original rulemaking to 
require additional after-treatment, with associated cost increases, explicitly for the control and rffiuction ofan 
insignificant contributor to GHG-emissions. Therefore, we do not support the proposal to maintain the exi~ting 
N20/CH4 standards whileremo,·ing the CREE exceedance pa.th way,") 
'"'Alliance, NlITSA-2018-0067-!2073, Full Comment Set, at 43. 
'"'Id.at 44. 
,9; Global, NHTSA-2018-0067-12032, at 4, 5. 
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the option to request testing to be,performcd for new technologies only, which could have 
unknovm impacts on N20 emissions."196 Hyundaim andKia198 submitted similarcommenfs. 

Others commented in support of retaining the existing program. MEC A commented that 
it supports the existing standards for methane and nitrous oxide because catalyst technologies 
provided by MECA members that reduce these climate forcing gases are readily available and 
cost-effective.Hg MECA also 9ommented that the ability to trade reductions in these pollutants 
in exchange for CO2 gives vehicle manufacturers the flexibilities they need to comply with the 
emission limits by the most cost-effective means.::ll!• CBD et al. commented that the alternative 
compliance mechanisms currently available in the program exist to provide cost-effectire 
options for compliance, and were considered by manufacturers to be a necessaiy element of the 
program for certain types of vehiclcs.::ni CBD et al. further argued that "I eJliminating these 
flexibilities consequently imposes costs on manufacturers without discernible environmental 
benefits," and suggested that harmonization with the CAFE program was not a relevant decision 
factor for EPA.::112 Several other parties commented generally in support of retaining the existing 
program for AJC leakage credits, discussed above, and N20 and CH~ statidards.M 

After considering these comments, EPA is retaining the regulatory provisions related to 
the N:O and CHs standards with no changes, specifically including the existing flexibilities that 
accompany those standards. EPA is not adopting its proposal to exclude nitrous oxide and 
methane emissfons from average performance calculations after model year 2020 or any other 
chan'ges to ,the program. The standards continue to serve their intended purpose of capping 
emissions of those pollutants and providing for more-comprehensive regulation of emissions 
from light-duty vehicles. The standards were intended to prevent future emissions increases, and 
these standards were generally not expected to result in the application of new technologies or 
significant costs for manufacturers using current vehicle designs.204 The program flexibilities are 
working as intended and all manufacturers are successfully complying with the standards. Most 
vehicle models are well below the standards and for those that are above the standards, 
manufacturers have used the flexibilities to offset exceedances with CO2 improvements to 
demonstrate compliance. EPA did not receive any data in response to its request for comments 
supporting potential alternative levels of stringency. 

While, the Alliance and several individual manufacturers recommended eliminating the 
standards altogether, EPA did not propose to eliminate the standards, but ,·,1:buJo eliminate the 
optional flexibilities, and solicited comment on adjusting the standards to be more or less 
stringent. Thus, EPA doe's not believe it would, be appropriate to eliminate ,_i,-;,l,ci-d-:,-·the 

'" Global, Appendix A, NHTSA-201 8-0067-12032. at A-44, fn. 89, 
191 Hyundai, EPA-HQ-OAR-2018-0283-4411. at 7, 
1~• Kia, EPA-l-iQ-OAR-2018-0283-4195, at 8-9. 
190 MECA, NHTSA-2018-0067-11994, at 12. 
wold. 
"° 1 CBD el al. at 48. 

'"' Id. 
io3 Washington State Department of Ecology, NHTSA-2018-0067-11926, at 6. 
'"' 77 fR 62624, at 62799 (Oct 15, 2012). 
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standards in this fi na l rule without providing an opportunity for comment on that idea. 
Furthermore, as noted above, EPA believes the standards are continuing to serve their intended 
purpose of capping emissions and remain appropriate. Manufacturers have been subject to the 
standards for several years, and the Alliance acknowledges in their comments that the 
exceedance of the standards, which is offset by manufacturers using compliance flexibil ities, is 
very small and that most vehicles meet the standards. Regarding the All iance comments that the 
standards should be based on a fleet average approach, EPA notes that the purpose of the 
standards is to cap emissions, not to achieve fleet-wide reductions.~05 The fleet average 
emissions for NcO and CH4 are well below the numerical level of the cap standards and therefore 
the existing cap standards would not be an appropriate fleet average standard. Adopting a fleet 
average approach using the same numerical level as the established cap standards , .. 111d .di. 
1 lL ,,pp1111u·111, l11r h.1d,, ltd111~ 1nd would not achieve the intended goal of capping emissions at 
current levels. If technologies lead to exceedances of the caps, automakers have the opportunity 
to apply appropriate flexibil ities under the current program to achieve GHG emission neutrality. 
EPA is not aware of any manufacturer that has been prevented from bringing a technology to the 
marketplace because of the current cap levels or approach. EPA bel ieves it would need to 
consider all options fu11her, with an opportunity for public comment. before adopting such a 
significant change io the program. 

As explained above, the agencies have changed the alternatives considered for the final 
rule, partly in response to comments. The basic form of the standards represented by the 
alternatives - footprint-based, defined by particular mathematical functions - remains the same 
and as described in the NPRM. For the EPA program, EPA has chosen in this final rule to retain 
the existing program for regulation of A/C refrigerant leakage. nitrous oxide, and methane 
emissions as pa11 of the CO~ standard. This allows manufacturers to continue to re ly on this 
flexibility which they describe as extremely important for compliance, a lthough it results in 
continued differences between EPA 'sand N HTSA ' s programs. This approach also avoids the 
possibility of gaps in the regulation of Hf Cs, CH-1, and N20 <' 111 "'I I'\ ,lc\.d,4'nl"Tl ,lt-l+t'+t.'ttl 
~~litl-tt~,4tt:~ t'llll r,,n d 1'-lll1d111,1'i1tlllh•11l"!ll11~+4t\1 ,,mltl1c1,I,_. 
,ill,,,, 11' \ ll' ,,,nl111,,c I<' r,:,,:11lc1le (.J-1.+ .. ,,t+H•·..;•-tt- 1,.,111 li,2h1 Ju1: ,,:h1,I, ,~J-rl---lTh+l-<'

,.,.mptd'k:'+1-..-.~. Thus, all alternatives considered in this final rule reflect inclusion ofCH-1, 
N20, and HFC in EPA's overall "CO~" (more accurately, CO: -equivalent, or COce) 
requirements. Besides this J2f~~. the alternatives considered for the final rule differ 
from the NPRM in two additional ways: first, alternatives reflecting the phase-out of the A/C 
e-fliciency and off-cycle programs have been dropped in response to ~ comments ,., , , LJ 
and in recognition of the f!Mh,ftl+rl-l..real-world benefits of those programs. And second, the 
,,1,·lt'1<«l .tl1cr11.1111, l,'I 1111 final 1.tnd.11J,1+tk reflectsa 1.5 percentyear-over-year , 1r 111~, 1, 

increase for both passenger cars and light trucks. These changes wi ll be discussed fu11her below, 
following a brief discussion of the form of the standards. 

,o; Relatedly, the Alliance and Global Automakers raised concerns in their comments regarding N,O measurement 
and testing burden. El'A did not propose any changes in testing requirements and at this lime EPA is not adopting 
any changes. Manufacturers have been measuring N,O emissions and have successfully cenified veh icles lo the 
N,O standards for several years and EPA does not believe N20 measurement is an issue needing regulalory change. 
EPA continues to believe direct measurement is the best way for manufacturers to demonstrate compliance with 1he 
N,O stanards and is more appropriate than an engineering statement without direct measurement. 
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A. Form ofthe standards 

As in the CAFE and CO~ rulemakings in 2010 and 2012, NHTSA and EPA proposed in 
the NPRM to set attribute-based CAFE and C01 standards defined by a mathematical function of 
vehicle footprint, which has observable correlation with fuel economy and vehicle emissions, 
EPCA, as amended by EISA, expressly requires that CAFE standards for passenger cars and 
light trucks be based on one or more vehicle attributes related 10 fuel econo_my and be expressed 
in the form of a mathematical function.~06 While the CAA includes no specific requirements 
regarding _i_!J___::_L,_>1_2_,_,(CH. ·-h':-•dt!tf, "''.<ci.l!)s,_r_,L, EPA has chosen to adopt attribute-based CO: 
standards consistent with NHTSA 's EPCA/EISA requirements in the interest of ham1oniz.atio11 
and simplif)•ing compliance. Such an approach is permissible under section 202(a) of the CAA. 
and EPA has used the attribute-based approach in issuing standards under analogous provisions
ofthe CAA. Thus, both the proposed and final standards take the form of fuel economy and CO2 
targets expressed as functions of vehicle footprint (the product of vehicle wheelbase and average 
track width). Section V.A.2 below discusses the agencies' continued reliance on footprint as the 
relevant attribute. 

Under the footprint-based standards, the function defines a CO2 or fuel economy 
performance target for each unique footprint combination within a car or truck model type. 
Using the functions, each manufacturer thus will have a CAFE and CO! average standard for 
each year that is almost certainly unique to each of its fleets/m based upon the footprints and 
production volumes of the vehicle models produced by that manufacturer. A manufacturer will 
have separate footprint-based standards for cars and for trucks. The functions are mostly sloped, 
so that generally, larger vehicles (i.e., vehicles with larger footprints) will be subject to lower 
CAFE mpg targets and higher CO2 grams/mile targets than smaller vehicles. This is because. 
generally speaking, smaller vehicles are more capable of achieving higher levels of fuel 
economv/lower levels of CO2 emissions, mostly because thev tend not to have to work as hard 
(and the.refore require as much energy) to perform their driving task. Although a manufacturer's 
fleet average standards could be estimated throughout the model year based on the pr~jected 
production volume of its vehicle fleet (and are estimated as part of EPA 's certification process), 
the standards to which the manufacturer must comply are determined by its final model year 
production figures. A manufacturer's calculation of its fleet average standards as well as its 
fleets' average performance at the end of the mode! year will thus be based on the production· 
weighted average target and performance of each model in its fleet.20s 

For passenger cars. consistent with prior rulemakings, NHTSA is defining fuel economy 
targets as follows: 

006 49 U.S.C. 32902(a)(3J(AJ. 
'"' EPCA/EISA requires NHTSA to separate passenger cars into domestic and import passenger car fleet,; whereas 
EPA combines all passenger cars into one fleet. 
"'" As discussed in prior rulemakings, a manufucturer may have some vehicle models that exceed their target and 
some that are below their target. Compliance with a fleet average standard is detennined by comparing the fleet 
average ,standard (based on the production•weighte<l average of the target levels for each model) with fleet average 
performance (based on the production.weighted average of the performance of each model). 
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1 
TARGETFii = 1 1 

MIN [MAX (c X FOOTPRINT+ d,a) 'bl 
where 

TARGETFF; is the fuel economy target (in mpg) applicable to a specific Yehicle 
model type with a unique footprint combination, 

a is a minimum fuel economy target (in mpg), 

b is a ma"imum fuel economy target (in mpg), 

c is the slope (in gallons per mile per square foot, or gpm, per square foot) ofa 
line relating fuel consumption (the inverse offuel economy) to footprint, and 

dis an intercept {in gpm) of the same line. 

Here, il1IN and .MA.¥ are functions that take the minimum and ma'(iinum values, 
respectively, of the set of included values. For example, MIN[40,35] = 35 and MA,\r40, 25) = 
40, such that MIN[MA);:t4D, 25), 35] = 35. 

For light trucks, also consistent with prior rulemakings, NHTSA is defining fuel economy 
targets as follows: 

TARGET(" l l ) 

=MAX 
MIN [MAX ( C X FOOTPRINT+ d,¼) ,¼] I MIN [MAX (g X FOOTPR!NT + h,¼),l] 

where 

TARGET Ft;: is the fuel economy target (in mpg) applicable to a specific vehicle 
model type with a unique footprint combination, 

a, b. c, and dare as for passenger cars, but taking values specific to light trucks, 

e is a second minimum fuel economy target (in mpg), 

fis a second maximum fuel economy target (in mpg), 

g is the slope (in gpm per square foot) of a second line relating fuel consumption 
(the inverse of fuel economy) to footprint, and 

his an intercept(in gpm) of the same second line. 
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Although the general model of the target function equation is the same for each vehicle 
category (passenger cars and light trucks) and each model year, the parameters of the function 
equation differ for cars and tmcks. For MYs 2020-2026, the parameters are unchanged, resulting 
in the same stringency in each of those model years. 

Mathematical functions defining the CO~ targets are expressed as functions that are 
similar, with coefficients a-h corresponding to those listed above.2M For passenger cars, EPA is 
defining CO2 targets mathematically equivalent to the following: 

TARGETcoz = MIN[b, MAX[a,c x FOOTPRINT+ d]] 

where 

TARGETco: is the is the CO2 target (in grams per mile, or g/mi) applicable to a 
specific vehicle model configuration, 

a is a minimum CO2 target {in g/mi), 

bis a maximum COl target (in g/mi), 

c is the slope (in glmi, per square foot) ofa line relating CO2 emissions to 
footprint, and 

dis an intercept (in g/mi) of the same line. 

For light trucks, CO2 targets are defined as follows: 

TARGETcoz = MIN[MIN[b,MAX[a,c X FOOTPRINT+ d]],MIN[f, MAX[e,9 
X FOOTPRINT+ h]] 

where 

TARGETcw is the is the C'01 target (in glmi) applicable to a specific vehicle 
model configuration, 

a, b. c, and dare as for passenger cars, but taking values spe,cific to light trucks, 

e is a second minimum CO2 target (in g/mi), 

/is a second maximum CO2 target (in g/mi), 

g is the slope (in g/mi per square foot) of a second line relating CO2 emissions to 
footprint, and 

'"" EPA regulations use a different but mathematically equivalent approach to specify targets. Rather than using a 
function with nested minima and maxima functions, EPA regufations specify requirements separately fordifforent 
ranges of vehicle footprint. Because these ranges reflect the combined application of the listed minima, maxima, and 
linear functions, it is mathematically equivalent and more efficienflo present the targets as in this Section. 
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his an intercepr(in g/mi) of the same second li ne. 

To be clear, as has been the case since the agencies began establishing anribute-based 
standards, no vehicle need meet the specific applicable fuel economy or COc targets. because 
compliance with either CAFE or COc standards is determined based on corporate average fuel 
economy or fleet average CO, emission rates. In th is respect. CAFE and CO, standards are 
unlike, for example, satety standards c1H,1 !l.1tli>i,'lhil iclHtk cn11 , 11 ,1,mtlartl .. CAFE and 
CO2 standards apply to the average fuel economy levels and CO2 emission rates achieved by 
manufacturers' entire fleets of vehicles produced for sale in the U.S. Safety standards apply on a 
vehicle-by-vehicle basis, such that every single vehic le produced for sale in the U.S. must, on its 
own, comply with minimum FMVSS. '-.ttc>tt,~«wric1 I' ollut,1111 <''n· 1"11 -i,H..,LHcl• _,.,. 

dl'l'ltccl di• d I'<'' hhlcle !>ii I. t1tl1 lh.11 <'' t"P ,~-l,,_.,-.1.,,h1cl'cl I< I ,., c l'l Ilic I '- rnt,-1-,--.•f lh 

"'' 1,. , .. 1111·1~ •., itli c1il ·11'1'1 e,11>1,· c1111 11 1 1.11 tl<11tl - When first mandating CAFE standards in 
the I 970s, Congress speci lied a more flexible averaging-based approach that allows some 
vehicles to "under comply" (i.e., fall sho11 of the overall flat standard, or fa ll sho11 of their target 
under attribute-based standards) as long as a manufacturer's overall fleet is in compliance. 

The required CAFE level applicable to a given fleet in a given model year is determined 
by calculating the production-weighted harmonic average of fuel economy targets applicable to 
specific vehicle model configurat ions in the lleet, as follows: 

where 

Li PRODUCTION; 
CAFErequ!rea = PRODUCTION-L , 

I TARGETFEU 

CAFE,.-q,,,,eJ is the CAFE level the fleet is required to achieve. 

i refers to specific vehicle model/configurations in the fleet, 

PRODUCTION; is the number of model configuration i produced for sale in the 
U.S., and 

TARGETn; the fuel economy target (as defined above) for model configuration i. 

Similarly. the required average CO2 level applicable to a given fleet in a given model 
year is detennined by calculating the production-weighted average (not harmonic) of CO2 targets 
applicable to specific vehicle model configurations in the fleet, as follows: 

I;PRODUCTION; x TARGETc02.i 
C02requirea = "' -PRODUCT/ON-

L..1 I 

where 

C02,.,quiml is the average CO2 level the fleet is required to achieve, 
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i refers to specific vehicle modeliconfigurations in the tleet, 

PRODUCTION1 is the number of model-configuration i produced for sale in the 
U.S., and 

TARGETcm.1 is the CO~ target (as defined above) for model configuration i. 

Section V.A. l describes the advantages of attribute standards, generally. Section V.A.2 
explains the agencies' specific': decision to use vehicle footprint as the attribute over which to 
vary stringency for past and current rules. Section V .A.3 discusses ihe policy considerations in 
selecting the specific mathematical function. Section V,A.4 discusses the methodologies used to 
develop cun:ent attribute-based standards, and the agencies' current proposal to continue to do so 
for MYs 2022-2026. Section V.A.5 discusses the methodologies used io reconsider the 
mathematical function for the proposed standards. 

I. Why Attribute-Based Standards, and what are the Benefits? 

Under attribute-based standards, every vehicle model has fuel economy and CO~ targets, 
the levels of which depend on the level of that ve!J_icle's determining attribute (for the MYs 
2021-2026 standards, footprint-is the determining attribute, as discussed below). The 
manufacturer's fleet average CAFE performance is calculated by the harmonic production
weighted average Of those targets, as defined below: 

. I; E OEM Fleet Production; 
Required CAFE= Production; 

LtEOEMFleet TarBet; 

Here, i represents a given model2w in a manufacturer's fleet, Production, represents the 
U,S, production of that model, and Target, represents the target as defined by the attribute-based 
standards. This means no vehicle is required to meet its target; instead, manufacturers are free to 
balance improvements however they deem best within (and, given credit transfers, at least 
partially across) their fleets. 

Because CO2 is on a gram per mile basis rather a mile per gallon basis, harmonic 
averaging is not necessary when calculating required CO2 levels: 

. Li e:Of:M Fleet Production, x Target; 
Reqmred CO2 = · . 

_E; e: OEM FleetProductwn1 

The idea is to Select the shape of the mathematical function relating the standard to the 
fuel economy-related attribute to reflect the trade-offa manufacturers face in producing_more of 
that attribute over fuel efficiency (due to technological limits of production and relative demand 
of each attrib,ute). lfthe shape captures these trade-offs, every manufacturer is more likely to 

" 0 lfa model has more than one footprint variant, here each of those variants is treated as a unique n1odel, i, since 
each footprint variant will have a unique target. 
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continue adding fuel-efficient technology across the distribution of the attribute within their fleet, 
instead of potentially changing the attribute - and other correlated attributes, including fuel 
economy - as a part of their compliance strategy. Attribute-based standards that achieve 1his 
have several advantages. 

First, assuming the attribute is a measurement of vehicle size, attribute-based standards 
help to at least partially reduce the incentive for manufacturers to respond to CAFE and CO2 
standards by reducing vehicle size in ways hannful io safety, as compared to "flat," non-attribute 
based standards.~11 Larger vehicles,. in terms of mass and/or crush space, generally consume 
more fuel and produce more carbon dioX.ide emissions, but are also generally better able to 
protect occupants in a crash.~12 Because each vehicle model has its own target (determined by a 
size-related attribute), properly fitted attribute-based standards reduce the incentive to build 
smaller vehicles simply to meet a fleet-wide average, because smaller vehicles are subject to 
more stringent compliance targets. 

Second, attribute-based standards, if properly fitted, provide automakers witl1 more 
flexibility to respond to consumer preferences than do single-valued standards. As discussed 
above, a single-valued standard encourages a fleet mix with a larger share of smaller vehicles by 
creating incentives for manufacturers to use downsizing the average vehicle in their fleet 
(possibly through fleet mixing) as a compliance strategy, which may result in manufacturers 
building vehicles for compliance reasons that consumers do not want. Under a size-related, 
attribute-based standard, reducing the size of the vehicle for compliance's sake is a less-viable 
strategy because smaller vehicles have more stringent regulatory targets. As a result, the fleet 
mix under such standards is more likely to reflect aggregate consumer demand for the size
related attribute used to determine vehicle targets. 

Third, attribute-based standards provide a more equitable regu!ato,y framework across 
heterogeneous manufacturers who may each produce different shares of vehicles along attributes 
correlated with fuel economy.m An industry-wide single-value-CAFE standard imposes 
disproportionate cost burden and compliance challenges on manufacturers who produce more 
vehicles with attributes inherently correlated with lower fuel economy- i.e. manufacturers who 
produce, on average, larger vehicles. As discussed above, retaining flexibility for manufacturers 
to produce vehicles which respect heterogeneous market preferences is an important 
consideration. Since manufacturers may target different markets as a part of their business 

~11 The 2002 NAS Report described at length and quantified the potential safety problem with average fuel economy 
standards that specify a-single numerical requirement for the entire industry. See Transportation Research Board and 
National Research Council. 2002. Ejfi!ctiwn~ss and impact ,,[Corporate Average Fuel Economy (CAFEi 
St1111J.ard.<, Washington, DC: The National Academies Press ("2002 NAS Report") at 5, finding 12, arailabfe a/ 
https:/lwww.nap.edu/catalogll O l 72leffectiveness-and-impact-<Jf-corpomte-averngc-fuel-economy-cafr-standards 
(last accessed June 15, 2018). Ensuing analyses. including by NHTSA. support the fundamental.conclusion that 
standards structured to minimize incentives to downsize all but the largest vehicles will tend to produce better safety 
outcomes' than flat standards. 
"" Bento, A., Gillingham, K-. & Roth. K. (2017). The Effect ofFuel Economy Standards on Vehicle Weight 
Dispersion and Accident Fatalities. NBER Working Paper No. 23340. Aw,ilah/e at 
http://www.nher.org/papers/w23340 (last accessed June 15, 2018). 
iii 2002 NAS Reportat4-5, finding 10. 
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strategy, ensuring that these manufacturers do not incur a disproport ionate share of the regulatory 
cost burden is an important part of conserving consumer choices within the market. 

Industry commenters generally supported attribute-based standards, while other 
commenters questioned their benefits. I Pl argued that preserving the current vehicle mix was not 
necessarily desirable or necessar)' for consumer welfare, and suggested that some vehicle 
downsizing in the fleet might be beneficial both for safety and for compliance.c14 IPI also argued 
that compliance credit trading would "help smooth out any disproportionate impacts on certain 
manufacturers" and "ensure that manufacturers with relatively efficient fleets still have an 
incentive to continue improving fuel economy (in order to generate credits)""15 Similarly, citing 
Ito and Sallee, Kath1yn Doolittle commented that" ... Ito and Sallee (2018) have found ABR 
["attribute-based regulations"] inefficient in cost when j Llxtaposed with flat standard with 
compliance trading."~16 

The agencies have considered these comments. I Pl incorrectly characterizes the 
agencies' prior statements as claims that it is important to preserve the current vehicle mix. EPA 
and NHTSA have never claimed, and are not today claiming that it is important to preserve the 
current fleet mix. We have said, and are today reiterating, that it is reasonable to expect that 
reducing the tendency of standards to tii~ IE111 tl~t! Amrl,t!bhi i't marl..l'L ,hare should reduce at least 
part of the tendency of standards to reduce consumer welfare. t l1. 11w1 e " - 1......i7"· 1+· bt1lt.'r 1, 

111111, ,, 1:h 1h~ 111,11'1.~11h.in d_,;.t11i.1 +1 Single-value (aka flat) CAFE standards 111 t't"'-t' Ir. 111 11-c 

)'n1 1h1,u~1i::11111»u~"1-,;"r~~-~1,-c,l1.1u 11i11ll1c11,c• .. , ·,,,, t1d1cl1cc 

\\LI..' l\ 111 the • -,,-, .1· J 1•1~11· , . Recognizing this, the National Academy of Sciences 
recommended in 2002 that NHTSA adopt attribute-based CAFE standards. NHTSA did so in 
2006, for light trucks produced starting MY 2008. As mentioned above, in 2007, Congress 
codified the requirement for attribute-based passenger car and light truck CAFE standards. 
Agreeing with this history, premise, and motivation, EPA has also adopted attribute-based CO~ 
standards. None of this is to say the agencies consider it important to hold fleet mix constant. 
Rather, the agencies expect that, compared to flat standards, attribute-based standards can a llow 
the market- including fleet mix-to better follow its natural course, and all else equal, consumer 
acceptance is likely to be greater if the market does so. 

The agencies also disagree with comments implying that compliance credit trading can 
address all of the market distortion that flat standards would entail. Evidence thus far suggests 
that trading is fragmented, with some manufacturers apparently willing to trade only with some 
other specific manufacturers. The Ito and Sallee article cited by one commenter is a highly 
idealized theoretical construction, with the authors noting, inter alia, that their model "assumes 
perfect competition."217 Its findings regarding comparative economic efficiency of flat- and 

" ' !Pl, NHTSA-2018-0067- 12362, at 14-15. 
"' IPI, NHTSA-2018-0067- 12362, at 14. 
' 16 Doolitt le, K. NHTSA-20 18-0067-741 1. See also Ito, Kand Sallee, J. "The Economics of Attribute-Based 
Regulation: Theory and Evidence from Fuel Economy Standards' '. The Rel'ie,r <l( Economics and S1a1is1ics. 2018: 
I 00(2); 319-336. 
m Ito and Sallee, op. ci1., Supplemental Appendix, a t A- 15. avai lable a l 
hnps://www.mitpressjoumals.org/doi/suppl/l 0.1162/REST a 00704/suppl tile/REST a 00704-esupp.pd f 
(accessed October 29, 2019). 
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attribute-based standards are, therefore. merely hypothetical, and the agencies find little basis in 
recent transactions to suggest the compliance credit trading market reflects the authors' idealized 
assumptions. Even if the agencies did expect credit trading markets to operate as in an idealized 
textbook example, basing the structure of standards on the presumption of perfect trading would 
not be appropriate. FCA commented that " .. . when flex ibilities are considered while setting 
targets, they cease to be flexibi lities and become simply additional technology mandates:' and 
the Alliance commented, similarly, that "'the Agencies should keep ' flexibilities' as optional 
ways to comply and not unduly assume that each flexibil ity allows additional stringency of 
footprint-based standards."~18 Perhaps recognizing this reality, Congress has barred NllTSA 
from considering manufacturers' ability to use compliance credits (even credits earned and used 
by the same OEM, much less credits traded between OEMs). \, d1,,u ,,'L, 1u11li,1 11~ 
\ Ill \ '.(cl. 11' \ hcl1c\c', tli.1111 11 c cr,·d 1111d111c, 111 I\ 1>c .t u,,Jul 1k,1J11J I\ 1111ulucc Ille 

,11c-r.tll Loht, ,,J 1h.: J'l"IH.!l',\111. II 1, in1p11r1,1111 (ti 'l"I ,1.1nd.11d, 11 ,111,1\ th,11 dn,·, nnl lc'I\ 1111 ctcdl' 

Pllt,h.isinc, ,t1.11l.1hilil\ .1, .I L1ll11pli.111cc ll1L'ch,111 ':!)I l·P.\ cl,:'.lt'c tli<1l ll 1',1 1ll1tl lltol h· •rt"•'f'l!rttt 
11r I t',I , 11<1l>k 1, · ~-Ht'-~1-Htd\tti.' ,li-++----+.tful.irtl I'll the 1•r,: Lill IJ'll• •t l~"tt1!. h•+ "'"- tHlf'· cc I-+-\ 
u ulJ <1l1 ,I~ ·t h1~c•1 I•~ ,ot111111ui11.! h• t+n.kf-,.,rik I c I" l''•lcli,1 c I J,, v t,;~"""~,:;-+-1' \ 
1•~111¥.+-t..ic•c'llll hll il<"1 clcctllci1' ,-tllc'.1liot»I 

Considering these comments and realities, considering EPCA 's requirement for attribute
based CAFE standards, and considering the benefits of regulatory harmonization, the agencies 
are, again, finalizing anribute-based CAFE and CO2 standards rather than. for either program, 
finalizing flat standards. 

2. Why Footprint as the Attribute? 

It is important that the CAFE and CO2 standards be set in a way that does not 
unnecessarily incentivize manufacturers to respond by selling vehicles that are less safe. Vehicle 
size is highly correlated with vehicle safety - for this reason, it is important to choose an 
attribute correlated with vehicle size (mass or some dimensional measure). Given this 
consideration, there are several policy and technical reasons why footprint is considered to be the 
most appropriate attribute upon which to base the standards, even though other vehicle size 
attributes (notably, curb weight) are more strongly correlated with fue l economy and tailpipe 
C01 emissions. 

First, mass is strongly correlated with fuel economy; it takes a certain amount of energy 
to move a certain amount of mass. Footprint has some positive correlation with frontal surface 
area, likely a negative correlation with aerodynamics, and therefore fuel economy, but the 
relationship is less deterministic. Mass and crush space (correlated with footprint) are both 
impmtant safety considerations. As discussed below and in the accompanying PRIA, NHTSA 's 
research of historical crash data indicates that holding footprint constant, and decreasing the 
mass of the largest vehicles, will result in a net positive safety impact to drivers overall, whi le 
holding footprint constant and decreasing the mass of the smallest vehicles will result in a net 
decrease in fleetwide safety. Properly fitted footprint-based standards provide little, if any, 

'" FCA, NHTSA-201 8-0067-1 1943. at 6; Alliance. NHTSA-2018-0067-12073, Full Comment Set, at 40. fn. 82 
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nol ··..,cuing aside·· thost i:mis~ions. any more then wt arc 
se11ing a.side the diffen,n1i11l upstream emissions that come 
from difference. in en~ fuels (e.g .• gnsoline as compared 10 
diesel as compared H) narural gas. etc.) 
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incentive to build smaller footprint vehicles to meet CAFE and CO2 standards, and therefore help 
minimize the impact of standards on overall fleet safety. 

Second, it is important that the attribute not be easily manipulated in a manner that does 
not achieve the goals ofEPC A or other goals, such as safety. Although weight is more strongly 
correlated with fuel economy than footprint, there js less risk ofartificial manipulation (i.e., 
changing the attribute(s) to achieve a more favorable target) b~; increasing footprint under 
footprint-based standards than there would be by increasing vehicle mass under weight-based 
standards. lt is relafa,ely easy fora manufacturer to add enough weight to a-vehicle to decrease 
its applicable fuel economy 'target a significant amount, as compared to increasing vehicle
footprint, which is a much more complicated change 1hat typically takes place only with a 
vehicle redesign. 

Further, some commenters on the MY 2011 CAFE rulemaking were concerned that there 
would be greater potential for such manipulation under multi-attribute standards, such as those 
that also depend on weight, torque, power, towing capability, and/or off-road capability. As 
discussed in NHTSA 's MY 2011 CAFE final ru!e,11 9 it is anticipated that the possibility of 
manipulation is lowest with footprint-based standards, as opposed to weight-based or multi
attribute-based standards. Specifically, standards that incorporate weight, torque, power, towing 
capability, and/or off-road capability in addition to footprint would not only be more complex, 
but by providing degrees of freedom with respect to more easily adjusted attributes, they could 
make it less certain that the future fleet would actually achieve the projected average fuel 
economy and CO~ levels. This is not to say that a footprint-based system eliminates 
manipulation, or that a footprint-based system eliminates the possibility that manufacturers will 
change vehicles in ways that compromise occupant protection, b_ut footprint-based standards 
achieve the best balance among affected considerations. 

Several stakeholders commented on whejher vehicular footprint is the most suitable 
attribute upon which to base standards. IP! commented that" ... footprint-based standards may 
be unnecessary to respect consumer preferences, may negatively impact safety, and may be 
overall inefficient. Severa! arguments call into question the footprint-based approach. but a 
particularly important one is that large vehicles can impose a negative safety externality on other 
drivers,"~~0 IP! commented, further, that the agencies should consider the relative merits of other 
vehicle attributes, including vehicle fuel type, suggesting that it would be more difficult for 
manufacturers to manipulate a flatter standard or one "differentiated by fuel type."2"1 Similarly, 
Michalek and Whitefoot recommended "that the agencies reexamine automaker response to the 
footprint-based standards to determine if adjustments should be made to avoid inducing increases 
to vehicle size,"2' 2 

Conversely, ICCT commented that "the switch to footprint-based CAFE and [CO2] 
standards has been widely credited with diminishing safety concerns with efficiency standards, 

m See 74 FR at 14359, (Mar. 30, 2009). 
:l..'O IPI, NHTSA-2018-0067-!2362, at 12. 
°'' JP!, J:,,,'J-ITSA-2018-0067-12362, at l3 et seq. 
1.--:, Michalek, J. and Whitefoot, K., NHTSA-2018-0067-11903. ac 13. 
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footprint standards encourage larger vehicles with wider track width, which reduces rollovers, 
and longer wheelbase, which increases the crush space and reduces deceleration forces for both 
vehicles in a two-vehicle collision."223 Similarly, BorgWarner commented that "the use of a 
footprint standard not only provides greater incentive for mass reduction, but also encourages a 
la_rger footprint for a given vehicle mass, thus providing increased safety for a given mass 
vehic-le, "224 and the Aluminum Association commented footprint based standards drive "fuel
efficiency improvement across all vehicle classes," "eliminate the incentive to shift fleet volume 
to smaller cars which has been shown to slightly decrease safety in vehicle-to-vehicle collisions," 
and provide "an incentive for reducing ·weight in the larger vehicles, where weight reduction is of 
the most benefit for societal safety." citing Ford"s aluminum-intensive F 150 pickup truck as an 
examp!eP' NADA urged the agencies to continue basing standards on Yehicle footprint, as 
doing so "serves both to require and allow OE Ms to build more fuel-efficient vehicles across the 
broadest possible light-duty passenger car and truck spectrnm,"22

h and UCS commented that 
footprint-based standards "increase consumer choice, ensuring that the vehicles available for 
purchase in every vehicle class continue to get more efficient."227 Furthermore, regarding 
concerns that footprint-based standards may be susceptible to manipulation, the Alliance 
commented that "the data above [from Novation Analytics] shows there are no systemic 
footprint increases (or any type of target manipulation) occurring."~:is While FCA 's comments 
supported this Alliance comment. FCA commented further that, lacking some utility-related 
vehicle attributes such as towing capability, 4-wheel-drive, and ride height, "it is clear the 
footprint standard does not fully account for pickup truck capability and the components needed 
such as larger powertrains, greater mass and frontal area," and requested the agencies "correct 
LDT standards to reflect the current market preference for capability over efficiency. and 
introduce mechanisms into the regulation that can adjust for efficiency and capability tradeoffs 
that footprint standards currently ignore:•c.29 

When first electing to adopt footprint-based standards, NHTSA carefully considered 
other alternatives, including vehicle mass and "shadow" (overall ,vidth multiplied by overall 
length). Compared to both of these other alternatives, footprint is much less,susceptible to 
gaming, because while there is some potential to adjust track v,·idth, wheelbase is mbre expensive 
to Change, at least outside a planned vehicle redesign. EPA agreed with NHTSA 's assessment, 
nothing has changed the relative merits of at least these three potential attributes. and nothing in 
the evolution of the tleet demonstrates that footprint-based standards are leading manufacturers 
to increase the footprint of specific vehicle models by more than they would in response to 
customer demand. Also, even if footprint-based standards are encouraging some increases in 
vehicle size, NHTSA continues to maintain, and EPA to agree, that such increases should tend to 
improve overall highway safety rather than degrading it, Regarding FCA 's request that the 
agencies adopt an approach that accounts for a wider range of vehicle attributes related to both 
vehicle fuel economy and customer-facing vehicle utility, the agencies are concerned that doing 

" 1 ICCT, J\.'HTSA-20l8-0(l{i7-l 174l, at 8-4. 
"' BorgWarner, NHTSA-2018-0067-11893, at"lO. 
m Aluminum Association. NHTSA-2018-0067-11952. at 3. 
'"" NADA, NHTSA-2018-0067-12064. at 13. 
:,; UCS, UCS, NHTSA-2018-0067-12039, at 46. 
"' Alliance, 1',JJ-ITSA-2018-0067-12073. at 1:23. 
" 9 FCA, NHTSA-2018-0(l{i7-l 1943, at 49. 
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so could further complicate already-complex standards and also lead to unintended 
consequences. For example, it is not currently clear how a multi-attribute approach would 
appropriately balance emphasis between vehicle attributes (.e.g., how much relative fuel 
consumption should be attributed to, respectively, vehicle footprint, towing capacity, drive type, 
and ground clearance). Also, basing standards on, in part, ground clearance would encourage 
manufacturers to increase ride height, potentially increasing the frequency of vehicle rollover 
crashes. Regarding !PJ's recommendation that fuel type be included as a vehicle attribute for 

attribute-based standards, the agencies note that both CAFE and COc standards already account 
for fuel type in the procedures for mea_suring fuel economy le\'els and C01 emission rates, and 
for calculating fleet average CAFE and CO:i levels. 

Therefore, having considered public comments on the choice of vehicle attributes for 
CAFE and CO2 standards, the agencies are finalizing standards that, as proposed, are defined in 
terms of vehicle footprint. 

3. What mathematical function should be used to specify footprint-based 
standards? 

In requiring NHTSA to ·'prescribe by regulation separate average fuel economy standards 
for passenger and non-passenger automobiles based on 1 or more vehicle attributes related to 
fuel economy and expre·ss each standard in the form of a mathematical function", EPCAIEISA 
provides ample discretion regarding not only the selection of the attribute(s), but also regarding 
the nature of the function. The CM provides no specific direction regarding :l:c·. ,;,r::, ,,; CO2 
,,ia:,d::rdot"scc:'t+eilii,•n, and EPA has continued to hannonize this aspect of its CO2 regulations with 
NHTSA's CAFE regulations. The relationship betv.•een fuel economy (and CO2 emissions) and 
footprint, though directionally clear (i.e., fuel economy tends to decrease and CO~ emissions tend 
to increase-with increasing footprint), is theoretically vague, and quantitatively uncertain; in 
other words, not so precise as to a priori yield only a single possible curve. 

The-decision of how to specify this mathematical function therefore reflects some amount 
of judgment. The function can be specified with a vi'ew toward achieving different 
environmental and petroleum reduction goals, encouraging different levels of application of fuel
saving technologies, avoiding any adverse effects on overall highway safety, reducing disparities 
of manufacturers' compliance burdens, and preserving consumer choice, among other aims. The 
following are among the specific technical concerns and-resultant policy tradeoffs the agencies 
have considered in selecting the details of specific past and future curve shapes: 

•· Flatter standards (i.e., curves) increase the risk that both the size of vehicles will 
be reduced, potentially compromising highway safety, and reducing any utility 
consumers would have gained from a larger vehicle. 

• Steeper footprint-based standards may create incentives to upsize vehicles, 
potentially oversupplying vehicles of certain footprints beyond what consumers 
would naturally demand, and thus ind-easing the possibility that fuel savings and 
CO" reduction benefits will be forfeited artificially. 
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• Given1he same industry-wide average required fuel economy or CO2 standard, 
flatter standards tend to place greater compliance burdens on full-line 
manufacturers, 

• Given the same industry-wide average re'quired fuel economy or COc standard, 
dramatically steeper standards tend to place,greater compliance burdens on 
limited-line manufacturers (depending of course, on which vehicles are being 
produced). 

• If cutpoints are adopted, given the same industl}·-wide average required fuel 
economy, moving smilll-Vehicle-cutpoints to the left U.e., up in terms of ti.tel 
economy, down in tenns ofCOJ emissions) discourages the introduction of small 
vehicles, and reduces the incentive to downsize smal! vehicles in ways that could 
compromise overall highway safety. 

• If cutpoints are adopted, given the same industry-wide average required fuel 
economy, moving large-vehicle cutpoints to the right (i.e., down in terms of fuel 
economy, up in terms of CO: emissions)'better accommodates the design 
requirements of larger vehicles - especially large pickups - and extends the 
size range over which downsizin_g is discouraged. 

4. What mathematical functions have been used previously, and why? 

Notwithstanding the aforementioned discretion under EPCA/EISA, data should inform 
consideration of potential mathematical functions, but how relevant data is defined and 
interpreted, and the choice of methodology for fitting a curve to that data, can and should include 
some consideration of specific policy goals. This section summarizes the methodologies and 
policy concerns that were considered in developing previous target curves (for a complete 
discussion see the 2012 FRIA). 

As discussed below, the MY 2011 final curves followed a constrained logistic function 
defined specifically in the final rule.230 The MYs 2012-2021 final standards and the MYs 2022~ 
2025 augural standards are defined by constrained linear target functions of footprint, as shown 
below:231 

1 
Target= 1 1 

min ( max(c,. Footprint+ d,a) ,5) 
Here, Target is the fuel economy target applicable to vehicles of a given footprint in 

square feet (Footprint). The upper asymptote, a, and the lower asymptote, b, are specified in 
mpg; the reciprocal of these values represent the lower and upper asymptotes, respectively, when 

~o See 74 Fed. Reg. 14196, l 4363-14370 (Mar. 30, 2009) forNHTSA discussion of curve fitting in the J,,fY 2011 
CAFE final rule. 
"' The right cutpoint for the light truck curve was moved further to the right for MYs 2017-2021, so that more 
possible footprints would fall on the sloped part of the curve. In orcler to ensure that, for all possible footprints, 
future standards would be al least as high as 1\.-fY 2016 levels. the final smndards for light trucks for :'v!Ys 2017~202! 
is the maximum of the MY 2016 target curves and the target curve5 for the give MY 5tandard. This is,defined 
further in the 2012 final rule. See 77 Fed. Reg. 62624, at 62699-700 (Oct. 15. 2012). 
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the curve is instead specified in gallons per mile (gpm). The slope, c, and the intercept,,d, of the 
linear portion of the curve are specified as gpm per change in square feet, and gpm, respectively. 

The min and max functions will take the minimum and maximum values within their 
associated parentheses. Thus, the max function wil! first find the maximum of the fitted line at a 
given footprint value and the lower asymptote from the perspective of gpm. lf the fitted line is 
below the lower asymptote it is replaced with the floor, which is also the minimum of the floor 
and the ceiling by definition, so that the target in mpg space will be the reciprocal of the floor in 
mpg space, or simply, a. If, however, the fitted line is not below the lower asymptote, the fitted 
value is returned from the max function and the min function takes the minimum value of the 
upper asymptote (in gpm space) and the fitted line. If the fitted value is below the uppe1: 
asymptote, it is between the two asymptotes and the fitted value is appropriately returned from 
the min function, making the overall target in mpg the reciprocal of the fitted line in gpm. If the 
fitted value is above the upper asymptote, the upper asymptote is returned is returned from the 
min function, and the o\'erall target in mpg is the reciprocal of the upper asymptote in gpm 
space, orb. 

In this way curves Specified a~ constrained linear functions are specified by the following 
parameters: 

a = upper limit (mpg) 
b = lower limit (mpg) 
c = slope (gpm per sq. ft) 
d = intercept (gpm) 

The slope and intercept are specified as gpm per sq. ft. and gpm instead of mpg per sq. ft. 
and mpg because fuel consumption and emissions appear roughly linearly related to gallons per 
mile (the reciprocal of the miles per gallon). 

a) .VHTSA in A1Y 2008 and }vfY 201 I CAFE (constrained logistic) 

For the MY 2011 CAFE rule, NHTSA estimated fuel economy levels by footprint from 
the MY 2008 fleet after nohnalization for differences in technology,23

~ but did not make 
adjustments to reflect other vehicle attributes (e.g., power-to-weight ratios). Starting with the 
technology-adjusted passenger car and light truck fleets, NHTSA used minimum absolute 
deviation (MAD) regression without sales weighting to fit a logistic fonn as a starting point to 
develop mathematical functions defining the standards. NHTSA then identified footprints at 
which to apply minimum and maximum values (rather than letting the standards extend without 
limit) and transposed these functions vertically (i.e., on a gallons-per-mile basis, uniformly 
downward) to produce the promulgated standards. In the preceding rule, for MYs 2008-201 I 
light truck standards, NHTSA examined a range of potential functional forms, and concluded 
that, compared to other considered forms, the constrained logistic form provided the expected 

~" See 74 Fed. Reg. 14196, 14363-14370 (Mar. 30, 2009) for NHTSA discussion ofclll"\'e fitting in the MY 2011 
CAFE final rule. 
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and appropriate trend (decreasing fuel economy as footprint increases), but avoided creating 
"kinks" the agency was concerned would provide distortionary incentives for vehicles with 
neighboring footprints.1 " 

b) MJS 2012-2016 Standards (constrained linear) 

For the MYs 2012-2016 rule, potential methods for specifying mathematical functions to 
define fuel economy and CO2 standards were reevaluated. These methods were fit to the same 
MY 2008 data as the MY 2011 standard. Considering these further specifications, the 
constrained logistic form, if applied to post-MY 2011 standards, would likely contain a steep 
mid-section that would provide undue incentive to increase the footprint of midsize passenger 
cars.1:14 A range of methods to fit the curves would have been reasonable, and a minimum 
absolute deviation (MAD) regression without sales weighting on a technology-adjusted car and 
light truck fleet was used to fit a linear equation. This equation was used as a starting point to 
develop mathematical functions defining the standards. Footprints were then identified at which 
to apply minimum and maximum values (rather than letting the standards extend without limit). 
Finally, these constrained/piecewise linear functions were transposed vertically (i.e., on a gpm or 
CO2 basis, uniformly downward) by multiplying the initial curve by a single factor for each MY 
standard to produce the final attribute-based targets for passenger cars and light trucks described 
in the final rule. 235 These transformations are typically presented as percentage improvements 
over a previous MY target curve. 

c) AIYs 2017 /Jnd beyond standards (constrained linear) 

The mathematical functions finalized in 2012 for MYs 2017 and beyond changed 
somewhat from the functions for the MYs 2012-2016 standards. These changes were made both 
to address comments from stakeholders, and to consider further some of the technical concerns 
and policy goals judged more preeminent under the increased uncertainty of the impacts of 
finalizing and propos_ing standards for model years further into the future. 236 Recognizing the 
concerns raised by full-line OEMs, it was concluded that continuing increases in the stringency 
of the light truck standards would be more feasible if the light truck curve for MYs 2017 and 
beyond was made steeper than the MY 2016 truck curve and the right (large footprint) cut-point 
was extended only gradually to larger footprints. To accommodate these considerations, the 
2012 final rule finalized the slo'pe fit to the MY 2008 fleet using a sales-weighted, ordinary least
squares regression, using a fleet that had technology applied to make the technology application 
across the fleet more uniform, and after adjusting the data for the effects of weight-to-footprint. 
Information from an updated MY 20LO fleet was also considered to support this decision. As the 
curve was vertically shifted lwith fuel economy specified as mpg instead of gpm or CO~ 

'-!-' See 71 Fed. Reg. 17556. l 7609-17613 (Apr.6.2006) for NHTSA discussion of~kinks" in the MYs 2008-201 l 
light truck CAFE final rule (there described as "edge effects"). A "kink," as used here, is a portion of the curve 
where a small change in foNprint results in a disproportionall)' large change in stringency. 
'-!4 75 Fed. Reg. at 25362. 
cJs Se& generally 74 Fed. Reg. at 49491-96; 75 FR at 25357-62. 
'-'"The MY$ 2012-2016 final standards were signed April 1st. 2010- putting 6.$ years between its-signing and the 
last affected model year, while the MYs 2017-2021 final standards were signed August 28th. 2012- giving just 
more than nine years between signing and the last affected final ~tandards. 
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emissions) upwards, the right eutpoint was progressively moved for the llght truck curves with 
successive model years, reaching the final endpoint for MY 2021; this is further discussed and 
shown in Chapter4:3 of the PRIA and Chapter [xxx] of the FRIA. 

5. Reci)nsidering the mathematical functions for today's rulemaking-

a) Why is it important to reconsider the 111athematicalfi111ctio11s? 

By shifting the developed curves by a single factor, it is assumed that the underlying 
relationship of fuel consumption (in gallons per mile) to vehicle footprint does not change 
significantly from the model year data used to fit the curves to the range of model years for 
which the shifted curve shape is applied to develop the standards. However, it must be 
recognized that the relationship between vehicle footprint and fuel econ'omy is not necessarily 
constant over time; newly developed technologies, changes in consumer demand, and even the 
curves themselves could influence the observed relationships between the IB'o whicle 
characteristics. For example, if certain technologies are more effective or more marketable for 
certain types of vehicles, their application may not be unifonn over the range of vehicle 
footprints, Further, if market demand has shifted between vehicle types. so that certain vehicles 
make up a larger share of the fleet, any underlying technological or market restrictions which 
inforin the average shape of the curves could change. That is, changes in the technology or 
market restrictions themselves, or a mere re-weighting of different vehicles types, could reshape 
the fit curves. 

For the above reasons, the curve shapes were reconsidered in the proposal using the 
newest available data from MY 2016. With a view toward corroboration through different 
techniques, a range of descriptive statistical analyses were conducted that do not require 
underlying engineering models ofhow fuel economy and footprint might be expected to be 
related, and a separate analysis that uses vehicle sim'ulation results as the basis to estimate the 
relationship from a perspective more expllcitly informed by engineering theory was conducted as 
well. Despite changes in the new vehicle fleet both' in tenns of technologies applied and in 
market demand, the underlying statistical relationship between footprint and fuel economy has 
not changed significantly since the MY 2008 fleet used for the 2012 final ru!e;-therefore, EPA 
and NHTSA proposed to continue to use the curve shapes fit in 2012. The analysis and 
reasoning supporting this decision follows. 

bJ What statistical analyses did EPA and NHTSA consider? 

In considering how to address the various policy concerns discussed above, data from the 
MY 2016 fleet was considered, and a number of descriptive statistical analyses (i.e., involving 
observed fuel economy levels and footprints) using various statistical methods, weighting 
schemes, and adjustments 10 the,data to make the fleets less technologically heterogeneous were 
performed. There were several adjustments to the data that were common to all of the statistical 
analyses considered. 

With a view toward isolating the relationship between fuel economy and footprint, the 
few diesels in the fleer were excluded, as well as the limited number of vehicles with partial or 
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full electric propulsion; when the fleet is normalized so that technology is more homogenous, 
application of these technologies is not allowed. This is consistent with the methodology used in 
the 2012 final rule. 

The above adjustments were applied to all statistical analyses considered, regardless of 
the-specifics of each of the methods, weights, and technology level of the data, used to view the 
relationship of vehicle footprint and fuel economy. Table V-1 Table V-1, below, summarizes the 
different assumptions considered and the key attributes of each. The analysis was performed 
considering all possible combinations of these assumptions, producing a total of eight footprint 
curves. 

Varying 
Assumt tions 
Alternatives 
Considered 

Details 

Key 
Attributes 

Table V-1 - Summary of Asswnptions Considered in the Statistical Analysis of the 
Current Footprint-FE Relationship 

Regression Type Regression Weights Technology Level 

OLS MAD 
Production- Model- Current Max. 

weighted wei11hted Technolol!v Technolo 
Equal 

weight for 
each Current MY Maximum 

Minimum mode!; 
Ordinary Absolute 

Points weighted collapses 
2016 tech., tech. applied, 

Least Deviation by production points with 
excluding: excluding: 

Squares volumes of each HEY, PHEV, HEY, PHEV, 
Regression Regressio model. similar: BEV, and BEV, and 

" footprint, FCV. FCV. 
FE, and 

curb 
wei!!ht. 

Tends 
Describes towards the Describes Captures ,h, space of 

Describes median the joint cum::nt relationship 
the average relationshi Tends towards distribution 

market, \\"ilh 
rclationshi p between higher-volumt: of footprint including homogenous 
p between 

footprint 
models; may and FE demand technology 

footprint and fuel systematically with the 
factors; may application; 

and fuel disadvantage miss changes may miss 
economy; manufacturers most in curve shape varying economy; docs not models; 

outliers can give who produce gives low- due 10 demand 
skew fewer vehicles. advanced considerations 

results. outliers as volume 1echno!ogy for different 
much models 

weight. equal application. segments. 

wei,,ht. 

( 1) Current Technology Level Curres 

The "current technology" level curves exclude diesels and vehicles with electric 
propulsion, as discussed abo.ve, but make no other changes 10 each model year fleet. Comparing 
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the MY 2016 curves to ones built under the same methodology from previous model year fleets 
shows whether the observed curve shape has changed significantly over time as standards have 
become more stringent. Importantly, these curves wil! include an)· market forces which make 
technology application variable over the distribution of footprint. These market forces will not 
be present in the "maximum technology" level curves: by making technology levels 
homogenous, this variation is removed. The current technology level curves built using both 
regression types and both regression weight methodologies from the MY 2008, MY 2010, and 
MY 2016 fleets, shown in more detail in Chapter 4.4.2.1 of the PRIA and Chapter rxx.x] of the 
FRIA, support the curve slopes finalized in the 2012 final rule. The curves built from most 
methodologies using each fleet generally shift, but remain very similar in slope. This suggests 
that the relationship of footprint to fuel economy, including both technology and market limits, 
has not significantly changed. 

(2) J..faxim11m Tec/1110/ogi· Level Cun,es 

As in prior rulemakings, technology differences between vehicle models were considered 
to be a significant factor producing uncertainty regarding the relationship between fuel 
consumption and footprint. Noting that attribute-based standards are intended to encourage the 
application of additional technology to improve fuel efficiency and reduce CO2 emissions across 
the distribution of footprint in the fleet, approaches were considered in which technology 
application is simulated for purposes of the curve fitting analysis in order to produce fleets that 
are less varied in technology content. This approach helps reduce "noise'' (i.e., dispersion) in the 
plot of vehicle footprints and fuel consumption levels and identify a more technology-neutral 
relationship between footprint and fuel consumption. The results of updated analysis for 
maximum technology level c4rves are also shown in Chapter4.4.2.2 of the PRIA and Chapter 
[xx:x] of the FRIA. Especially if vehicles progress over time toward more similar size-specific 
efficiency, further removing variation in technology application both better isolates the 
relationship between fuel consumption and footprint and further supports the curve slopes 
finalized in the 2012 final rule. 

c) What other methodologies were considered? 

The methods discussed above are descriptive in nature, using statistical analysis to relate 
observed fuel economy levels to observed footprints for knowi-t vehicles. As such, these methods 
are clearly based on actual data, answering the question "how does fuel economy appear to be 
related to footprint?" However, being independent of explicit engineering theory, they do not 
answer the question "how might one expect fuel economy to be related to footprint?" Therefore, 
_as an alternative to the above methods, an alternative methodology was also developed and 
applied that, using full-vehicle simulation, comes closer to answering the second question, 
providing a basis either to corroborate answers to the first, or suggest that further investigation 
could be important. 

As discussed in the 2012 final rule, several manufacturers have confidentially shared with 
the agencies what they described as. "physics-based" curves, with each OEM showing 
significantly different shapes for the footprint-fuel economy relationships. This variation 
suggests that manufacturers face different curves given the other attributes of the vehicles in their 
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fleets (i.e., performance characteristics) and/or that their curves reflected different levels of 
technology application. In reconsidering the shapes of the proposed MYs 2021-2026 standards, 
a similar estimation of physics-based.curves leveraging third-party simulation work form 
Argonne National Laboratories (ANL) was developed. Estimating physics-based curves better 
ensures that technology and performance are held constant for all footprints; augmenting a 
largely statistical analysis with an analysis that more explicitly incorporates engineering theory 
helps to corroborate that the relationship between fuel economy and footprint is in fact being 

characterized. 

Tractive energy is the amount of energy it will take to move a vehicle.J.'? Here, tractive 
energy effectiveness is defined as the share of the energy content of fuel consumed which is 
converted ilito mechanical energy and used to move a vehicle - for internal combustion engine 
{ICE) vehicles, this will vary with the relative efficiency of specJfic engines. Data from ANL 
simulations suggest that the limits of tractive energy effectiveness are approximately 25% for 
vehicles with internal combustion engines which do not possess integrated starter generator, 
other hybrid, plug-in, pure electric, or fuel cell technology. 

A tractive energy prediction model was also deve!ope_d to support today's proposal. 
Given a vehicle's mass, frontal area, aerodynamic drag coefficient, and rolling resistance as 
inputs, the model will predict the amount of tractive energy required for the vehicle to complete 
the Federal test cycle. This model was used to predict the tractive energy required for the 
average vehicle of a given footprint~38 and "body technology package" to complete the cycle. 
The body technology packages considered are defined in Table V-2Tab!e V-2, below. Using the 
absolute tractive energy predicted and tractive energy effectiveness values spanning possible ICE 
engines, fuel economy values were then estimated for different body technology packages and 
engine tractive energy effectiveness values. 

Table V-2 - Summary ofBody Technology Packages Considered forTracti,•e Energy 
Analysis 

Body Mass 
Aerodynamics 

Roll 
Tech. Reduction Resistance 

Packa0 e Level 
Level 

Lewi 

J 0% 0% 0% 
2 0% 10% 10% 
J 10% 10% 10% 
4 10% 15% 20% 
5 15% 20% 20% 

"' Th.omas, J. "Drive Cycle Powenrain Efficiencies and Trends Derived from EPA Vehicle Dynamo meter Results." 
SAE !,1/. J. Passe11g. Cars - Mech. Sys/. 7(4):2014, doi: 10.427112014·01-2562. Available al 
https:l/www.sae.org/publications/cechnical-papcrs/content/2014-0 l-2562/ (last accessed June 15, ~0 18). 
03• The mass reduction curves used elsewhere in this analysis were used 10 predict the mass ofa vehicle with a given 
footprint, body style box, and mass reduction level. The 'Body style Box' is l for hatchbacks and minivans, 2 for 
pickups, and 3 for sedans, and is an important predictor or aerodynamic drag, Mass is an essential input in the 
tractive energy calculation. 
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Chapter 6 of the PRIA and Chapter [xxx] of the FRIA show the resultant CAFE levels 
estimated for the vehicle classes ANL simulated for this analysis, at different footprint values 
and by vehicle "box." Pickups are considered ]-box, hatchbacks and minivans are 2-box, and 
sedans are 3-box. These estimates are compared with the MY 2021 standards finalized in 2012. 
The general trend of the simulated data points follows the pattern of the previous MY 2021 
standards for all technology packages and tractive energy effectiveness values presented in the 
PRIA. The tractive energy curves are intended to validate the curve shapes against a physics
based alternative, and the analysis suggests that the curve shapes track the physical relationship 
between fuel economy and tractive energy for different footprint values. 

Physical limitations are not the only forces manufacturers face; their success is dependent 
upon producing vehicles that consumers desire and wi!I purchase. For this reason, in setting 
future standards, the analysis will continue to consider information from statistical analyses that 
do not ho_mogenize technology applications in addition to statistical analyses which do, as well 
as a tractive energy analysis similar to the one presented above. 

The relationship between fuel economy and footprint remains directionally discemable 
but quantitatively uncertain. Nevertheless; each standard must commit to only one function. 
Approaching the question ''how is fuel economy related to footprint" from different directions 
and applying different approaches has given EPA and NHTSA confidence that the function 
applied here appropriately and reasonably reflects the relationship bel\veen fuel _economy and 
footprint. 

The agencies invited comments on this conclusiqn and the supporting analysis. ]Pl raised 
concerns that" ... several dozen models (hlostly subcompacts and sports cars) fall in the 30-40 
square fe'et range, whiCh are all su~ject to the same standards" and that "manufacturers of these 
models may have an incentive to decrease footprints as a compliance strategy, since doing so 
would not trigger more stringent standards."~39 NHTSA and EPA agree that, all else equal, 
downsizing the smallest cars (e.g., Chevrolet Spark, Ford Fiesta, Mini Cooper, Mazda MX-5, 
Porsche 911, Toyota Yaris) would most likely tend to degrade overall highway safety. At the 
same time, as discussed above, 1he agencies recognize that small vehicles do appear attractive 10 
some market segments (although obviously the Ford Fiesta and Porsche 911 compete in different 
segments). Therefore, there is a tension between on one hand, avoiding standards that unduly 
encourage safety-eroding downsizing and, on the other, avoiding standards that unduly penalize 
the market for small vehicles. The agencies examined this issue, and note that the market for the 
smallest vehicles has not evolved at all as estimated in the analysis supporting the 2012 final 
rule, and attribute this more to fuel prices and consumer demand for larger vehicles than to 
attribute-based CAFE and CO2 standards. For example, the market for vehicles with footprints 
less than 40 square foot was about45% smaller in MY 2017 than in MY 2010. The agencies 
also found that among the smallest vehicle models produced throughout MYs 2010-2017, most 
have become larger, not smaller. For example, while the Mazda MX-5's footprint decreased by 
0.1 square foot (0.3%) during that time, the MY 2017 versions of the Mini Cooper, Smart 
fortwo, Porsche 911, and Toyota Yaris had larger footprints than in MY 2010. With the market 
for very small vehicles shrinking, and with manufacturers not evidencing a tendency to make the 

"' JPl. NHTSA-20l 8-0067-12362, p. 14. 
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smallest vehicles even smaller, the agencies are satisfied that it would be unwise to change the 
target functions such that targets never stop becoming more stringent as vehicle footprint 
becomes ever smaller, because doing so could further impede an already-shrinking market. 

B. No-action alternative 

As in the proposal. the No-Action Alternative applies the augural CAFE and final CO~ 
targets announced in 2012 for MYs 202 1-2025. For MY 2026, this alternative applies the same 
targets as for MY 2025. The carbon dioxide equivalent of ai r conditioning refrigerant leakage 
credits, nitrous oxide, and methane emissions are included for compliance with the EPA 
standards for all model years under the no-action alternative. 

Table Y-3 - Characteristics of No-Action Alternative - Passenger Cars 

2021 2022 2023 2024 2025 2026 
Fuel Economy Tarects 
a (11102) 50.83 53.2 1 55.7 1 58.32 61 .07 6 1.07 
b (mpg) 38.02 39.79 41.64 43.58 45.6 1 45.6 1 

c (gpm per s.f) 0.000442 0 .000423 0.000404 
0.00038 0.00037 

(J.000370 
7 0 

d (<>om) 0.00155 0.00146 0 .00137 0.00129 0.00P I 0.00 121 

CO2 Tarnets 
, - 11+,4 

l "' 
,,.µ... ,,_,,. I· - .'_+l 1'(1~ I II . 

a (g/mi) u -~, ... ,,~ _i11'- 11;+.u ~_;LIU I~)> l .,..u , - ,, 1,.,..,.. IIµ..)... 
b (glmi) 

II 4 
c (g/mi per s.f.) -l • .u4 ( lj --:.... --1......e.u ; -1....__g ~ .=_ h....._;.L.I - ,,,J.i.J 

d (e/mi) ll ,j(; .. U 1--lh'- -1 ,+,.. - "'~ - -"41 '2 ;~ 

Table V-4 - Characteristics of No-Action Alternative - Light Trucks 

2021 2022 2023 2024 2025 2026 
Fuel Econonw Tare.els 

a (mn<T/ 41.80 43.79 45.89 48.09 50.39 50.39 
b (mn<>) 25.25 26.29 27.53 28.83 30. 19 30.19 
c (.,mm ver sf) 0.000482 0 .000461 0.000440 0.00042 1 0.000402 0.000402 
d (<mm) 0.00416 0.00394 0.00373 0.00353 0.00334 0.00334 
e (mv2) 35.41 35.4 1 35.41 35.41 35.41 35.41 
f (mp2) 25.25 25.25 25.25 25.25 25.25 25.25 
2 (wm ver s.f) 0.000455 0.000455 0.000455 0 .000455 0.000455 0.000455 
I, (f!vm) 0.00960 0.00960 0.00960 0.00960 0.00960 0.00960 

CO2 Targets 
a (!;l mi) 195 186 176 168 159 159 
b (f!l llli) 335 32 1 306 291 277 277 
c (1tl mi ver s.f.) 4.28 4 .09 3.91 3.74 3.58 3.58 
d (.2/mi! 19.8 17.9 16 .0 14.2 12.5 12.5 
e (f!/mi) 234 234 234 234 234 234 
f'({!lmi) 335 335 335 335 335 335 
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(r:;/mi ers.f) 4.04 4.04 4.04 4.04 4.04 
/if:lmi1 68.1 68.1 68.1 68.1 68.1 

In comments on the DEIS, CBD e'/ al. indicated that it was appropriate for NHTSA to use 
the augural CAFE standards as the baseline No Action regulatory alternative.040 However, 
CARE commented that the baseline regulafory alternative should include-CARB's ZEV 
mandate, in part because EPA must consider "other regulations promulgated by EPA or other 

government entities," and, according to CARB, there will be much more vehicle electrification in 
the future as manufacturers respond to market demand and also work to comply with the ZEV 
mandate.241 

On the other hand, arguing for consideration of standards less stringent than those 
proposed in the NPRM, Walter Kreucher commented that rather than using the augural standards 
as the baseline, "a better approach would be to assume a clean sheet of paper and start from the 
existing 2016MY fleet and its associated standards as the baseline using 0%/year increases for 
both passenger cars and light trucks for MYs 2017-2026."24~ Similarly, A VE argued that 
because previously-promulgated standards for MYs 2018-2021 a'lready present a _significant 
challenge-that '-V.•ill likely require almost every automaker to continue 'using credits for 
compliance, ... A VE believes this rulemaking should reset ... the current compliance baseline for 
cars and light trucks at MY 2018 ... "243 BorgWarner commented similarly that "Beginning in 
MY 2018, standards should be reset to the levels the industry actual!y achieved. For MY 2018 
and beyond, succeeding model year targets should be set with an annual rate of improvement 
defined by the slope of improvement the industry has acl1ieved over the last six years .... Based 
on these data, our analysis suggests the most reasonable and logical rate of improvement falls 
between 2.0% to 2.6% for cars and trucks. Additionally, a single rate of improvement for the 
combined fleet should be considered."244 

The No-Action. Alternative represents expectations regarding the world in the absence of 
a proposal, accounting for applicable laws already in place. Although manufacturers are already 
making significant use of compliance credits toward compliance with even MY 2017 standards, 
the agencies are obligated to evaluate regulatory altem~tives against the standards already in 
place through MY 2025. Similarly, even though manufacturers are already producing electric 
vehicles, EPA and NHTSA appropriately excluded California's ZEV mandate from the No
Action alternative for the NPRM, for several re<1sons. First, the ZEV mandate is not Federal law; 
second, as described in the proposal and subsequently finalized in regulatory text, the ZEV 
mandate is expressly and impliedly preempted by £PC A; third, EPA proposed to withdraw the 
waiver of CAA preemption. in the NPRM and subsequently finalized this withdrawal. 
Accordingly, the agencies hm'e, therefore, appropriately excluded the ZEV mandate from the 
No-Action alternative. However, as discussed below, the agencies' analysis does account for the 
potential that under every regulatory alternative, including the No-Action Alternative, vehicle 

'"'' CBD et al., NHTSA-20!8-0067-12123, Attachment 1, at 13. 
i;i CARB, NHTSA-2018-0067-11873, at 124-125. 
m KreucheC, W., NHTSA"2018-0067-0444, at 8. 
"' A VE, NHTSA"20!8-0067-l 1696, at 8"9. 
'" Borg\Varner, NHTSA-2018-0067-11895, at 3, 6. 
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electrification could increase in the future, especially ifbatteries become less expensive as 

gasoline becomes more expensive. 

C. Action alternatives 

1. Alternatives in final rule 

TI1e table below shows the different alternatives evaluated in today's notice. 

Table V-5 - Regulatory Alternatives Currently under Consideration 

Alternative Chan°e in strin<•enc•· 

Baseline/ 
MY 2021 standards remain in place; MYs 2022-2025 augural CAFE 

No-Action 
standards are finalized and CO2 standards remain unchanged: MY 2026 
standards are set at MY 2025 levels 

1 Existing standards through MY 2020. then 0%/ycar increases for both 
/Pronosed) nasscnger cars and li!!hl trucks, for MYs 2021-2026 

' 
Existing standard> through MY 2020, then 0.5%/year increases for both 
nassen<>er cars and li<'ht trucks, for MYs 2021-2026 

3 Existing standards through MY 2020, then 1.5%/year increases for both 
(Preferred) nassenger cars and [i,,ht trucks, for MYs 2021-2026 

4 
Existing standards through MY 2020, then l%Jyear increases for passenger 
cars and 2%/ 'ear increases for fo1ht trucks, for MYs 2021-2026 

5 
Existing standards through MY 2021, then ]%/year increases for passenger 
cars and 2%/ ·ear increases for ]]"ht trucks, for MYs 2022-2026 

6 
Existing standards through MY 2020, then 2%/year increases for passenger 
cars and 3%1\ear increases for li"ht trucks, for MYs 2021-2026 

7 
Existing standards through MY 2021, then 2%/year increases for passenger 
cars and 3%/vear increases for licltt trucks. for MYs 2022-2026 

With one exception, the alternatives considered in the NPRM included the changes in 
stringency for the above alternatives. Alternative 3, the preferred alternative, is newly included 
for today's notice.z.; 

Regulations regarding implementation ofNEP A requires agencies to "rigorously explore 
and objectively-evaluate all reasonable alternatives, and for alternatives which were eliminated 
from detailed study, briefly discuss the reasons for their having beeri eliminated."246 This does 
not amount to a requirement that agencies evaluate the widest conceivable spectrum of 
alternatives. For example, a State considering adding a single travel lane to a preexisting section 
ofhighway would not be required to consider adding three lanes, or to consider dismantling the 
highway altogether, 

Among thousands of individual comments that mentioned the proposed standards very 
generally, some comments addressed the range-and definition of these regulatory alternatives in 

Ni As the agencies indicated in the NPRM, they were considering and taking comment "on a wide range of 
altematives,and have specifically modeled eight alternatives." 83 FR at 42990 (Aug. 24, 2018). The preferred 
alternative in this final rule Was within the range of alternatives considered in the proposal. although il was not 
specifically modeled at that time. This issue is discussed in funher detail below. 
""40CFR 1502.14 
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specific tenns, and these specific comments include comments on the stringency, structure, and 
particular provisions defining the set ofregulatory alternatives under consideration. 

As discussed throughout today's notice, the agencies have updated and otherwise revised 
many aspects of the analysis. The agencies have also reconsidered whether the set of alternatives 
studied in detail should be expanded to include standards less stringent than the proposal's 
preferred alternative, or to include standards more stringent than the proposal's no-action 
alternative, On one hand, comments from Walter Kreucher and AVE cited above indicate the 
agencies should consider relaxing standards below MY 2020 levels, and CEI challenged the 
agencies' failure to include less-stringent alternatives in the following comments on this 
question: 

DOT failed to consider the possibility of freezing CAFE at an even more lenient 
standard than currently exists, nor did it consider making its proposed freeze take 
effect sooner than MY 2020. However, as DOT's own analysis strongly 
indicates, doing so would lead to even greater benefits and an even greater 
reduction in CAFE-related deaths and injuries. In short, DOT's failure to 
consider this possibility is arbitrary and capricious. It has an opportunity to 
remedy this ln its final rule, and it should do so by selecting a standard that is 
even more lenient than the one it proposed... It should have gone beyond its 
original set of alternatives and examined less stringent ones as well - until it 
found one that, for some reason or another,- failed to produce greater safety 
benefits or failed to meet the statutory factors.~47 

On the other hand, a coalition often environmental advocacy organizations stated that the 
agencies should consider alternatives more stringent than those defirling the baseline no action 
alternative, arguing that in light of CEQ guidance and the 2018 IPCC report on climate change, 
"the increasing danger, increasing urgency, and increasing importance of vehicle emissions all 
rationally counsel for strengthening emission standards."248 CBD et al. observe that "none of 
these alternatives [considered in the NPRMJ increases fuel economy in comparison with the No 
Action Alternative, none conserves,energy ... " and go on to assert that "none represents 
maximum feasible CAFEstandards."249 Similarly, EDF commented that " ... gh'en its clear 
statutory directive to maximize fuel savings, NHTSA should have considered a range of 
alternatives that would be more protective than the existing standards,"250 and three State 
agencies in Minnesota commented that "more stringent standards are consistent with EPCA's 
purpose of energy conservation and the CAA 's pmpose of reducing harmful air pollutants."J;i 
The North Carolina Department of Environmental Quality acknowledged the agencies' 
determination in the proposal that alternatives beyond the augural standards might be 

"'' CE!, NHTSA<2[)18-0067-l2015, at I. 
""CBD, et al., NHTSA-2018-0067•12057 p. 10. Also, see comments from Senator Tom Carper, NHTSA-2018-
0067-11910, at 8-9, and from UCS, l\'HTSA-1018-0067-12039, at 3, 
:«s CBD, et al., NHTSA-2018-0067-12123, at 12-13. 
"" EDF, NHTSA-2018-0067-11996, at,10. 
'-'I Minnesota Pollution Control Agency, Department of Transportation, and Department of Health. NIUSA-2018-
0067-11706. at 5. 
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economically imprac-ticable, but neve1theless argued that "alternatives that exceed the stringency 
of the current standards are consistent with EPCA's purpose"252 In oral testimony before the 
agencies, the New York State Attorney General also indicated that the agencies should consider 
alternatives more stringent than the augural standards.m A coalition of States and cities 
commented that "at a minimum, the existing standards should be left in place, but EPA should 
also consider whether to make the standards more stringent, not less, just as it has done in prior 
proposals."254 More specifically, ~ International Mosaic, an ,,17Ji11e blt1J. ,,,me Cllh~n•, i ,., 

annn~ m01:1., iAdi, itlual•, commented that the agencies must " fully and publicly consider a few 
options that require at least a seven annual percent [sic) improvement in vehicle fleet 
mileage."255 In comments on the DEIS, CBD, er al. went further, commenting that "NHTSA's 
most stringent alternative must be set at no lower than a 9 percent improvement per year."'256 

Most manufacturers who commented on stringency did not identif)· specific regulatory 
alternatives that the agencies should consider, although Honda suggested that standards be set to 
increase in stringency at 5% annually for both passenger cars and I ight trucks throughout model 
years 2021 -2026.257·258 

The agencies carefully considered these comments to expand the range of stringencies to 
be evaluated as possible candidates for promulgation. To inform this consideration, the agencies 
used the CAFE model to examine a progression of stringencies extending outs ide the range 
presented in the proposal and draft EIS, and as a point of reference, us ing a case that reverts to 
MY 2018 standards starting in MY 2021. Scenarios included in this init ial screening exercise 
ranged as high as increasing annually at 9.5% during MYs 2021 -2026, reaching average CAFE 
and C01 requirements of 66 mpg and 119 g/mi, respectively. Results of this analysis are 
presented in the following tables and charts. Focusing on MY 2029, the tables show average 
required and achieved CAFE (as mpg) and C01 (as g/mi) levels for each scenario, along with 
average per-vehic le costs (in 2018 dollars, relative to retaining MY 20 17 technologies). The 
proposed (0%/0%), fina l ( 1.5%/ 1.5%), and baseline augural standards are shown in bold type. 
T he charts present the same results on a percentage basis, relative to values shown below for the 
scenario that reverts to MY 2018 standards starting in MY 2021. 

For example, reverting to the MY 2018 CAFE standards starting in MY 2021 yields an 
average CAFE requirement of 35 mpg by MY 2029, with the industry exceeding that standard by 
5 mpg at an average cost of$ I ,254 relative to MY 2017 technology. Under the augural 
standards, the MY 2029 requirement increases to 47 mpg, the average compliance margin falls to 
J mpg, and the average cost increases to $2,850. In other words, compared to the scenario that 
reverts to MY 2018 stringency starting in MY 2021 , the augural standards increase stringency by 

''' North Carol ina Department of Environmental Qllality, NHTSA-2018-0067- 120~5. al 37-38. 
'" New York State Attorney General, Testimony of Austin Thompson. NHTSA-2018-0067-12305, at 13. 
'~' NHTSA-2018-0067-11735, at 49. 
:ii International lvlosaic NHTSA-2018-0067-11 I 54. at I 
21° CBD, er al., NHTSA-2018-0067-1 2123, at 17. 
"'Honda, NHTSA-2018-0067-1 20 19. EPA-HQ-OAR-2018-0283, at 54. 
" ' In model year 2021. the baseline standards for passenger cars and light trucks increase by about 4% and 6.5%. 
respectively, relative to standards for model year 2020. Depending on the composition of 1he future new vehicle 
fleet (i.e .. the foolprints and relative market shares of passenger cars and light trucks). 1his amounts to an overall 
average stringency increase of about 5.5% relative to model year 2020. 

IOI 
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34% (from 35 to 47 mpg), increase average fuel economy by 20% (from 40 to 48 mpg), and 
increase costs by 127% (from $1.254 to $2,850). 

As indicated in the fol lowing two charts. the reality of diminishing returns clearly applies 
in both directions. On one hand. relaxing stringency below the proposed standards by reverting 
to MY 2018 or MY 2019 standards reduces average MY 2029 costs by only modest amounts 
($0-$ 145). As discussed in Section VII, the agencies ' updated analysis indicates that the 
proposed standards would fall short of EPCA 's requirement that standards be set at the 
maximum feasible levels considering the statutory factors,-..•k.l ~1~+, I 1hc « \ \ ~ •nf".+++~ 

1-th-tt----,,httltl,ttJ, Pt ltd ,'11,,1,1,, <111J ,1rrn•pridtc. If further relaxation of standards appeared likely to 
yield more significant cost reductions, it is conceivable that such savings could outweigh further 
foregoing of energy and climate benefits. However, this screening analysis does not show 
dramatic cost reductions. Therefore, the agencies did not include these two less stringent 
alternatives in the detailed analysis presented in Section VII. 

On the other hand, increases in stringency beyond the baseline augural standards show 
costs continuing to accrue much more rapidly than CAFE and CO2 improvements. Considering 
that, as discussed below in Section VII, even the no action alternative is already well beyond 
levels that can be supported under the• (,\,\and EPCA. If further stringency increases appeared 
likely to yield more significant additional energy and environmental benefits, it is conceivable 
that these could outweigh these significant additional cost increases. However, this screening 
analysis shows no dramatic acceleration of energy and environmental benefits. Therefore, the 
agencies did not include stringencies beyond the augural standards in the detailed analysis 
presented in Section VII. 

Table V-6 - Average MY 2029 Required and Achieved CAFE Levels (mpg) and Average 
MY 2029 Per-Vehicle Costs (2018 $) under a Range of Stringency Increases 

Scenario A,erage Average ~ ,-ern<>e 
Required Achie,·ed Cost 
CAFB CAFE (2018 $) 

(mng \ (moll) 

Revert to MY 2018 Standards Starting MY 2021 t.,5 '10 1.254 

Re,·ert to MY 2019 Standards Starting :VIY 2021 G6 'I ll 1.306 

0.00¾fy PC and 0.00¾ry LT During 202 1-2026 37 4 1 1,399 

0.50%/y PC and 0.50%/y LT During 202 1-2026 G8 lt1 IA25 

1.50%/y PC and 1.50%ry LT During 2021-2026 40 42 1,656 

2.50°0.·) PC and 2.50%/y LT During 2021-2026 1+3 1:14 1,953 

3.50%'y PC and 3.50%/y LT During_)O:!l-2026 45 1:17 2.45 lj 

Augural Standards 47 48 2,850 

4 .50%/y PC and 4.50%/y LT During_ 2021-2026 48 49 3.051 

5.50%/y PC and 5.50%/y LT During.;,021 -2026 51 52 3.641 

6.50%/y PC and 6.50%/y I.T During 2021 -2016 55 156 4.238 

7.50o/.1i) PC and 7.50%/y LT During 2021-2026 58 !59, ,4,923 

8.50%/y PC and 8.50%/y I T During 202 1-20"6 62 ~ (6,223 
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I 9.50°0 ~ PC and 9.50°0 y LT During 2021 -2026 

Table V-7 - Average MY 2029 Required and Achieved CO2 Levels (glmi) and Average 
M Y 2029 Per-Vehicle Costs (2018 $) under a Range of Stringency Increases 

Scenario AY(:rage 1Average .t\ ,erage 

Required Achie1·ed CnsL 
cu, co (201s si 
{g. mi) (u mi) 

Rc,·crt to rvlY 2018 Standards Starting MY 202 1 238 208 (J .239 

Re,·ert to MY 20 19 Standards Starting_klY 202 1 ~'~ - ~l- 208 1.246 

0.00%/y PC and 0.00°/4,/y LT During 2021-2026 224 , 206 1,289 

0.50°,,i) PC and 0.50° 0/y LT During 2021-2026 218 205. lJ ,3 10 

1.50%/y PC and 1.50%/y LT During 2021-2026 1204 199 1,50 1 

2.50°•0\ PC and 2 .50°0-y LT During_]021 -2026 191 190 1.83 1 

3.50°0,) PC and 3.50°0) LT During 202 1-2026 180 178 1:.302 

Augural Standards 175 173 12,560 
14 .50~oi) PC and 4 .50°0-) I.T During 202 1-2026 169 1()_7J ~ .843 

5.50% 'y PC and 5.50° o'y LT During 202 1-2026 ll 58 156 3.491 

6.50'}oiy PC and 6 .50° 01y LT DuriJ!g_.]02 1-2026 148 146 4.122 

7.50°oi) PC and 7.50°0.-'y I.T During 202 1-2026 138 136 4,8 10 

8.50° o.') PC and 8.50°0,'y I.T During_.]011-2026 128 I '.UJ 5.+40 

9.50° oiy PC and 9.50°o1y LT During 202 1-2026 Li I 9 11 9 6.079 
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Figure V-1 - Increase in Average CAFE and Cost (MY 2029) versus Increase in 
Stringency (as Average Required mpg in MY 2029) of CAFE Standards 
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Figure V-2 - CO~ Reduction and Cost lncreases versus (MY 2029) Increase in Stringency 

Specific to model year 202 1, some commenters argued that EPCA ·s lead time 
requirement prohibits NHTSA from revising CAFE standards for model year 202 1 .~5

Q 

Regarding the revision of standards for model year 2021, HTSA did consider EPCA 's lead 
time requirement, a nd determined that while the agency would need to finalize a stringency 
increase at least 18 months before the beginning of the first affected model year. the agency can 
finalize a stringency decrease c loser (or even after) the beginning of the first affected model year. 
The agency's reasoning is explained further in Section VIII. Therefore, NHTSA did not change 
regulatory alternatives to avoid any relaxation of stringency in model year 2021. 

The Auto All iance stated that "the truck increase rate should be no greater than the car 
rate of increase and should be the 'equivalent task' per fleet" .~60 Supporting these Alliance 

219 State o f California, et al., NHTSA-2018-0067- 11 735. at 78.; CBD. et a l.. NHTSA-20 18-0067-12000. Appendix 
A. at 66.; National Coalition for Advanced Transportation.NHTSA-20 18-0067-11969, at 46. 
160 Alliance, NIITSA-2018-0067-12073, at 7-8 
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c,omments, FCA elaborated by commenting that"{ 1) in MY2017, the latest data we have 
available, most trucks have a larger gap to standards than cars, and (2) all of the truck segments 
are challenged because consumers are placing a greater emphasis on capability than fuel 
economy."26

J Similarly, Ford commented that'' ... the rates of increase in the stringency ofthc 
standards should remain equivalent between passenger cars and light duty trucks."26

~ Other 
commenters expressed general support for equalizing the rates at which-the stringencies of 
passenger car and light truck standards increase.263 

For the final rule, the agencies have added an alternative in which stringency for both 
cars and trucks increases at 1.5%. This is consistent with comments received requesting that 
both fleets' standards increase in stringency by the same amount, and 1.5% represents a rate of 
increase within the range of rates of increase considered in the NPRM. 

Throughout the NPRM, the agencies described their consideration as covering a range of 
alternatives.264 The preferred alternative for this final rule, an increase in stringency of 1.5% for 
both cars and trucks, falls squarely within the range,ofalternatives proposed by the agencies. 

The NPRM alternatives were bounded on the upper end by the baselineino action 
alternative, and the proposed alternative on the lower end (0% per year increase in stringency for 
both cars and trucks). For passenger cars, the agencies considered a range of stringency 
increases between 0% and 2% per year for passenger cars, in addition to the baseline/no action 
alternative. For light trucks, the agencies considered a range of stringency increases between 0% 
and 3% per year. in addition to the baseline/no action alternative. 

The agencies considered the same range of alternatives for this final rule. As with the 
proposal, the alternatives for stringency are bounded on the upper end by the baseline/no action 
alternative and on the lower end by 0% per year increases for both passenger cars and light 
trucks. Consistent with the proposal, for this final rule, the agencies considered stringency 
increases ofbetween O and 2% per year for passenger cars and between 0 and'3% per year for 
light trucks, in addition to the baseline/no action alternative. 

201 FCA, NHTSA-2018-0067-11943, at 46-47. 
1•l Ford, NHTSA-2018-0067-11928, at 3. 
16' See, e.g., Global, NHTSA-2018-0067-12032, at 4: NADA, NHTSA-2018-0067-12064, at 13: BorgWarner. 
NHTSA-201 8-0067-11895, at 6. 
'"' 83 FR at 42986 \Aug. 24, 2018) (explaining, in "Summary" section ofNPRM, that "comment is sought on a 
range.ofahernatives discussed throughout this documenr); id. at 42988 (stating that the agencies are "taking 
comment on a wide range of alternatives, including different stringencies and retaining existing CO2 standards and 
the augural CAFE standards"); 42990 ("As explained above, the agencies are tal..ing comment on a wide range of 
alternatives-and have specifically modeled eight alternatives (including the proposed alternative) and the current 
requirements (i.e., baseljnelnoaction).",); 43 !97 ("[T]oday's notice also presents the resuhs ofanalysis estimating 
impacts under a ran'ge i:,f other regulatory alternatives th,e agencies are considering."); 43229, (explaining, that 
·1echnology availability, development and appllcation, ifit were considered in isolation, is not necessarily a limiting 
factor in the Administrator's selection of which standards are appropriate within the range of the Alternatives 
presented in this proposal."); 43369 ("As discussed abow, a range of regulatory alternatives are being considered."). 
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While it was not specifically modeled in the NPRM, the new preforred alternative of an 
increase in stringency of 1.5% for both cars and trucks was well within the range of alternatives 
considered. The proposal described the alternatives specifically modeled as options for the 
agencies, but also gave notice that they did not limit the agencies in selecting from among the 
range of alternatives under- consideration."65 

The agencies explained in the proposal that they were "taking comment on a wide range 
of alternatives and have specifically modeled eight alternatives."266 As with the proposal, for the 
final rule, the agencies specifically modeled the upper and lower bounds of the baseline/no 
action alternative and 0% per year stringency increases for both passenger cars and light trucks. 
In both the proposal and the final rule, the agencies also modeled a stringency increase of2% per 
year for passenger cars and 3% per year for light trucks, as well as a variety of other specific 
increases between O ,and 2% for passenger cars and 0-and 3% for light trucks. 

The specific alternatives the agencies modeled for the final rule reflect their consideration 
of public comments. As discussed above, multiple commenters expressed support for equalizing 
the rates at which-the stringencies of passenger car and light truck standards increase. To help 
the agencies evaluate alternatives that include the same stringency increase for passenger cars 
and lighrtrncks. three of the seven alternatives (in addition to the baseline/no action alternative) 
that the agencies specifically modeled for the final rule included the same stringency increase for 
passenger cars and light trucks. This includes the new preferred al,ternative of an increase in 
stringency of 1.5% for both cars and trucks. This alternative, and all others specifically modeled 
for the final rule, falls within the range of alternatives for stringency considered by the agencies 
in the proposal. 

Beyond these stringency provisions discussed in 'the NPRM, the agencies also sought 
comment on a number of additional compliance flexibilities for the programs, as discussed in 
Section IX. 

2. Additional alternatives suggested by commenters 

Beyond the comments discussed above regarding the shapes of the functions defining 
fuel economy and CO2 targets, regarding the inclusion of non~CO:: emissions, and regarding the 
stringencies to be considered, the agencies also received a range of other comments regarding 
regulatory alternatives. 

Some of these additional comments involved how CAFE and CO2 standards compare to 
one another for any given regulatory alternative. With a view toward maximizing harmonization 

265 See, e.g.; 83 FR at 43003 (Aug. 24, 2018) ("These alternatives were examinetl because they will be considered as 
options for the final rule. The agencies seek comment on these alternatives, seek any rele\'an( data and info~atioil, 
and will review responses. That review could lead to the selection of one of the other regulatory alternatives for the 
final rule or some combination oflhe other regulatory alternatives (e.g., combining passenger cars standards from 
one,altemative with light truck standards from a different alternative)."); id. at 43229 (describing a factor relevant to 
"the Administrator's selection of which standards are appropriate within the range of the Alternatives presented in 
this proposar-). 
"" 83 FR at 42990 (Aug. 24, 2018). 
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of the standards, the All iance, supported by some of its members · individual comments, 
indicated that "to the degree flexibilities and incent ives are not completely aligned between the 
CAFE and [C01] programs, there must be an offset in the associated footprint-based targets to 
account for those di fferences . Some areas of particular concerns are air conditioning refrigerant 
credits, and incentives for advanced technology vehicles. The Alliance urges the Agencies to 
seek harmonization of the standards and flex ibil ities to the greatest extent possible . ... "267 

On the other hand, discussing consideration of compliance credits but making a more 
general argument, the NYU Institute for Policy Integrity commented that " . .. EPA is not allowed 
to set lower standards just for the sake of ham10nization; to the contrary, full harmonization may 
be inconsistent with EPA 's statutory responsibilities."268 Similarly, ACE EE argued that ··any 
consideration of an extension or expansion of credit provisions under the [ carbon dioxide] or 
CAFE standards program should take as a starting poin1 the assumption that the additional 
credits will allow the stringency of the standards to be increased."2

~q 

EPCA 's requirement that HTSA set standards at the maximum feasible levels is 
separate and "wholly independent'' from the CAA's requirement, per Massachusetts v. EPA, that 
EPA issue regulations addressing pollutants that EPA has determined endanger public health and 
welfare.270 onetheless, as recognized by the Supreme Court, ·'there is no reason to think the 
two agencies cannot both administer their obligations and yet avoid inconsistency."271 This 
conclusion was reached despite the fact that EPCA has a range of very specific requirements 
about how CAFE standards are to be structured, how manufacturers are to comply, what happens 
when manufacturers are unable to comply, and how 1HTSA is to approach sening standards, 
and despite the fact that the CAA has virtual ly no such requirements. This means that while 
nothing about either EPCA or the CAA. much less the combination of the two. guarantees 
"harmonization" defining "One National Program," the agencies are expected to be able to work 
out the differences. 

~.;+l-r+J'<'-~ ~) ---.tnttt4.-!fd' die"' Im/ lucl c'c l))lllll: 1.,11d,1r,h.+J.k.~l-1••J~~1-+++-

1lw1 c di c l>c'I' 1 t'<'ll l < I ,Ill.I l \I I • ldJHl.11-<-h TH.J ,,+tttflltilltt !'I, 11 1 11111 • !he· 111, ,rt' , h,,1 lcn.!l!l,,! ti 

i' 1111 llhllhllddltrcl 111 rl,111: ,., •. 1-: : t'dl J'llldlltll, 111Hrt1 ft'-f""H-t- t,, h,1h. ,llld 1hc m,'lc 

Ji.1-l+d+H-H i'M<ff-a+k,..1.,~~-•t-•-cri• cl lilt' ::-"<'l'<'r,il l'"l>m I•• ·.m.lt'r l.tnd f~i-ln1i,-tttt,+hh 
I'll•<' I ht>rc'IHl'ti'. c'\<'11 11 !ht',,. ,1-•.l-.th1k~"'1H+>gt'll,t'1 . .J,tt+<1I ,:-'lhll,llllc'c' --1ull hc1rlll,1111MJ1<-'H-... 

le!' It•» .1rd ;tcdlt'l l1,tr1111111,<.01illll '1clt 111h '"lllfli,1+..,....-j,1<11111111:,- <111d II till J'dl<'liC: ,111d I h,: 
.oc.Lllcic·, h.l\1.' 11,•,,:1 ,ul.'.cc·,i.:d tli,11 II ,11•Ull.l he' P•"'thk lu LPlllj'lctc·h "h.1r11111111 ✓c•" 1L, 

II.'~ IIY.Jll.clJb...!..!.LU.'.l \ ,lllli liiL l~c·u11c•J11lf1ls 11I th,: l \\Ill lhL ,Lt1,,: I 1,11 11.'ljllll<:lllLllh IPI <'11l 

,1.11u1c ,11,uld c·nun.:h 111e1lch 1,:quirc·111c11h h,1 th,: ,,1Iic·1 ',1•1,c the: 111i11.1I :11111 lin.d 1uk ,c1ti11c. 

,1,111d,11d, lt11 111,· m,,d..:I , ,:,tr, :111:-:11 Ii, 1ilc .i.cc 11, 1,·, 11., .. L t,:1.IL"r,t, ,,.J t 1.11 ,u, h ., I I 111", "' c·1 I.,p 
1• llt,ld 11\11 b, l'""1hk C'J\l'll d11t,:r..:ncc·, 111 ,t.llllllll., .,uth"lll'. \1 tli, ~.Im, I Ille'. the ,1'-!,11' ,:, 

hd\c· .d,11 r.:u,c.1111,d 11t.11 1l1c-r.: 11<111.d b, ,1..!111li,,1111 .id1.11,l.1.cc' l\O 111.111.il.1cl111..:r,. ,1,1!-.l'h<'ldc1, 

.md th, c·n,·r.111;uhlic lr,im im1;icm,11ti11C' th, 111,1 ,1.11u1c, 11 ~.11,·lull1 ""·1d111.11Ld .111d 

' 67 Alliance, NHTSA-2018-0067-12073, al 40. See also FCA, NHTSA-20 18-0067- 119-13, at 6-7. 
'"" IPI, NHTSA-20 I 8-006 7-122 I 3. at 2 I. 
' 60 ACEEE, NHTSA-2018-0067-12122, at 3. 
" 0 !vlassachusetts v. EPA, 549 U.S. 497. 532 (2007). 
m Id. 
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~1.)_111111/c'J \\,I,. '-,111\ l,,,1.md1i1.! ,I ,,,d. ,ol 1Jcntlc,d11, bct\\L"LI I ,c 1•1, 1:c• 111' h, c ,tell I\ 
,,,,,rdm.11111-: .,ml h.1rn1<111i/in.: rcq.1i1.:111L11t,. the .1c:.:11ci1:, c.111 meet the expectations set forth by 
the Supreme Court that the agencies avoid inconsistencies hc·1 c'L' 1 .he p, ,,_.1.1111,. 

The agencies have taken important steps toward doing so. For example, thL 1..!cr11,c 1c, 
I .l\c h.1rn1 .. 11i/cd 1.1c 1i,n11 "' t lL ,1.111d.11d, -- EPA has adopted separate footprint-based co~ 
standards for passenger cars and light trucks .111J .ti,,,' 1c ,.kli111111,11- ,,u .!."L't~ c,11 ~u•c li_J,1 
H·11ci, I P \ I .1, ,tlsi>. ~~ redefined CAFE calculation procedures to introduce recognition 
for the application of real-world fuel-saving technology that is not captured with traditional EPA 
two-cycle compliance testing. Detailed aspects of both sets of standards and corresponding 
compliance provisions are discussed at length in Section IX. The agencies never set out with the 
primary goal of achieving "full harmonization," such that both sets of standards would k-cttJ 
<'m'-Hill!J'"" thc· c, 1L1 ,,1111c rc·qu11c111cnh, 11 manufacturer::: t , ,, I'"'"' 111 ~\,1-11: 1'1.- ,,111, "": in 
eve1y model year. - For example, EPA did not adopt the EPCA requirement that domestic 
passenger car fleets each meet a minimum standard. or the EPCA cap on compliance credit 
transfers between passenger car fleets. On the other hand, EPA also did not adopt the EPC A 
civil penalty provisions that have allowed some manufacturers to pay civi l penalties as an 
alternative method of meeting EPC A obligations. These and other differences provide that even 
if CAFE and CO:! standards are "mathematically" harmonized, for any given manufacturer, the 
two sets of standards will not be identically burdensome in each model year. In,. 1i.,1>.:. ,,11_. 

h111d<11d \\ill lac l11t>lc' clldlle11"'111~ 1h,111 tlic, lhcr. ,<1r, ·,i::- .,,_., 1111,e. hc11•,u11111t111ul.1dlllt1 ,. ,111d 

lic11• t'c'l1 llc'c'I \, .I Pl,11:llc,d 111.0IIL'I. -I 1nd,11d, \\ I .1r•rh 11., dtl·.:1.:•11 ·'·"' l'\L'I lllllL. 1,c1l\cL'l 
111.11 ul.1, ll11, ,_ .111d hc1" c:c·n lkct This means manufacturers need to have compliance plans for 
both sets of standards. 

In 2012, recognizing that EPCA provides no clear basis to address HFC, CH.i. or N20 
emissions directly, the agencies "offset" CO2 targets from fue l economy targets (after convening 
the latter to a CO:: basis) by the amounts of credit EPA anticipated manufacturers would, on 
average, earn in each model years by reducing A/C leakage and adopting refrigerants with 
reduced GWPs. In 2012, EPA assumed that by 2021, all manufacturers would be earning the 
maximum available credit, and EPA 's analysis assumed that all manufacturers would make 
progress at the same rate. However. as discussed above. data highlighted in comments by 
Chemours, Inc., demonstrate that actual manufacturers' adoption of lower-GWP refrigerants thus 
far ranges widely, with some manufacturers (e.g., Nissan) having taken no such steps to move 
toward lower-GWP refrigerants, while others (e.g., JLR) have already applied lower-GWP 
refrigerants to all vehicles produced for sale in the U.S. Therefore, at least in practice, HFC 
provisions thus far continue to leave a gap (in terms of harmonization) between the two sets of 
standards. The proposal would have taken the additional step of decoupling provisions regarding 
HFC (i.e., NC leakage credits), CH4, and N::O emissions from CO2 standards, addressing these 
in separate regulations to be issued in a ['"lc·1111.d new proposal. As discussed above, EPA d-ttl...::: 
not finaliz0~ this proposal. Accordingly, for the regulatory alternatives considered today, EPA 

~•4;4-<,._.~,•~o-+-4-J Htt'ri-+t+l-1.t- --+---"' t.~-Hhf•l.t: --t~ i .. 411~••111• l,•~Mt•t -,;I ,,t ~ t"!- ~,:--l ~•J ~tit h,,.,..._,tt.,,_ -

' \I l .... j,ttk,J~,i-tH .... ~, , ... , ....... ~,~11 .. i,,,...1,' u iltt"-ditl1. I •••I·-·, l, ..... _ .. _ ... tl,,: .. .,.,,. --~, .... ~H .. .:;~•....P•--th·t Lt+- 1 L I 

... ,t4tt,l11t,l---.+1--i,+l-4+ ... H 
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has reinstated offsets of CO2 targets from fuel economy targets, reflecting the assumption that all 
manufacturers will be earning the maximum available A/C leakage credit by MY 202 1. 

In addition to general comments on harmonization. the agencies received a range of 
comments on specific provisions- especially involving "flexibil ities''- that may or may not 
impact harmonization. With a view toward encouraging fu1ther electrification, NCAT proposed 
that EPA extend indefinitely the exclusion of upstream emissions from electricity generation, 
and also extend and potentially restructure production multipliers for PHEVs, EVs, and FCVs.273 

On the other hand, connecting its comments back to the stringency of standards, CAT also 
commented that " .. . expansion of compliance flexibi lities in the absence of any requirement to 
improve [CO2] reduction or fuel economy (as under the agencies' preferred option) could result 
in an effective deterioration of existing [CO2) and fi.iel economy performance, as well as litt le or 
no effective support for advanced vehicle technology development or deployment."27

~ Global 
Automakers indicated that the final rule ''should include a package of programmatic elements 
that provide automakers with flexible compliance options that promote the full breadth of vehicle 
technologies," such options to include the extension of"advanced technology'' production 
multipliers through MY 2026, the indefinite exclusion of emissions from electricity generation, 
the extension to passenger cars of credits currently granted for the application of''game 
changing" technologies (e.g., HEVs) only to full-size pickup trucks, an increase (to 15 g/mi} of 
the cap on credits for off-cycle technologies, an updated credit "menu" of off-cycle technologies, 
and easier process for handling applications for off-cycle credits.275 The Alliance also called for 
expanded sales multipliers and a permanent exclusion of emissions from electricity generation.276 

Walter Kreucher recommended the agencies consider finalizing the proposed standards but also 
keeping the augural standards as "voluntary targets" to" provide comp I iance with the statutes 
and an aspirational goal for manufacturers."277 

The agencies have carefully considered these comments, and have determined that the 
current suite of"flexibilities" generally provide ample incentive more rapidly to develop and 
apply advanced technologies and technologies that produce fuel savings and/or CO" reductions 
that would otherwise not count toward compliance. The agencies also share some stakeholders' 
concern that expanding these flex ibilities could increase the risk of"gaming" that would make 
compliance less transparent and would unduly compromise energy and environmental benefits. 
Nevertheless, as discussed in Section IX, EPA i~ adopt in!! nc11 multiplier im:.:nti\l~s il,r natur<1I 
l!as I clm:lcs. EPA is tl6!_finalizing some changes to procedures for evaluating applications for 
off-cycle credits, and expects these changes to make this process more t,, ut .tll' ~H ..- . 

J., , u· Lt'J>lihJ., 111 t"lleHHdl gttmtH•/·• and more efticient. Also, I I'\ 1, 11:11,i11C' is t,•;cu t111111, 
111 ft'-tfl,+1-,:;K:gtHWH-lt4tl-'--t+lrllll11I r.:q, tl"c 111111ul.t,lltrlr !" :t,c,•l 111 Int 11p,11.:.1rn LlTlt"'"', 
.tss\lct.11.:d \\ilh Lkcln,1~ u,.: !Pt L'l.:,tn, _\L'hi,k-, .111d plue"-tt1 lt1brtd ,lcctti, 1<:h1ck thr, ,u_h 
111,,J,•I \ c'.tr ~11:11. c!llllJ'li.111-,• II ill :11,t,·;1d hl· b.1,c·d ,111 t.till'l['c c·1111sst1111 
1111!~ ~t+Ht~-+hnt •,1!1ilc' 111<111ul.tclllltl' hctlc' i1'11, 1Ju«cl ll1<11t; I .tiler: 

"-' NCA T. NHTSA-2018-006 7- I 1969, at 3-5 

"" Id. 
' " Global Automakers, NMTSA-2018-0067-1203~, at 4 et seq. 
276 Alliance, NHTSA-2018-0067-12073, at 8. 
"' Kreucher, W., NHTSA-2018-0067-0444, at 9. 
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t'·l-lt.•Hf!:!.,.l,•r ill<" I.'. 111drl,e1 ,km.111,l ,.ml c1d<'j'lh ·1 l1c1 11111 Ii-Tr i't'c'I l<1cl,lt1 1c1 11' \ ,-.-r,,,+1:-"" 
1---wn~ r0.,;t1l,111,11, [11,11 dcl.;: tilt' 1nc 1lt-~dH,>I cl1;1 11111 !r1Hll L'k-'t-lr~H. ,'t'llt'lllll•H' llllil 1H,1tid 

) ,·.1r :11.::-. As discussed below. even with this change. and even accounting for continued 
increases in fuel prices and reductions in battery prices. BEVs are ~.-1,•1c:llu, 11111 , 1"11.il 
ruk indL,l::..to continue to account for less than 5 percent of new light vehicle sales in the U.S. 
through model year 2026. This means that th,~11,Ll.!.!.....W>lr,.1·11 ,1111"11111, lrnt" <_1,._~ c 

1111 lhL· pr111<·,1l'd l ( l ·L·du-:t1Plh I' ""Ll,ilc'Li \• 11h Iii<' ,t.lllLLt1d, ' 11th, .. _-I, lhc ii.,; 1111 l'cdl 1 till ·•1 

clctlric i1:, tt!ll IC• I I' \, l'l'•\'.l'cllll II' "' t• ltt'I c ,en! the 11l11ri1,H. dl'1 II t 'lilHc nt,tl rcrl, ,r·nc111,,::-.4-t!-, 

1-+-l 1.111,1,11J. 1111 ,1 J't'd ,,1 "-'' •·"""'11,rr, c111.111t 1, i Iii .cl: l'.\['<.'L·11::d to remain small. 
Regarding c'1111111<11h ,uc::.!..:,1111c. th.it the f""I'" c>J li1,,1l1, <111<111 I augural standards ,'111u d hc 
tin i\11c·d as "voluntary targets," the agencies have determined that having such targets exist 
alongside actual regulatory requi rements would be. 11 1,, 1. ,ltsm=~- t 1111<:cc, tr· .11,d 
\.\H ~ -

Beyond these additional proposals, some commenters' proposals clearly fell outside 
authority provided under EPCA or the CAA. Ron Lindsay recommended the agencies "consider 
postponing the rule changes unti l the U.S. can establish a legally binding national and 
international carbon budget and a binding mechanism to adhere to i1.''"78 EPCA requires 
NHTSA to issue standards for MY 2022 by April 1, 2020, 11.J thc .r:.!cnc1i:, 1'clrc,c 11 1 11 1 
.. IPl'l"l'rl,llc 111 "Lil 1·,11.d~ .inti r..:, i -c·d I \I I .111J l ,I I<, ,1.111d.1rd, t,,r \I\, '<I' 1-'11··,, .ti 1hi-
1m1<: and l'l<'I 1,1H,J~.-t1t'J I I'\ rt',_ulc111"" .-,,mn111 I 1'..l..+.Hc'+-.-.t+H,,_ 'I) .?ll.' I ,::rr:, l,in,lctt~ 
, 11 ,1 i;i,i!.11 .t1,·d.1L, These statutory and regulatory provisions do not include a basis to delay 
decisions pending an international negotiation for which prospects and schedules are both 
unknown. 

SCAQMD, supported by Shyam Shukla, indicated that the agencies should consider an 
alternative that keeps the waiver for California's CO2 standards in place.279 CAT and the North 
Carolina DEQ offered similar comments and CBD. et al. commented that ··among the set of 
more stringent alternatives that NEPA requires the agency to consider, HTSA must include 
action alternatives that retain the standards California and other states have lawt\.rlly adopted." "811 

As discussed above, the agencies recently issued a final rule addressing the issue of California's 
authority. NEPA does not require NHTSA to include action alternatives that cannot be lawfully 
realized. 

International Mosiac. ii l.>lt1.,; 11 i11l f'dl1i, ip,rnh 11 Im ~rt' ,,1hern i •t' c1At•A~ ,n"u . commented 
that NHTSA ·s DEIS "is fatally flawed ... because it does not consider any market-based 
alternatives (e.g., a 'cap and trade' type option)."281 While EPCA/EISA does include very 
specific provisions regarding trading of CAFE compliance credits, the statute provides no 
authority for a broad-based cap-and-trade program involving other sectors. Similarly. Michalek, 
et al. wrote that "a more economically efficient approach of, taxing emissions and fue l 

218 Ron Lindsay, EPA-HQ-OAR-2018-0283-1414. at 6 
170 SCAQMD, NHTSA-2018-0067-5666. at 1-2; Shyam Shukla, NHTSA-2018-0067-5793. at 1-2. 
280 NCAT, NHTSA-20 18-0067-11969, at 64; NCDEQ, NI ITSA--2018-0067-12025. at 38; CBD et ol .. NI ITSA-
2018-0067-1 1123. Attachment 1. at 18. 
281 lnterna1ional Mosaic. N HTSA-2018-0067- 11 154, a t 1-2 
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consumption at socially appropriate levels would allow households to determine whether to 
reduce fuel consumption and emissions by driving less. by buying a vehicle with more fuel 
saving technologies, or by buying a smaller vehicle - or. alternatively, not to reduce fuel 
consumption and emissions at all but rather pay a cost based on the damages they cause. Forcing 
improvements only through one mechanism (fuel-saving technologies) increases the cost of 
achieving these outcomes."282 \l, hile ,time em•1,flA1i_.1, ,,,.11c1ld a,;tet'..., i1h the·,,:, .:0A11H,•nh. 

Ctmgr,:,s~. Ra., rro~ i.Jetl Ao .-11:'iff m11l1t•ri1~ fnr ' ,111 ~;\er [P,\ 10 iA1plcAlt'Al 1:'illil:'r a11 cmi, ,i,111 
ta\ er R br0ae Sd~ee mp a Re !filUe rrogrnl'rl i11 '•\ llicll l'Atllor \ ehicb cuule rani.-ipale._j_n 
emi-.sitm, ta\ ur bwad-ba,cd cap-and-traJc program C\tenJim.! bt',,,nJ lill' e\i'tim! ll!!iu J.\.ill_ 
,ehi..:1..- st,111dard, i, \\ell l">e,nnJ th,:, ,c11p,: nrtlii-, rulcmakina. 

3. Details of a lternatives considered in fi nal rule 

a) Alternative 1 

Alternative I holds the stringency of targets constant and tv1Y 2020 levels through MY 
2026. 

"' Michalek, et al .. NHTSA-2018-0067-11903. at 13. 
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Table V-8 - Characteristics of Alternative l - Passenger Cars 

2021 2022 2023 2024 2025 2026 
Fuel Economv Targets 

" 48.74 48.7-t 48.74 -t8.74 48.74 48.74 
(11/Df') 

b 36.47 36.47 36.• 7 36.47 36.47 36.47 
(mp:;?,) 

C 0.000460 0.000460 0.000460 0000460 0.000460 0.000460 
(gpm 
per 
s.(.) 
d 0.00164 0.00 164 0.00164 0.00164 0.00164 000164 
(%[OJI/) 

COJ Tanrets 

" 169 169 169 169 169 169 
lrdmiJ 
b .230 230 230 .230 .230 .230 
(J!./mi) 
C 4.09 4.09 4 .09 4.09 4.09 4.09 
(gl mi 
per 
s_f) 
d 0.8 08 0.8 0.8 0.8 0.8 
(xlmi) 

Table V-9 - Characteristics of Alternative I - Light Trucks 

2021 2022 2023 2024 2025 2026 
Fuel Economy Targets 

a 39.1 1 39. 11 39.11 39.11 39. 11 39.1 1 
(mnr-) 

b .25.25 25.25 25.25 25.25 25.25 25 . .25 
(mvf') 

C 0.0005 14 0.000514 0.0005 14 0.000514 0.0005 14 0.000514 
(gp111 

per 
s.[) 
d 0.00449 0.00449 0.00449 0.00449 0.00449 0.00449 
(f!,PJII) 

e 35.41 35.4 1 35.41 35.4 1 35.41 35.41 
(111Df') 

f 25.25 25.25 .25.25 25.25 25 . .25 25.25 
(IIWf') 

g 0 .000455 0.000455 0 .000455 0.000455 0.000455 0.000455 
(gp111 

per 
s.[) 
h 0.00960 0.00960 0.00960 0.00960 0.00960 0.00960 
(.wm) 
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CO: Tarl!ets 
' 

" 210 210 210 210 110 210 
(oimi) 

b 335 335 335 335 335 335 
ratmi) 
C 4.57 4.57 4.57 4.57 4.57 4.57 
(glmi 
per 
s.f.J 
d 22.7 22.7 22.7 22.7 22.7 22.7 
(p/mi) 

C 234 234 234 234 234 234 
/1!/mi) 

f 335 335 335 335 335 335 
(<Nini) 

' 4.04 4.04 4.04 4.04 4.04 4.04 
(glmi 
pa, 
s.f.) ,, 6R. l 68.1 68.1 68.1 68.1 68.1 
(Rimi) 
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b) Alrernative 2 

Alternative 2 increases the stringency of targets annually during MYs 2021-2026 (on a 
gallon per mile basis, starting from MY 2020) by 0.5% for passenger cars and 0.5% for light 
trucks. 

Table V-10 - Characteristics of Alternative 2 - Passenger Cars 

2021 2022 2023 2024 2025 2026 
Fuel Economv Targets 

a 
-18.99 49.23 

(111/JI!) 
49.-18 49.73 49.98 50.23 

h 
36.65 36.84 37.02 37.21 37.39 37.58 

(nmv) 

C 

(gpm 
per 0.000458 0.000456 0.000453 0.000451 0.000449 0 .000447 

s.f) 
d 

0 .00163 0.00163 
(vom) 

0 .00162 0.0016 1 0.00160 0.00159 

C01 Targets 
a 168 167 166 165 164 163 
(f!/llli) 

b 229 227 226 225 224 223 
(f!imi) 
C 4.07 4.05 4 .03 4.0 1 3.99 3.97 

(gl mi 
per 
s.t:) 
d 0.7 0.7 0 .6 0.5 0.4 0.4 

(~/mi) 

Table V- 11 - Characteristics of Alternative 2 - Light Trucks 

2021 2022 2023 2024 2025 2026 
Fuel Economv Tarnets 

a 39.31 39.51 39.70 39.90 40.10 40.31 
(nw<') 

b 
25.37 25.50 25.63 25.76 25.89 26.01 

(111nv) 

C 

(gpm 
per 0.0005 11 0.000509 0.000506 0.000504 0 .000501 0.000499 

sf) 
d 

0.00447 0.00445 0.00443 0.00440 0.00438 0 .00436 
(.l!D/11) 

e 35.41 35.4 1 
(111/Jf!) 

35.4 I 35.41 35.41 35.4 1 

f 
25.25 25.25 

(nm<>) 
25.25 25.25 25.25 25.25 

Commented [A 108]: REVISE: Car C011arge1> appeor tu 
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lg (gpm 

I per 0.000455 0.000455 0.000455 Q.000455 0.000455 0.000455 
s.fl 
h 

0.00960 0.00960 0.00960 0.00960 0.00960 0.00960 
I '"-m/ 

CO, Taruets 

" 209 208 207 206 204 203 
!<'!mi) 

b 333 331 330 328 326 324 
(r!,lni) 

' 4.55 4.5.'.', 4.50 4.48 4.45 4.43 
(g/mi 
pe, 
dJ 
d 22.5 .'.',-2.3 22.1 21.9 21.7 2J.6 
(Jdmi/ ' 
' 234 234 234 234 234 234 
(Ell!li) 

f 335 335 335 335 335 335 
(dmil 
g 4.04 4.04 4.04 4.04 4.04 4.04 
fg/mi 

P" 
sf) 
(, 68.1 68.1 68.1 68.1 68.1 68.l 
(<>lmi) 
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c) Alternative 3 

Alternative 3, the final standards promulgated today, increases the stringency of targets 
annually during MYs 2021-2026 (on a gallon per mile basis. starting from MY 2020) by 1.5% 
for passenger cars and I .5% for I ight trucks. 

Table V-12 - Characteristics of Alternative 3 (final Standards) - Passenger Cars 

2021 2022 2023 2024 2025 2026 
Fuel Economv T arcets 

a 49.48 50.24 51.00 51.78 52.57 53.37 
(mm!) 

b 37.02 37.59 38.1 6 38.74 39.33 39.93 
(mnaJ 
C 0.000453 0.000447 0 .000440 0.000433 0 000427 0 .000420 

(gpm 
per 
s.t:1 
d 0.00162 0.00159 0.00 157 0.00155 0.00 152 0 .00150 
(f?/)111) 

CO: Tarcets 
a lbi ti+<><• 159 o...;.;. 156 O:.j-t.W 153 7~ 15. ;~ l,k 6....;. 

(!V'mi) 
b .22(1 9:~h "17 3;.;:: c13 7 _.jll ~ 10 ~;+c, cOG.:,t cC3 4_tJU 

(r,/miJ 
C 3 94-l-"-' ~ ob_;___u_: 3.82.....u..\- L.l.-" )r,.~ .:'....=.!~ J 65 .. -_ 

(glmi 
per 
sf) 

d ) ~1-U, _QJu..J .:Q.:!_u...; ')~ --2~-lo -1 :........_;: 

(~/mi) 
Table V-13 - Characteristics of Alternative 3 (Final Standards) - Light Trucks 

2021 2022 2023 2024 2025 2026 
Fuel Economv Tarnets 

a 39.71 40.3 1 40.93 41.55 42.18 42.82 

(m nv) 

b 25.63 26.02 26.42 26.82 27.23 ~7.64 

(mof!) 

C 0.000506 0.000499 0.000491 0.000484 0.000477 0.000469 

(gpm 
per 
sf) 
d 0.00443 0.00436 0.00429 0.00423 0.0041 7 0.00410 
(.e-0111) 

e 35.41 35.41 35.41 35.41 35.41 35.4 1 
(111n<1) 

/ 25.25 25.25 25.25 25.25 25.25 25.25 

(mm;,/ 
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g 0.000455 0.000455 0.000455 0.000455 0.000455 0.000455 
(gpm 
per 
s() 
I, 0.00960 0.00960 0.00960 0.00960 0.00960 0.00960 
(<m111) 

CO) Targets 
a LOb.~ 203 l:U• 199.7~ 196 3.µ.:: P3 01-4.• 189 8.u>w 
( r,/111i) 

b 3:ci ,.l....4J 3_4 4--.;...! 31~ >+u 31.l.Oll--l .:,1)0 c; ·= 303 9~ 
( f!l miJ 

C 4 51.....;;+1 4 4<-l~ 4 38.L......: :L:J....._.w .i :s+;.i -1 1$-+:: 

(g/ 111i 

per 
sf) 
d Zl.2~ :1 0~' ~O~.:!.+.J... 19 b;u-J 1" 0 --'- 1~ 3....u._. 

/,!/mi) 

e 234 234 234 234 234 234 
(2/mi) 

/ 335 335 335 335 335 335 
(2/mi) 

g 4.04 4.04 4.04 4.04 4.04 4.04 

(glmi 

per 
.d .J 

h 68. l 68. l 68.1 68.1 68. 1 68. 1 
(,t/ 111i) 
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d) Altema1i1·e 4 

Alternative 4 increases the stringency of targets annually during MYs 2021-2026 (on a 
gallon per mile basis, starting from MY 2020) by 1.0% for passenger cars and 2.0% for light 
trucks. 

Table V-14 - Characteristics of Alternative 4 - Passenger Cars 

2021 2022 2023 2024 2025 2026 
Fuel Economv Targets 

a 
49.23 49.73 50.23 50.74 5 1 .25 51.77 

(111/JllJ 

b 
36.84 37.21 37.58 37.96 38.35 38.73 

( II/Di!) 

C 

(gp111 

per 0.000-156 0.000451 0.0004-17 0.000-142 0.000-138 0.000433 
s.{.J 
d 

0.00163 0.00161 0 .00 159 0.001 58 0.001 56 0.00155 
(!!/JIii) 

COi Tarirets 
a 167 165 163 161 160 158 
(f! mi) 

b ?.'!.7 225 223 220 2 18 216 
/g/miJ ,, 4.05 4.0 1 3.97 3.93 3.89 3.85 
(g /111i 

p er 
s.{.) 

d 0.7 0 .5 0.4 0.2 0.1 -0.1 
(f!/ 111i) 

Table V-1 S - Characteristics of Alternative 4 - Light Trucks 

2021 2022 2023 2024 2025 2026 
Fuel Economv Targets 

a 
39.91 40.72 4 1.56 -12.40 43.27 44.15 

(111/)1!) 

h 
25.76 26.29 26.82 27.37 27.93 28.50 

(mm•/ 

C 

(gpm 

per 0.000504 0.000494 0.000484 0.000474 0.000465 0.000-155 
s.f) 

d 
0.00-140 0.00432 0.00423 0.00415 0.00-106 0.00398 

(<mm) 

e 
35.4 1 35.41 35.4 1 35.41 35.4 1 35.-1 1 

(mp!!) 

.r 25.25 25.25 25.25 25.25 25.25 25.25 
(111/X!) 
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g 
fgpm 

P" 0.000455 0.000455 0.000455 0.000455 0.000455 0.000455 

,d.! ,, 
0.00960 0.00960 

(~~m) 
0.00960 0.00960 0.00960 0.00960 

COi Tar0 ets 

" 205 201 197 192 188 184 

(.c,/mi) 
h 328 321 314 307 301 295 
(<>lmi) ,. 4.48 4.39 4.30 4.21 4.13 4.05 

(g/111i 
pee 
s.f.! 

d 21.9 21.2 20.4 19.6 18.9 18.2 
(,1/mi) 

' 234 234 234 234 234 234 
ff!!mi) 

f 335 335 335 335 335 335 

r.-lmi) 
g 4.04 4.04 4.04 4.04 4.04 4.04 

(glmi 
pee 
s.f.) ,, 68.1 68.l 68.1 68.1 68-1 68.1 
(.<>/mi) 
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e) Al!emative 5 

Alternative S increases the stringency of targets annually during MYs 2022-2026 (on a 
gallon per mile basis, starting from MY 2021) by 1.0% for passenger cars and 2.0% for light 
trucks. 

Table V-16 - Characteristics of Alternative 5 - Passenger Cars 

2021 2022 2023 2024 2025 2026 
Fuel Economv Tarn.els 

a 
(111Vf!) 

50.83 5 1.34 51.86 52.39 52.92 53.45 

b 
(Ill/Jr:{) 

38.02 38.40 38.79 39. I 8 39.58 39.98 

C 

(gpm 
per 0.0004.n 0.000437 0.000433 0.000429 0.000425 0.000420 

s.(.) 

d 
0.00155 0.00154 

(gvm/ 
0.00152 0 .00151 0.00149 0 00148 

CO, Targets 

a 16 1 159 158 156 154 152 

(ffl mii 

b 220 218 215 213 111 208 
(r,l mi/ 

C 3.93 3.89 3.85 3.81 3.77 3.73 
(glmi 
per 
s.f) 
d 0.0 -0 .1 -0.3 -0 .4 -0.5 -0.7 
(?!mi) 

Table V-17 - Characteristics of Alternative 5 - Light Trucks 

2021 2022 2023 2024 2025 2026 
Fuel Economv Tar!!ets 

a 
41.80 42.65 

(m,w) 
43.52 44.41 45.32 46.24 

b 
25.25 25.76 

(111/JV) 
26.29 26.82 27.37 27.93 

C 

(gpm 
per 0.000482 0.000472 0.000463 0.000454 0.000445 0.000436 
sf) 
d 

0.00416 0.00408 
(rmml 

0.00400 0 .00392 0.00384 0.00376 

e 
35.41 35.41 

( fl11J(T/ 
35.41 35.41 35.4 1 35.41 

.r 25.25 25.25 
(111/Jf!) 

25.25 25.25 25.25 25.25 
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g 
1gpm 
per 0.000455 0,000455 0.000455 0.000455 0.000455 0.000455 

s_f.J 
I, 
(<mm) 

0.00960 0.00960 0.00960 0.00960 '0.00960 0.00960 

CO, Taroets 

" 195 191 187 183 179 175 

(<>!mi) 
b 335 328 321 3.14 307 301 

/v/mi) 

' 4.28 4.20 4.11 4.03 3.95 3,87 

(glmi 

P'' 
s.f) 
d 19.8 19.1 JS,3 17.6 16.9 16.2 
(e/mi! 

' 234 234 234 234 234 234 
(7/111i) 

f 335 335 335 335 335 335 

(7/mi) 

g 4.04 4.04 4.04 4.04 4.04 4.04 
(glmi 

pa 
s.l.'J 
b 68.1 68.\ 68.1 68.J 68.1 68.1 
(<>/miJ 
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.f) Alternarive 6 

Alternative 6 increases the stringency of targets annually during MYs 2021-2026 (on a 
gal lon per mile basis, starting from MY 2020) by 2.0% for passenger cars and 3.0% for light 
trucks. 

Table V-18 - Characteristics of Alternati\'e 6 - Passenger Cars 

2021 2022 2023 2024 2025 2026 
Fuel Econoinv Tarnets 

a 
49.74 50.75 51.79 52.8-1 53.92 55.02 

(1111W) 

b 
37.21 37.97 38.75 39.5-1 40.3-1 41.17 

(mnr,/ 

C 

{f!J)/11 

per 0.000451 0.0004-12 0.000433 0.000-125 0.000-116 0.000408 
s.fJ 
d 

0.00161 0.00158 0.00155 0.00 152 0.001-19 0.00 146 
{<>nm) 

CO, Tar11.ets 
a 165 161 158 15-1 151 148 
(.v, mi) 

b 225 220 216 211 :!06 102 
(£/mi) 

C 4.01 3.93 3.85 3.77 3.70 3.61 
(g mi 

per 
s.f.) 

d 0.5 0.1 -0. 1 -0.3 -0.6 -0.9 
(£/llli) 

Table Y-19 - Characteristics of Alternative 6 - Light Trucks 

2021 2022 2023 2024 2025 2026 
Fuel Economv Tarl!cts 

a 
40.31 41.57 -12.85 44.18 45.55 46.95 

(mn<•/ 

b 
26.03 26.83 27.66 28.52 29.40 30.31 

(mnv/ 
C 

(gpm 
per 0.000499 0.000484 0.000469 0.000-155 0.0004-11 0.000-128 
s.fJ 
d 

0.00-136 0.00423 0.00410 0.00398 0.00386 0.0037-1 
(f!fJIII) 

e 
35.41 35.41 35.41 35.41 35.-11 35.41 

(mnv) 

I 25.25 25.25 25.15 15.15 25.25 25.25 
(111/Jl.?) 
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g 
(gpm 

"'' 0.000455 0.000455 0.000455 0.000455 0.000455 0.000455 
s.f.} 

h 
0.00960 0.00960 0.00960 0.00960 0.00960 I 0.00960 

(flvmj 

CO2 Tarf!ets 

" 203 197 190 184 178 I"' ,_ 
(<>/mil 
b 324 314 304 294 285 276, 
1,r/mi) ' 
C 4.43 4.30 4.17 4.04 3.92 3.80 
(gimi 

i"''' 
s.(/ 
d 21.S 20.4 19.3 18.2 17.1 16.1 
(<'!mi! 
C 234 234 234 234 234 134 
-/!!!mi) 

.f 335 335 335 335 335 335 
(<!/mi) 

g 4.04 4.04 4.04 4.04 4.04 4.04 
(g/mi 
pe, 
s.f.) 

h 68.I 68.1 68.1 68.1 68.\ 68-1 
(!!/mi) 
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g) A lrernative 7 

Alternative 7 increases the stringency of targets annually during MYs 2022-2026 (on a 
gallon per mile basis, starting from MY 2021) by 2.0% for passenger cars and 3.0% for light 
trucks. 

Table V-20 - Characteristics of Alternative 7 - Passenger Cars 

2021 2022 2023 2024 2025 2026 
Fuel Economy Tarn.ets 

a 
50.83 5 1.87 

(111,w/ 
52.93 5-t.0I 55.11 56.23 

h 
38.02 38.80 

(mvis/ 
39.59 40.-t0 -l 1.22 -12.06 

C 

(gpm 
per 0.000442 0 .000433 0.000424 0.000416 0.000408 0.000399 

s f) 
d 

0 .00155 0.00152 
(<mm) 

0.001-l9 0.00 146 0.00 143 0 .00 141 

CO, Targe ts 

a 161 158 154 151 147 144 

(f!lmi) 
b no 1 15 21 1 206 202 197 
(1,/111i) 

C 3.93 3.85 3.77 3.70 3.62 3.55 
(g/111i 
per 
s.t:) 

d 0.0 -0.3 -0.5 -0.8 -1.1 -1.3 
(:;dmi) 

Table V-2 1 - Characteristics of Alternative 7 - Light Trucks 

2021 2022 2023 2024 2025 2026 
Fuel Economv Targets 

a 
41.80 43.09 

(IIIPf!) 
44.42 45.80 47.2 1 48.67 

b 
25.25 26.03 

(mvf!) 
26.83 27.66 28.52 29.40 

C 

(gpm 
per 0.000482 0.000468 0.000453 0.000440 0.000427 0.0004 14 
s.{.) 

d 
0.004 16 0 .00404 

(gmn l 
0.00392 0.00380 0.00369 0.00358 

e 
35.41 35.41 35.4 1 35.41 35.41 35.41 

(111ml} 

f 
25.25 25.25 

(IIIVf!) 
25.25 25.25 25.25 25.25 
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g 
(gpm 
per 0.000455 0.000455 0.000455 0.000455 0.000455 0.000455 

s.f) 

h 
0.00960 0.00960 

(f[PIII) 
0.00960 0.00960 0.00960 0.00960 

CO~ Targets 

a 195 189 183 177 171 165 

(f'l mi) 

h 335 324 314 304 294 285 
/f'lmi) 

C 4.28 4.15 4.03 3.91 3.79 3.68 
(glmi 
per 
s.f/ 
d 19.8 18.7 17.6 16.6 15.6 14.6 

(r,/mi/ 

e 234 234 134 234 234 234 
(<>!mi) 

f 335 335 335 335 335 335 
/f!lmi! 
g 4.04 4.04 4.04 4.04 4.04 4.04 

(gl mi 
per 
s.f l 

h 68. 1 68. l 68. 1 68.l 68.1 68. 1 
(f!! mi) 

VI. Analytical Approach as Applied to Regulatory Alternatives 

A. Overview of Methods 

Like analyses accompanying the NPRM and past CAFE and CAFEICOc rulemakings. the 
analysis supporting today's notice spans a range of technical topics, uses a range of different 
types of data and estimates, and applies several di fferent types of computer models. The purpose 
of the analysis is not to determine the standards, but rather to provide information for 
consideration in doing so. The analysis aims to answer the question "what impacts might each of 
these regulatory a lternatives have?" 

Over time, N HTSA's and, more recently, NHTSA's and EPA's analyses have expanded 
to address an increasingly w ide range of types of impacts. Today's analysis involves, among 
other things, estimating how the application of various combinations of technologies could 
impact vehicles' costs and fue l economy levels (and CO2 emission rates), estimating how vehicle 
manufacturers might respond to standards by adding fuel-saving technologies to new vehicles, 
estimating how changes in new vehicles might impact vehicle sales and operation, and 
estimating how the combination of these changes might impact national-scale energy 
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consumption, emissions, highway sate!)', and public health. In addition. the EIS accompanying 
today's notice addresses impacts on air quality and climate. The analysis of these factors 
informs and suppo1ts both NHTSA ·s appl ication of the statutory requirements governing the 
setting of"maximum feasible" fuel-economy standards under EPCA. including, among others, 
technological feasibil ity and economic pracricabilil)' , and EPA's application of the ~ 
, tannor\ requirements ao\ernin!! th.: ,s:-n_im.! ,md re\ i~illn .,f ft>r 1ailpipe emissions stamlarJ, 
under sc1.:1ion 202(:i) of the ( .\ \. induJin!.! tc1:h111, l<1!.!ical k,bihi lir, . .:,,mplianu: ,<"h, .111J lc:id

time. 

Supporting today's analysis, the agencies have brought to bear a variel)' of different types 
of data, a few examples of which include fue l economy compliance repo1ts, historical sales and 
average characteristics of light-duty vehicles, historical economic and demographic measures, 
historical travel demand and energy prices and consumption, and historical measures of highway 
satety. Also supporting today's analys is, the agencies have applied several different types of 
estimates, a few examples of which include projections of the future cost of different fue l-saving 
technologies. projections of future GDP and the number of households, estimates of the "gap" 
between "laboratory'' and on-road fue l economy, and estimates of the social cost of CO2 
emissions and petroleum "price shocks." 

With a view toward transparency, repeatabil ity, and efficiency, the agencies have used a 
variety of computer models to conduct the vast majority of today's analysis. For example, the 
agencies have appl ied DOE/EI A's National Energy Modeling System (NEMS) to estimate future 
energy prices, EPA 's MOYES model to estimate tailpipe emission rates for ozone precursors and 
other criteria pollutants, DOE/Argonne's GREET model to estimate emission rates for 
"upstream" processes (e.g., petroleum refining), and DOE/Argonne's Autonomie simulation tool 
to estimate the fuel consumption impacts of different potential combinations of fuel-saving 
technology. In addition, the EIS accompanying today's notice applies photochemical models to 
estimate air quality impacts, and applies climate models to estimate c limate impacts of overall 
emissions changes. 

Use of these different types of data, estimates, and models is discussed further below in 
the most closely relevant sections. For example, the agencies' use ofNEMS is discussed below 
in the portion of Section VI that addresses the macroeconomic context, which includes fuel 
prices, and the agencies use of Autonomie is discussed in the portion of Section VI that 
addresses the agencies' approach to estimating the effectiveness of various technologies (in 
reducing fuel consumption and CO2 emissions). 

Providing an integrated means to estimate both vehicle manufacturers' potential 
responses to CAFE or CO2 standards and, in turn, many of the different potential direct results 
(e.g., changes in new vehicle costs) and indirect impacts (e.g., changes in rates of fleet turnover) 
of those responses, the CAFE Model plays a central role in the agencies' analysis supporting 
today's notice. The agencies used the specific models mentioned above to develop inputs to the 
CAFE model, such as fuel prices and emission factors. Outputs from the CAFE Model are 
discussed in Sections VII and Vlll of today's notice, and in the accompany ing RIA. The EJS 
accompanying today's notice makes use of the CAFE Model's estimates of changes in total 
emissions from light-duty vehicles, as well as corresponding changes in upstream emissions. 
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These changes in emissions are included in the set of inputs to the models used to estimate air 
quality and climate impacts. 

The remainder of this overview focuses on the CAFE Model. The purpose of this 
overview is not to provide a comprehensive technical description oft he model/s3 but rather to 
give an overview of the model's functions, to explain some specific aspects not addressed 
elsewhere in today's notice, and to discuss some model aspects that were the subject of 
significant public comment Some model functions and related comments are addressed in other 
parts of today's notice. For example, the model'-s handling of Autonomie-based fuel 
consumption estimates is addressed in the portion of Section VI that discusses the agencies' 
application of Autonomic, The model documentation accompanying today's notice provides a 
comprehensive and detailed description of the model's functions, design, inputs, and outpUts.28

~ 

1. Overview of CAFE Model 

The basic design-of the C' AFE Model is as follows: the system first estimates how 
vehicle manufacturers might respond to a given regulatory scenario, and from that potential 
compliance solution, the system estimates what impact that response will have on fuel 
consumption, emissions, and economic externalities. A regulatory scenario involves 
specification of the form, or shape, of the standards (e.g., flat standards, or linear or logistic 
attribute-based standards), %'Ope of passenger ear arid truck regulato1)' classes, and stringency of 
the CAFE and C01 standards for each model year to be analyzed. 

Manufacturer compliance simulation and the ensuing effects estimation, collectively 
referred to as compliance modeling, encompass numerous subsidiai)' elements. Compliance 
simulation begins with a detailed user-provided initial forecast of the vehicle models offered for 
saie during the simulation period. The compliance simulation then attempts to bring each 
manufacturer into compliance with the standards defined by the regulatOI)' scenario contained 
within an input file developed by the user. For example, a regulatory scenario may define CAFE 
or CO2 standards that increase in stringency by 4 percent per year for 5 consecutive years. 

The model applies various technologies to different vehicle models in each 
manufacturer's product line to simulate how each manufacturer might make progress toward 
comp!ianee with the specified standard. Subject to a variety of user-controlled constraints, the 
model applies technologies based on their relative cost-effectiveness, as detcnuined by several 
input-assumptions regarding the cost and effectiveness of each technology, the cost Df 
compliance (determined by the change in CAFE or CO2 credits. CAFE-related civil penalties, or 
value of CO2 credits, depending on the, compliance program being evaluated and the effective
cost mode in use), and the value of avoided fuel expenses. For a given manufacturer, the 
compliance simulation algorithm applies technologies either until the manufacturer runs out of 
cost-effective technologies, until the manufacturer exhausts all available technologies, or, if the 
manufacturer is assumed to be willing to pay civil penalties, until paying civil penalties becomes 

"'' Readers seeking such a description are referred to the Model Documentation at [C!TE]. 
~ [text Forthcoming] 
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more cost-effective than increasing vehicle fuel economy. At this stage, the system assigns an 
incurred technology cost and updated fuel economy to each vehicle model, as well as any civil 
penalties incurred by each manufacturer. This,compliance simulation process is repeated for 

each model )'ear available during the study period. 

This point marks the system's transition between compliance simulation and effects 
calculations. At the conclusion of the compliance simulation for a given regulatory scenario, the 

system contains multiple copies of the updated fleet of vehicles corresponding to each model 
year analyzed. For each model year, the vehicles' attributes, such as fuel types (e.g.,-diesel, 
electricity), fuel economy values, and curb weights have all been updated to reflect the 
application of technologies in response to standards throughout the study period. For each 
vehicle model in each of the model year specific fleets, the system then estimates the following: 
lifetime travel, fuel consumption, carbon dioxide and criteria pollutant emissions. the magnitude 
of various economic externalities related to vehicular travel (e.g., noise), and energy 
consumption (e.g., the economic costs of short-term increases in petroleum prices). The system 
then aggregates model-specific results to produce an overall representation of modeling effects 
for the entire industry. 

Different categorization schemes are relevant to different types of effects. For example, 
while a fully disaggregated fleet is retained for purposes of compliance simulation, vehicles are 
grouped by type offucl and regulatory class forthe energy, carbon dioxide, criteria pollutant, 
and safety calculations. Therefore, the system uses model-by-model categorization and 
accounting when calculating most effects, and aggregates results only as required for efficient 
reporting. 

2. Representation ofthe Market 

As a starting point, the model needs enough information to represent each manufacrurer 
covered by the program. As discussed below in Section VLB.1, the MY 2017 analysis fleet 
contains infonnation about each manufacturer's: 

• Vehicle models offered for sale-their current (i.e., MY 2017) production volumes, 
manufacturer suggested retail prices (MSRPs), fuel saving technology content and 
other attributes (curb weight, drive type, assignment to technology class and 
regulatory class); 

• Production considerations-product cadence of vehicle models (i.e., schedule of 
model redesigns and "freshenings"), vehicle platform membership, degree of engine 
and/or transmission sharing (for each model variant) with other vehicles in the fleet; 
and 

• Compliance constraints and flexibilities-preference for full compliance or penalty 
payment/credit application, willingness to apply additional cost-effective fuel saving 
technology in excess of regulatory requirements, projected applicable flexible fuel 
credits, and current credit balance (by model year and regulatory class) in first model 
year of simulation. 
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3. Representation offuel-Saving Technologies 

The modeling system defines technology pathways for grouping and establishing a 
logical progression ofteclmologies that can be applied to a vehicle, Technologies that share 
similar characteristics form cohorts that can be represented and interpreted within the CAFE 
Model as discrete entities. The following Table Vl-1 Table VJ- I shows 1he technologies 
available within the modeling system used for this final rule. Each technology is discussed in 

detail in Section [Individual Technologies], below. However, an understanding of the 
technologies considered and how they are defined in the model (e.g., a 6-speed manual 
transmission is defined as "MT6") is helpful for the following explanation of the compliance 
simulation and the inputs required for that simulation. 

Table VI-I - CAFE Model Technologies 

Technolom• Technolo~v Descrintion T echnolo~,- Technolo<'v Descrintion 

SOHC Sin~,le Overhead Camshaft Engine CVT Continuous!· Variable Transmission 

DOHC Double Overhead Camshaft Engine C\'TL2 CVT. Level 2 

EFR lmnroved Enc ine Friction Reduction EPS Electric Power Steerin~ 

VVT Variable Valve TiminQ IACC Im roved Accessories 

VVL Variable Valve Lift CONY Conventional Powenrain (Non-Elecuic) 

SGDl 
Stolchiomctric Ga5oline Direct 

SS12V 12V Micro-Hybrld (Stop-Stan) 
lniection 

DEAC C ·linder Deactivation BISG Belt Mounted lnte ,··-1ed Staner/Genern!or 

TURBO! 
Turbocharging and Do1111sizing, Level 
l ( 1.5271 bar) 

SHEv1'2 P2 Strong HybridiEl~ctric Vehicle 

TURB02 
Turbocharging and Downsizing. Level 

SHEVPS Power SplirS1rong Hybrid/Electric Vehide 
2 (2.0409 bar) 

CEGRl 
Ccioled Exhaust Ga,; Recirculation, 

P2HCRO [Special] SHEVP2 with HCR() Engine 
Level 1 ('.!.0409 bar) 

ADEAC Advanced Cvlinder Deactivation P2HCRI S"•cia! SHEVP2 with HCRl En"ine 

HCRO 
High Compression Rstio Engine, Level 

P2HCR2 [Special] SHEVP2 with HCR2 Engine 
0 

HCRl 
High Compression Ratio Engine, Level 

PHEV20 
20-mile Plug-ln Hybrid/Electric Vehicle with 

1 HCR En<>ine 

HCR2 
High Compression Ratio Engine, Level 

PHEV50 
50-mile Plug-In H)'brid/Electric Vehide with 

' HCR,En°ine 

VCR Variable Compression Ratio Engine PHEV20T 
20-mile Plug-In Hybrid/Electric Vehicle with 
Turbo Enrrine 

VTG Variable Turbo Geometry PHEV50T 
50-mile Plug-In Hybrid/Electric Vehicle with 
Turbo En ,ine 

VTGE Variable Turbo Geornetrv (Electric PHEV20H Snecia! PHEV20 with !-!CR En°ine 

TURBOD 
Turbocharging and Downsizing with 

PHEV50H [Special] PHEVSO with HCR Engine 
DEAC' 

TURBOAD 
Turbocharging and Downsizing with 

BEV200 200-mile Electric Vehicle 
ADEAC 

ADSL Advanced Diesel BEV300 300-mile Electric Vehlck 

DSL! Diesel Ennine Jmnrovements FCV Fuel Cell Vehicle 

DSLJAD 
Diesel Engine Improvements with LOB Low Drag Brakes 
ADEAC 

CNG Com•ressed Natural Gas En ine SAX Seconda~ Axle Disconnect 
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:\HS S-Sneed Manual Transmission ROLLO Baseline Tires 

:-.1T6 6-Spccd Manual Transmission ROLL!O 
Low Rolling Re:sistam;e Tires, Level 1 (10% 
Reduction) 

MT7 7-Speed Man~al Transmission ROLL20 
Low Rolling Resistance Tires, L~vel 2 (20% 
Reduction) 

AT5 5-Specd Automatic Transmission AERO0 Baseline Aero 
AT6 6-S~ed Automatic Transmission AERO5 Aero Drao Reduction, Level I ( 10% Reduction) 

AT6L2 
6-Speed Automatic Transmission, 

AEROl0 Aero Drag Reduction, Leve! I ( 10% Reduction) 
Level 2 

AT7L2 
7-Speed Autnmati~ Transrni_ssinn, 

AER0!5 Aero Drag Reduction, Level I ( 10% Reduction) 
Level 2 

ATS 8-Sneed Automatlc Transmission AERO20 Aero Drn, Reduction, Level 2 (20%-Reduction) 

AT8L2 8-Speed Automatic Transmission, /\!RO Baseline Mass 
Level 2 

AT8Ll 
8-Spet:d Automatic Transmission, 

MRI 
Mass Redu_ction, Level I (5% Reduction in 

Level 3 GliderWei,htl 

AT9L2 
9-Spet:d Automatic Transmfasion, 

MR2 
Mass Reduction, Levtl 2 (7.5% Reduction in 

Le1·cl 2 Glider Wei!!ht) 

AT10L2 
10-S_pecd Automatic Transmission, 

MR3 
Mass Reduction, Level 3 ( 10% Reduction in 

Level 2 Glider Weiuht) 

ATlOL3 
10-Speed Automatic Transmission, 

MR4 
Mass Reduction, Leve! 4 (15% Reduction in 

Level 3 Glider Wei.,.ht) 

DCT6 6-S_peed Dual Clutch Transmission MR5 
Ma.% Reduction, L_evel 5 (20% Reduction in 
Glider Wei<>ht) 

DCT8 8-S_peed Dua! Clutch Transmission MRO 
Mass Reduction, Level 6 (28.2% Reduction in 
Glider"' · I 

These entities are then laid out into pathways (or paths), which the system uses to define 
relations of mutual exclusivity between conflicting sets of technologies. For example, as 
presented in the next section, technologies on the Turbo Engine path are incompatible with those 
on the HCR Engine or the Diesd Engine paths. As such, whenever a vehicle uses a technology 
from one pathway (e.g., turbo), the modeling system immediately disables.the incompatible 
technologies from one or more of the other pathways (e.g., HCR and diesel). 

In addition, each path designates the direction in which vehicles are allowed to advance 
as the modeling system evaluates specific technologies for application. Enforcing this 
directionality within the model ensures that a vehicle that uses a more advanced or more efficient 
technology (e.g., AT8) is not allowed to "downgrade" to a less efficient option (e.g., ATS). 
Visually, as portrayed in the charts in the sections that follow, this is represented by an arrow 
leading from a preceding technology to a succeeding one, where vehicles begin at the root of 
each path, an_d traverse to each successor technology in the direction of the arrows. 

The modeling system incorporates twenty technology pathways.for evaluation as shown 
below. Similar to individual technologies. each path cariies an intrinsic application level that 
denotes the scope of appli"cability of all technologies present within that path, and whether the 
pathway is evaluated on one vehicle at a time, or on a collection of vehicles that share a common 
platform, engine, or transmission. 
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Table V!-2 - Technology Pathways 

Technolo.-.v Pathwa,· A lication· Level 

En ine Confi.-.uration Path En°ine 
En •ine Im rovements Path En"ine 
Basic Enoine Path Enoine 
Turbo En.,ine Path En •inc 
Advanced Cvlinder Deactivation (ADE.II.Cl En •ine Path Engine 

Hioh Comnrcssion Ratio (HCR) Enoine Path Enoine 
Variable Comnression Ratio (VCR) Em,ine Path En •ine 
Variable Turbo Geomet~· (VTG) En"ine Path En>ine 
Advanced Turbo Ennine Path En°ine 
Dk>scl Enuine Path En ine 
Alternative Fuel Enoine Path En ine 
Manual Transmission Pmh Transmission 
Automatic Transmission Path Transmission 
Electric !mnrovementS Path \'ehicle 
Electrification Path Vehicle 
H\brid/Electric Path Vehicle 
D ·namic Load Reduction (DLR) Path Vehicle 
Low Rollino Resistance Tires (ROLL) Path Vehicle 
Aerodvnamic lmnrovements (AERO) Path Vehicle 
Mass R~'<ludion (MR) Path Platfonn 

Even though technology pathways outline a logical progression between related 
technologies, all technologies available to the system are evaluated concurrently and 
independently of each other. Once all technologies have been examined, the model selects a 
solution deemed to be most cost-effective for application on a vehicle. If the modeling system 
applies a technology that resides later in the pathway, it will subsequently disable a!! preceding 
technologies from further consideration to prevent a vehicle from potentially downgrading to a 
less advanced option. ·Consequently, the system skips any technology that is already present on a 
vehicle (either those that were available on a vehicle from the input fleet or those that were 
previously applied by the model). This "parallel technology" approach, unlike the "parallel 
path" methodology utilized in the preceding versions of the mode!, allows the system always to 
consider the entire set of available technologies instead of foregoing the application of 
potentially more cost-effective options that happen to reside further down the pathway.m, This 
revised approach addresses comments summarized below, and allows the system to analyze all 
available technology options concurrently and independently of one other without having to first 
apply one or more "predecessor" technologies. For example, if model inputs are such that a ?
speed transmission is cost-effective, but not as cost-effective as an 8-speed transmission, the 
revised approach enables the model to skip over the 7-speed transmission entirely, whereas the 
NPRM version of the model might first apply the ?~speed transmission and then consider 
whether to proceed immediately to the 8-speed transmission. As such, the model's choices for 

,.,. Previous versions of the CAFE Model followed a "low-cost" first approach where the system would stop 
evaluating technologies residing wilhin a given pathway as soon as ihe first cost-effective option within that path 
was reached. 
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evaluation of new technology solutions becomes slightly less restrictive, allowing it immediately 
to consider and apply more advanced options, and increasing the likelihood that the a globally 

optimum solution is selected. 

Some comm enters supported the agencies' use of such pathways in the simulation of 
manufacturers' potential application of technologies. As one of a dozen examples of CAFE 
model design elements that lead to the transparent represeittation of real-world factors, the 

Alliance highlighted "recognition of the need for manufacturers to follow 'technology' pathways 
that retain capital and implementation expertise, such as specializing in one type of engine or 
transmission instead of following an unconstrained optimization that would cause manufacturers 
to leap to unrelated technologies and show overly optimistic costs and benefits."~so Similarly, 
Toyota commented that "the inertia of capital investments and engineering expertise dedicated to 
one compliance technology or set of technologies makes it unreasonable for manufacturers to 
immediately switch to another technology path.":s7 

Other commenters cited the use of technology pathways as inherently overly restrictive. 
For example, as an example of"arbitrary model constraints," a coalition of commenters cited the 
fact the model "prohibit[sJ manufacturers from switching vehicle technology pathways,"288 

Also, EDF, UCS, and CARB cited the combination of technology pathways, decisionmaking 
criteria, and model inputs as producing unrealistic resu!ts.2g~ Regarding the technology 
pathways, specifically, EDF's consultant argued that the technology paths are not transparent, 
and cited the potential that specific paths may not necessarily be arranged in progression from 
least to most cost-effective~that "NHTSA ignores the cost of the technology when developing 
this list."2'10 Relatedly, as EDF's consultant commented: 

[TJhe Volpe Model is not designed to look backwards along its technology paths. Thus, 
the opportunity to recover the expenditure of inefficient technology is missed. NHTSA 
might argue that a manufacturer will not invest in l 0-speed transmissions, for example, 
and then return' to an older design. Whether or not this is true in real life, such a view 
would put too much stake in the Volpe Model projections. The model simply projects 
what could be done, not what will be. Anyone examining the progression of technology 
and noting the reversion of transmission technology could easily modif)' the model inputs 
to avoid this. Also, ifNHTSA evaluated combinations of technologies prior to entering 
them in the model piecemeal, it would automatically avoid such apparent problems.~"1 

"' Alliance, NHTSA-2018-0067-12073, at 9. 
'" Toyota, NHTSA-2018-0067-12098, at 7. 
''" CBD, eta!., NHTSA-2018-0067-12057, at 3. 
'"'1 EDF, NHTSA-2018-0067-12\08, Appendix A, at 57 et seq.; UCS, NHTSA-2018.-0067-12039, Appendix, at 25 
el seq,; Roush Industries, 1'.'HTSA-20!8-0067-11984, at 5. 
'"" EDF, NHTSA-2018-0067-12108, Appendix B, at 69, 
,., Ibid., at 70. 
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The agencies also received additional public comments on specific paths and specific 
interactions between paths (e.g .. involving engines and hybridization). These comments are 

addressed below. 

The agencies have carefully considered t hese comments and the approach summarized 
below reflects some corresponding revision. As mentioned above. the CAFE model now 
approaches the technology paths in a such way that, faced w ith two cost-effective technologies 
on t he same path, the model can proceed directly to the more advanced technology if that 
technology is the more cost effective of the two. 

However, the agencies reject assertions that the model's use of technology paths is not 
transparent. The agencies provided extensive explanatory text figu res. model documentation, 
and mode l source code specifi cally addressing these paths (and other model features). This 
transparency appears evident in that commenters (sometimes while claiming that a specific 
feature of the mode l is not transparent) presented analytical results invo lving changes to 
corresponding inputs that required a detailed understanding of that feature's operation. 

Regarding comments that the techno logy paths should be arranged in order of cost
effectiveness, the agencies note that such comments presume, without merit, that costs, fuel 
consumption impacts, and other inputs (e.g., fue l prices) that logically impact manufacturers' 
decision-making are nor subj ect to uncertainty. These inputs are all subject to uncertainty, and 
the CAFE Model ' s arrangement of technologies into several paths is responsive to these 
uncertainties. Nevertheless, the agencies maintain that some technologies do reflect a higher 
level of advancement than others (e.g .. I 0-speed transmissions vs. 5-speed transmissions), and 
while manufacturers may, in practice, occasionally revert to less advanced techno logies, it is 
appropriate and reasonable to conduct our analysis in a manner that assumes manufacturers wi II 
continue to make forward progress. As observed by E DF's consultant's remarks, the CAFE 
Model "simply projects what could be done, not what will be." While no model, much less any 
model re lying on information that can be made publicly available, can hope to represent 
precisely each manufacturers' actual detailed constrains related to product development and 
planning, such constra ints are real and important. The agencies agree that the CAFE Mode l' s 
representation of such constraints- including the Model's use ofteclmology paths-provides a 
reasonable means of accounting for them. 

4. Compliance Simulation 

The CAFE mode l provides a way of estimating how vehicle manufacturers could attempt 
to comply with a given CAFE standard by adding technology to fleets that the agenc ies 
anticipate they will produce in future model years. This exercise constitutes a simulation of 
manufacturers' decisions regarding compliance with CAFE or CO~ standards. 

This compliance simulation begins with the following inputs: (a) the analysis fleet of 
vehicles from mode l year 2017 discussed below in Section YI.B, (b) fuel economy improving 
technology estimates discussed below in Section VI.C, (c) economic inputs discussed below in 
Section Yl.D, and (d) inputs defining baseline and potential new CAFE or CO2 standards 
discussed above in Section V. For each manufacturer, the model applies technologies in both a 
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logical sequence and a cost-optimizing strategy in order to identi-J)" a set of technologies the 
manufacturer could apply in response to new CAFE or CO2 standards. The model applies 
technologies to each of the projected individual vehicles in a manufacturer's fleet, considering 
the combined effect of regulatory and market incentives while attempting to account for 
manufacturers' production constraints. Depending on how the model is exercised, it will apply 
technology until one of the following occurs: 

{]) The manufacturer's fleet achieves compliance292 with the appli9able standard and 
adding additional technology in the current model year ·would be attractive neither 
in terms of stand-alone (i.e., absent regulatory need) cost-effectiveness nor in 
tenns of facilitating compliance in future model years; 

(2) The manufacturer "exhausts" available technologies/9
·' or 

(3) For manufacturers assumed to be willing to pay civil penalties (in the C' AFE 
program), the manufacturer reaches the point at which doing so would be more 
cost-effective (from the manufacturer's perspective) than adding further 
technology. 

The model accounts explicitly for each.model year, applying technologies when vehicles 
are scheduled to be redesigned or freshened and carrying forward technologies between model 
years once they are applied (until, if applicable, they are superseded by other technologies). The 
model then uses these simulated manufacturer fleets to generate both a representation of the U.S. 
auto industry and to modi!)· a representation of the entire light-duty registered vehicle 
population. From these fleets, the model estimates changes in physical quantities (gallons of 
fuel, pollutant emissions, traffic fatalities, etc.) and calculates the relative costs and benefits of 
regulatory alternatives under consideration. 

The CAFE model accounts explicitly for each model year, in turn, because manufacturers 
actually "carry forward" most technologies between model years, tending to concentrate the 
application of new technology to vehicle redesigns or mid-cycle "freshenings," and design cycles 
vary widely among manufacturers and specific products. Comments by manufacturers and 
model peer reviewers strongly support explicit year-by-year simulation. Year-by-year 
accounting also enables accounting for credit banking (i.e., carry-forward), as discussed above, 
and at least four environmental organizations recently submitted comments urging the agencies 
to consider such credits, citing NHTSA 's 2016 results showing impacts of carried-fonvard 

M When decennining "he(her compliance has been achieved in the CAFE program, existing CAFE credits that may 
be carried over from prior model years or cranslerred between fleets arc also used to detennine compliance status. 
For purposes of determining the effect of maximum feasible CAFE standard5, however, EPCA prohibits NHTSA 
from considering these mechanisms for years being considered (though it does so for model years that me already 
final) and the agency runs the CAFE model without enabling these options. 49 Ll.S.C. J'.l902(hj(3). 
""ln a given model year, it is possible tha! pmduccion constraints.cause a manufacturer to ··run out" ofavailable 
tech no fogy before achieving compliance with scandards. This can occur when: (a) an in:;ufficlent volume of 
vehicles are expected to be redesigned, (b) vehicles ha,e moved I.O che ends of each (i'elevant) technology pathway. 
after which no additional options exist, or (c) engineering aspects of mailable vehicles make available technology 
inapplicable (e.g., secondary axle disconnect cannot be applied to two-wheel dri\"e vehicles). 
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credits.294 Moreover, EPCAIEISA requires that NHTSA milke a year-by-year determination of 
the appropriate level of stringency and then set the standard at that level, while ensuring ratable 
increases in average fuel economy through MY 2020. The multi-year planning capability, 
simulation of"market-driven overcompliance," and EPCA credit mechanisms (again, for 
purposes of modeling the CAFE program) increase the model's ability to simulate 
manufacturers' real-"·orld behavior, accounting for the fact that manufacturers will seek out 
compliance paths for several model years at a time, while accommodating the year-by-year 
requirement. This same multi-year planning structure is used to simulate responses to standards 
defined in grams CO2/mile, and utilizing the set of specific credit provisions defined under 
EPA's program. 

After the light-duty ru!emaking analysis accompanying the 2012 final rule lhat finalized 
NHTSA's standards through MY 2021, NHTSA began work on changes to the CAFE mode! 
with the intention of better reflecting constraints of product planning and cadence for which 
previous analyses did not account. This involves accounting for expected future schedules for 
redesigning and "freshening" vehicle models, and accounting for the fact that a given engine or 
transmission is often shared am,;mg more·than one vehicle model, and a given vehicle production 
platform often includes more than one vehicle model. These real product planning 
considerations are explained below. 

Like earlier versions, the current CAFE mode! provides the capability for integrated 
analysis spanning different regulatory classes, accounting both for standards that apply 
separately to different classes and for interactions between regulatory classes. Light vehicle 
CAFE and CO2 standards are specified separately for passenger cars and light trucks. However, 
there is considerable sharing between these two regulatory classes, where a single engine, 
transmission, or p!atfonn can appear in both the passenger car and light truck regulatory class. 
For example, some sport-utility vehicles are offered in 2WD versions (classified as passenger 
cars for compliance pi.Jrposes) and 4WD versions {classified as light trucks for compliance 
purposes). Integrated analysis of manufacturers' passenger car and light truck fleets provides the 
ability to account for such sharing and reduces the likelihood of finding solutions that could 
involve introducing impractical and unrealistic levels of complexity in manufacturers' product 
lines. In addition, integrated fleet analysis provides the ability to simulate the potential that 
manufacturers could earn CAFE and CO2 credits by over complying with the standard in one 
fleet and use those credits toward compliance with the standard in another fleet (i.e., to simulate 
credit transfers between regulatory classes).295 

The CAFE model also accounts for EPCA 's requirement that compliance be determined 
separately for fleets of domestic passenger cars and fleets of imported passenger cars. The 
model accounts for all three CAFE regulatory classes simultaneously (i.e., in an integrated way) 
yet separately: domestic passenger cars, imported passenger cars, and light trucks. The model 

"'' Comment by Environmental Law & Policy Center, Natural Resoun!esDefense Councll (NRDC), Public Citizen, 
and Sierra Club, Docket ID EPA-HQ-OAR-2015-0827-9826. at 28-29. 
' 95 Note, however, that EPCA prohibits NHr'SA from considering. the availability ofsucb credit trading when setting 
maximum feasible' fuel economy standards. 49 U.S.C. 32902(h)(3). 

136 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

further accounts for two related specific statutory requirements specifically involving this 
distinction between domestic and imported passenger cars. Fi rst, EPCA/EISA requires that any 
given fleet of domestic passenger cars meet a minimum standard, irrespective of any available 
compliance credits. Second, EPCA/EISA requires compliance with the standards applicable to 
the domestic passenger car fleet without regard to traded or transferred credits.2

% 

However, the CA/\ flfO'• it:li:·, ,~0 t:lir,MitiAhJs no , uch limi1atil1ns regarding compliance by 
domestic and imported vehicles; EPA ffil-'r<lid not adoptee provisions similar to the 
aforementioned EPCA/EISA requirements and is not doing so today. Therefore, the CAFE 
model dete11nines compliance for manufacturers' overall passenger car and light truck fleets for 
EPA's program. 

Each manufacturer's regulatory requirement represents the production-weighted 
harmonic mean of their vehicle's targets in each regulated fleet. This means that no individual 
vehicle has a "standard," merely a target, and each manufacturer is free to identify a compliance 
strategy that makes the most sense given its unique combination of vehicle models, consumers, 
and competitive position in the various market segments. As the CAFE model provides 
flexibility when defining a set of regulatory standards, each manufacturer's requirement is 
dynamically defined based on the specification of the standards for any simulation and the 
d istribution of footprints within each fleet. 

Given this information, the model attempts to apply technology to each manufacturer's 
fleet in a manner that, given product p lanning and engineering-related considerations, optimizes 
the selected cost-re lated metric . The metric supported by the PRM version of the model is 
termed "effective cost." The effective cost captures more than the incremental cost ofa given 
technology; it represents the difference between their incremental cost and the value of fuel 
savings to a potential buyer over the first 30 months of ownership."q7 In addition to the 
technology cost and fue l savings. the effective cost also includes the change in fines from 
applying a given technology and any estimated welfare losses associated with the technology 
(e.g., earlier versions of the CAFE model simulated low-range e lectric vehicles that produced a 
welfare loss to buyers who valued standard operating ranges between re-fueling events). 
Comments on this metric are discussed below, as are model changes responding to these 
comments. 

This construction allows the model to choose technologies that both improve a 
manufacturer's regulatory compliance position and are most likely to be attractive to its 
consumers. This also means that different assumptions about future fuel prices will produce 
different rankings of technologies when the model evaluates available technologies for 
application. For example, in a high fuel price regime, an expensive but very efficient technology 
may look attractive to manufacturers because the value of the fuel savings is sufficiently high 

, .. 49 U.S.C. 32903(f)(2) and (g)(4). 
,., The length of time over which to value fuel savings in the effective cost calculation is a model input that can be 
modified by 1he user. This analysis uses 30 months' worth of fuel savings in the effective cost calculation, using the 
price of fuel at the time of vehicle purchase. 
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both to counteract the higher cost of the technology and, impl icitly, to sat isfy consumer demand 
to balance price increases with reductions in operating cost. 

In general, the model adds technology for several reasons but c hecks these sequentially. 
The model then applies any ' 'forced" technologies. Currently, only variable valve timing (VVT) 
is forced to be applied to vehicles at redesign since it is the root of the engine path and the 
reference point for all future engine technology appl ications.!QS The model next applies any 

inherited technologies that were applied to a leader vehicle on the same vehicle platform and 
carried forward into future model years where follower vehic les (on the shared system) are 
freshened or redesigned (and thus eligible to receive the updated version of the shared 
component). In practice, very few vehicle models enter without VVT, so inheritance is typically 
the first step in the compliance loop. Next, the model c•,.1ll1<1lt!:, !ht' maHufa.:turcr·, t'tlAlf'liaikt:' 
,,1<11u,,. appl:, iAg ~ all technnltH!ie, for ,1 hich 1he l'ffi.-cti, e c,1s1 i, nl.!l!~Hi,c.1:11· t t:'l1t:'~li\ ~ 
lt!1: lrn1.-1logi<!·, regardless of compliance status I c! , ,e1Hial I~ aH~ lt:'1:lrnoltJg~ for v. hidi !he dlt:'cti\ t:' 
n1<1 i, m~µ<11i•, <'). Then the model applies expiring overcornp liance credits (if allowed to do so 
under the perspective of either the "unconstrained" or ''standard setting" analysis, for CAFE 
purposes).299 At this point, the model checks the manufacturer' s compliance status- . If the 
manufacturer is ...i-t++-not compliant (and is unwi ll ing to pay c ivil penalt ies, again for CAFE 
modeling), the model will add technologies that ore ml! -t•· 1 t:'ITl:'Lli1" until the manufacturer 
reaches compliance. If the manufacturer exhausts opportunities to comply with the standard by 
improving fuel economy/reducing emissions (typically due to a limited percentage of its fleet 
being redesigned in that year), the mode l will apply banked CAFE or CO2 credits to offset the 
remaining deficit. Ifno credits exist to offset the remaining deficit, the model will reach back in 
time to alter technology solutions in earlier model years. 

The CAFE model implements mult i-year planning by looking back, rather than forward. 
When a manufacturer is unable to comply through cost-effective (i.e., producing effective cost 
values less than zero) technology improvements or credit application in a given year, the model 
wi ll "reach back" to earlier years and apply the most cost-effective technologies that were not 
applied at that time and then carry those technologies forward into the future and re-evaluate the 
manufacturer's compliance position. The mode l repeats this process until compliance in the 
current year is achieved, dynamically rebuilding previous model year fleets and carrying them 
forward into the future, and accumulating CAFE or CO2 credits from over-compliance with the 
standard wherever appropriate. 

In a given model year, the model detem,ines applicability of each technology to each 
vehicle platfonn, model, engine, and transmission. The compliance simulation a lgorithm begins 
the process of applying technologies based on the CAFE or CO2 standards specified during the 
current model year. This involves repeatedly evaluating the degree of noncompliance, 
identify ing the next "best" technology (ranked by the effective cost discussed earlier) avai lable 
on each of the parallel technology paths described above and applying the best of these. The 

" 8 As a practical matter. this affects very few vehicles. More than 95 percent of vehicles in the market tile either 
already have VVT present or have surpassed the basic engine path through the application of hybrids or electric 
vehicles. 
' 99 As mentioned above, EPCA prohibits consideration of avai lable credits wl1en setting maximum feasible fuel 
economy standards. 49 U.S.C. 32902(h)(3). 
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algorithm combines some of the pathways, evaluating them sequentially instead ofin parallel, to 
ensure appropriate incremental progression of technologies. 

The algorithm first finds the best next applicable technology in each of the technology 
pathways and then selects the best among these. For CAFE purposes, the model applies the 
technology to the affected vehicles ifa manufacturer is either unwi lling to pay penalties or if 
applying the technology is more cost-effective than paying penalties. Afterwards, the algorithm 
reevaluates the manufacturer's degree of noncompliance and continues application of 
technology. Once a manufacturer reaches compliance (i.e. , the manufacturer would no longer 
need to pay penalties), the algorithm proceeds to apply any additional technology detennined to 
be cost-effective (as discussed above). Conversely, if a manufacturer is assumed to prefer to pay 
penalties, the algorithm only applies technology up to the point where doing so is less costly than 
paying penalties. The algorithm stops applying additional technology to this manufacturer's 
products once no more cost-effective solutions are encountered. This process is repeated for 
each manufacturer present in the input fleet. It is then repeated again for each model year. Once 
a ll model years have been processed, the compl iance simulation algorithm concludes. The 
process for CO2 standard compliance simulation is similar, but wi thout the option of penalty 
payment, such that technologies are applied unt il compliance (accounting for any modeled 
application of credits) is achieved. For both CAFE and CO:: standards, the model also applies 
any additional (i.e., beyond required for compliance) technology that "pays back" within a 
speci fied period (for the NPRM and today's analysis, 30 months). 

Some commenters argued that the CAFE model appl ies constraints that excessively limit 
options manufacturers have to add technology, causing the model to overestimate costs to 
achieve a given level of improveme nt.300 Some of these commenters further argued that the 
agencies should assume greater potential to apply technologies that contribute to compliance by 
improving air conditioner efficiency or otherwise reducing "off cycle" fuel consumption and 
CO~ emissions.301 Other commenters argued that such constraints, whi le warranting some 
refinements, he lp the model to simulate manufacturers' decision making realistically and to 
estimate technology effectiveness and costs reasonably .302

· 
303 

Some commenters questioned the "effective cost" metric the model uses to decide among 
available options, claiming that the metric also causes the mode l to avoid selection of pathways 
that are not always economically optimal.30-I One of these commenters recommended the 
agencies modify the effective cost metric for CO2 compliance by removing the term placing a 
monetary value on progress toward compliance, and instead divid ing the remaining net cost (i. e ., 
the increase in technology costs minus a portion of the fuel outlays expected to be avoided) by 
the additional CO2 credits earned.305 Another of these commenters claimed on one hand, that the 

'°" HTSA-2018-0067-12057, CBD, e1. al. p. 3. 
" " NHTSA-2018-0067-1 174 1, ICCT. Attachment 2, p. 4. 
' "' NHTSA-2018-0067-12073, All iance of Automobile Manufacturers. pp. 134-36. 
303 American Honda Motor Co., " Honda Comments on the NPRM and various proposals contained therein -
Prepared for NHTSA, EPA and ARB," October 17, 2018, pp. 12-1 6. 
304 HTSA-2018-0067-1 174 1, ICCT, Anachment 3. p. 1-62. 
" " NHTSA-2018-0067-12039, UCS, Technical Appendix, pp. 28-32. 
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effective cost metric "does not include a measurement of the technology's reduction in fuel 
consumption or col emissions" and, on the other, that the metric inappropriately places a value 
on avoided fuel consumption.'06 

One commenter claimed that the model inappropriately allows earned credits (including 
COc program credits for which EPA has granted a one-time exemption from cany-forward 
limits) to expire while also' showing undue degrees overcompliance with standards, and further 
proposed that the mode! be modified to simulate both credit "carry back" (aka "borrowing!') and 
credit trading between manufacturers_:;o7 

[n addition, some commenters indicated that the agencies' -analysis (impliedly, its 
modeling) should account for some States' mandates that manufacturers sell minimum quantities 
of"Zero Emission Vehicles" (ZEVs).3'1~- oo9 

Regarding the model's representation of engineering and product planning constraints, 
the agencies maintain that having such constraints produces more realistic potential (as 
mentioned above. not "predicted") pathways fonvard from manufacturers' current fleets than 
would be the-case were these constraints removed. For example, while manufacturers' product 
plans are protected as confidential business information (CBI), some manufacturers' public 
comments demonstrate year-by-year balancing such as the CAFE model emulates.310 Also, eyen 
manufacturers that have invested in technologies such as hybrid electric powertrains and 
Atkinson cycle engines have commented that a manufacturers' past investments will constrain 
the pathways it can practicably take.3 11 Therefore, the agencies have retained the model's basic 
structural constraints, have updated and expanded the model's technology paths (and, as 
discussed, the model's logic for approaching these paths), and-have updated inputs defining the 
range of manufacturer-, technology-, and product-specific constraints. These updates are 
discussed below at greater length, 

The agencies have also reconsidered opportuniti~s manufacturers may have to expand the 
application of technologies that contribute to compliance by improving air conditioner efficiency 
or othenvise reduciti.g "off cycle" fuel consumption and CO;, emissions, or to earn credit toward 
CO2 compliance by using refrigerants with lower global wanning potential (GWP) or reducing 
the potential for refrigerant leaks. The version of the model used for the proposal accommodates 
inputs that, for each of these adjustments or credits, applies the same value to every model year. 
The agencies have revised the model to accommodate inputs that specify the degree of 
adjustment or credit separately for each model year, and have applied inputs that assume 
manufacturers will increase application of these improvements to the highest levels reported 
within the industry. 

, .. NHTSA-2Ql8-0067-12108, EDF, Appendix B. p. 67. 
-'"' NHTSA-2018-0067-12039, UCS, Technical Appendix, pp. 36-40. 
108 NHTSA-2018-0067-12036, Volvo, p. 5. 
""' NHTSA-2018-0067-118!3, South Coast AQMD, Attachment l, p. 4 and EIS comm~>nts, p. 9. 
-''" See, e.g., FCA, pp. 5-6. 
-
11 t Toyota, Attachment 1. p. I 0. 
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Regarding comments on the effective cost metric the model uses to compare and select 
among available options ro add technology, the agencies have considered changes such as those 
mentioned above. Given the myriad of factors that manufactu rers can actually consider, any 
weighing to be conducted using publicly-available information wi ll constitute a simplified 
representation. Nevertheless, within the model's context, it is obvious 1hat any weighing of 
options should, at a minimum, consider some measure of each option's costs and benefits. Since 
this aspect of the model involves simulating manufacturers' decisions, it is also clearly 
appropriate that these costs and benefits be considered from a manufacturer perspective rather 
than a social perspective. 

The effective cost metric used for the NPRM version of the model represents the cost of a 
given option as the cost to apply a given technology to a given set of vehicles, and represents the 
benefit of the same option as the extent to which the manufacturer might expect buyers would be 
willing to pay for fuel economy (as represented by a portion of the projected fuel savings), 
combined with any reduction in CAFE civil penalties that the manufacturer might ultimately 
need to pass along to buyers. The reduction in CAFE civi l penalties places a value on progress 
made toward compliance with CA.FE standards. I I~<! C \ \ pm\ iJ~ m, tlire~tit111 r~~arJmg!.Qr 
CO2 standards, !.t+-the model accepts inputs specifying an analogous basis for valuing changes in 
the quantity of CO2 credits earned from (or required by) a manufacturer's fleet. Because each of 
these three components (technology cost, fuel benefit, and compliance benefit) is expressed in 
dollars, subtracting benefits from costs produces a net cost. and after dividing net costs by the 
number of affected vehicles, it is logical to, at each step, select the option that produces the most 
negative net unit cost. This approach can be interpreted as maximizing net benefits (to the 
manufacturer). 

As an alternative, the agencies considered a simpler metric that considers only the cost of 
the option and the extent to which the option increases the quantity of earned credits, and does 
not require input assumptions regarding how to value progress toward compliance. Such a 
metric is expressed in dollars per ton or dollars per gallon such that seeking options that produce 
the smallest (positive) values can be interpreted as maximizing cost effectiveness (of progress 
toward compliance). However, simply comparing technology costs to corresponding compliance 
improvements would implicitly assume that manufacturers do not respond at all to fuel prices. 
This assumption is clearly unreal istic. For example, if diesel fuel costs $5 per gallon and 
gasoline costs $2 per gallon, manufacturers will be reluctant to respond to stringent CAFE or 
CO" standards by replacing gasoline engines with diesel engines. Manufacturers' comments 
credibly assert that fue l prices matter, and in the agencies' judgment, simulations of decisions 
between available options should continue to account for avoided fuel outlays. 

On the other hand, while any metric should incorporate some measure of progress toward 
compliance, it is not obvious that this progress must be expressed in monetary terms. While the 
CAFE civil penalty provisions provide a logical basis for doing so with respect to CAFE, the 
recently-introduced (through EISA) option to trade credit between manufacturers adds an 
alternative basis that is undefined and uncertain, in part because terms of past trades are not 
known to the agencies. Also, as mentioned above, EPCA/EISA 's civi l penalty provisions arc not 
applicable to noncompliance with co~ standards. 
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Therefore, for the purpose of selecting among available options to add technology. the 
agencies consider it reasonable to use the degree of compliance improvement in "raw" (i.e .. not 
monetized) form, and to divide net costs (i.e., technology costs minus a portion of expected 
avoided fuel outlays) by this improvement. Under a range of side-by-side tests, this change to 
the effective cost metric most frequently produced lower overall estimates of compliance costs. 
a lthough with high fuel prices, this change produced results with significantly greater levels of 
vehicle e lectri fication c11.J ig1111i,c11nl: ,:1"ec1h.'I '" t'lttll"" 11111c1t<' "' c1,mrlrdne.-11ith .:,timat.:, ol 
hiL!i1cr -techn1ilut:1 costs more than offset b, the , alued pnnion ol :11 oic\ed fuel out la,,. 

The version of the model used for the proposal simulates the potential that. for a given 
fleet in a given model year, a manufacturer might be able to use credi ts from an earlier model 
year or a di fferent fleet. This version of the model did not explicitly s imulate the potential that, 
for a given fl eet in a given model year, a manufacturer might be to use credits from a future 
model year or a different manufacturer. However, the agencies did apply model inputs that 
reflected assumptions regarding possible t rading of credits actually earned prior to model year 
2016 (the earliest represented in detail in the agencies' analysis), and the agencies did examine a 
case (included in the sensitivity analysis) involving hypothetical "perfect" trading of CO2 credits 
among manufacturers by treat ing the industry as a s ingle "manufacturer." Although past 
versions of the CAFE Model had included code under development with a view toward 
eventually simulating one or both of these provisions, this code had never proceeded beyond 
preliminary experimentat ion, and had never been the focus of peer reviews or applicat ion in 
published analyses. 

Nevertheless, the agencies considered expanding the model to simulate credit "carry 
back" (or "borrowing") and trading (explicitly, rather than in an idealized hypothetical way). 
The agencies closely examined the corresponding model revisions proposed by UCS and 
determined that such methods would not produce repeatable results. This is because the 
approach proposed by UCS "randomly swaps items in list to minimize trading bias."312 
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The analysis presented in the proposal applied inputs reflecting potential application of 
credits earned earlier than the first year modeled explicitly. However. as observed by some 
commenters, those inputs did not fully account for the one-time exemption from the 5-year limit 
on the extent to which manufacturers may carry forward col credits. The agencies have updated 
the analysis fleet to MY 2017 and, in doing so, have updated inputs specifying how credits 
earned to MY 2017 might be applied. These updates implement a reasonably ful l accounting of 
these "legacy" credits, including of the one-time exemption from the credit life limit. 

.\, 111c'nlit1nl:'t.l ,1lam.-. ,um.: co111n1.:111.:r, ttLt• indi«11.:tl 1ht1I the 111,,Jd i_ uArt!ali 1i,.1ll: 
·'r.:11:1.:10111'" 10 ttppl~ nee it, eamed fon•, are frnm ,:arl~ 111t1dd ~ l?ttF . '.· 1:?\J1la111.:J m 11'1.- f1n1pn ,ol 
anEI ill th.: 111t1ad tlocum .. mation. 111<' mt1tl.-l', arrli.:atien or ,arrit!e fon,anl ,r.-,fos L paniall:, 
,A11trollt?d la~ rntielt!I iAf'HI';, ·1 hid,. for the' rr0po ,al. ,,, t!Ft! •,l!l lO a•,.,1:111w th111 111am1fa,;11:1rt'r 
,, 01:1ld ll!AS to reta111 eretlih Lit, l0ng a•. possiBle. Tlii:, a · w11p11r111 i, e111irel: <llll!,i• teill '\ i!A 
mturnfo1:1urers;· past flFUeliet' uAd l1:1girnl iA a n1111e•.\ \\herein tht" ,lringt·n.:~ uf_,hmt.lctrd., i, 
g.enere.11~, i11ere;1sin,; t», .. r 1im1:?. E\t:A 1hough u i11g fft!eit· iA .. ,11e 11wdel ~ear, mi,;hl ,,.,em 
iniliall~ aa, anrngeou·. doing ,o mern1,; foregAing aewal impro1 e111 .. n1, lil,el~ tn Pt! A••ed.-J in 
leth!r model ~ear, 

Regarding the model 's treatment of mandates and credits for the sale of ZEYs, as 
indicated in the model documentation accompanying the proposal, these capabilities were 
experimental in that version of the model. The reference case analysis for today's notice, like 
that for the proposal, does not simulate compliance with ZEV mandates.313 

For the NPRM, the CAFE model was exercised with inputs extending this explicit 
s imulation of technology application through MY 2032, as the agencies anticipated this was 
sufficiently beyond MY 2026 that nearly all multiyear planning attributable to MY 2026 
standards should be accounted for. and any compliance credits carried forward from MY 2026 
would have expired. The analysis met this expectation, and the agencies presented analysis of 
the resultant estimated impacts over the useful lives of vehicles produced prior to MY 2030. The 
agencies invited comment on all aspects of the analysis, and relevant to this aspect of the 
analysis-i.e., its perspective and temporal span-EDF stated that that these led the agencies to 
overstate the proposal's positive impacts on safety, in part because by explicitly representing 
vehicle model years only through 2032, the agencies had failed to account for the impact of 
distant model years prices and fuel economy levels on the retention and scrappage of vehicles 
produced through MY 2029.314 For example, some vehicles produced in MY 2026 will likely 
still be on the road during calendar years (CY) 2033-2050 and the rates at which these MY 2026 
vehicles will be scrapped during CYs 2033-2050 wil l be impacted by the prices and fuel 
economy levels of vehicles produced during MYs 2033-2050. The agencies have addressed this 

313 The agencies note their finalization of 1he One Na1ional Program Final Action. in which EPA panially withdrew 
a waiver of CAA preemption previously gran1cd 10 the S1a1c of California rclatinf! t0 its ZEV manda1e, and NI ITSA 
fi nalized regulations providing 1hat State ZEV manda1es arc impl iedly and expressly preempted by EPCA. This 
joint action is available at 84 FR 51310. 
rn EDF. NHTSA-2018-0067-12108, Attachment A a1 11 and Attachmem 8 at 11-28. 
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comment by expanding mode l inputs to extend the explicit simulation of technology application 
through MY 2050. Most of these expanded model inputs involve the analysis fleet and inputs 
defining the cost and availabil ity of various fue l-saving technologies. These inputs are discussed 
below. The agencies a lso made minor modifications to the mode l in order to extend mode l 
outputs to cover this wider span and to carry forward each regulatory alternat ive's standards 
automatically through the last year to be mode led (e.g., extending standards without change from 
MY 2032 through MY 2050). The model documentation discusses these minor changes.'1; In 
addition, although the agencies published detailed model output files documenting all estimated 
annual impacts through calendar year 2089, the notice and PRJA both emphasized the above
mentioned "model year" perspective, as in past regulatory analyses supporting CAFE Bfltl-4:.C..L 
standards. Recognizing that an alternative ''calendar year" perspective is of interest to EDF and, 
perhaps other stakeholders, the agencies have expanded the presentat ion of results in today's 
notice and FRIA by presenting some physical impacts (e.g., fuel consumption and CO2 
emissions) as well as monetized benefits, costs, and net benefits for each of CYs 2017-2050. All 
of these results appear in the mode l output files published with today's notice, as do 
corresponding results for more specific impacts (e.g., year-by-year components of monetized 
social costs).316 

5. Calculat ion of Physical Impacts 

Once it has completed the simulation of manufacturers' potential application of 
techno logy in response to CAFE/CO" standards and fuel prices, the CAFE Mode l calculates 
impacts of the resultant changes in new vehicle fue l economy levels and prices. This involves 
severa l steps. 

The model calculates changes in the total quantity of new vehicles sold in each model 
year as well as the relative shares passenger cars and light trucks comprise of the overall new 
vehicle market. These agencies received many comments on the estimation of sales impacts, and 
as discussed below in Section [Sales and Fleet Share], today's analysis applies methods and 
corresponding estimates that reflect careful consideration of t hese comments. Related to these 
calculations, the model now operates in an iterated fashion with a view toward obta ining sales 
impacts t hat are balanced with changes in vehicle prices and fuel economy levels. This involves 
solving for compliance. calculating sales impacts, re-solving for compliance, and repeating these 
steps as many times as specified in model inputs. For today's analysis, the agencies operated the 
model with four iterations, as early testing suggested three iterations should be sufficient for 
fleetwide results to converge between iterat ions. The model documentation describes the 
procedures for iteration in detail. 

The impacts on outlays for new vehicles occur coincident with the sale of these vehicles 
so the model can simply calculate and record these for each model year included in the analysis. 
However, virtually all other impacts result from vehicle operation that extends long after a 
vehicle is produced. Like other models (including, e.g., NEMS), the CAFE Model includes 

·' 15 The model and documentation are available al http,: \\\\\\,nhha.g,1, i:urpur.:i1e-.1\_t:T::,g__c"- fu,·l
t.'i.:onom\ complianct>-and-~fft:cb-mod1.:l inc.-~, ~tern . 
,,rn Detai led model inputs and outputs are available at http~: ,,\,,, .nht:-.a.µo, ~l1n1(1ratc-:.1,cra!c!1..'-fth.'l
~1..·011u111, \.:Olllplic1ncc-and-c ffc-c1~-n1t•d~ l in!!-S\ ~k·m. 
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procedures (sometimes referred to as "stock models" or as models of fleet turnover) to estimate 
annual rates at which new vehicles are used and subsequently scrapped. The agencies received 
many comments on procedures for estimating vehicle scrap page and on procedures for 
estimating annual quantities of highway travel, accounting for the elasticity of travel demand 
with respect to per-mile costs for fuel. Below, [Section xxx] discusses these comments and 
reviews procedures and corresponding estimates that also reflect careful consideration of these 
comments. 

For each vehicle model in each model year, these procedures result in estimates of the 
number of vehicles remaining in service in each calendar year, as well as the annual mileage 
accumulation (i.e., vehicle miles traveled, or VMT) in each calendar year. As mentioned above, 
most of the physical impacts of interest derive from this vehicle operation. Also discussed 
above, the simulated application oftechno!ogy results in "initial" and "final"' estimates of the 
cost, fuel type, fuel economy, and fuel share (for, in particular, PHEVs that can run on gasoline 
or electricity) applicable to each vehicle model in each model year. Together w·ith quantities of 
travel, and with estimates of the "gap" between "laboratory" and "on-road" fuel economy, these 
enable calculation of quantities of fuel consumed in each year during the useful life of each 
vehicle model produced in each model year.317 The model documentation provides specific 
procedures,and formulas implementing these calculations. 

As for the NPRM, the model calculates emissions of CO2 and other air pollutants, 
reporting emissions both from vehicle tailpipes and from upstream processes (e.g., petroleum 
refining) involved in producing and supplying fuels. Section VJ.DJ below reviews methods, 
models, and estimates used in perfonning these calculations_, The model also calculates impacts 
on highway safety, accounting for changes in travel _demand, changes in vehicle mass, and 
continued past and expected progress in vehicle safety (through,e.g., the application of new 
crash avoidance systems). Section VJ.D:2 discusses methods, data sources, and estimates 
involved in estimating safety impacts, comments on the same, and changes included in today's 
analysis. In response to the NPRM, some comments urged the agencies also to quantify different 
types of health impacts from_ changes in air pollution rather than only accounting for such 
impacts in aggregate estimates of the social costs of air pollution. Considering these comments, 
the agencies added such calculations to the model, as discussed in Section Vl.D.3. 

6. Calculation of Benefits and Costs 

Having estimated how technologies might be applied going forward, and having 
estimated the range of resultant physical impacts, the-CAFE Model calculates a variety of private 
and social benefits and costs, reporting these from the consumer, manufacturer, and social 
perspectives, both in undiscounted and discounted present value fonn (given inputs specifying 
the corresponding discount rate and present year). Estimates of regulatory costs are among the 
direct outputs of the simulation of manufacturers' potential responses to new standards. Other 
benefits and costs are calculated based on the above-mentioned estimates oftravel demand, fuel 

."1 As di~cussed in Section [Text Forthcoming] for today's analysis, the agencies have applie{I the same estimates of 
the "on road gap" as applied for the analysis supporting the NPRM, For operation on ga;oline, diesel, E85, and 
CNG, this gap is 2() percent; for electricity and hydrogen. 30 percent. 
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consumption, emissions, and safety impacts. The agencies received many comments on the 
NPruvrs calculation of benefits and costs, and Section Vl.D. l discusses these comments and 
presents the methods, data sources, and estimates used in calculating benefits and costs repo1ted 
here. 

7. Structure ofModel Inputs and Outputs 

All CAFE lVlodel inputs and outputs described above are specified in Microsoft Excel 
format, and the user can define and edit all inputs to the system. Table Vl-3Table Vl-3describes 
(non-exhaustively) ·which inputs are contained within each input file and Table VJ-Table 
VI- describes which outputs are contained in each output file. This is important for three 
reasons: [ 1) each file is discussed throughout the following sections; (2) several comm enters 
conflated aspects of the model with its inputs; and (3). several commenters seemed confused 
about where to find specific information in the output files. This information was described in 
detail in the NPRM CAFE Mode! Documentation, but is reproduced here for quick reference. 
When specifically referencing the input or output file used for the NPRM or final rule in the 
following discussion, NPRM or FRM, respectively, will precede the file name. 

Table Vl-3 -CAFE Model Input Files 

Jn~ut File Contents 

Market Data [text forthcoming] 
(Manufacturers 
\1/ orksheet) 
Market Data (Vehicles [text forthcoming] 
Worksheet) 
Market Data (Engines [text forthcoming] 
\Vorksheet) 
Market Data [text forthcoming] 
(Transmissions 
Worksheet) 
Technolo ies text forthcomin"l 
Techno!onies CAFE SS ftext forthcomino] 

Parameters text forthcominol 

Scenarios text forthcomin~1 

Table VJ-4-CAFE Model Output Files 

Outout File Contents 

Technoloov Utilization Renort {e>,.t forthcomin ' 
Com, liance-Re rt text forthcomin ' 
Societal Effects Rerort text forthcomin 
Societal Costs Renorl text forthcomin 
Annual Societal Effects Renart [text forthcomin 
Annual Societal Costs Re=rt text forthcomin 
Annual Societal Effects Summa..,. Renort text forthcomln 
Annual Societal Costs Summar, Reeort text forthcomin 
Consumer Cos\s Renart text forthcamin,, 
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II Vehicles Report I [text forthcoming] 

A catalog of the Argonne National Laboratory Autonomie fuel economy technology 
effectiveness value output files are reproduced in the following Table V'J-4Table Vl-4 as well. 

Table Vf-4- Autonomie Simulation Database Files 

Autonomie Simulation Databa:.e Contents 

SmallCar text forthcnminnl 
SmallCarPerf [text forthcoming] 
MedCar [text forthcoming] 
MedCarPerf [text forthcoming] 

SmallSUV [text forthcoming] 
SmallSUVPerf [text forthcoming] 
MedSUV [text forthcilming] 
MedSUVPerf [text forthcoming] 
Picku~ [text forthcoming] 
PickunHT [te.~t forthcoming] 

B. What Inputs Does the Compliance Analysis Require? 

I. Analysis Fleet 

[text forthcoming]. 

2. Flexibilities 

aJ Treatment of Compliance Credit Provisions 

Today's tinal rule involves a variety of provisions regarding "credits" and other 
compliance tlexibi!ities. Some recently introduced regulatory provisions allow a manufacturer to 
earn "credits" that will be counted toward a vehicle's rated CO:, emissions level, or toward a 
fleet's rated average CO: or CAFE level, without reference to required levels for these average 
levels of perfonnance. Such flexibilities effectively mod if)' emissions and fuel economy test 
procedures, or methods for calculating fleets' CAFE and average COl levels. Such provisions 
are discussed below in Sections Vl.8.2.c and VLB.2.d. Other provisions (for CAFE, statutory 
provisions) allow manufacturers to earn credits by achieving CAFE or average CO2 levels 
beyond required levels; these provisions may hence more appropriately be termed "compliance 
credits." 

EPCA bas long provided that, by exceeding the CAFE standard applicable to a given 
fleet in a given model year, a manufacturer may earn corresponding "credits" that the same 
manufacturer may, within the same regulatory class, apply toward compliance in a different 
model year. EISA amended these provisions by providing that manufacturers may, subject to 
specific statutory limitations, transfer compliance credits between regulatory classes, and trade 
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compliance credits with other manufacturers. T~ he CAA. t • ' llo'h :•--.~ ,,.,, 1ck I' \ "11h 
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,1c1nt:lc1rll , ur C01 compliance credits. 

EPCA also specifies that NHTSA may not consider the availability of CAFE credits (for 
transfer, trade, or direct application) toward compliance with new standards when establishing 
the standards themselves.318 Therefore, this analysis, like that presented in the NPRM, considers 
2020 to be the last model year in which carried-forward or transferred credits can be applied for 
the CAFE program. Beginning in model year 2021 . today's "'standard setting" analysis for 

HTSA 's program is conducted assuming each fleet must comply with the CAFE standard 
separately in every model year. 

The "unconstrained" perspective acknowledges that these flexibi lities exist as pa11 of the 
program, and, while not considered by NHTSA in setting standards, are nevertheless impo11ant 
to consider when attempting to estimate the real impact of any alternative. Under the 
''unconstrained" perspective, credits may be earned. transferred, and applied to deficits in the 
CAFE program throughout the full range of model years in the analysis. The Final 
Environmental Impact Analysis (FEIS) accompanying today's final rule, like the corresponding 
Draft EIS analysis, presents results of"unconstrained" modeling. Also, because the CAA 
pr,11 1,k 11, t!11~t'li .. 11d,,c, 11 .. 1 c 11.111, 1 ,c , .. 11 1r.,i1,1 lt ,unu i11 I I'< \ regarding consideration of 
any CO2 credit provisions, today's analysis, like the NPRM analysis, includes simulation of 
carried-forward and transferred CO2 credits in all model years. 

Some commenters took issue broadly with this treatment of compliance credits. 
Michalek and Whitefoot wrote that "we find this requirement problematic because the 
automakers use these flexibi lities as a common means of complying with the regulation, and 
ignoring them will bias the cost-benefit analysis to overestimate costs."319 

Counter to the above general claim. the CAFE model does provide means to simulate 
manufacturers' potential application of some compliance credits, and both the analysis of CO2 
standards and the NEPA analysis of CAFE standards do make use of this aspect of the model. 
As discussed above, NHTSA does not have the discretion to consider the credit program- in 
fact, the agency is prohibited by statute from doing so--in establishing maximum feasible 
standards. Further, as discussed below, the agencies also continue to find it appropriate for the 
analysis largely to refrain from simulating two of the mechanisms allowing the use of 
compliance credits. 

The model's approach to simulating compliance decisions accounts for the potential to 
earn and use CAFE credits as provided by EPCA/EISA. The model similarly accumulates and 
applies CO: credits when simulating compliance with EPA's standards. Like past versions, the 
current CAFE model can be used to simulate credit carry-forward (a.k.a. banking) between 

318 49 U.S.C. 32902(h)(3J. 
-'10 Michalek, .I. and Whitefoot. K., NHTSA-20 18-0067-11903, at 10-1 1. 
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model years and transfers between the passenger car and light truck fleets but not credit carry
back (a,k.a. borrowing) from future model years or trading between manufacturers. 

Regarding the potential to carry back compliance credits, UCS commented that, although 
past versions of the CAFE model had "considered this flexibility in its approach to multiyear 
modeling," NHTSA had, without explanation, "abrnptly discontinued support of this method of 
compliance," such that "manufacturers are generally incentivized to overcomply, regardless of 
whether carrying forward a deficit to be compensated by later overcompliance would be a more 
cost-effective method of comp!iance."3111 Citing the potential that manufacturers could make use 
of carried back credits in the future, UCS also stated that "NHTSA's decision to constrain it in 
the model is unreasonable and arbitrary."111 UCS effectively implies that the agencies should 
base standards on analysis that presumes manufacturers will take full theoretical advantage of 
provisions allowing credits to be borrowed. 

The agencies have carefully considered these comments, and while EPA 's decisions 
regarding CO2 standards can consider the potential to carry back compliance credits from later to 
earlier model years, and NHTSA 's "unconstrained" evaluation could also do so, past examples 
of failed attempts to carry back CAFE credits (e.g., a MY2014 carry back default leading to a 
civil penalty payment) underscore the riskiness of such "borrowing." Recent evidence indicates 
manufacturers are disinclined to take such risks,"c~ and both agencies find it reasonable and 
prudent to refrain from attempting to simulate such "borrowing" in rulemaking analysis. 

Unlike past versions, the NPRM and current versions of CAFE model provide a basis to 
specify (in model inputs) CAFE credits available from model years earlier than those being 
explicitly simulated. For example, with this analysis representing model years 2017-2050 
explicitly, credits earned in model year 2012 are made available for use through mode! year 2017 
(given the current five-year limit on carry-forward of credits). The banked credits are specific 10 
both the model year and fleet ln which they were earned. 

In addition to the above-mentioned comments, UCS also cited as "errors" that "the model 
does not accurately reflect the one-time exemption from the EPA 5-year credit life•for credits 
earned in the MY 20!0-2015 timeframe" and "NHTSA assumes that there will be absolutely no 
credit trading between manufacturers." 

As discussed below, in the course of updating the analysis fleet from MY 2016 to MY 
2017, the agencies have updated and expanded the manner in which the model accounts for 
credits earned prior to MY 2017, including credits earned as early as MY 2009. In order to 
increase the realism with which the model transitions between the early model year (MY s 2017-
2020) and the later years that are the subject of this action, the agencies have accounted for the 
potential that some manufacturers might trade some of these pre-MY 2017 credits to other 
manufacturers. However, as with the NPRM, the analysis refrains from simulating the potential 

"" UCS, NHTSA-2018-0067-12039, Technical Appendix, at 44. 
·'" UCS, op. cit., al 77. 
Je2 Section IX. below, revi~ws data regarding manufacturers· use of CAFE compliance credit mechanism during 
1\.-\Yg 201 l-2016, and shows that the use of"carry back'" credits is. relative to the use of other compliance credit 
mechanisms, too small m discern. 
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chat manufacturers might continue to trade credits during and beyond the model years covered by 
today's action. The agencies remain concerned that any realiscic simulation of such trading 
would requi re assumptions regarding which specific pairs of manufacturers might actually trade 
compliance credits, and the evidence to date makes it clear that the credit market is far from fully 
"open." With respect to the FCA comment cited above. 1lw agt!1H:ie~ al ,11 rcnutiR t'\1111.'t'rnt't:! thm 
1u .e1 ,Hmt:!an.L ha,t!d 1111 an anal:, ,i, 111,u pre~ume. tht! ll',e Llf flFt1gr,1A'1 tle'cil,ilitic·, 1 i ,I,, 111dl,i11g 
tht' enrrt!··1~1i11ding ae1i,i111. R1andr11n~ . Some flexibilities-credit carry-forward (banking) and 
transfers between fleets in particular-involve little risk, because they are internal to a 
manufacturer and known in advance. As discussed above, c redit carry-back involves significant 
risk, because it amounts to borrowing against future improvements, standards, and production 
volume and mix .111J c11Hi, q1,HeJ m,11 I c'I ""'""'11t!.+." I u, I c I,·,,,, 1,; 1 c 111, le' , I tc·11 1,,,1 1 

llldkrlctitlc 

. Similarly, credit trading also involves significant risk. because the ability of 
manufacturer A to acquire credits from manufacturer B depends not j ust on manufacturer B 
actually earning the expected amount of credit, but also on manufacturer B being willing to trade 
with manufacturer A, and on potential interest by other manufacturers. Manufacturers' 
compliance plans have already evidenced cases of compliance credit trades that were planned 
and subsequently aborted, reinforcing the agencies· judgment that, like credit banking, credit 
trading involves too much risk to be included in an analysis that informs decisions about the 
stringency of future standards. Nevenheless, recognizing that some manufacturers have actually 
been trading credits, the agencies have, as in the NPRM, included in the sensitivity analysis a 
case that simulates "perfect" trading of compliance credits, focusing on CO2 standards to 
illustrate the hypothetical maximum potential impact of trading. Section [xxx] of the FRJA 
summarizes results of this and other cases included in the sensitivity analysis. 

As discussed in the CAFE model documentation. the model's default logic attempts to 
maximize credit carry-forward- that is. to "hold on" to credits for as long as possible. !fa 
manufacturer needs to cover a shortfall that occurs when insufficient opponunities exist to add 
technology in order to achieve compliance with a standard, the model will apply credits. 
Otherwise the manufacturer carries forward credits until they are about to expire, at which point 
it will use them before adding technology that is not considered cost-effective. The model 
attempts to use credits that will expire within the next three years as a means to smooth out 
technology application over time to avoid both compliance shortfalls and high levels of over
compliance that can result in a surplus of credits. Although it remains impossible precisely to 
predict manufacturer's actual earning and use of compliance credits. and this aspect of the model 
may benefit from future refinement as manufacturers and regulators continue to gain experience 
with these provisions, this approach is generally consistent with manufacturers' observed 
practices. 

NHTSA introduced the CAFE Public Information Center to provide public access to a 
range of infonnation regarding the CAFE program,3l 3 including manufacturers' credit balances. 

m CAFE Public lnfom1ation Center, hnp://www.nhtsa.gov/CAFE_?lC/CAr-E_PlC_J-lome.htm (last visited June 22, 
2018). 
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However, there is a data lag in the information presented on the CAFE P[C that may not capture 
credit actions across the industry for as much as several months. Furthermore, CAFE credits that 
are traded between manufacturers are adjusted to preserve the gallons saved that each credit 
represents??~ The adjustment occurs at the time of application rather than at the time the credits 
are traded. This means that a manufacturer who has acquired credits through trade, but has not 
yet applied them, may show a credit balance-that is either considerably higher or lower than the 
real value of the credits when they are applied. For example, a manufacturer that buys 40 
million credits from Tesla may show a credit balance in excess of 40 million. However, when 
those credits are applied, they may be worth only 1/10 as much-making that manufacturer's 
true credit balance closer to 4 million than 40 million. 

For the NPRM, the agencies reviewed then-recent credit balances, estimated the p0tential 
thanome manufacturers could trade credits, and developed inputs that make carried-forward 
credits available in each of model years 2011-2015, after subtracting credits assumed to be 
traded to other manufacturers, adding credits assumed to be acquired from other manufacturers 
through such trades, and adjusting any traded credits (up or do\vn) to reflect their true value for 
the fleet and model year into which they were traded.,"' For today's analysis, an additional 
model year's data was available in mid 2019, and the agencies updated these inputs, as 
summarized in Table-VI-5Table-VI-5, Table-Vl-6Table-VT-6, and Table-VT-?Table-Vl-7. 
While the CAFE model will transfer expiring credits into another fleet (e.g., moving expiring 
credits from the domestic car credit bank into the light truck fleet), some of these credits were 
moved into the initial banks to improve the efticiency of application and both to reflect better the 
projected shortfalls of each manufacturer's regulated fleets and to represent observed behavior. 
For context, a manufacturer that produces one million vehicles in a given -fleet, and experiences a 
shortfall of2 mpg, WOlJ]d need 20 million credits, adjusted for fuel savings, to offset the shortfall 
completely. 

Table-Vl-5 - Estimated Domestic Car CAFE Credit Banks (in 0.1 mpg), MY 2011-2016 

Manufacturer MY20!1 MY2012 MY2013 MY2014 MY20l5 MY2016 
BMW - - - - - -
Daimler - - - - 1.226,595 221,421 
FCA - 8,338.671 27,797,970 15,753,990 18,927,356 12,908,448 
fonl 4,134,214 26,139.'750 25,611.410 15-152,856 15,646.131 -
General Motors - - 31,604,048 40,857,964 18,314.431 -
Honda 99 100 100 - 13,459,720 34,967,420 
i:Gundai Kia-H - - - - -
H ·undai Kia-K - - - - -
JLR - - - - -
Mazda 15,526 - - - -
Mitsubishi - - - - -

;c, CO: credits for EPA 's program are d~"!1ominaled in metric tons ofCOi rather than gram/mile compliance credits 
and require no adjustment when traded between manufacturers ortlccts, 
J,s The adjustments, which are based upon the CAFE standard and model yearofboth the party originally earning 
the credits and the party applying them, were implemented assuming the credits would be applied to the model year 
in which they were set to expire. For example, credits traded into a domestic passenger car fleet for MY 2014 were 
adjusted assuming they would be applied in the domestic passenger car fleet for MY 2019. 
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Nissan - - 18,432,309 1 44,774,443 42.285,009 31,795.785 
Subaru - - - ' 589,594 1,510,235 -
Tesla - - - ' - - -
Tovota 137,216 10.291,134 13,474,425 2,181,000 828,440 875,292 

i Volvo - - - - - -
iVWA - 8,693,832 7,699.790 l !.809.524 I 1,846,008 5,139,096 

Table-Vl-6- Estimated Imported Car CAFE Credit Banks (m 0.1 mpg), MY 2011-2016 

' Manufacturer MY2011 MY2012 MY 2013 MY'.l014 MY 2015 MY2016 
BMW - - 4,121.178 5,343-369 14,068,790 2,418,155 
Daimler - - 6,644.518 - -
FCA - 13,451,079 5,978,237 6,583.278 7,230,658 -
Ford - 790,947' - - - -
General Motors - - 2,780,629 3,646,294 1,304,196 -
Honda 101 99 100 100 99 l,504.495 
Hvumlai Kia-H - 1,747,937 38,683,736 10,185,700 9,658.416 9,072,882 
Hvundai Kia-K ' 10,909,942 7,979,652 11,603,509 - -
JLR - - - - - -
Mazda 5,617,262 7,322,320 7,583,652 15,430,643 13,254,400 14,670,480 
Mitsubishi 1,316,570 259,635 65,308 2,002,407 3,121,948 -

, Nissan - 1,035,166 796,821 - 6,022,065 473,522 
Subaru - - 1,894,165 23,957,705 14,473,258 -
Tesla - - - - - -
Tovota 2,931,153 54,164,765 30,691,277 17,709,001 6,293,119 33,942,542 
Volrn - - - - - -
VWA 8,593,792 - 17,295,597 16,260,163 19,538,188 -

Table-Vl-7 - Estimated Light Truck CAFE Credit Banks (m 0.1 mpg), MY 2011-2016 

Mamifacturer ' MY2011 MY2012 MY2013 MY2014 MY 2'015 MY 2016 
BMW ' - - 172,684 235,952 87,135 -
Daimler - - - - -
FCA - - - 6,005,447 19,993,900 -
Ford - 701.227 11,772,380 10,347,042 7,411,563 -
General Motors - - - 6,276,234 5,574,136 -
Honda - 100 100 200 100 JOO 
Hvumlai Kia-H 286,205 322,525 413,067 759,301 - -
Hvundai Kia-K - - - - - -
JLR - - - 82,599 335,593 -
Mazda - - 1,405,139 - - -
Mitsubishi - - - 282,604 1,259,712 1,031,037 
Nissan - - - - - -
Subaru - - - 100 158,682 82,840 
Tesla - - - - - -
Tovota - - 8,664,366 9,082,704 - -
Volvo - - - - - -
VWA 644,980 77,809 3,862,999 4,067,797 2,393,601 -
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In addition to the inclusion of these existing credit banks, the CAFE model also updated 
its treatment of credits in the rulemaking analysis. EPCA requires that NHTSA set CAFE 
standards at maximum feas ible levels for each model year without consideration of the 
program's credit mechanisms. However, as recent NHTSA CAFE/EPA tailpipe COc emissions 
rulemakings have evaluated effects of standards over longer time periods. the early actions taken 
by manufacturers required more nuanced representation. According ly, the CAFE model now 
provides for a setting to establish a "last year to consider credits." This adjustment is set at the 

last year for which new standards are not being considered (MY 2020 in this analysis). This 
allows the model to replicate the practical application of exist ing credi ts toward compliance in 
early years but also to examine the impact of proposed standards based solely on fue l economy 
improvements in all years for which new standards are being considered. 

Regarding the model 's simulation of manufacturers' potential earning and application of 
compliance credits, UCS commented that the model " inexplicably lets credits expire•· because 
"all technologies which pay for themselves within the assumed payback period are applied to all 
manufacturers, regardless of credit status." UCA also claimed that "NHTSA did not accurately 
refiect unique attributes of EPA's credit bank," that "credits are not traded between 
manufacturers," and that "NHTSA does not model credi t carryback for compliance."3~6 

Relatedly. as discussed above. UCS attributes modeling outcomes to the "effective cost"' metric 
used to select from among avai lable fuel-saving technologies.327 As discussed in Section [xxx], 
the agencies expect that manufacturers are likely to improve fuel economy voluntarily insofar as 
doing so " pays back" economically within a short period (30 months), and the agencies note that 
periods of regulatory stability have, in fact, been marked by CAFE levels exceeding 
requirements. As discussed above. the agencies have excluded simulation of credit trading 
(except in MYs prior to those under consideration, aside from an idealized case presented in the 
sensitivity analysis) and likewise excluded simulation of potential "carryback" provisions. The 
agenc ies have excluded modeling these scenarios not just because of the analytical complexities 
involved (and rejecting, for example, the random number generator analysis suggested by UCS), 
but also because the agencies agree that the actual provisions regarding trading and borrowing of 
compliance credits create too much risk to be used in the analysis underlying consideration of 
standards. However, as discussed above, the agencies have revised the " metric" used to 
prioritize available options to apply fuel-saving technologies. As discussed below, the agencies 
have revised model inputs to include the large quantity of"legacy" compliance c redits EPA has 
made available under its C01 standards. 

The CAFE model has also been modified to include a similar representation of existing 
credit banks in EPA ·s CO2 program. While the life of a CO2 credit, denominated in metric tons 
ofCO1, has a five-year life, matching the lifespan of CAFE credits, such credits earned in the 
early MY 2009-20 1 I years of the EPA program, may be used through MY 202 1.328 The CAFE 
model was not modified to allow exceptions to the life-span of compliance credits, and, to reflect 

"
6 UCS. HTSA-2018-0067-12039, Technical Appendix. at 35-46. 

m UCS, NHTSA-2018-0067-12039, Technical Appendix, at 28-30. 
n s In 1<-..1'-• ....... ., .,.» it •tt'+•h'ii1. .::11 11 1 l 11. , EPA placed limits on credits earned in MY 2009. •H-•n ,r., h • 

expire,! prior to this rule. However. credits generated in MYs 2010-201 I may be carried forward. or traded. and 
applied to deficits generated through MY 2021. 
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Lt'L-'.c_U}:\_statutory requirements, treated them as if they may be carried forward for no more 
than five years, so the initial credit banks were modified to anticipate the years in which those 
credits might be needed. MY 20 l 6 was simulated explicitly in the NPRM analysis to prohibit 
the inclusion of banked credits in MY 2016 (which could be carried forward from MY 2016 to 
MY 2021 ), and thus underestimated the extent to which individual manufacturers, and the 
industry as a whole; could rely on these early credits to comply with EPA standards between MY 
2016 and MY 2021. However, as indicated in the NPRM, the final rule's model inputs updated 

the analysis fleet's basis to MY 201 7, such that these additional banked credits ca11 be included. 
The credit banks with which the simulations in this analysis were conducted are presented in the 
following tables: 

Table-VI-8 - Estimated Passenger Car C01 Credit Banks {metric tons), MY 2011-2016 

Manufacturer MY20l1 MY 2012 I MY2013 MY2014 MY'.?.015 MY2016 
BMW . 63,382 i 162,479 1,075.752 . 205,403 
Daimler - - I 573,455 - 2,000,000 -
FCA . . I 3,000,000 3,000,000 . -
Ford - - . - - -
General Motors . . . - . -
Honda - 766,898 179,652 2,271,725 998,495 2,658,425 
Hvundai Kia-H - . . - . . 
Hvundai Kia-K - - - - - . 
JLR - . . - . . 
Mazda - . - - - . 
Mitsubishi . - - - - -
Nissan - . - . - . 
Subaru . 646,317 1,487,331 3,00J,354 3,189,186 5,371,804 
Tesla . - - - - -
Tovota . - - - . -
Volvo . - - 0 0 . 
VWA - - 2,204.413 112,228 . -

Table-VI-9- Estimated Light Truck C01 Credit Banks (metnc tons), MY 20ll-2016 

Manufacturer MY2011 MY2012 MY 2013 MY 2014 MY 2015 MY2016 
BMW - . 1,875.752 1,826,118 -
Daimler - - 1,600,000 2,300,000 - 2,000,000 
FCA - 5,130,328 6,606,909 8,104.518 8,625,247 13.476.402 
Ford . 546,116 8,431.l 13 5,048,202 4,238,319 -
General Motors - 1.251.025 2,861,876 4,423,425 3,251,602 4,500,000 
Honda - 1,470,656 17,848 71,725 1,698,495 1,093,225 
Hvundai Kia-H . 3,535,510 5,613,813 2,231,344 1,916,265 3,789,098 
Hvundai Kia-K . 1,303,379 1,206280 - . 2,432,379 
JLR . 703,758 950,094 900,000 900,000 1,200,000 
Mazda . 749,725 786,431 1,547,009 970,540 5,150,625 
Mitsubishi . 211,440 63,036 356,542 350,882 835,21 l 
Nissan - 845,762 4,538,047 4,930,339 6,150,575 7,133,958 
Subaru . - - - - -
Tesla - - . - - . 
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Tovota - 13.163,009 5,036,958 2.5 15.602 6.231,364 9,926,738 
Volvo - - - - -
VWA - - 2,800,000 2,000,000 3,000.000 3,000.000 

While the CAFE model does not simulate the abil ity to trade credits between 
manufacturers, it does simulate the strategic accumulation and application of compliance credits, 
as well as the abi lity to transfer credits between fleets to improve the compliance position of a 
less efficient fleet by leveraging credits earned by a more efficient fleet. The mode l prefers to 
hold on to earned compliance credits within a given fleet, carrying them forward into t he future 
to offset potential future deficits. This assumption is consistent with observed strategic 
manufacturer behavior dating back to 2009. 

From 2009 to present. no manufacturer has transferred CAFE credi ts into a fleet to offset 
a deficit in the same year in which they were earned. This has occurred with credits acqui red 
from other manufacturers via trade but not with a manufacturer's own credi ts. Therefore. the 
cun·ent representation of credit transfers between tleets-where the model prefers to transfer 
expiring, or soon-to-be-expiring credits rather than newly earned credits- is both appropriate 
and consistent with observed industry behavior. 

This may not be the case for C<h standards, though it is di fficu lt to be certain at this 
point. The CO2 program seeded the industry with a large quantity of early compliance credits 
(earned in MYs 2009-2011 =4 prior to the existence ~l.!J~( ii J..u. standards ,·I tilt' I I'\ 
~ - ~Larly credits l,1r \I) ,211111 .1ml 211 I I do not expire until 2021. So, for 
manufacturers looking to offset deficits, it is more sensible to use c urrent-year cred its that expire 
in the next five years, rather than draw down the bank of c redits that can be used until MY 2021. 
The first model year for which earned credits outlive the initial bank is MY 2017, for which final 
ct1mrl1c1110.- .11..11,111 c111d 1.frli.:1I Ft'" 10111,·11 e1II:' 1111 p,11Jin..:111,:11ul,1ctu c'l t ,I I(, •1crh,r111.1m·.: ,Ltt_.1 
11.1, 11.,t, c·t bc·,·n ri:k.1,i:J. T hat said, to represent the observed behavior in the CO2 credit system 
accurately, the CAFE model allows (and encourages) intra-year transfers between regulated 
fleets for the purpose of simulating compliance with the CO:! standards. 

b) Qfj~cycle and AIC EJjiciency Adjustments to CAFE and Average 
CO2 Levels 

In addition to more rigorous accounting of CAFE and CO2 credits, the model now also 
accounts for a ir conditioning efficiency and off-cycle adjustments. NHTSA 's program considers 
those adjustments in a manufacturer's compliance calculation starting in MY 2017. and the 
NPRM version of the model used the adjustments claimed by each manufacturer in MY 2016 as 
the starting point for all future years. Because a ir conditioning efficiency and off-cycle 
adjustments are not credits in NHTSA 's program, but rather adjustments to compliance fue l 
economy (much like the Flexible Fuel Vehic le adjustments due to phase out in MY 2019), they 
may be included under either a "standard setting" or " unconstrained" analys is perspective. 

'"t-'•-i-t"""i'-""1--~-+---:•..J-..h.,. .•• tftH~t• l 11 \ ,:J+t+•-H •l("'+l ttk.'"-f-1------H-rc'+t"""t.~·~~-+ntH---rcttt.,_.tl-tt \1\ ~ JU t, .. , ~!tlttl,. il•01t,.• I 

~ r'rtt ... H-·~.,.<""rf \.k-illl---t'rtf-+-!t.'Tl---++t....\-J.', ""'t+H.i.1t1tl.!I.-J\ ''•.J t~ft1,t+I--• 1+-,t-ttr1+>-+1. h-'IT-tt-,,t,-
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The manner in which the CAFE model treats the EPA and CAFE NC efficiency and off
cycle credit programs is similar, but the model also accounts for A/C leakage (which is not part 
ofNHTSA 's program). When detennining the compliance status of a manufacturer's fleet (in 
the case ofEPA's program, PC and LT are the only fleet distinctions), the CAFE model weighs 
future compliance actions against the presence of existing (and expiring) CO2 credits resulting 
from over-compliance with earlier years' standards, NC efficiency credits, A/C leakage credits, 
and off-cycle credits. 

Another aspect of credit accounting, implemented in the NPRM version of the CAFE 
model, involved credits rel,ated to the application ofoff-cycle and A/C efficiency adjustments, 
which manufacrurers earn by taking actions such as special window glazing or using reflective 
paints that provide fuel economy improvements in real-world operation but do not produce 
measurable improvements in fuel consumption on the 2-cycle test. 

NHTSA 's inclusion of off-cycle and A/C efficiency adjustments began in MY 2017, 
v,,hile EPA has collected several years' worth of submissions from manufacturers about off-cy,cle 
and AJC efficiency technology deployment. Currently, the level of deployment can vary 
considerably by manufacturer, with several claiming extensive Fuel Consumpti_on Improvement 
Values lFCIV) for off-cycle and A/C efficiency technologies, and others almost none. The 
analysis of alternatives 'presented here (and in the NPRM) does not attempt to project how future 
off-cycle and A/C efficiency technology use will'evo!ve or speculate about the potential 
proliferation of FCIV proposals submitted to the agencies. Rather, this analysis uses the off
cycle credits submitted by each manufacturer for MY 2017 compliance, and, with a few 
exceptions, carries these forward to future years, Several of the technologies described in 
Section [xxx] are associated with A/C efficiency and off-cycle FCIVs, In particular, stop-start 
systems, integrated starter generators, and full hybrids are assumed to generate off-cycle 
adjustments when applied to vehicles to improve their fuel economy. Similarly, higher levels of 
aerodynamic improvements are assumed to include active grille shutters on the vehicle, which 
also qualify for off-cycle FC!Vs. 

The NPRM analysis assumed that any off-cycle FC!Vs that are associated with actions 
outside of the technologies discussed in Section [xxx] (either chosen from the pre-approved 
"pick list," or granted in response to individual manufacturer petitions) remained at the levels 
claimed by manufacturers in MY 2017, Any additional A/C efficiency and off-cycle adjustments 
that accrued as the result of explicit technology application calculated dynamically in each model 
year for each alternative, The NPRM version of the C' AFE model also represented 
manufacturers' credits for off-cycle improvements, NC efficiency improvements, and A/C 
leakage re_duction in terms of values applicable across !ill model years. 

Recognizing that application of these improvements thus far varies considerably among 
manufacturers, such that some manufacturers have opportunities to earn significantly more of the 
corresponding adjusnnents over time, the agencies have expanded the CAFE model's 
iepresentation of these credits to provide for year-by-year specificittion of the amounts of each 
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type of adjustment for each manufacturer. denominated in grams CO2 per mile,330 as summarized 
in the following table: 

JJO For estimating their contribution to CAFE compliance, the grams CO2/mile values in Table V!-l0Tahle VJ-1011 
are converted to gallons/mile and applied to a manufacturer's 2-cyclc CAFE pcrfonnancc, When calculating 
compiianc-e with EPA's CO1 prot,,ram, there is no conversion necessary (as standards are also denominated in 
grams/mile), 
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Table Vl-10 - otf-Cycle Fuel Economy Adjustments (Exclusive of Technology TreeJ331 
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In addition to these refinements to the est imation of the quant ities of adjustments earned 
over time by each manufacturer. the agencies revised the CAFE model to apply estimates of the 
corresponding costs. For today's analysis, the agencies applied est imates developed previously 
by EPA, adjusting these value to 2019 dol lars. The following table summarizes inputs through 
model year 2030: 

Table VI- I I - Estimated Costs($ per glmi) for A/C and Off-Cycle Adjustments 

Model Year AIC Efficiency A/C Leakage Off-Cycle 
2017 4.57 11.43 89.59 
2018 4 .48 11.20 87.48 
2019 4.39 10.97 85.37 
2020 4 .30 10.76 83.79 
202 1 4.22 10.54 82.21 
2022 4 . 13 10.33 81.16 
2023 4 .05 10.12 79.58 
2024 3.97 9.92 78.52 
2025 3.89 9.72 77.47 
2026 3.81 9.53 76.31 
2027 3.73 9.34 75. 16 
2028 3.66 9.15 74.04 
2029 3.59 8.97 72.92 
2030 3.52 8.79 71.83 

The model currently accounts for any off-cycle adjustments associated with technologies 
that are included in the set of fuel-saving technologies explicit ly simulated as part of this 
proposal (for example, start-stop systems that reduce fuel consumption during idle or active 
grille shutters that improve aerodynamic drag at highway speeds) and accumulates these 
adjustments up to the 10 g/mi cap. As a practical matter, most of the adjustments for which 
manufacturers are claiming off-cycle FCIV exist outside of the technology tree, so the cap is 
rarely reached during compliance simulation. The agencies have considered the potential to 
model their application explicitly. However, doing so would require data regarding which 
vehicle models already possess these improvements as well as the cost and expected value of 
applying them to other models in the future. Such data is currently too limited to support explicit 
modeling of these technologies and adjustments. 

c) Alternative Fuel Vehicles 

When establishing maximum feasible fue l economy standards, N HTSA is prohibited 
from considering the availability of alternatively fueled vehicles,332 and credit provisions related 

"' These values are specified in the "market_ref.xlsx .. input file·s ·'Credits and Adjustments .. worksheet. The file is 
avai lable with the archive of model inputs and outputs posted at hllp>: 1111\\ .llhha.o,I\ ~,,rpnrntc-u, ~n1~~-f11d
i.:~nnc,Jl11 \ comrl i;111ci.:-:ind-t'lh--ch-mt1dt>I inL!- s\ ~h."111. 

'-" 49 U.S.C. 32902(h). 

159 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

to AFVs that significantly increase their fuel economy for CAFE compliance purposes. Under 
the '·standard setting•· perspective, these technologies (pure battery electric vehicles and fuel cell 
vehicles333) are not available in the compliance simulation to improve fue l economy. Under the 
"unconstrained" perspective. such as is documented in the DEIS and FElS, the CAFE model 
considers these technologies in the same manner as other available technologies. and may apply 
them if they represent cost-effective compliance pathways. However, under both perspectives. 
the analysis continues to include dedicated AFVs that already exist in the MY 2017 fleet (and 
their projected future volumes). Also. because the CAA 1mn ido:?·, 1iH dirt>t'lioH regc,nling::illm,s 
consideration of alternative fuels, the final rule's analysis includes simulation of the potential 
that some manufacturers might introduce new AFVs in response to CO2 standards. To represent 
the compliance benefit from such a response fully. NHTSA modified the CAFE model to include 
the specific provisions related to AFVs under the CO2 standards. In particular, the CAFE model 
now carries a full representation of the production multipliers related to electric vehicles, fuel 
cell vehicles, plug-in hybrids, and CNG vehicles, all of which vary by year through MY 2021. 

EPC A also provides that CAFE levels may, subject to limitations, be adjusted upward to 
reflect the sale of flexible fuel vehicles (FFVs). Although these adjustments end after model 
year 2020, the final rule's analysis, like the NPIUvl's, includes estimated potential use through 
MY 2019. as summarized below: 

Table Vl-12 - Estimates of Earned FFV Credit (mpg) 

Manufacturer Pas sen 11.er Cars Li!:!ht Trucks 
2017 2018 7019 2017 2018 2019 

BMW - - - - - -
Daimler 0.6 0.4 0.2 0.6 0.4 0.2 
FCA 0.6 0.4 0.2 0.6 0.4 0.2 
Ford 0.6 0.4 0.2 0.6 0.4 0.2 
General Motors 0.6 0.4 0.2 0.6 0.4 0.2 
Honda - - - - - -
Hyundai Kia-H - - - - - -
Hyundai Kia-K - - - - - -
JLR - - - - - -

Mazda - - - - - -
Mitsubishi - - - - - -
Nissan - -

Subaru - - - - - -
Tesla - - - - - -

Toyota - - - 0.6 0.4 0.2 
Volvo - - - - - -
VWA - - - 0.6 0.4 0.2 

For its part, EPA has provided that manufacrnrers selling sufficient numbers of PHEVs, 
BEVs, and FCVs may, when calculating fleet average CO2 levels, "count" each unit of 

m Dedicated compressed natural gas (C G) vehicles should also be excluded in this perspective but are not 
considered as a compliance strategy under any perspective in this analysis. 
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production as more than a single unit. The CAFE model accounts for these "multipl iers." As for 
the N PRM, the fina l rule's analysis applies the following multipliers: 

Table Vl- 13 - Production " Multipliers" for CNG Vehicles, PHEVs, BEYs, and FCYs 

Model Year CNG or PHE\I BE\/ or FCV 

20 17 1.60 2.00 

20 18 1.60 2.00 

2019 1.60 2.00 
2020 IA5 1.75 

2021 1.30 1.50 
:W22 1.00 1.00 

For example, under EPA ' s current regulatio n, when calculating the average CO2 level 
achieved by its MY 20 19 passenger car fleet, a manufacturer may treat each 1,000 BE Vs as 
2,000 BEYs. When calculating the average level required of this fleet, the manufacturer must 
use the actual production volume ( in this example, 1,000 units). S imilarly. the manufacturer 
must use the actual production vo lume when calculating compliance credit balances. 

For the final rule's analysis, the CAFE model can be exercised in a manner that simulates 
these current EPA requirements, or that simulates two alternative approaches. The first includes 
the a bove-mentioned multipliers in the calculation of average requirements, and the second also 
includes the multipl iers in the calculation of credit balances. The central analysis reflects current 
regulations. The sensitivity analys is presented in the FRJA includes a case applying multipliers 
to the calculation of achieved and required average CO2 levels, and calculation of credit 
balances. 

3. C ivil Penalties 

Throughout the history of the CAFE program, some manufacturers have consistently 
achieved fuel economy levels below applicable standards, electing instead to pay civil penalties 
as speci fied by EPCA. As in previous versions of the CAFE model, the current version allows 
the user to specify inputs identifying such manufacturers and to consider their compliance 
decisions as if they are wil ling to pay c ivil penalties for non-compliance with the CAFE 
program. As with the N PRM, the civil penalty rate in the current analysis is $5.50 per 1/10 of a 
mile per gallon, per vehicle manufactured for sale. 

NHTSA notes that treating a manufacturer as ifit is wi lling to pay civil penalties does not 
necessarily mean that it is expected to pay penalties in reality . Doing so merely implies that the 
manufacturer will only apply fuel economy technology up to a point. and then stop, regardless of 
whether or not its corporate average fuel economy is above its s tandard. In practice, we expect 
that many of these manufacturers will continue to be active in the credit market, using trades 
with other manufacturers to transfer credits into specific fleets that are challenged in any given 
year, rather than paying penalties to resolve CAFE deficits. The CAFE model calculates the 
amount of penalties pa id by each manufacturer, but it does not simulate trades between 
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manufacturers. In practice, some (possibly most) of the total estimated penalties may be a 
transfer from one OEM to another. 

Although EPCA, as amended in 2007 by the Energy Independence and Security Act 
(EJSA), prescribes these specific civi l penalty provisions for CAFE standards, the Clean Air Act 
(CAA) does not contain similar provisions 111r 1:.'ht-J.it\ \c-hic10. Rather, the CAA· , proH,ifln• 
regard:ng 1it1ll1::tlmplia1we et11ni1~1~ u de ,'t1d,, prehibitiEm agui1hl celling', t'Aidt', lhi ling It• 
t:emj'll~ •,1i1h prohibits s::ilc ofa nc,, motor , ehidc th,11 i~ nPt c1 1\l'luJ n .11t I I'\ c LTI li-:.ilc 11I 
u o11l111111it,. ,11\d 111111JL·1 111 n:u:i,c •111.h .i L,1·tilic.1k th, Ile, 111!11,II ,·hiLk 1111,1111Lcl 11' \ 
sc·c t11111 :11: hti-1---1•·HH<:'<c'\r,·:.'t1l.Hi1111,. 111cud n·' ,IJ'l·•lic.1hk emissions standards. Therefore, inputs 
regarding civil penalties- including inputs regarding manufacturers' potential will ingness to 
treat civil penalty payment as an economic c hoice- apply only to s imulation of CAFE standards. 
On the other hand, some of the same manufacturers recent ly opting to pay civil penalties instead 
of complying with CAFE standards have also recently led adoption of lower-GWP refrigerants, 
and the "A/C leakage" credits count toward compliance only with CO: standards. not CAFE 
standards. The model accounts for this difference between the programs. 

When considering technology applications to improve fleet fuel economy. the model will 
add technology up to the point at which the effective cost of the technology (which includes 
technology cost, consumer fuel savings. consumer welfare changes, and the cost of penalties for 
non-compliance with the standard) is less costly than paying c ivil penalties or purchasing credits. 
Unlike previous versions of the model, the current implementation funher acknowledges that 
some manufacturers experience transitions benveen product lines w here they rely heavily on 
credits (either carried forward from earlier model years or acquired from other manufacturers) or 
simply pay penalties in one or more fleets for some number of years. The model now allows the 
user to specify, when appropriate for the regulatory program being simulated, on a year-by-year 
basis, whether each manufacturer should be considered as will ing to pay penalties for non
compliance. This provides additional flexibility, particularly in the early years of the simulation. 
As discussed above, this assumption is best considered as a method to allow a manufacturer to 
under-comply with its standard in some model years- treating the civil penalty rate and payment 
option as a proxy for other actions it may take that are not represented in the CAFE model (e .g .. 
purchasing credits from another manufacturer, carry-back from future model years, or negotiated 
settlements with NHTSA to resolve deficits). 

For the NPRM. HTSA relied on past compliance behavior and certified transactions in 
the credit market to designate some manufacturers as willing to pay CAFE penalties in some 
model years. The full set ofNPRM assumptions regarding manufacturer behavior with respect 
to civil penalties is presented in Table-Vl-14Table-Vl-14, which shows all manufacturers were 
assumed to be willing to pay civil penalties prior to MY 2020. This was largely a reflection of 
either existing credit balances (which manufacturers wi ll use to offset CAFE deficits until the 
credits reach the ir expiration dates) or inter-manufacturer trades assumed likely to happen in the 
near future, based on previous behavior. The manufacturers in the table whose names appear in 
bold all had at least one regulated fleet (of three) whose CAFE was below its standard in MY 
20 I 6. Because the NPRM analysis began with the MY 2016 fleet, and no technology could be 
added to vehicles that are already designed and built, all manufacturers could generate civil 
penalties in MY 2016. However, once a manufacturer is designated as unwilling to pay 

162 

Commented [A138]: CHANGE AS SHOWN: It, not a 
M facto prohibition. it is a statutory prohibition (dejure) 
ogoinst selling a car 1hat does not mo.tch the certificate of 
c-onformit), 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

penalties. the CAFE model will attempt to add technology to the respective fleets to avoid 
shortfalls. 

Table-\11-14 - NPRM Assumptions Regarding Manufacturer Wil lingness to Pay C ivil 
Penalties 

Manufacturer 201 7 2018 2019 2020 2021 2022 2023 2024 2025 2026 

BMW y y y y y y y y y y 

Daimler y y y y y y y y y y 

FCA y y y y y y y y y N 
Ford y y y N N N N N N N 
General y y y N N N N N N N 
Motors 
Ho nda y y y N N N N N N N 
Hy undai Kia-H y y y N N N N N N N 
Hy undai Kia-K y y y N N N N N N N 
JLR y y y y y y y y y y 

Mazda y y y N N N N N N N 
Nissan y y y N N N N N N N 
Mitsubishi 
Subaru y y y N N N N N N N 
Tesla y y y N N N N N N N 
Toyota y y y N N N N N N N 
Volvo y y y y y y y y y y 

\/WA y y y N N N N N N N 

Several of the manufacturers in Table-YJ-14Table-Vl-14 that were presumed to be 
willing to pay civil penalties in the early years of the program have no history of paying civi l 
penalt ies. However, several of those manufacturers have e ither bought or sold credits- or 
transferred credits from one fleet to another to offset a shortfall in the underperforming fleet. As 
the CAFE model does not simulate credit trades between manufacturers, providing this 
additional flexibility in the modeling avoids the outcome where the CAFE model appl ies more 
technology than needed in the context of the fu ll set of compliance flexib ilities at the industry 
level. By statute, NHTSA cannot consider credit flexibilities when setting standards, so most 
manufacturers (those without a history of civi l penalty payment) are assumed to comply with 
their standards through fuel economy improvements for the model years being considered in this 
analysis. The notable exception to this assumption is Fiat Chrysler Automobiles (FC A), which 
could still satisfy the requirements of the program through a combination of credit application 
and civil penalties th rough MY 2025 before eventually comply ing exclusively through fuel 
economy improvements in MY 2026. 

As mentioned above, the CAA does not provide t11r civil penalt,..1,·, p1, \ 1 1,•p 111 11\!.ll..Q! 
•ompliam:~ \\ ith the· ,tandards similar to ~p1, , 1 r,, , specified in EPCA/EJSA, and the 
above-mentioned corresponding inputs apply only to simulation of compliance w ith CAFE 
standards. 
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Some stakeholders offering comments related to the analytical treatment of civil penalties 
indicated that NHTSA should tend toward assuming manufacturers will take advantage of this 
EPC A provision as an economically attractive alternative to compliance. Other commenters 
implied that NHTSA should tend toward not relying on compliance flexibilities in the analysis 
used to determine the maximum feasible stringency of CAFE standards. For example, New 
York University's Institute for Policy Integrity (!Pl) offered the following comments: 

NHTSA assumes that most mamifacturers will be unwilfing to pay 
penalties based in part on thefact that most manujilcmrers have not paid 
penalties in recent yem·s. The Proposed Rule cites the statutory· prohibition on 
!"'HT"SA considering credit trading as a reason lo assume mami(acturers withollt a 
history of paying penalties will comp{v through technology alone, whatever the 
cost. But this is an arbitrary assumption and is in 110 way dictated by the statute. 
NHTSA knows as much, since elsewhere in the proposed rollback. the agency 
e;i,plains "EPCA is ve/)' clear as to whichjle.r:ibilities are not to be considered"" 
and NHTSA is allowed to conside1· off cycle adjustments because they are nor 
~peciftcally mentioned. Bm considering penalties are not mentioned as off-limits 
fol' NHTSA in setting the standards either. Instead, the prohibition}Ocuf;es on 
credit trading and transferring. The penalty safety valve has existed in EPCAfor 
decades, and Congress clearly would have known how to add penalties to the list 
of trading and transferring. ThejOct that Congress did not bar NHTSA.fi·om 
co11sideti11g penalties as a sajCty valve means that NHTSA 11111st consida 
manufacturer's efficient use of penalties as a costminimi::::ing compliance option. 
Besides, NHTSA does consider penalties for some of the mam{(acfurers making Its 
statutory justijication even /e~·s mtiona/. 334 

On the other hand, in more general comments about NHTSA's analytical treatment of 
program flexibilities, FCA stated that "when flexibilities are considered while setting targets, 
they cease to be flexibilities and become simply additional technology mandates."335 

NHTSA agrees with IP! that EPCA does not expressly prohibit NHTSA, when 
conducting analysis supporting detenninations of the maximum feasible stringem;y of future 
CAFE standards, from including manufacturers' potential tendency to pay civil penalities rather 
than complying with those standards. However, EPCA also does not require NHTSA to include 
this tendency in its analysis. NHTSA also notes, as does IP!, that EPCA does prohibit NHTSA 
from including credit trading, transferring, or the availability of credits in such analysis (although 
NHTSA interprets this-prohibition to apply only to the model years for which standards are being 
set). This statutory difference is logical based on the way credits and penalties function 
differently under EPCA. Because credits help manufacturers achieve compliance with CAFE 
standards, absent the statutory prohibition, credits would be relevant to the feasibility of a 

rn Institute for Policy Integrity, NHTSA-2018-0067-12213, at 24, 
·"' FCA, [add docketl)umber), at 6. 
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standard_JJo Penalties, on the other hand, do not en~ble a manufacturer to comply with an 
applicable standard; penalties are for noncompliance.337 When Congress added credit trading 
provisions to EPC A in 2007, NHTSA anticipated that competitive considerations would make 
manufacturers reluctant to engage in such trades. Since that time, manufacturers actually have 
demonstrated otherwise, although the reliance on trading-especially bel\veen specific pairs of 
OEMs-appears to vary widely. At this time, NHTSA considers it most likely that 
manufacmrers will shift away from paying civil penalties and toward compliance credit trading. 
Consequently, for NHTSA to include civil penalty payment in its analysis would increasingly 
amount to using civil penalty payment as an analytical proxy for credit trading. Having further 
considered the question, NHTSA 's current view is. therefore, that including civil penalty 
payment beyond MY 2020 would effectively subvert EPCA 's prohibition against considering 
credit trading. Therefore, for today's announcement, NHTSA has modified its analysis to 
assume that BMW, Daimler, FCA, JLR, and Volvo would consider paying civil penalties 
through MY 2020, and that all manufacturers would apply as much technology as would be 
needed in order to avoid paying civil penalties after MY 2020. 

4. Technology Effectiveness Values 

The next input required to simulate manufacturers' decision-making processes for the 
year-by-year application of technologies to specific vehicles is estimates of how effective each 
technology would be at reducing fuel consumption. ln the NPRM, we used full-vehicle 
modeling and simulation to estimate the fuel economy improvements manufacturers could make 
to a fleet of vehicles, considering those vehicles' technical specifications and how combinations 
of technologies interact. Full-Yehicle modeling and simulation uses computer software and 
physics-based models to predict how combinations of technologies perfonn as a full system 
under defined conditions. 

A model is a mathematical representation ofa system, and simulation is the behavior of 
that mathematical representation over time. In this analysis, the model is a mathematical 
representation of an entire vehicle,338 including its individual components such as the engine and 
transmission, overall vehicle characteristics such as mass and aerodynamic drag, and the 
environmental conditions, such as ambient temperature and barometric pressure. We simulated 
the model's behavior over test cycles, including the 2-cycle laboratory compliance tests (or 2-
cycle tests),m to determine how the individual components interact. 2-cycle tests are test cycles 

"' See 49 U.S.C. 32911 (b) ("Compliance is determined after considering credits mailable to the manufacturer •. 
. "). 
m See id. 
"'Our full vehicle model was composed of sub-models. which is why the full vehicle model could also be referred 
to as a full system model. composed of sub-system models, 
33" EPA •s compliance test cycles are used to measure the foe! economy of a vehicle, for readers unfamiliar with this 
process, it is like running a car on a treadmill following a program---<>r more specifically. two programs. The 
"'programs" are the •·urban C)'cle," or Federal Test Procedure (abbreviated as ~FTP"), and the "higln,ay cycle," or 
Highway Fuel Economy Test (abbreviated as "HFET'), and they have not changed substantively since 1975. Each 
cycle ls a designated speed trace (ohehicle speed versus time) that all certified whides must follo" during testing. 
The FTP ls meant roughly to simulate stop and go city driving. and the HFET is meant roughly lo simulate steady 
flowing highway driving at about 50 mph. For further details on compliance testing, see the discussion in [Section 
XX). 
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that are used to measure fuel economy and emissions for CAFE and CO2 compliance. and 
therefore are the relevant test cycles for determining technology effectiveness when establishing 
standards. In the laboratory, 2-cycle testing involves sophisticated test and measurement 
equipment, carefully controlled environmental conditions, and precise procedures to provide the 
most repeatable results possible w ith human drivers. Measurements using these structured 
procedures serve as a yardstick for fue l economy and CO2 emissions. 

Full-vehicle modeling and simulation was initially developed to avoid the costs of 
designing and testing prototype parts for every new type of technology. For example, ifa truck 
manufacturer has a concept for a lightweight tailgate and wants to determine the fuel economy 
impact for the weight reduction, the manufacturer can use physics-based computer modeling to 
estimate the impact. The vehicle, modeled with the proposed change, can be simulated on a 
defined test route and under a defined test condition, such as c ity or highway driving in warm 
ambient temperature conditions, and compared against the baseline reference vehicle. Full
vehic le modeling and simulation allows the consideration and evaluation of different designs and 
concepts before building a single prototype. II al £l a1, raitl, lt'',l rt'pea1c1htli1: i·,• .ie lRdl art' 
~1Aa•, oidablt! iA lahormor~, tt',ting .. ,ut:11 t1:, tlifft'nmc«., iA htw, \ t!hi1: I«, arc: driH'A " ' er 1htt It! ,1 
€\ .-It' In, lrnmaR dri, er ,. , aria1i011· iA t!nfr ,ifln, 111e,1•,urenw111 equipm,ml. and htrimit111, in 
t!~' irn~meR!al um<li1ioH .-1" 

Full-vehicle modeling and simulation requires detai led data describing the individual 
technologies and performance-related characteristics. Those specifications generally come from 
design specifications, laboratory measurements, and other subsystem simulations or modeling. 
One example of data used as an input to the ful l vehic le s imulation are engine maps for each 
engine technology that define how much fuel is consumed by the engine technology across its 
operating range. 

Using full-vehicle modeling and simulation to estimate technology efficiency 
improvements has two primary advantages over using single or limited point estimates. An 
analysis using single or limited point estimates may assume that, for example, one fuel economy 
improving techno logy with an effectiveness value of 5% by itself and another technology with an 
effectiveness value of I 0% by itself, when applied together achieve an additive improvement of 
15%. Single point estimates generally do not provide accurate effectiveness values because they 
do not capture complex re lationships among technologies. Technology effectiveness often 
differs significantly depending on the vehicle type (e.g. sedan versus pickup truck) and how the 
technology interacts with other technologies on the vehicle. as different technologies may 
provide different incremental levels of fue l economy improvement if implemented alone or in 
tandem with other technologies. Any oversimplification of these complex interactions leads to 
less accurate and often overestimated effectiveness estimates. 

In addition, because manufacturers often implement several fuel-saving technologies 
s imultaneously when redesigning a vehicle, it is difficult to isolate the effect of individual 
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technologies using laboratory measurement of production vehicles alone. Modeling and 
simulation offers the opportunity to isolate the effects of individual technologies by using a 
single or small number of baseline vehicle configurations and incrementally adding technologies 
to th0se baseline configurations. This provides a consistent reference point for the incremental 
effectiveness estimates for each technology and for combinations of technologies for each 
vehicle type. Vehicle modeling a!so reduces the potential for overcounting or undercounting 
technology effectiveness. 

An important feature of this analysis is that the incrememal effectiveness of each 
technology and combinations of technologies be accurate and relative to a consistent baseline 
vehicle. The absolute fuel economy values of the full vehicle simulations are used only to 
determine incremental effectiveness and are never used directly to assign an absolute fuel 
economy value to any vehicle model or cbnfiguration for the rulemaking analysis. 

For this analysis, abs.elute fuel economy levels are based on the individual fuel economy 
values from CAFE compliance data for each vehicle in the baseline fleet. The incremental 
effectiveness from the full vehicle simulations performed in Autonomie, a physics-based full
vehicle modeling and simulation software developed and maintained by the U.S. Department of 
Energy's Argonne National Laboratory, are applied to baseline fuel economy to determine the 
absolute fuel economy of applying the first technology change. For subsequent technology 
changes, incremental effectiveness is applied to the absolute fuel economy level of the previous 
technology configuration. 

For example, ifa Ford Fl SO 2-wheel drive crew cab and short bed in the baseline fleet 
has a fuel economy value of30 mpg for CAFE compliance, 30 mpg will be considered the 
reference absolute fuel economy value. A similar full vehicle model in the Autonomie 
simulation may begin :with an average fuel economy value of 32 mpg, and with incremental 
addition of a specific technology X its fuel economy improves to 35 mpg, a 9.3% improvement. 
In this example, the incremental fuel economy improvement (9.3%) from technology X would be 
applied to the FlS0's 30 mpg absolute value. 

For this analysis, the agencies determined the incremental effectiveness oftechno!ogies 
as applied to the 2,952 unique vehicle models in the analysis fleet. Although, as mentioned 
above, full-vehicle modeling and simulation reduces the work and time required to assess the 
impii,ct of moving a vehicle from one technology state to another, it would be impractical - if not 
impossible-to build a unique vehicle model for every individual vehicle in the analysis fleet. 
Therefore, as explained further below, vehicle models are built in a way that maintains similar 
attributes to the analysis fleet vehicles, which ensures key components are reasonably 
represented. 

We received a wide array of comments regarding the full-vehicle modeling and 
simulation performed for the NPRM, but there was general agreement that full-vehicle modeling 
and simulation was the appropriate method to determine technology effectiveness.l+1 

34 ' See NHTSA-20l8-0ll67-U039; NHTSA-2018-0067-12073. UCS and AAM both agreed that full vehicle 
simulation can significantly improve the estimates of technology effectiveness. 
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Stakeholders commented on other areas, such as full vehicle simulation tools, inputs, and 
assumptions, and these comments will be discussed in the following sections. For this final rule, 
the agencies continued to use the same fu ll-vehicle simulation approach to estimate technology 
effectiveness for technology adoption in the rulemaking timeframe. The next sections will 
discuss the details of the explicit input specifications and assumptions used for the final rule 
analysis. 

a) Why We Used Autonomie Fu/I-Vehicle Modeling and Simulatio11 to 
Determine Technology Effectiveness 

The NPR.M and final rule analysis use effectiveness estimates for technologies developed 
using Autonomic, a physics-based full-vehicle modeling and simulation software developed and 
maintained by the U.S. Department of Energy's Argonne National Laboratory (ANL).'4" 

Autonomie was designed to serve as a single tool to meet requirements of automotive 
engineering throughout the vehicle development process, and has been under continuous 
improvement by ANL for over 20 years. Autonomie is commercially available and widely used 
in the automotive industry by suppliers, automakers, and academic researchers (who publish 
findings in peer reviewed academic journals).-'43 DOE and manufacturers have used Autonomie 
and its abil ity to simulate a large number ofpowertrain configurations, component technologies, 
and vehicle-level controls over numerous drive cycles to suppo11 stud ies on fuel efficiency. cost
benefit analysis, and carbon dioxide emissions,344 and other topics. 

Autonomie has also been used to provide the U.S. government with data to make 
decisions about future research, and is used by DOE for analysis suppotting budget priorities and 
plans for programs managed by its Vehicle Technologies Office (VTO), and to support decis ion 
making among competing vehicle technology research and development projects.345 In addition, 
Autonomic is the primary vehicle simulation tool used by DOE to support its U.S. DRIVE 
program, a government-industry partnership focused on advanced automotive and related energy 
infrastructure technology research and development.346 

3" More information about Autonom ie is available at https://www.anl.gov/technologylprojcct/autonomie
automotive-system-design (last accessed June 21 , 2018). As mentioned in the prel iminary regulatory impact 
analysis (PRIA) for this rule, the agencies used Autonomie version R I SSPI , the same version used for the 201 6 

Draft TAR. 
343 Rousseau, A. Shidore, N. Karbowski, D. Sharer, '"Autonomie Vehicle l"alidation Summon• ... 
ill~~ \,,,.nhlsH.!!O\ :-.ite:-. nhtsa.dol.110, tile~ anl-auHuh,mie-,chidc-mud1..:l-, aliilatinn-15Q2J_..xl!.::. 
344 Delorme et al. 2008, Rousseau, A, Sharer, P, Pagerit, S., & Das, S. '"Trade-a.ff between Fuel Economy and Cost 
for Admnced Vehicle Configurations,'· 20th International Electric Vehicle Symposium (EVS20), Monaco (April 
2005); Elgowainy, A., Burnham. A., Wang. M., Molburg. J .. & Rousseau, A. "ll"e/1- To-ll'heels E11e1:gy Use and 
Greenhouse Gas Emissions of Plug-in Hybrid Electric I "el,icles:• SAE 2009-01-1309, SAE World Congress. 

Detroit, April ~009. 
345 U.S. DOE Benefits & Scenario Analysis publ ications is available at 
hnps: 111111 .m11onM1ic.n~t pul,licati,111, rue! econmm repon.htrnl (last accessed September 11, 2019). 
-'"6 For more information on U.S. Drive. see hnp~: \\\\ \\.ent~n~, .!.!O\ i.:crc, t:hicks UYt.lri,I..'. 
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Autonomie is a Math Works-based software environment a nd framework for automotive 
control-system design, simulation, and analysis.3-17 It is designed for rapid and easy integration 
of models with vary ing levels of detail (low 10 high fidelity), abstraction (from subsystems to 
systems and entire architectures), and processes (e.g., calibration, validation). By building 
models automatically, Autonomie allows the quick simulation of many component technologies 
and powertrain configurations, and, in this case, to assess the energy consumption of advanced 
powertrain technologies. Autonomie simulates subsystems, systems, or entire vehicles; 
evaluates and analyzes fuel efficiency and performance; performs analyses and tests for virtua l 
cal ibration, verification, and validation of hardware models and algorithms; supports system 
hardware and software requirements; links to optimization algorithms; and supplies libraries of 
models for propulsion architectures of conventional powertrains as well as hybrid and electric 
vehicles. 

With hundreds of pre-defined powertrain configurations along with vehicle level control 
strategies developed from dynamometer test data, Autonomie is an ii!t•ttk111rr,11'n,11c tool for 
analyzing advantages and drawbacks of applying different technology options within each 
technology fami ly, including conventional, paral le l hybrid, series hybrid, power-split hybrid 
electric vehicles (I--IEVs), battery e lectric vehicles (BEV) and fue l cell vehicles (FCVs). 
Autonomic a lso al lows users to evaluate the effect of component sizing on fuel consumption for 
di fferent powemain technologies as well as to define component requirements (e.g., power, 
energy) to maximize fue l d isplacement for a specific application.348 To evaluate properly any 
powertra in-configuration or component-sizing influence, vehicle-level control models are 
critical , especially for electric drive vehicles like hybrids and plug- in hybrids. Argonne has 
extensive expertise in developing vehicle-level control models based on d ifferent approaches, 
from g lobal optimization to instantaneous optimization, rule-based optimization, and heuristic 
optimization.3-1

9 

Autonomie has been developed to consider real-world vehicle metrics like performance. 
hardware limitations, utility, and drivability metrics (e.g., towing capabi lity, shift busyness, 
frequency of engine on/off transitions), which are important to producing realistic estimates of 
fuel economy and CO2 emission rates. This increasing realism has, in turn, steadily increased 
confidence in the appropriateness of using Autonon1ie to make significant investment decisions. 

347 Halbach. S. Sharer, P. Pagerit, P., Folkerts, C. & Rousseau. A. "Model Architecture. Med,ods. and !mer/aces 
for £.fficie111 Math-Based design and Si11111/atio11 of Automotil·e Co111ro/ Systems." SAE 20I0-01-0241, SAE World 
Congress, Detroit, April, 20 I 0. 
-'" Nelson, P., Amine, K., Rousseau. A .. & Yomoto. H. (EnerDel Corp.), .. Advanced Lithium-ion Baneries for Plug
in Hybrid-electric Vehicles," 23rd International Electric Vehicle Symposium (EVS23), Anaheim, CA, (Dec. 2007); 
Karbowski, D., Haliburton, C., & Rousseau, A. "Impact of Component Size on Plug-in Hybrid Vehicles Energy 
Consumption using Global Optimization." 23rd International Electric Vehicle Symposium (EYS23), Anaheim, CA. 
(Dec. "007). 
·"'' Karbowski, D., Kwon. J., Kim, N., 8:. Rousseau, A, " lnstanlimeously Optimized Controller for a Multimode 
Hybrid Electric Vehicle,'· SAE paper 2010-0 1-0816. SAE World Congress, Detroit, April 20 10: Sharer. P .. 
Rousseau, A., Karbowski, 0 ., & Pagerit, S, "Plug-in Hybrid Electric Vehicle Control Strategy - Comparison 
between El' cmdCharge-Depleting Options." SAE paper 2008-01-0460, SAE World Congress. Detroit (Apri l 2008); 
and Rousseau, A,, Shidore, N., Carlson, R., & Karbowski, D . .. Impact o.f8at1ery Characteristics 011 PH£/' Fuel 
£co110111y." AABC0S. 
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Autonomie has also been validated for a number ofpowertrain configurations and vehicle classes 
using Argonne's Advanced Mobility Technology Laboratory (AMTL) (fonnerly Advanced 
Powertrain Research Facility, or APRF) vehicle test data.350 

ANL has spent several years developing, applying, and expanding the means to use 
distributed computing to exercise its Autonomie full-vehicle simulation tool over the scale 
necessmy for realistic analysis to provide data for CAFE and CO~ standards rulemaking. The 
NPR...\1 and PRIA detailed how ANL used Autonomie to estimate the fuel economy impacts for 
roughly a million combinations of technologies and vehicle typcs.35 1. 35c ANL developed input 
parameters for Autonomie to represent every combination of vehicle, powertrain, and component 
technologies considered in this rulemaking. The sequential addition of more than 50 fuel 
economy-improving teChnologies to ten vehicle types generated more than 140,000 unique 
technology and vehicle combinations. Running the Autonomie powertrain sizing algorithms to 
determine the appropriate amount of engine downsizing needed to maintain overall vehicle 
performance when vehicle mass reduction is applied and for certain engine technology changes 
(discussed further, below) increased the tQtal number Of simulations to more than one million. 
The result of these simulations is a useful dataset identifying the impacts of combinations of 
vehicle technologies on energy consumpiion-a dataset that can be referenced as an input to the· 
CAFE model for assessing regulatory compliance alternatives. 

The following sections discuss the full-vehicle modeling and simulation inputs and data 
assumptions, and comments received on the NPRM analysis. The discussion is necessarily 
technical, but also important to understand the agencies' decisions to modify (or not) the 
Autonomie analysis for the final rule. 

-''0 Jeong, J., Kim, N .• Sturenbcrg, K., Rousseau, A., "Analysis and Model Validation of the Toyota Prill!S Prime·•. 
SAE 2019-01-0369, SAE World Congress, Detroic. April 2019; Kim, N. Jeong, J. Rousseau, A. & Lohse-Busch. H. 
"Control Analysis and Thermal Model Development ofPHEV," SAE 2015-01-1157, SAE World Congress, Delroit. 
April 2015; Kim, N., R,;,usseau, A. & Lohse-Busch, H. "Advanced Automatic Transmission ~odel Validacion 
Using DynmpomelerTest Data," SAE 2014-01-1778, SAE Wmld Congress, Delmit, Apr. 14; Lee, D. Rousseau, A. 
& Rask. E. "Development and Validation of the Ford Focus BEV Vehicle Model;' 2014-01-1809, SAE World 
Congress, Detroit, Aprl4; Kim, N., Kim, N., Rousseau, A., & Duoba, M. "Validating Volt PHEV lv1odel with 
Dynamometer Test Data using Autonomie," SAE·2013-0l-1458, SAE World Congress, Detroit,Apr. 13; Kim, N., 
Rousseau, A .. & Rask, E. "Autonomie Model Valldacion with Test Data for 2010 Toyota Prius," SAE2012-0l
l040, SAE World Congress, Detroit, Aprl2; Karbowski, D., Rousseau, A, Pagerit, S., & Sharer, P. "Plug-in 
Vehicle Control Strategy- From Global Qptimization to Real Time Application," 22th International Electric Vehicle 
Symposium (EVS22), Yokohama, (October2006). 
-'" As part of the Argonne simulation effort, individual technology combinations simulated iu Autonomie were 
paired with Argonne's BatPAC model to estimate the battery cost associated with each !echnology combination 
based on characteristics of the simulated vehicle and its level of electrification. Jnfomiarion regarding.Argonne's 
BatPAC ITiodel ls available at http://www.csc.an!.go,·,'batpac/. 
·"' Additionally, the impact ofengine technologies on fuel consumption, torque, and other metrics was characterized 
using GT POWER simulation modeling in combination with other engine modeling that was conducted by IA V 
Automotive Engineering, Ini:. (IA.V). The engine characterization "maps" resulting from !his analysis were used as 
inpucs for the Autonomie full-vehicle simulation modeling, Information regarding GT Power is available at 
https:/1www.g1isoft.com/gt-suite-applica1i,ms/prop11lsion-systems/gt-power-engine-simulation-software. 
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( 1 J Full-Vehicle Modeling. Simulation lnpms and Data 
Assumptions 

The agencies provided extensive doeument_ation that quantitatively and qualitatively 
described the over 50 technologies considered as inputs to the Autonomie modeling.35"· 354 These 
inputs consisted of engine technologies, transmission technologies, powertrain electrification, 
light-weighting, aerodynamic improvements, and tire rolling resistance improvements.355 The 
PRIA provided an overview of the sub-models for each technology, including the internal 
combustion engine model, automatic transmission model, and others.356 The ANL NPRM model 
documentation expanded on 'these sub-models in detail to show the interaction of each sub-model 
input and output.351 For example, as shown in Figure VI- I Figure Vl-1, the input for 
Autonomie's driver model (i.e., the model used to approximate the driving behavior of a real 
driver) is vehicle speed, and outputs are accelerator pedal, brake pedal, and torque demand. 

Vehicle 

Autonomle 
Driver 
Model 

Accelerator 

Brake 

Torque Demand 

Figure VI-1 - Autonomie Driver Sub-Model inputs and outputs 

Effectiveness inputs for the NPRM and the final rule analysis were specifically developed 
to consider many real world and compliance test cycle constraints, to the extent a computer 
model could capture them. Examples include the ad\'anced engine knock mode! discussed 
below, in addition to other constraints like allowing cylinder deactivation to occur in ways that 
would not negatively impact noise-vibration-harshness (NVH), and similarly optimizing the 
number of engine on/off events (e.g., from start/stop 12V micro hybrid systems) to balance 
between effectiveness and NVH. 

"'NHTSA-2018-0067-12299. Preliminary Regulatory Impact Analysis (July 2018). 
'"NHTSA-20l8-0(){i7-0001. Islam, E.. S, Moawad, A., Kim, N, Rousseau. A. "A Detailed Vehicle Simulation 
Process To Support CAFE Standards 04262018- Report" ANL Autonomie Documentation. Aug 21, 20!8. 
:NHTSA-2018-0067-0004. ANL Autonomie Data Dictionar,·. Aug 21, 2018. NHTSA-2018-0067-0003. ANL 
Autonomie Slllnmary of Main Component Assumptions. Ang 21, 2018. NHTSA-2018-0067-0005. ANL 
Autonomie Model Assumptions·Summary. Au,g 2!, 2018. NHTSA-2018-0ll67-1692. ANL BatPac Model 12 55. 
Aug21,2018. 
-"' SAFE Rule for MY202\-2026 PRIA Chapter 6.2.3 Technology groups in Autonomie simulations and CAFE 

model 
ii, PRIA at 189. 
W NHTSA-2018-0067-0007. !slam, E., S, Moawad, A., Kim, N, Rousseau, A. "A Detailed \'chick Simulation 
Process To Support CAFE Standards 04262018 - Report" ANL Autonomie Documentation. Aug 21, 2018. 
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One major input used in the effectiveness modeling that the agencies provided key 
specifications for in the PRIA are engine fuel maps that define how an engine equipped with 
specific techno logies operates over a variety of engine load (torque) and engine speed conditions. 
The engine maps used as inputs to the Autonomie analysis were developed by staning with a 
base map and then incrementally adding engine technologies to the base map. Although the 
same type of engine map is used for all technology classes, the effectiveness varies based on the 
characteristics of each vehicle type. For example, a compact car with a turbocharged engine will 
have different fuel economy and performance values than a pickup truck with the same engine 
techno logy type. lmponantly, us ing this process to develop engine maps ensured that real-world 
constraints were considered for each vehicle type; for example, the agencies developed engine 
maps using IA Y's GT-Power engine with an advanced knock model to ensure that engine 
operation was real istic th roughout the test cycle.358 The engine map specifications are d iscussed 
further in Section [xxx] of this preamble and Chapter [6] ofFRlA. 

The agencies also provided key details about input assumptions for various vehicle 
specifications like transmission gear ratio, tire size, final drive ratios, and individual component 
weights.359 Each of these assumptions, to some extent, varied between the ten technology 
c lasses to capture appropriately real-world vehicle specifications like wheel mass or fuel tank 
mass. These specific input assumptions were developed based on the latest test data and current 
market fleet information.360 The agencies relied on default assumptions developed by the 
Autonomie team based on test data and technical publications for other technology inputs that 
Autonomie requi res, like throttle time response and shifti ng strategies for different transmission 
technologies. Autonomie does not simulate vehicle attributes that have minute impacts, like 
whether a vehicle had a sun roof or hood scoops, as those attributes would have trivial impact in 
the overall ana lysis. 

Because we model ten different vehicle types to represent the 2,952 vehicles in the 
baseline fleet, improper assumptions about an advanced techno logy could lead to errors in 
estimating effectiveness. Autonomie is a sophisticated full-vehicle modeling tool that requires 
extensive techno logy characteristics based on both a physical and intangible data like proprietat)' 
software. With a few technologies, we did not have publicly available data, but had received 
confidential business information that such technologies would be available in the market in the 
rulemaking t ime frame. For such technologies, including advanced cylinder deactivation, we 
adopted a method in the CAFE model to represent the effectiveness of the techno logy. For those 
techno logies, the agencies determined that effectiveness could reasonably be represented as a 

358 Engine Knock in spark ignition engines occurs when combustion of some of the air/fuel mixture in the cyl inder 
does 1101 result from propagation of the flame from ignited by the spark plug, but one or more pockets of air/fuel 
mixture explodes outside of the envelope of the nom,al combustion front. 
" "NHTSA-20 18-0067-0005. ANL Autonnmie Model Assumptions Stommary. Aug 21. 2018. 
NHTSA-20 18-0067-0003. ANL - Summary of Main Component Perfonnance and Assumptions NPRM. Aug 21, 
2018. 
360 See further details in the analysis fleet Section [xxx]. 
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fixed value.301 Effect iveness values for technologies not explicitly simulated in Autonomie are 
discussed further in the individual technology sections of this preamble. 

The agencies sought comments on all effectiveness inputs and input assumptions, 
including the specific data used to characterize the technologies, such as data to build the 
technology input, data representing operating range of technologies, and data for variation 
among technology inputs. The agencies also sought comment on the effectiveness values used 
for technologies not explicitly defined in Autonomie. 

Meszler Engineering Services, commenting on behalf of the Natural Resources Defense 
Counci l, and ICCT questioned the accuracy of the effectiveness estimates in the ANL database, 
and as an example Meszler analyzed the fuel economy impacts of a I 0-speed automatic 
transmission relative to a baseline 8-speed automatic transmission, concluding that the widely 
ranging effectiveness estimates were unexpected. ICCT questioned the accuracy of the IA V 
engine maps that serve as an input to the Autonomic effectiveness modeling, and asked whether 
those could "reasonably stand as a foundation for automotive developments and technology 
combinations" discussed elsewhere in their comments. ICCT also q uest ioned whether 
Autonomic realistically and validly modeled synergies between techno logies, us ing the 
effectiveness values from CEGR and transmissions as an example. Meszler stated that the 
agencies have a n obligation to val idate the Autonomic estimates before using them to support the 
NPRM or any other rulemaking. The agencies also received comments on the specific 
effect iveness estimates generated by Autonomie;, however, those comments will be discussed in 
each individual technology section, below. 

Despite these criticisms, Meszler stated that the critiques of the Autonomie technology 
database were not meant to imply that the Autonomie vehicle simulation model used to develop 
the database was fundamentally flawed, or that the model could not be used to derive accurate 
fuel economy impact estimates. Meszler noted that, as with any model, estimates derived with 
Autonomic are only valid for a given set of modeling parameters and if those parameters are well 
defined, the estimates should be accurate and reliable. Conversely, if those parameters are not 
well defined, the estimates would be inaccurate and unreliable. Meszler stated that the agencies 
must make the full set of modeling assumptions used for the Autonomic database available for 
review and comment. 

We agree with Meszler that, in general, when inputs to a model are inaccurate, output 
effectiveness results may be too high or too low. The technology effectiveness estimates from 
modeling results often vary with the type of vehicle and the other technologies that are on that 
vehicle.36~ The Autonomic output database consists of permutations of over 50 technologies for 

3• 1 For final rule, 9 out of 50 plus technologies use fixed offset effectiveness values. The effectiveness of these 
technologies cannot be captured on the ~-cycle test or, like ADEAC, they are a ne\\, technology where robust data 
that could be used as an input to the technology effectiveness modeling does not yet exist. Specifically, these nine 
technologies are LDB, SAX, EPS, IACC, EFR. ADEAC, DSLI, DSLIAD and TURBOAD. [Reference CAFE 
model section discussing on how the agencies implemented ADEAC. DSLI. DSLIAD. EPS, LDX. SAX. 11\CC, 
EFR, TURBOAD)). 
m T he PRIA Chapter 6.2.2.1 , Table 6-2 and Table 6-3 defined the characteristics of the reference technology 
classes that representative of the analysis fleet. 
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each of the ten technology classes simulated by the CAFE model. A wide range of effectiveness 
is expected when going from a baseline technology to an advanced technology across different 
technology classes because there are significant differences in how much power is required from 
the powertrain during 2-cycle testing across the ten vehicle types. This impacts powertrain 
operating conditions (e.g., engine speed and load) during 2-cycle testing, Fuel economy 
improving technologies have different effectiveness at each of those operating conditions so 
vehicles that ha,·e higher average power demands wil! have different effectiveness than vehicles 
with lower average power demands. Further, the differences in effectiveness at higher power 
and lower power vary by technology so the overall relationship is complex. Large-scale full
vehicle modeling and simulation account fot these interactions and complexities. 

Before conducting any full-vehicle modeling and simulation, the agencies spent a 
considerable amount of time and effort developing the specific inputs used for the Autonomie 
analysis. The agencies believe that these technology inputs provide reasonable estimates for the 
light-duty vehicle technologies the agencies expect to be available in the market in the 
rulemaking timefrarne. As discussed'earlier, these inputs vary in effectiveness due to how 
different vehicles, like compact cars and pickup trucks, operate on the 2-cycle test and in the real 
world. Some technologies, such as I 0-speed automatic transmissions (A Tl 0) relative to 8-speed 
automatic transmissions (ATS), can and should have different effectiveness results in the 
analysis beh-veen 1\.vo different technology classes.361 These unique synergistic effects can only 
be taken into account through conducting full-vehicle modeling and simulation, which the 
agencies did here. 

With regards to Meszler's comment that the agencies have an obligation to validate the 
Autonomie estimates before using them to support the NPRM or any other rulemaking, the 
agencies would like to pointMeszlerto the description of the ANL Autonomie team's robust 
process for vehicle model validation that was contained in the PRIA.3M To summarize, the 
NPRM and final rule analysis leveraged extensive vehicle test data collected by Argonne 
National Laboratory with funding from the U.S. DOE Vehicle Technologies Office.365 Over the 
past 20 years, the ANL team has developed specific instrumentation lists and test procedures for 
collecting sufficient information to develop and validate full vehicle models. In addition, the 
agencies descfibed the ANL team's efforts to validate specific component models as well, such 
as the advanced automatic transmission and dual clutch transmission models. 366 

w Separate I;,', the agencies modified specific transmission modeling parameters for the final rule after additional 
review, including a thorough review of public comments, and this review is discussed in detail in Section [X.X. -
Transmissions]. 
-'"' PRJA at 216-7. See a/so [ANL validation citations]; (ANL PPT oflmw it validates vehicles]. 
161 A list of the vehicles that have been tested at the APRF can be found under http://www.an!.gov/energy
systemslgroup/downloadable·dynamometer-database. 
,._ Kim, N., Rousseau. N .. Lohse-Bush, H. "Advanced Automatic Transmission Model f'a!idation U.<i11~ 
Dynamamerer Tesr Daw," SAE 2014-01-1778. SAE World Congress, Detroit, April 2014; Kim, N., Lohse-Bush, H., 
Rousseau, A. "'Development ofa model of the dual clutch transmission in Autonomie and validation with 
dynamome!er test data," l11ternalio11al Journal ofAutomolive Tedmologie.<, March 20!4, Volume 15, Issue 2, pp 
263-71. 
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The agencies also described the process for validating inputs used to develop the IA V 
engine maps,367 another input to the Autonomic modeling and simulations. Broadly. the 
assumptions and inputs to the modeling and validation of engine model results leveraged IA v·s 
global engine database that included benchmarking data. engine test data, single cyl inder test 
data and prior modeling studies, and also technical publications and information presented at 
conferences. The agencies referenced in the PRIA that engine maps \\ere validated with engine 
dynamometer test data 10 the extent possible.3"8 Because the PR'.\1 and this final rule analysis 
considered some technologies not yet in production, the agencies relied on technical publications 
and engine modeling by IA V to develop and corroborate inputs and input assumptions where 
engine dynamometer test data was not available. 

In addition, as described earlier in this section. the full set of_ PRM modeling 
assumptions used for the Autonom ie database were available for review and comment in the 
docket for this rulemaking.36" The full set of modeling assumptions used for this final rule are 
also available in the docket.370 

[Text fonhcoming). 

Both ICCT and Meszler also commented on the availabi lity of technologies within the 
Autonomic database, with Meszler stating that with limited exceptions. technologies were not 
included in the PRM CAFE model if they were not included in the simulation modeling that 
underlay the A L database. and accordingly ifa combination of technologies was not modeled 
during the development of the ANL database, that package (or combination) of technologies was 
not available for adoption in the CAFE model. Meszler stated that these constraints limited the 
slate of technologies available 10 respond to fuel economy standards, and independently 
expanding the model to include additional technologies or technology combinations is not trivial. 

ICCT gave specific examples of key efficiency technologies that it stated Autonomic did 
not include, like advanced DEAC, VCR, Mi ller Cycle, e-boost, and HCCI. ICCT argued that 
this was especially problematic as the agencies appeared to have available engine maps from 
IA Von advanced DEAC, VCR, Miller Cycle, E-boost (and from advanced DEAC, VCR. Miller 
Cycle, E-boost, HCCI from EPA) that A1 L or the agencies have been unable to or opted not to 
include in their modeling. ICCT stated that the agencies must disclose how Autonomie had been 

367 PRIA at 251. 
'°' See. e.g .. PRIA a l 288. 
369 N HTSA-2018-0067-0007. Islam, E .• S, Moawad, A .. Kim. N. Rousseau. A., " A Dcwilcd Vehicle Simulution 
Process To Suppon CAFE Standards 04262018- Reporf' ANL Autonomic Documentation. Aug 21. 2018. 
'fffSA-2018--0067-0004. A L Autonomie Data Dic1ionary. Aug 21. 2018. 

NHTSA-2018-0067-0003. A fl Autonomic Summa!') of~lain Component Assumptions. Aug 21. 2018. 
NHTSi\-2018-0067-0005. A1'1. Autonomic Model Assumptions Summa!')'. Aug 21. 2018. 
NHTSi\-20 18-0067-1692. ANL BatPac Model 12 55. At1g 21 . 2018. 
Prel iminal')' RegulatOI')' Impact Analysis (July 2018). Posted July 2018 and updated August 23 and October 16. 
2018. 
n [Cite to final rule documentation]. 
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updated to incorporate "cutting edge" 2020-2025 automotive technologies to ensure they reflect 
avai lable improvements.371 

The agencies have updated the final rule analysis to include additional technologies. In 
the NPRM, the agencies presented the engine maps for all of the technologies that JCCT listed, 
except HCC!, and sought comment on the eng ine maps, technical assumptions and the potential 
use of the technologies for the final rule analysis. Based on the available technical information 
and the JCCT and Meszler comments, for the final rule analysis, VCR, Miller Cycle (VTG), and 
e-boost (VTGe with 48\1 BISG) technologies have been added and included in the Autonomie 
modeling and simulations, and advanced DEAC technology has been added using fixed point 
effectiveness estimates in the CAFE model analysis. The agencies disagree with ICCT's 
assessmem of HCC! and do not believe it will be available for wide-scale application in the 
rulemaking timeframe, and therefore have not included it as a technology. HCCI technology has 
been in the research phase for several decades. and the only production applications to date use a 
highly-l imited version that restricts HCC! combustion to a very narrow range of engine operating 
conditions.372· 37;. 374 Additional discussion of how Autonomie-modeled and non-modeled 
technologies are incorporated into the CAFE Model is located in [Section Translating Autonomie 
Results for Use in the CAFE Model], below. 

ICCT and Meszler also commented that the agencies overly limited the availability of 
several technologies in the NPRM analysis. In response, the agencies reconsidered the 
restrictions that were applied in the NPRM analysis, and agree with the commelllers for several 
technologies and techno logy c lasses. Many technologies identified by the commenters are now 
in production for the MY2017 as well as MY20 18 and MY2019. We also th ink that the baseline 
fleet compliance data reflects adoption of many of these technologies. For the final rule analysis 
we have expanded the availability of several technologies. In the CAFE model, we are now 
allowing parallel hybrids (SHEVP2) to be adopted with high compression Atkinson mode 
engines (HCR0 and HCR I). In addition. as mentioned above, the Autonomie full-vehicle 
modeling included Variable Compression Ratio engine (VCR), Miller Cycle Engine (VTG), E
boost (VTGe) technologies, and cylinder deactivation technologies (DEAC) to be applied to 
turbocharged engines (TURBO I). As these changes relate to the technology effectiveness 
modeling, the analysis now includes effectiveness estimates based on full vehicle simulations for 
all of these combinations of technologies, that are then incorporated into the CAFE modeling. 

371 ICCT also made the same request of EPA 's ALPHA model. and the agencies' response to that comment is 
discussed in Section [xxx], below. 
m Mazda introduced Skyactiv-X in Europe with a mild hybrid technology to assist the engine. 
m Mazda News. "Revolutionary !Vlazda Skyactiv-X engine details confinned as sales start," May 6, 2019. 
http~: ,, ,, ,, .m::udn-pn.:,:-.xom cu T1l.'\\ s :?I> I 9 re\ olutit-'11:tr\ -111a11,fa-,h \ acti, -,-cnuirh:-tlc1;.1il,-L"onrinn1.:d-~1,-...,all.•:-,
~ Last accessed Dec. 2. 20)9. 
"'Confer. K. Kirwan, .J. " Ultra Efficient Light-Duty Powertrain with Gasoline Low-Temperature Combustion." 
DOE Merit Review. June 9,2017, hur,: "" \\ . .-nern, .~ll\ ,itc, rwd lilc, 201 7 ()~ l}-1 ac,OlJ-1 Clllllcr 
21117 n.1Xlf. Last accessed Dec. 2, 2019. 
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We disagree with comments stating the agencies should allow every technology to be 
available to every vehicle class.375 Discussed earlier in th is section. Autonomie models key 
aspects of vehicle operation that are most relevant to assessing fuel economy. vehicle 
performance and certain aspects ofdrivability (like EPA 2-cycle tests, EPA US06 cycle tests, 
gradability, low speed acceleration time from 0-to-60 mph. passing acceleration time from 50 to 
80 mph, and number of transmission shifts). However, there are other critical aspects of vehicle 
functionality and operation that the agencies considered beyond those criteria, that cannot 
necessarily be reflected in the Autonomie modeling. For example, a pickup truck can be 
modeled with a continuously variable transmission (CYT) and show improvements on the 2-
cycle tests. However, pickup trucks are designed 10 provide high load towing utility.376 CVTs 
lack the torque levels needed to provide that towing utility, and would fail mechanically if 
subject to high load towing:177 We provided discussions of some of these technical 
considerations in the PRIA. and explained why we had limited technologies for certain vehicle 
classes, such as limiting CVTs on pickups as in the example above. These and other limitations 
are discussed further in the individual technology sections. 

The agencies also received a variety of comments that conflated aspects of the 
Autonomie models with technology inputs and input assumptions. For example, commenters 
expressed concern about the transmission gear set and final drive values used for the NPRM 
analysis, or more specifically. that the gear ratios were held constant across applications.378 In 
this case, both the inputs (gear set a nd final drive ratio) and input assumption (ratios held 
constant) were discussed by the commenters. Because these comments are actually about 
technology inputs to the Autonomie model, for these and similar cases, the agencies are 
addressing the comments in the individual technology sections which discuss the technology 
inputs and input assumptions that impact the effectiveness values for those technologies. 

For the NPRM analysis, the agencies prioritized using inputs that were based on data for 
identifiable technology configurations and that reflected practical real world constraints. The 
agencies provided detailed information on the NPRM analysis inputs and input assumptions in 
the N PRM Preamble, PRIA and ANL model documentation for engine technologies, 
transmission technologies, powertrain electrification, light-weighting, aerodynamic 
improvements, tire ro lling resistance improvements, and other vehicle technologies. Comments 
and the agencies' assessment of comments for each technology are discussed in the individual 
technology sections below. Through careful considerat ion of the comments, the agencies have 
updated analytical inputs associated with several technologies. and as discussed above, have 
inc luded several advanced technologies for which technical information was included in the 
N PRM. However, for most technologies, the agencies have determined that the technology 
inputs and input assumptions that were used in the NPRM analysis remain reasonable and the 
best available for the final rule analysis. 

m NHTSA-2018-0067-11723. NRDC Attachment2 at p . 4 . 
376 SAE J2807. "Performance Requirements for Determining Tow-Vehicle Gross Combination Weight Rating a nd 
Trailer Weight Rating." Feb.4.1016. 
377 PRIA at p. 223 and 340. 
m NHTSA-2018-0067- 11873. Comments from Roush Industries .Attachment l,at 14-15. 
NIITSA-2018-0067-1 1873. Comments from CA.RB. at 110. 
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(2) Ho,r We Defined Different Vehicle T_ipes in Autonomie 

As described in the NPRM, ANL produced fu ll-vehicle simulation modeling for many 
combinations of technologies, on many types of vehicles, but it did not s imulate literally every 
single vehicle model/configuration in the analysis fleet because it would be impractical to 
assemble the requisite detailed information-much of which would likely only be provided on a 
confidential basis- specific to each vehicle model/configuration and because the scale of the 
simulation e ffort would corresponding ly increase by orders of magnitude. Instead, ANL 
simulated l O different vehicle types, corresponding to the five "technology classes" generally 
used in CAFE analysis over the past several rulemakings, each with two performance levels and 
corresponding vehicle technical specifications (e.g., small car, small performance car, pickup 
truck, performance pickup truck, etc.). 

Technology classes are a means of specifying common technology input assumptions for 
vehicles that share similar characteristics. Because each vehicle technology class has unique 
characteristics, the effectiveness of technologies and combinations of technologies is different 
for each technology class. Conducting Autonomie simulations uniquely for each technology 
class provides a specific set of simulations and effectiveness data for each technology class. 
Like the Draft TAR analysis, there are separate technology classes for compact cars, midsize 
cars, small SUVs, large SUVs, and pickup trucks. However, new for the NPRM analysis and 
carried into this final rule analysis, each of those vehicle types has been split into " low" (or 
"standard") performance and a "high'' performance versions, which represent two classes with 
similar body styles but d ifferent levels of performance attributes (for a total of 10 technology 
classes). The separate technology classes for high performance and low performance vehicles 
better account for performance diversity across the fleet. 

f'lic H!,!~Atdc,. b pan of ib contract\\ ith . \\I . '\ IIT'-> \ directed ANL to develop a 
vehicle assumptions database to capture vehicle attributes that would comprise the full vehicle 
models. For each vehicle technology class, representative vehicle attributes and characteristics 
were identified from publicly available information and automotive benchmarking databases like 
A2Mac 1,379 ANL 's Downloadable Dynamometer Database (D3

) ,
380 and EPA compliance and 

fuel economy data.381 The resulting vehicle assumptions database consists of over I 00 different 
attributes like vehicle frontal area, drag coefficient, fuel tank weight, transmission housing 
weight, transmission clutch weight, hybrid vehicle component weights, and weights for 
components that comprise engines and electric machines, tire rolling resistance, transmission 
gear ratios and final drive ratio. Each of the IO different vehicle types was assigned a set of 
these baseline attributes and characteristics, to which combinations of fuel-saving technologies 
were added as inputs for the Autonomie simulati.ons. For example, the characteristics of the MY 
2016 Honda Fit were considered along with a wide range of other compact cars to identify 

'" A2Mac I: Automotive Benchmarking. (Proprietary data). Retrieved from httr,: a:?mac I .~,,m 
, so Downloadable Dynamometer Database (03). ANL Energy Systems Division. 
h11 p~: ,,,,,,.:.ml.!.!o\ cs dn,,nloadahle-J, namom('ter-dataha:t~. Last accessed Oct.31.2019 . 
m Data on Cars used for Testing Fuel Economy. EPA Compliance and Fuel Economy Data. 
https: ,, ,, " -~ra.l!n, i..:rnnplirinci.:•::tnl.l-fllcl~1;.''-'011nm\•data data-car'.'l-uscd-h~ ... lin),!- lucl-i.:i..:t111om,. Last accessed Oct. 
31, 2019. 
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representative characteristics for the Autonomie simulations for the base compact car techno logy 
class. The simulations determined the fuel economy achieved when applying each combination 
of technologies to that vehicle type. given its baseline characteristics. 

For each vehicle technology class and for each vehicle attribute, ANL estimated the 
attribute value using statistical distribution analysis of publicly available data and data obtained 
from the A2Mac I benchmarking database.381 Some vehicle attributes were also based on test 
data and vehicle benchmarking, like the cold-start penalty for the FTP test cycle and vehicle 
electrical accessories load. The analysis of vehicle attributes used in the NPRM was discussed in 
the ANL model documentation,383 and values for each vehicle technology class were provided 
with the NPRM for public review?µ · 

The agencies did not believe it was appropriate to assign one single engine mass for each 
vehicle technology class in the NPRM analysis. To account for the di fference in weight for 
d ifferent engine types. ANL performed a regression analysis of engine peak power versus 
weight, based on attribute data taken from the A2Mac I benchmarking database. For example, to 
account for weight of different engine sizes like 4-cylinder versus 8-cylinder. A L developed a 
relationship c urve between peak power and engine weight based on the A2Mac I benchmarking 
data. For the NPRM analysis, this relationship was used to estimate mass for all engine types 
regardless of technology type (e.g., variable valve lift and direct injection). Secondary weight 
reduction associated w ith changes in engine technology was applied by using this linear 
relationship between engine power and engine weight from the A2Macl benchmarking database. 
When a vehicle in the analysis fleet with an 8-cylinder engine adopted a more fuel efficient 6-
cylinder engine, the total vehicle weight would reflect the updated engine weight wi th two less 
cylinders based on the peak power versus eng ine weight relationship. The impact of engine mass 
reduction on effectiveness is accounted for directly in the Autonomie simulation data through the 
application of the above relationship. Engine mass reduction , ia do,, nsi?i1112 is, therefore, 
appropriate ly not included as part of vehicle mass reduction technology that is discussed in 
Section [Vehicle Mass Reduction] because doing so would result in double counting the impacts. 
As discussed further below, for the final rule we improved upon the precision of engine weights 
by creating two curves to separately represent naturally aspirated engine designs and 
turbocharged engine designs. 

In addition, certain attributes were held at constant levels within each technology class to 
maintain vehicle functionality, performance and utility including noise, vibration, and harshness 
(NYH), safety, perfonnance and other utilities important for customer satisfaction. For example, 
in addition to the vehicle performance constraints discussed in Section [Performance Neutrality], 

.,., A2Mac I is subscription-based benchmarking service that co,1ducts vehic le and component teardown analyses. 
Annually, A2Mac1 removes indiv idual components from production vehicles such as oil pans, electric machines. 
engines. transmissions, amo ng the many other components. These components are weighed and documented for 
key specifications which is then available to their subscribers . 
.1s, NHTSA-2018-0067-0007, at 131. Islam, E., S, Moawad, A., Kim, N, Rousseau, A., "A Detailed Vehicle 
Simulation Process To Supporr CAFE Standards 042620 18 - Report" ANL Autonomie Documentation. Aug 2 1, 
2018. 
m l\'HTSA-2018-0067-0003. ANL Autonomie Summary of Main Component Assumptions. Aug 21. 2018. 
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the analysis does not allow the frontal area of the vehicle to change, in order to maintain utility 
like ground clearance, head-room space, and cargo space, and a cold-start penalty is used to 
account for fuel economy degradation for heater perfonnance and emissions system catalyst 
light-off.m This allows us to capture the discrete improvement in technology effectiveness 
while maintaining vehicle attributes that are important vehicle utility, consumer acceptance and 
compliance with criteria emission standards, and considering these constraints similar to how 
manufacturers do in the real world. 

The agencies sought comment on the analytical approach used to determine vehicle 
attributes and characteristics for the Autonomie modeling. In response, we received a wide 
variety of comments on vehicle attributes ranging from discussions of performance increase from 
technology adoption (e.g. if a vehicle adopting an electrified powertrain improved its time to 
accelerate from 0-60 mph), to comments on vehicle attributes not modeled in Autonomie, like 
heated seats and cargo space. 

Toyota and the Alliance commented that the inclusion of perfonnance vehicle classes 
addressed the market reality that some consumers will purchase vehicles for their perfonnance 
attributes and will accept the corresponding reduction in fuel economy. Furthermore, Toyota 
commente'd that some gain in perfonnance is more realistic, and that "dedicating all powertrain 
improvements to fuel efficiency is inconsistent with market reality." Toyota "supports the 
agencies' inclusion ofperfonnance classes in compliance modeling where a subset of certain 
models is defined to have higher perfonnance and a.commensurate reduction in fuel 
efficiency."J&o Also, in support of the addition of performance vehicle classes, the Alliance 
commented that ''vehicle categories have been increased to 10 to better recognize the range of 0--
60 performance characteristics within each of the 5 previous categories, in recognition of the fact 
that many vehicles in the baseline fleet significantly exceeded the previously assumed 0--60 
performance metrics. This provides better resolution of the baseline fleet and more accurate 
estimates of the benefits Oftechnology."JP 

UCS commented that the CAFE model incorporates technology improvements to each 
vehicle by applying the effectiveness improvement of the average vehicle in the technology 
class, leading to discrete ''stepped" effectiveness levels for technologies across the diffeTent 
vehicle types, UCS stated that in contrast. the OMEGA model takes into account a vehicle's 
performance characteristics through response-surface modeling based on relative deviation from 
the class awrage modeled in ALPHA.3~~ 

Although differences between the ALPHA and Autonomie models are discussed in more 
detail belqw, for the NPRM vehicle simulation analysis we expanded the number of vehicle 
classes from the five classes used in the Draft TAR to ten classes, to represent better the diversity 
of vehicle characteristics across the fleet. Each of these ten vehicle technology classes are 

"'The catalyst light-off is the temperature necessar;; to initiate the catalytic reaction and this energy is generated 
from·englne. 
''" Toyota, Allachment I, Docket No. NHTSA-2018-0067-12098, at 6 . 
.187 Alliance of Automobile Manufacturers, Attachment "Full Comment Sef', Docket No. NHTSA-2018-0-067-
\2073, at 135. 
lli NHTSA-2018-0-067-12039, at p.24. 
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empirical ly built from benchmarking data and other information from various sources, 
amounting to hundreds of vehicle characteristics data points to develop each vehic le class. The 
agencies believe that the real-world data used to define vehicle characteristics for each of the ten 
vehicle classes, in addition to the ten vehicle techno logy classes themselves, ensures the analysis 
reasonably accounts for the diversity in vehic le characteristics across the fleet. 

On IA~ .mmar~. 1lu 1eh1t'it' m11dcl 1111t.l,t1<'d 11i \I I'll\ c111LJ I •\ll li \.,-ti---!,........,. 

lt'hiclt', lh-.H-<tft'-Ut'lin .. J 11 :, d lt>dd l,,t1d r,,1",t'I l"t'cJllirt'illt'l!l t1Hr1l•t1lt' 11,,r1J 1,~rtJ ,11t'llitlt'lll" t111t! 

f"_-1,~·<-!~11 r.,1i ... "l11d1 .II c :,!<ll<'hilb ,'tl-1.-!ntfrll.·h,+i-..tnc...-tltrtl -rlH.etltl'l h· t<c"f'l<'...Ci-<1 1!;., 

IP.•u dl1.i Pl lll11cfll<', ehi.~Hll<'-..,ll,il: ·, Peel -~ l lt1 "i'I''' ,1,h •1 uld he 1d.:c1I 11 ·11e c111,1I: 1 

llcc'I d1tl lltl( dill ,I ,I 111 -..+m-,rn7-J+fft'l<'lll I~ l'c '1 ,,, 11,:nr,1111 ,llttl h,J: 1: 'c• ,,, 111111, c'.lth 
~-k .... I,,, .,,.,1mplc. 1h .. \,i'IP I .111tl li11 .. I rnlc• .11,.1!_1 , , i11.l.1d,: 1,1,, J'n:ht4rn"i. 
kcl11111!, ;: ,I,. c . ,,n, l11r h1;h ,,.,, i1Y_;',-;tt•tl p~,.,J..,,,,p.,,:+1-~, n. 1, 1 I"'"'' «lf'd<it:. 
~it \I l'I I \ ( I' II ',, \ <llll:, ctlll o1dcT ,,n, lttl+--.½'<'-pttl..·HjH·F++,I,, l,1· \n111h~r <'\.!lllj'te 1 

•,111,11 I «11 Ll:te \Jl'R \I a11d tinal rule anal~ ·,c' ha•, a •t'parnt~ 1.;hicl<" 1cla ,.,., , ttc,r a ,mull rnr ,1 i1h a 
".11 O(ll ll 11a1urall: a ,rirc1\c!J t'n,;in<"..., ith ,;r .. a1c·r I t>hid .. ,i>'t! a11J lii13ht>r rnlling r<'. i.,1011~" 
tire:, (i.e .. road load elmraetcri ,tie,) \t'Filfi 11 ',IHBII ean1 ith a 1.5 I TurhBchargzd en,;i1w 111th 

·,mailer •,01'li1:Je ,i,•e 11nd lt:1wt!F Foiling resi·,Htnee 1irt'., I,,, lite \I l'I I\< I' II (, \ "'lill~ 1,. 1lic L 

p,,. ,, 111.I t,.,111 ldl! 11, lht' ,<1111.- 1 .-l1i~lc1 .mJ 1t'q~1111,• ,m <1tl1u 1111 .. 1111<• .1!1=-11 ,inti i>t'lh:1 

rq·rc' ,t'lll the \elH, lt' tht1i"ilclc'FI lit 1111 l111111.11i,m I !he 1'1"1111.11"~ led ,Pll 111.11 d rcl<ill\c' 

ttc'\-itt+t+->flmJj+tsllll<'IH i l ctft111,:d to~ lhc" I'' II,,\ 111 .. dtl 11,in,,. ILc u1l,1t, l"<'•f'•'4-i...J.4 
\11c1l~,1 1>1111 \LilHllt<llllc'c'llt'dih'llc c•,li1Ht11<',,+nJ.,J,,;.l-4+-J. ....... t1-<•tli:IJnc 110ll"t!lfloliFt!lht:?•,t' 

adjlJ,IAleAb lll effeelt',t!llt!'.OS. hc','dll ,t' lht!l"terll-t'hHl'll.• i,:.J..,.,,-j ,'4,,fiit-111; Ito tidi11.; lht' ha ,c'illlc 

1 <'l1lclc 1h,H--.11.: .lt>lint',l I>: tell lc,hn,•I •;: , l.1, , 

For the final rule analysis, we used the same process to obtain the vehicle attributes and 
characteristics for the vehicle technology c lasses. Data was acquired from publicly available 
sources, ANL D3, EPA compliance and fuel economy data, and the A2mac I benchmarking data. 
Accordingly, the attributes and characteristics of t he modeled vehicles reflect actual vehicles that 
meet customer expectations and automakers' capabilities to manufacture the vehicles. In 
addition, for the final rule, we improved the NPRM analysis by updating some of the attribute 
values to account for changes in the fleet. For example, we have updated vehicle electrical 
accessory load on the tes t cycle to reflect higher electrical loads associated with contemporary 
vehicle features. 

(3) How we Build Vehicle Models/or Autonomie and Oprimi:e 
Themfor Simulation 

Before any simulation is initiated in Autonomie, ANL must "build" a vehicle by 
assigning reference technologies and initial attributes to the com ponents of the vehicle model 
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representing each technology class.'90 The reference technologies are baseline technologies that 
represent the first step on each technology pathway used in the analysis. For example, a compact 
car is built by assigning it a baseline engine, a baseline 6-speed automatic transmission (AT6). a 
baseline level of aerodynamic improvement (AERO0), a baseline level of rolling resistance 
improvement (ROLLO), a baseline level of mass reduction technology (MR0), and corresponding 
attributes from the ANL vehicle assumptions database like individual component weights.

391 
A 

baseline vehicle will have a unique starting point for the simulation and a unique set of assigned 

inputs and attributes, based on its technology class. 

The next step in the process is to run a powertrain sizing algorithm thar ensures the built 
vehicle meets or exceeds defined perfonnance metrics, including low-speed acceleration {i.e., 
time required to accelerate from 0-60 mph), high-speed passing acceleration (time required to 
accelerate from 50-80 mph), gradeability (e.g. the ability of the vehicle to maintain constant 65 
miles per hour speed on a six percent upgrade), and towing capacity. Together, these 
performance criteria are widely used by industry as metrics to quantify vehicle performance 
attributes that co,nsumers observe and that are important for vehicle utility and customer 

satisfaction. 

In the compact car example used above, we assigned an initial specific engine design and 
engine power, transmission, AERO, ROLL, and MR technologies, and other attributes like 
vehicle weight. Jfthe built vehicle does not meet all the perfonnance criteria in the first 
iteration, then the engine power is increased to meet the performance requirement. This increase 
in power is from higher engine displacement, which could involve an increase in number of 
cylinders, leading to an increase in the engine weight. The iterative process continues to check 
whether the compact car with updated engine power, and corresponding updated engine \\'eight, 
meets its defined perfonnance metrics. The loop stops once all the metrics are met, and at this 
point, a compact car technology class vehicle model becomes ready for simulation. For further 
discussion of the vehicle performance metrics, see Section [Perfonnance Neutrality] and Section 
[Autonomie Engine Sizing]. 

Autonomie then adopts a single fuel saving technology to the baseline vehicle model, 
keeping everything else the same except for that one technology and the attributes associated 
with it. for example, the model would apply an 8-speed automatic transmission in place of the 
baseline 6-speed automatic transmission, which would lead to either an increase or decrease in 
the total weight of the vehicle based on the technology class assumptions. At this point, 
Autonomie confinns whether perfonnance metrics are met for this new vehicle model through 
the previously discussed sizing algorithm. Once a technology has been assigned to the vehicle 
model and the resulting vehicle meets its perfonnance metrics, those vehicle models will be used 
as inputs, to the full vehicle simulations. So, in the example of the 6-speed to 8-speed automatic 
transmission technology update, we now have the initial ten vehicle models (one for each 
technology class), plus the ten new vehicle models with the updated 6-speed automatic 

J\l<l For the NPRM analysis, chapter 8 Vehicle-Sizing Process in ANL model documentation had discussed this 
process in detail. For (he final role analysis. we will build upon this discussion of vehicle sizing process in ANL 
Model Documentation in Chapter 8 Vehicle-sizing process. 
'"' [ANL Model assumptipns and attribute tile names] 
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transmission, which adds up to 20 different vehicle models for simulation. This permutation 
process is conducted for each of the over 50 technologies considered, and for all ten technology 
classes, which results in more than one million optimized vehicJe models. Figure Vl-4Figure 
Vl-4 shows the process for building vehicles in Autonomie for simulation. 

Technology Class: Technology Class: Technology Class: 

Com11actCar Compact Car Compact Car 

Vehicle#: Vehide#: Vehicle/I: 

! ' 3 

Powertrain: Powertrain: Powertrain; 

Conventional Conventional Conventional 

Transmissions: Transmlssions: Transmissions, 

AT6 ATS ATS 

Engine: Engine: Engine: 

EngOl Eng(ll .__ 
Vehicle: Vehicle: Vehicle: 

Mill! MRO MRO 
Agro• AeroO Aeroo 
Rollo Rollo Roll• 

Figure VI-2 -Autonomie Technology Adoption Process for Vehicle building with 
compact car technology class as an example 

Some of the teclmologies require extra steps for optimization before the vehicle models 
are built for simulation; for example, the sizing and optimization process is more complex. for the 
electrified vehicles (i.e., HEVs, PHEVs) compared to vehicles with internal combustion engines, 
as discussed further, below. Throughout the vehicle building process, the following items are 
considered for optimization: 

• Vehicle weight is decreased or increased in response to s,witching from one type of 
technology to another for the technologies for which we consider weight, such as 
different engine and transmission types: 

• Vehicle performance is decreased or increased in response to the addition of mass 
reduction technologies when switching from one vehicle model to another vehicle model 
for the same engine; 

• Vehicle performance-is decreased or increased in response to the addition of a new 
technology when switching from one vehicle model to another vehicle model for the 
same hybrid electric machine; and 
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• Electric vehicle battery size is decreased or increased in response to the addition of mass, 
aero and/or tlre rolling resistance technologies when switching from one vehicle model to 
another vehicle model. 

Every time a vehicle adopts a new technology, the vehicle weight is updated to reflect the 
new component weight. For some technologies, the direct weight change is easy to assess. For 
example, in the NPRM we designated weights for transmissions so, when a vehicle is updated to 
a higher geared transmission, the weight of the original transmission is replaced with the 
corresponding transmission weight (e.g., the weight of a vehicle moving from a 5-speed 
automatic transmission to an 8-speed automatic transmission will be updated based On the 8-
speed transmission weight). 

For other technologies, like engine technologies, assessing the updated vehicle weight is 
much more complex. Discussed earlier, modeling a change in engine technology involves both 
the new technology adoption and a change in power (because the reduction in vehicle weight 
leads to lower engine loads, and a resized engine). When a new engine technology is adopted on 
a vehicle we account for the associated weight change to the vehicle based on the earlier 
discussed regression analysis of weight versus power. For the NPRM engine weight regression 
analysis, we considered 19 different engine technologies that consisted of unique components to 
achieve fuel economy improvements. This regression analysis is technology agnostic by taking 
the approach of using engine peak power versus engine weight because it removed biases to any 
specific engine technology in the analysis. Although we do not estimate the specific weight for 
each individual engine technology, such as VVT and SOD!, this process provides a reasonable 
estimate of the weight differences among engine technologies. 

Figure Forthcoming 
(awaiting gray scale ver~ion) 

Figure VI-3 - Engine weight determination as function of power and 
type of air induction (naturality aspirated vs turbocharged) 

For the final rule analysis, we used the same process to assign initial weights to the 
original 19 engines, plus the added engines. However, we improved upon precision of the 
weights by creating two separate curves separately to represent naturally aspirated engine 
designs and turbocharged engine designs.092 This update resulted in two benefits. First, small 
naturally aspirated 4-cylinder engines that adopted turbocharging technology reflected the 
increased weight of associated components like ducting, clamps, the turbocharger itself, a 
charged air cooler, wiring, fasteners, and a modified exhaust manifold. Second, larger cylinder 
count engines like naturally aspirated 8-cy!inder and 6-cylinder engines that adopted 

:m (ANL Final Model Documentation for final rule analysis Chapter 5.2.9 Engine Weight Determination.] 
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turbocharging and downsized technologies would have lower weight due to having fewer engine 
cylinders. For example, a naturally aspirated 8-cylinder engine that adopts turbocharging 
technology when downsized to a 6-cylinder turbocharged engine appropriately reflects the added 
weight ofturbocharging components, and the lower weight of fewer cylinders. 

As with conventional vehicle models, electrified vehicle models were built from the 
ground up. For the NPRM analysis, ANL used data from the A2mac l database and vehicle test 
data to define different attributes like weights and power. ANL used one specific electric motor 
power for each type of hybrid and electric vehicle.M For MY20l7, the U.S. market has an 
expanded number ofavailable hybrid and electric vehicle models. To capture appropriately the 
improvements for electrified vehicles for the final rule analysis, the agencies applied the same 
regression analysis process that considers electric motor weight versus electric motor po,.ver for 
vehicle models that have adopted electric motors. Benchmarking data for hybrid and electric 
vehicles from the A2Mac 1 database was analyzed to develop regression curve of electric motor 
peak power versus electric motor weight.J 9+ 

(4) How AutonomieSi=es Pol1'erh·ains.for Fulf T'ehicle 
Simulation 

The agencies maintain performance neutrality of the ti.ill vehicle simulation analysis by 
resizing engines, electric machines, and hybrid electric vehicle battery packs at specific 
incremental technology steps. To address product complexity and economies of scale, engine 
resizing is limited to specific incremental technology changes that would typically be 
associated with a major vehicle or engine redesign.395 Manufacturers have repeatedly told the 
agencies that the high costs for redesign and the increased manufacturing c_omplexity that 
would result from resizing engines for small technology changes preclude them from doing so. 
It would be unreasonable and unaffordable to resize powertrains for every unique combination 
of technologies, and exceedingly so for every unique combination of technologies across_every 
vehicle model due to the extreme manufacturing complexity that would be required to do so. 
The agencies reiterated in the NPRM that the analysis should not include engine resizing with 
the application of every technology or for combinations of technologies that drive small 
performance changes so that the analysis better reflects what is feasible for manufacturers."" 

When a powertrain does need to be resized, Autonomic attempts to mimic manufacturers' 
development approaches to the extent possible. Discussed earlier, the Autonomfe vehicle 
building process is initiated by building a baseline vehicle model with a baseline engine, 

'"3 NHTSA-2018-0067-0005. ANL Autonomie Model Assumptions Summary. Aug 21. 2018. 
Non_ Vehicle_Anributes tab. Specific power for PS and P2 HE Vs were set to 2750 wh/ 2750, Plug-in HEVs were 
s<ot to 375 watts/kg, and electric vehicles were .ss,t to 1400 wans/kg. 
394 [ANL Final Model Documentation for final rule analysis Chapter 5.2.10 Electric Machines System Weight.] 
ooi See 83 FR 430?7 (Aug. 24, 2018). 
396 For instance, a vehicle would not get a modestly bigger engine if the vehicle comes with floor mats. nor would 
the vehicle get a modestly smaller engine without floor mats. This exa[llple demonstrates small levels of mass 
reduction. If manufacturers resized engines for small changes, manufacturers would have dramatically more part 
C<Jmplexity, potentially losing economies of scale. 
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transmission, and other baseline vehicle technologies. This baseline vehicle model (for each 
technology class) is sized to meet a specific set of performance criteria. including acceleration 
and gradeability. 

The modeling also accounts for the industry practice of platfonn, engine, and 
transmission sharing to manage component complexity and the associated costs.' 07 At a vehicle 
refresh cycle. a vehicle may inherit an already resized powertrain from another vehicle within the 
same engine-sharing platform that adopted the powertrain in an earlier model year. In the 
Autonomie modeling, when a new vehicle adopts fuel saving technologies that are inherited. the 
engine is not resized (the prope11ies from the basel ine reference vehic le are used directly and 
unchanged) and there may be a small change in vehicle performance. For example, in 
Figure Vl-2 
Figure Vl-2, Vehicle 2 inherits EngOI from Vehicle I while updating the transmission. 
Inheritance of the engine with new transmission may change performance. This example 
illustrates how manufacturers generally manage manufacturing complexity for engines, 
transmissions, and electrification technologies. 

Autonomie implements different powe11rain sizing algorithms depending on the type of 
powertrain being considered because different types of powertrains contain different components 
that must be optimized.-ws For example, the conventional powe11rain resizing considers the 
reference power of the conventional engine (e.g .• EngOl, a basic VVT engine. is rated at I 08 
kilowatts and this is the starting reference power for all technology classes) against the power
split hybrid (SHEVPS) resizing a lgorithm that must separately optimize engine power, battery 
size (energy and power), and electric motor power. An engine's reference power rating can 
either increase or decrease depending on the architecture, vehicle technology class, and whether 
it includes other advanced technologies. 

Performance requirements also differ depending on the type ofpowertrain because 
vehicles with different powertrain types may need to meet different criteria. For example, a 
plug-in hybrid electric vehicle (PHEV) powe11rain that is capable of traveling a certain number 
of miles on its battery energy alone (referred to as all-electric range, or AER, or as performing in 
electric-only mode) is also sized to ensure that it can meet the performance requirements ofa 
US06 cycle in electric-only mode. 

The powertrain s izing algorithm is an iterative process that attempts to optimize 
individual powertrain components at each step. For example, the sizing algorithm for 
conventional powertrains estimates required power to meet gradeability and acceleration 
performance and compares it to the reference engine power for the technology class. If the 
power required to meet gradeability and acceleration performance exceeds the reference engine 

307 Ford EcoBoost Engines are shared across ten different models in MY2019. 
hups: I\ \I" .li.1rd.rnm P''"cnrains ewhonst. Last accessed Nov. 05, 2019. 
3"8[ANL Model Documentation for Final Rule Analysis. Chapter 8.3. 1 Conventional-Vehicle Siz ing Algorithm.) 
[ANL Model Documentation for Final Rule Analysis. Chapter 8.3.2 Split-HE\/ Sizing Algorithm.] (ANL. Model 
Documentation for the final rule Chapter 8.3.4 Blended PHEV sizing Algorithm]. [ANL Model Documentation for 
the final rule Chapter 8.3.5 Voltec PHEV (Extended Range) Vehicle Sizing Algorithm]. [ANL Model 
Documentation for final rule Chapter 8.3 .6 BEV Sizing Algorithm] 
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power, the engine power is updated to the new value. Similarly, if the reference engine power 
exceeds the gradeability and acceleration performance power, it will be decreased to the lower 
power rating. As the change in power requires a change design of the engine, like increasing 
displacement {e.g., going 'from a 5.2-liter to 5.6-liter engine, or vice versa) or increasing cylinder 
count (e.g., going from an 14 lo a V6 or vice versa), the engine weight will also change. The new 
engine power is used to update the weight of the engine. 

Next, the conventional powertrain sizing algorithm enters an acceleration algorithm loop 
to verii)· low-speed acceleration performance (time it takes to go from O mph to 60 mph). In this 
step, Autonomie adjusts engine power to maintain a performance attribute for the given 
technology class and updates engine weight accordingly. Once the performance criteria are met, 
Autonomie ends the low-speed acceleration performance algorithm loop and enters a high-speed 
acceleration (time it takes to go from 50 mph to 80 mph) algorithm loop. Again, Autonomie 
might need to adjust engine power to maintain a perfonnance attribute for the given technology, 
and it exits this loop once the performance criteria have been met. At this point, the sizing 
algorithm is complete·for the conventional powertrain based on the designation for engine type, 
'transmissions type, aero type, mass reduction technology and low rolling resistance technology. 
Figure VI-4Figure Vl-4 below shows the sizing algorithm for conventional powertrains. 

Ref.,..,,,,e Tochnol"l!Y Cla,s 
1,~-=e,dC") 

Calrula te Ve hi di, W•igllt for Refer< "'" 
Toclmolo Class 

~un acceleration <imulatio 
(o.Ellmph) 

P sing accele,ation peifo,manc oop 
{50·80mph] 

•• It meet Perfo.-m•'.~'':::-'C\---i'..---! ~un l'""ing a,celerali<>n 
,imulotion (50·80 mph) 

Up<!ateVeh<:leWeight b""'d on 
new engine power 

Acceleration Perrformance 
Algor~hm (0-60 mph] 

e,;rtmeetPecforman Ye> Srcp-Vet.clels :::;>---':C...-t~r .. d1• for full vehicle 
rality Regulreme ,imulation. 

Update Vehicle Welgllt b""'d M 
new engiMpowec 

Figure VJ-4 Conventional powertrain sizing algorithm 
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Depending on the type of powertrain considered, the sizing algorithms may also size to 
meet different performance criteria in different order. The powenrain sizing algorithms for 
electrified vehicles are considerably more complex, and are discussed in further detail in Section 
[Electrification], below. 

(5) Hol1' We Considered fvfaimaining Vehicle Allribllles 

For this rulemaking analysis, consistent with past CAFE and C01 rulemakings, the 
agencies have analyzed technology pathways manufacturers could use for compliance that 
attempt to maintain vehicle anributes, uti lity, and performance. Using this approach allows the 
agencies to assess costs and benefits of potential standards under a scenario where consumers 
continue to get the similar vehicle attributes and features, other than changes in fuel economy. 
The purpose of constraining vehicle attributes is to simplify the analysis and reduce variance in 
other attributes that consumers value across the analyzed regulatory alternatives. This allows for 
a more streamlined accounting of costs and benefits by not requiring the values of other vehicle 
attributes that trade off with fuel economy. 
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pcrformum:e nemral operation on regular octane fud as ,., ell 
as appropriatc- GI IG perfonnance on certification fuel. 

For engine resi.1ing assumptions. EPA ·s mode ting is 
designed to assign technolog) dfectiveness, alues ,,hich 
main1afo~ on average. pcrfonmmce of the vehicles to , .. ·hi ch 
those technologies are applied. This is no different than the 
Autonornie CAFE model's use ot'a constani effectheness 
\.alui: for all \'c-hicles \\ithin n vehicle type. A uniform 
effe1:th eness ,alue is~ simplifying mode-ling assumption~ 
since 10 3ctuall), achieve 1he same eft'ectiveness for vehicles 
'Ahich vary, in power and performance . .i unique engine size 
,,ould be required. One should not conclude. ho\\e,er, tha1 
1he model is mt'ant to rcprest:nt an infinite complexity of 
engine sizes. lns1ead. the e!Tecti.eness numbers represem 
lhc ;nerage value over a range of engine sizes. t\s long as the 
eITectivene.ss number is nol bit1!\ed high or low. and is 
applied to reasonabl) narrow vehicle I) pe definition. a 
uniform effectiveness assumption is a reasonable modeling. 
simplitic;:uion. 

l
~ mented [A1S3]: DELETE: T\\O-C)clc certification 
is not the same as on-road operation. Whate\'tr the argument 
for using Tier 2 v. Tier 3 to determine- rcgul:itol') numbers, 
no onc~s suggesting consumers use cert fuel for dail,> 
dri, ing. so this statement appears to come from way out in 
left field. - -------
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The subsections for individual technologies discuss the technology assumptions and 
constraints that were considered to maintain vehicle attributes, utility, and performance as 
closely as possible. The agencies believe that any minimal remaining differences, which may 
directiona lly ei ther improve or degrade vehicle attributes, util ity and performance are small 
enough to have de minimus impact on the analysis. 

(6) How We Considered Pe1formance Neutrality 

The CAFE model examines technologies that can improve fuel economy and reduce CO2 
emissions. An improvement in efticiency can be realized by improving the powertrain that 
propels the vehic le (e.g., replacing a 6-cylinder engine with a smaller, turbocharged 4-cylinder 
engine), or by reducing the vehicle's loads or burdens (e.g., lowering aerodynamic drag, 
reducing vehicle mass and/or rolling resistance). Either way, these changes reduce energy 

.... j ..... llt••ft.: d1.•lrt-t~-- 4 ,-'t" ''" •-+• ... -+14- ' ._. l½·t.ltk. 1+.---4f 
-'••f-tt,-, .,t'-,k-1 -ttl- ~--· '-t·lfhlfl fl\ 1 h•! Pt-.-, l-h t. 'eitilf.,.,~» .. i 
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consumption and create a range of choices for automobile manufacturers. At the t\\O ends of the 
range. the manufacturer can choose either: 

A) To design a ,·ehic/e 1'101 does same tl,e amount of ll'ork as before bur uses less.fire!. 

For example, a redesigned pickup truck would receive a turbocharged \/6 engine 
in place of the outgoing \/8. The pickup would olTer no additional towing capacity. 
acceleration. larger wheels and tires, expanded infotainment packages, or customer 
convenience features, but would achieve a higher fuel economy rating (and 
correspondingly lower CO: emissions). 

B) To design a rnhicle that does more 1rork and uses the same 0111011111 offuel as be.fore. 

For example, a redesigned pickup truck would receive a turbocharged \16 engine 
in place of the outgoing \/8, but with engine efficiency improvements that allow the same 

amount of fuel to do more work. The pickup would offer improved towing capacity, 
improved acceleration, larger wheels and tires. an expanded (heavier) infotainment 

package. and more convenience foatures, while maintaining (not improving) the fuel 
economy rating of the previous year's model. 

In other words. automakers weigh the trade-offs bemeen vehicle performance/utility and 
fuel economy, and they choose a blend of these attributes to balance meeting fuel economy and 
emissions standards and suiting the demands of their customers. 

Historically, \'ehicle performance has improved over the years. The average horsepower 
is the highest that it has ever been; all vehicle types have improved horsepower by at least 49% 
compared to the 1975 model year. and pickup trucks have improved by 141 %.404 Since 1978, 
the 0-60 acceleration time of vehicles has improved by 39-47% depending on vehicle type.405 

Also, to gain consumer acceptance of downsized turbocharged engines. manufacturers have 
stated they often olTer an increase in performance.-!06 Fuel economy has also improved. but the 
horsepower and acceleration trends show that not 100% of technological improvements have 
been applied to fuel savings. While future trends are uncertain, the past trends suggest vehicle 
performance is unlikely to decrease. as it seems reasonable to assume that customers will at a 
minimum demand vehicles that olTer the same utility as today's fleet. 

For this rulernaking analysis, consistent with past CAFE and COi rulemakings, the 
agencies have analyzed technology pathways manufacturers could use for compliance that 
attempt to maintain vehicle auributes, utility and performance. NHTSA 's analysis in the Draft 
TAR used the same approach for performance neutrality as was used for the NPRM and is being 

..,,. The 201 8 EPA Automotive Trends Report (EPA-420-R-19-002 March 2019) https:llwww.epa.gov/m1tomoli\'e
trcnds/download-automotive-trends-report. 
'°' The 2018 EPA Automotive Trends Report (EPA-420-R-19-002 March 2019) mm,: '""'-''P"-~"' .,111,,mnti,c
U"'-'nJ, tin,, nload-a_u1um,,1i, e•trend'.'\•r1.~,r1. 
406 Alliance of Automobile i\lanufacturers. Attachment "Comment", Docket 'o. EPA-HQ-OAR-2015-0827-1089. at 
122. 
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carried into this final rule. This approach is described throughout this section and further in 
FRIA Chapter [xxx]. r.ir tile Drah I \Rane Prorn•,etl Determilmtion. the l I'\ anal:, '. e, u ,cJ c1n 
arrrnaeh that maintainecl O llfl m13h a~celera1ian time ff'lr c\ "~ lt'el,n.,lt,g:, pad,age. I ltv.1e\ t'r. 
1.hat a1313ree.-l, diJ nnt at·.:ount Ji.Jr ti,~ t1dded Eit', ell'f'lllt'At. manufa.-1urin,;. o·,se1nl>I:,· ani.1 ,u1 it' t' 
part rnmpie),it:, and a,'.,t1cic1wd <'B,t-. that 111,uld ht' inrnrred 0:, manulin:wrer:c. lA rrt1du~e the 
•.uho,~antial number ef t'ngini! , ariant, 11,at 11 ,1uld h<' rt'quir,:,J w a,·hie1 t' tlm•,t' (.I>-
in1pFOh'RWll •."" ~-Using the NPRM approach, which is carried into this final rule, allows the 
agencies to assess costs and benefits of potential standards under a scenario where consumers 
continue to get the same vehicle attributes and teawres, other than changes in fuel economy 
(approaching the scenario in example "A" above). This approach also eliminates the need to 
assess the value of changes in vehicle attributes and feawres. As discussed later in this section, 
while some small level of performance increase is unavoidable when conducting this type of 
analysis, the added technology results almost exclusively in improved fuel economy. This 
allows the cost of these technologies to reflect almost entirely the cost of compliance with 
standards with nearly neutral vehicle performance. 

The CAFE model maintains the initial performance and urility levels of the ana~i·sis vehicle.fleet. 
while considering real world constraints.faced bv manuft1cturers. 

To maintain perfonnance neutrality when applying fuel economy technologies, it is first 
necessary to characterize the performance levels of each of the nearly 3000 vehicle models in the 
MY 2017 baseline fleet. As discussed in Section [Technology Class], above, each individual 
vehicle model in the analysis fleet was assigned to one often vehicle "technology classes"- the 
class that is most similar to the vehicle model. The technology classes include five standard 
class vehicles (compact car, midsize car, small SUV, midsize SUV, pickup) plus five 
"performance" versions of these same body styles.408 Each vehicle class has a unique set of 
attributes and characteristics. including vehicle performance metrics, that describe the typical 
characteristics of the vehicles in that class. 

The analysis used four criteria to characterize vehicle performance attributes and utility: 

• Low-speed acceleration (time required to accelerate from 0-60 mph) 
• High-speed acceleration (t ime required to accelerate from 50-80 mph) 
• Gradeability (the abi lity of the vehicle to maintain constant 65 miles per hour speed 

on a six percent upgrade) 
• Towing capacity 

Low-speed and high-speed acceleration target times are typical of current production 
vehicles and range from 6 to IO seconds depending on the vehicle class; for example, the midsize 
SUV performance class has a low- and high-speed acceleration target of7 seconds.409 The 
gradeability criterion requires that the vehicle, given its attributes of weight, engine power, and 

~ •\.h- 1 HHt~ #-'t4f-:-ti--~-t'-d H••i,tiJT't'lt=-Hl't." •l•-.f'm-\.-'tl+-;'tt' "·\:"\~ 1f H.._,. t I ttn: 1•'-. 1-,-,• ~ht • • •• •-tr -. h_;-, ...,... 

"I t-t+~ . .J., H v4..f•c,_~ ..... l- ,1-Ht4 •\l,,.-.1 

,os Separate technology classes were c reated for high perfo1111ance and low perfonnance vehicles to bener account 
for performance diversity across the fleet. 
409 Note, for all vehicle classes, the low and high-speed acceleration targets use the same value. 
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trnnsmission gearing, be capable of maintaining a minimum of 65 mph while going up a six 
percent grade. The towing criterion, which is applicable only to the pickup truck and 
performance pickup truck vehicle technology classes, is the same as the gradeability requirement 
but adds an additional payload/towing mass (3000 lbs for pickups, or 4350 lbs for performance 
pickups) to the vehicle, essentially making the vehicle heavier. 

In addition, to maintain the capabilities of certain electrified vehicles in the 2017 baseline 
fleet, the analysis required that those vehicles be capable of achieving the accelerations and 
speeds of certain standard driving cycles. The agencies use the US06 "aggressive driving" cycle 
and the UDDS "city driving" cycle to ensure that core capabilities ofBEVs and PHEVs, such as 
driv_ing certain speeds and/or distances in electric-only mode, are maintained. In addition to the 
four criteria discussed above, the following performance criteria are applied to these electrified 
vehicles: 

• Battery electric vehicles (BEV) are sized to be capable of completing the US06 
"aggressive driving" cycle. 

• Plug-in hybrid vehicles with 50 mile all-electric range (PHEVS0) are sized to be 
capable of completing the US06 "aggressive driving" cycle in electric-only mode. 

• Plug-in hybrid vehicles with 20 mile all-electric range (PHEV20) are sized to be 
capable of completing the UDDS "city driving" cycle in electric-only (charge 
depleting) mode.410 

Together, these performance criteria are widely used by industry as metrics to quantify 
vehicle performance attributes that consumers observe and that are important for vehicle utility 
and 'customer satisfaction.411 

When certain fuel-saving technologies are applied that affect vehicle performance to a 
significant extent, such as replacing a pickup truck's VS engine with a turbocharged V6 engine, 
iterative resizing of the vehicle powertrain (engine, electric motors, and/or battery) is performed 
in the Auto!]omie simulation such that the above performance criteria is maintained. For 
example, if the aforementioned eng_ine replacement caused an improvement in acceleration, the 
engine may be iteratively resized until vehicle acceleration performance is shifted back to the 
initial target time for that vehicle technology class. For the low and high-speed acceleration 
criteria, engine resizing iterations continued until the acceleration time was within plus or minus 

'"" PHEV20's are blended-type plug-in hybrid vehicles, which are capable of completing the UDDS cycle in charge 
depleting mode without assi~ance from the engine. However, under higher loads. this charge depleting mode may 
u.se 8Upp!emental power from the engine. 
411 Conlon, B .• Blohm, T .• Harpster. M., Holmes. A. et al.. "The Next Generation "Volte.:" Extended Range EV 
Propulsion System," SAE Int. J. Alt. Power. 4t2):2015, doi:l0.4271/2015-01-1152. Kapadia, J., Kok, D., Jenning,;, 
M .. Kuang, M., et al.. "Powersplit or Parallel- Selecting the Right Hybrid Architecture,'' SAE In!. J. Alt. Power. 
6{1 ):2017, doi:10.4271/2017-0l-l 154. Islam, E., A. Moawad, N. Kim, and A. Rousseau, 201 Sa, An Extensive 
S!Udy on Vehicle Sizing, Energy Consumption and Cost of Advance Vehicle Technologies, Report No. ANL/ESD-
17/17, Argonne National Laboratory, Lemont, llJ .• Oct 2018. 
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0.2 seconds of the target time,413· 413 which is judged to balance reasonably the precision of 
engine resizing with the number of simulation iterations needed to achieve performance within 
'the 0.2 second window, and the associated computer resources and lime required to perform the 
iterative simulations. Engine resizing is explained further in Section [Autonomic Engine 
Resizing] and the [FIUvI ANL Model Documentation]. 

The Autonomie simulation resizes until the least capable of the performance.criteria is 
met, to ensure the pathways do not degrade any of the vehicle perfonnance metrics. It is 
possible·that as one criterion target is reached after the application of a specific technology or 
technology package, other criteria may be better than their target values. For example, if the 
engine size is decreased until the !ow speed acceleration target is just met, it is possible that the 
resulting engine size would cause high speed acceleration performance 1o·be better than its 
targe,t.414 Or, a PHEV50 may have an electric motor and battery appropriately sized to operate in 
all electric mode through the repeated accelerations and high speeds in the US06 driving cycle, 
but the resulting motor and battery size enables the PHEV50 slightly to over-perform in 0-60 
acceleration, which utilizes the power of both the electric motor and combustion engine. 

To address product complexity and economies of scale, engine resizing is limited lO 
specific incremental technology changes that would typically be associated with a major vehicle 
or engine redesign.415 Manufacturers have repeatedly and consistently told the agencies that the 
high costs for redesign and the increased manufacturing complexity that would result from 
resizing engines for small technology changes preclude them from doing so. lt would be 
unreasonable and unaffordable to resize powe1trains for every unique combination of 
technologies, and exceedingly so for every unique combination technologies across every vehicle 
model due to the extreme manufacturing complexity that would be required to do so. Engine 
displacements are furiher described in Section [Engine Displacements]. 

To address this issue, and consistent with past rulemakings, the NPRM simulation 
allowed engine resizing when mass reductions of7.1%, 10.7%, 14.2% (and 20%. for the final 
rule analysis) were applied to the vehicle curb weight,416 and when one powertrain architecture 
was replaced with another architecture during a redesign cycle.417 At its refresh cycle, a vehicle 

"° For example, ifa vehicle has a target 0-60 acceleration time of6 seconds, a time v,ithin 5.8-6.2 seconds was 
accepted. 
"'With the exception ofa few perfonnance electrified vehicle types which, based on observations in the 
mark.etpliice, use different criteria to maintain vehicle perfonnance without battery assist. Performance PHEV20. 
and Perfonnance PHEV50 resize to the performance ofa convemional six-speed automatic (CON\/ 6AU). 
Performance SHEVPl, engines/electric-motors were resized if the 0-60 acceleration time was worse than the rarget, 
but not resiied if the acceleratinn time was better than the target time. 
m The Autonomie simulation databases include all of the estimated performance metrics for each combination of 
technology as modeled, 
•m See 83 FR43027 (Aug. 24, 2018). 
' 16 These correspond, respectively, to reductions of 10%, 15%, 20%, and 28.2% of the vehicle glider mass. For 
more detail on glider mass calculation, see section [xxx]. 
in Some engine and accessory technologies may be added to an engine without an engine architecture change. For 
instance, manufacturers may adapt, but not replace engine architectures to include cylinder deactivation, variable 
valve lift, belt-integrated starter generators. and other basic technologies. However, S\~itching from a naturally 
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may also inherit an already resized powertrain from another vehicle within the same engine
sharing platform. The analysis did not re-size the engine in response to adding technologies that 
have smaller effects on vehicle performance. For instance, if a vehicle's curb weight is reduced 
by 3.6% (MR 1 ), causing the 0-60 mile per hour time to improve slightly, the analysis would not 
resize the engine. The criteria for resizing used for the analysis better reflects what is feasible for 
manufacturers to do. 418 

Automotive mam!facturers have commented that the CAFE model's consideration of the 
constraints faced in relation to vehicle performance and economies o_(scale are realistic. 

Industry associations and individual manufacturers widely supported the use of the 
performance metrics used in the, NPRJ\.1 analysis, the use of standard and higher.performance 
technology classes, and the representation in the analysis of the real-world manufacturing 
complexity constraints and criteria for powertrain redesign. 

The Alliance of Automobile Manufacturers (Alliance), Ford, and Toyota stated that the 
inclusion of additional performance metrics such as gradeability are appropriate. Specifically in 
support of the gradeability performance criteria, the Alliance commented that "performance 
metrics related to vehicle operation in top gear are just as critical to customer acceptance as are 
perfonnance metrics such as 0-60 mph times that focus on performance in low-gear ranges."419 

The-Alliance also commented specifically on the relationship bets.veen gradeability and 
downsized engines, stating that as "engine downsizing levels increase, top-gear gradeability 
becomes more and more important," and further that the consideration of gradeability "helps 
prevent the inclusion of small displacement engines that are not commercially viable and that 
would artificially inflate fuel savings."4

~
0 

Ford and Toyota similarly commented in support of the CAFE model's consideration of 
multiple performance criteria. Ford stated that this model "takes a more realistic approach to 
performance modeling" and "better replicates OEM attribute-balancing practices." Ford stated 
furthermore that "OEMs must ensure that each individual performance measure - and not an 
overall average - meets its customer's requirements," and that, in contrast, previous analyses did 
"not align with product planning realities.•>-111 Toyota commented in support of including 

aspirated engine to a turbo-downsized engine is an engine architecture change typically ai;sociated with a major 
redesign and radical change in engine displacement 
"' For instance, a vehicle would not get a modestly bigger engine if the vehicle comes with floor mats. nor would 
the vehicle get a modestly smaller engine without floor mils. This example demonstrates small levels of mass 
reduction. If manufacturers resized engines for small changes, manufacturers would ha\"e dramatically more pan 
complexity, potentiall)-' losing economies of scale. 
m Alliance of Automobile Manufacturers, Anachment "Full Comment Set," Docket No. NHTSA-2018-0067-
!2073, at 139. 
"" Alliance of Automobile Manufacturers, Anachmeut "Full Comment Set," Docket No. NHTSA-2018-0067-
12073. at 135. 
"' Ford. Attachment l, Docket No. NHTSA-2018-0067-11928, at 8. 
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gradeability as a performance metric "to avoid underpowered engines and overestimated fuel 
savings,"4~~ 

Toyota and the AI!iance commented that the inclusion of performance vehicle classes 
addressed the market reality that some consumers will purchase vehicles for their performance 
attributes and will accept the corresponding reduction in fuel economy. Furthermore, Toyota 
commented that most consumers consider more than just fuel economy when pu,rchasing a 

vehicle, and that "dedicating all powertrain improvements to fuel efficiency is inconsistent with 
market reality." Toyota "supports the agencies' inclusion of performance classes in compliance 
modeling where a subset of certain models is defined to have higher performance and a 
commensurate reduction in fuel efficiency ."41.

1 Also in support of the addition of performance 
vehicle classes, the Alliance commented that "vehicle categories have been increased to 10 to 
better recognize the· range of0~60 performance characteristics within each of the 5 previous 
categories, in recognition of the fact that many vehicles in the baseline fleet significantly 
exceeded the previously assumed 0---60 performance metrics. This provides better resolution of 
the baseline fleet and more accurate estimates of the benefits oftechnology."'"4 

Toyota also commented in support of various real-world manufacturing complexity 
constraints employed in the analysis for powertrain redesigns. Toyota commented that model 
parameters such as redesign cycles and engine sharing across vehicle models place a more 
realistic limit on the number of engines and transmissions that a manufacturer is capable of 
introducing. Toyota also commented in support of the constraints that the CAFE model placed 
on engine resizing, stating that "there are now more realistic limits placed on the number of 
engines and transmissions in a powertrain portfolio which better recognizes [how] manufacturers 
must manage limited engineering resources and control supplier, production, and service costs. 
Technology sharing and inheritance between vehicle models tends to limit the rate of 
improvement in a manufacturer's fleet." Toyota pointed out that this is in contrast to previous 
analyses in which resizing was too unconstrained, which created an "unmanageable number of 
engine configurations within a vehicle platform" and spawned cases where "engine downsizing 
and power reduction sometimes exceeded limits beyond basic acceleration requirements needed 
for vehicle safety and customer satisfaction.''425 , 

The above comments from the Alliance, Ford, and Toyota support the methodologies the 
agencies employed to conduct a performance neutral analysis. These methodologies helped to 
ensure that multiple performance criteria, including gradeability, are all individually accounted 
for and maintained when a vehicle powertrain is resized, and that real-world manufacturing 
complexity constraints are factored in to the agencies' analysis of feasible pathways 
manufacturers could take to achieve compliance with CAFE standards. The agencies continue to 
believe this is a reasonable approach for the aforementioned reasons. 

m Toyota, Anachment l, Docket No. NHTSA-20l8-0M7-12098, at 6. 
•i; Toyota, Anachment J, Docket No. NHTSA-20!8-0067-12098, at 6. 
4" Alliance of Automobile Manufacturers, Attachment "Full Comment Set'\DodetNo. NHTSA-2018-0067-
12073, at 135, 
"' Toyota, Anacbment I. Docket No. NHTSA-2018-0067-!2098, at 6. 
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Environmental advocacy groups and CARB critici=ed the CAFE model's engine resizing 
constraints and how they affected the acceferalion per:formance crileria. 

CARB, The International Council on Clean Transportation {ICCT), the Union of 
Concerned Sciehtists (UCS), and the American Council for an Energy-Ell:icient Economy 
(ACEEE) commented that the CAFE model was not performance neutral, allowing an 
improvement in performance which reduced the effectiveness of applied fuel-saving 
technologies and/or increased the cost of compliance. Specifically, ACEEE stated that there 
appeared to be a shortfall in the fuel economy effectiveness ofteclmology package~, potentially 
resulting from the-effectiveness being "consumed" by additional vehicle perfonnance rather than 
improvement of fuel economy. Several of these same commenters conducted analyses 
attempting to quantify the magnitude of these changes in vehicle performance for various vehicle 
technology classes. 

CARB commented on the perfonnance shift of several vehicle types. Analyzing the 0-60 
acceleration for the medium car non-perfonnance 1echno!ogy class and looking at all cases with 
resized engines, CARB claimed that "effectively halfofthe simulations resulted in improved 
performance."4~6 Focusing on electrified vehicles in that same technology class, CARB stated 
that "the dara from the ANL simulations shows that 76 of the 88 strong electrified packages 
(includingP2HPV. SHEVPS, BEV, FCEV, PHEV), where ANL purposely resized the system to 
maintain perfonnance neutrality, resulted in notably faster Oto 60 mph·acceleration times and 
passing times." Specifically regarding parallel hybrid electric vehicles (SHEVP2), CARB stated 
that all modeled packages resulted in improved performance.427 UCS commented that the 
NPRM analysis allowed too much change in vehicle performance, stating that ''while some 
performance creep may be reasonable'' many performance values show "an overlap between 
perforrriance and non-perforrnance vehicles" within the compact car technology class.428 

The agencies carefully considered these comments. For the NPRM analysis, the 
SHEVP2 engines/electric-motors were resized if the 0-60 acceleration time was worse than the 
target, but not resized if the acceleration time was better than the target. This approach 
maintained vehicle performance with a depleted battery (without electric assist) in order to 
maintain fully the perfonnan'ce·and utility characteristics under all conditions, iind improved 
perfonnance when electric assist was available (when the battery is not depleted), such as during 
the 0-60 mph acceleration. The agencies found that this resulted in some parallel hybrid vehicles 
having improved 0-60 acceleration times. This approach was initially chosen for the NPRM 
because the resulting level •fimproved perfonnance was consistent with observations of how 
industry had applied SHEVP2 technology. However, in assessing the CARB comment, the 
agencies balanced the NPRM approach for SHEVP2 performance with the agencies' criteria of 

'" California Air Resources Board, Anachrnem 2, Docket No. NHTSA-2018-0067-l 1873, at 180. Note that the 
target acceleration time for medium car non-performance is in fact 9.9 seconds, as indicated in A.."JL 'documentation, 
but was incorrectly reported as 9.4s in NPRM:tablc 11-7 in the NPRJVI. 
m California Air Resources Board, Attachment 2. Docket No. NHTSA-2018-0067-11873, at 186. 
"'' Union of Concerned Scientists, Attachment 2, Docket No. NHTSA-2018-0067- 12039, at 24. 
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maintaining vehicle functionality and performanci;; when techIJo!ogy is applied. Both could not 
be fully achieved under all conditions for the case of the SHEVP2. 

The agencies concluded it is reasonable to maintain performance including electric assist 
when SHEVP2 technology is applied to a standard (non-perfomiance) vehicle, and therefore the 
analysis for the final rule allows upsizing and downsizing of the parallel hybrid powertrain 
(SHEVP2) using the 0.2 seconds window around the target.429 For performance vehicles, the 

agencies concluded that it remains reasoQab!e to maintain vehicle performance with a depleted 
battery (without electric assist) in order to maintain fully the performance characteristics under 
all conditions, and continued to use theNPRM methodology. 

The refinement for the standard performance SHEVP2 resolved the electrified packages 
issue identified by CARB, and also addressed most of the change in perfonnance in the overall 
fleet, including with compact cars as mentioned by UCS. As explained further below, the 
agencies assessed performance among the alternatives for the final rule analysis. That 
assessment showed that, with the final rule refinements, 245 out of 255 total resized vehicles (96 
percent of vehicles) in the medium non-performance class (same class focused on by CARB), 
had 0-60 mph acceleration times within the plus-or-minus 0.2 second window (8.8 to 9.2 
seconds).430 The only vehicles outside the window were certain strong electrified vehicles which 
exceeded 0-60 the acceleration target as a result of achieving other performance criteria, such as 
the US06 driving cycles in al\-elcctric-mode.4-11 

The assessment also showed that for the small car class (mentioned by UCS) the 
acceleration times of performance and non-performance vehicles do not go beyond each other's 
targets. For example, the vehicle in the small car class with the very best 0-60 mph time and a 
conventional powertrain achieves an 8.38 second 0-60 mph time, which is slower than the 
performance small car baseline of 8 seconds. This vehicle had multiple incremental technologies 
applied, including for exalllple aerodynamic improvements, and has not reached the threshold for 
engine resizing.432 After engine resizing, the "fastest" conventional small car has a 0-60 mph 
time of9.9 seconds, only 0.1 seconds from the target of 10 seconds.433 

CARB also commented on the improvement of"passing times," or 50-80 mph high
speed acceleration times. As stated above, an improvement in one or more of the performance 
criteria is an expected outcome when using the nilem?king analysis methodology that resizes 
powertrains such that there is no degradation in any of the performance metrics. Consistent with 
past rulemakings, the agencies do not believe it is appropriate for the rulemaking analysis to 
show pathways that degrade vehicle performance or utility for one or more of the performance 
criteria, as doing so would adversely impact functional capability of the vehicle and could lead to 

4'° [Insert reference to Autonomie model documentation describing r~>sizing targels]. To represent marketplace 
trends better, the performance class ofSHEVP2"s allow acceleration time below 0.2 seconds less than the ta,:get, and 
PHEV20"s and PHEV50's inherit combustion engine size from-the conventional powertrain they are replacing. 
"" This includes 135 strong electrified vehicles. 
"' As noted earlier, electrified vehicles had to be capable of successfully completing UDDS or US06 driving. cycles 
in all-electric mode, and in some cases the resulting motor size produced improved acceleration times. 
'" [insert reference to tech section describing resizing logic]. 
m [insert reference to ANL database file for Smail cars]. 
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customer dissatisfaction. The agencies agree there is very small increase in passing performance 
for some technology combinations, and believe this is an appropriate outcome. High-speed 
acceleration is rarely the least-capable performance criteria. 

CARB, ICCT, UCS, and H-0 Systems (HOS), in an attempt to identify a potential cause 
for changes in performance, commented that the CAFE model should have placed fewer 
constraints on engine resizing. CA.RB and ICCT commented that engine resizing should have 
been allowed even at low levels of mass reduction. Comments from CARB, UCS, HOS, and 
ICCT stated that engine resizing should also have been allowed for other incremental 
technologies, and within their comments they conducted performance analysis of non-resized 
cases. 

CARB claimed that requiring a minimum of 7.1% curb weight reduction before engine 
resizing is a constraint that "limits the optimization of the technologies being app!ied.''434 UCS 
stated that "a significant share of the benefit of a few percent reduction in mass has gone towards 
-impro,·ed performance rather than improved fuel economy, leaving a substantial benefit of mass 
reduction underutilized and/or uncounted."~35 ICCT also commented that "when vehicle 
lightweighting is deployed at up to a 7% mass reduction, the engine is not resized even though 
less power would,be needed for the lighter vehicle, meaning any such vehicles inherently are 
higher performance."436 

UCS and HOS commented on the lack of resizing for technologies other than mass 
reduction, with HOS stating that "the Agencies incorrectly limited the efficacy of technologies 
that reduce tractive load because their modeling does not re-optimize engine performance after 
applying these technologies.''437 CARB also commented that the lack of resizing when a BISG 
or CJSG system is added "results in a less 1han optimized system that does not take full 
advantage of the mild hybrid system." Similarly, ICCT noted a case in which a Dodge RAM 
"did not apply engine downsizing with the BISG system on that truck, so there are also 
significant perfonnance benefits that should be accounted for, meaning that for constant
performance the fuel consumption reduction would be even greater.';43R 

CARB further commented on the performance improvement in cases without engine 
resizing by stating that "94 percent of the packages modeled result in improved performance," 
and that for these non-resized cases that were actually adopted by a vehicle in the simulation, 
"fewer than 20 percent maintained baseline performance with gains of2 percent or less in 
acceleration time."4) 9 Referring specifically to non-resized electrified vehicles, CARB a!so 

"'California Air Resources Board, Attachment 2, Docket No.1\'HTSA-2018-0067-11873, at 178. Note, a 7, 1% 
curb weight reduction equates to the agencies' third level of mass reduction (MR3); additional discussion of engine 
resizing for mass reduction can be found in Section [xxx], below. 
"'Union of Concerned Scientists, Attachment 2, Docket No. NHTSA-2018-0067-12039, at 11. 
4l' International Council on Clean Transportation, Anachment 3, Docket No. NHTSA-2018-0067-11741, at 1-50. 
417 H-O Systems, Attachment !, Docket No, NHTSA-2018-0067-12395. at 4. For reference, technologies that 
reduce tractive road load include mass reduction, aerodyruunic,dragreduction, and tire rolling resistance reduction, 
"''1 International Council on Clean Transportation. Attachment 3. Docket No. NHTSA-2018-0067-1174], at 1-24, 
"• California Air Resources Board, Attachment 2, Docket No, NHTSA-2018-0067-l 1873, at 183. 
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stated that "44,878 of the 53,818 packages, or greater than 83 percent. result in improved 
performance."440 CARB also commented that engine sharing across different vehicles within a 
platform, which in some cases may constrain resizing for a member of that platform, should not 
dictate that these engines must remain identical in all aspects, and that "this, overly restrictive 
sharing of identical engines newly imposed in the CAFE Model is not consistent with today's 
industry practices and results in less optimal engine sizing and causes a systematic 
overestimation of technology costs to meet the existing standards."+11 

The agencies note broadly, in response to 1hese comments, that when conducting an 
analysis which balances performance neutrality against the realities faced by manufacturers, such 
as manufacturing-complexity, economies of scale, and maintaining the full range of performance 
criteria, ii is inevitable to observe al least some minor shift in vehicle performance. For example, 
if a new transmission is applied to a vehicle, the greater number of gear rlltios helps the engine 
run in its most efficient range which improves fuel economy, but also helps the engine to run in 
the optimal "power band" which improves performance. Thus, the techncilogy can provide both 
improved fuel economy and performance. Another example is applying a small amount of mass 
reduction that improves both fuel economy and performance by a small amount. Resizing the 
engine to maintain performance in these examples would require a unique engine displacement 
that is only slightly different than the baseline engine. While engine resizing in these 
incremental cases could have some small benefit to fuel economy, the gains may notjustif}' the 
costs of producing unique niche engines for each combination of technologies. If manufacturers 
were to produce marginally downsized engines to complement every small increment of mass 
reduction or technology, the resulting large number of engine variants that would need to be 
manufactured would cause-a substantial increase in manufacturing complexity, and require 
significant changes to manufacturing and assembly plants and equipment.442 The high costs 
would be economically infeasible. 

Also, as noted in the NPRM, the 2015 NAS report stated that "[f]or small (under 5 
percent f of curb weight]) changes in mass, resizing the engine may not be justified, but as the 
reduction in mass increases {greater than 10 percent [of curb weight]), it becomes more 
important for certain vehicles to resize the engine and seek secondary mass reduction 
opportunities."44

' [n consideflltion of both the NAS report and comments received from 
manufacturers, the agencies determined it would be reasonable to allow allows engine resizing 
upon adoption of7.1%, J0.7%, 14.2%, and 20% curb weight reduction, but notatJ.6% and 
5.3%.444 Resizing is also allowed upon changes in powertrain type or the inheritance of a 

,,__,, California Air Resources Board, Attachment'.'., Docket No. NHTSA-2018-0067-1 l 873, at 187 . 
..,, California Air Resources Board,Auachment 2, Thick.et No. NHTSA-2018-0067-11873, at 185. 
""l For example, each unique engine would require unique internal components such as crankshafts, pistons, and 
conn<!Cting rods, as well as unique engine calibrations for each displacement. Assembly plants would need 10 stock 
and feed additional unique engines to the stations where engines are dressed and inserted into vehicles. 
,,__,, National Research Council. 201 I. Assessment of Fuel Economy Technologies for Light-Duty Vehicles. 
Washington, DC- The National Academies Press. /111p:1!11ap.edui/2924. 
444 These curb weight reductions eql1llle to the following levels Of mass reduction as defined in the analysis: MR3, 
MR4, MR5 and MR6, but not MRI and MR2; additional discussion of engine resizing for mass reduction can be 
found in Section [xxx]. · 
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powenrain from another vehicle in the same platform. The increments of these higher levels of 
mass reduction, or complete powertrain changes, more appropriately match the typical engine 
displacement increments that are available in a manufacturer's engine portfolio. 

The agencies point to the comments from manufacturers, discussed further above, which 
support the agencies' assertion that the CAFE model's resizing constraints are appropriate. As 
discussed previously, Toyota commented that this approach better considers the constraints of 
engineering resources and manufacturing costs and results in a more realistic number of engines 
and transmissions.445 The Alliance also commented on the benefit of constraining engine 
resizing, stating that "the platform and engine sharing methodology in the model better replicates 
reality by making available to each manufacturer only a finite number of engine displacements, 
helping to prevent unrealistically 'over-optimized' engine sizing.''4-!n 

Another comment from CARB stated that engine resizing "was only simulated for cases 
where those levels of mass reduction were applied, in the absence of virtually all other 
technology or efficiency improveme/11s. "4-!7 The agencies believe that possibly due to a 
misinterpretation of the Autonomie simulation data, as CARB is claiming that when a vehicle 
adopted 7.1 % or more curb weight reduction and simultaneously adopted other technologies, no 
engine resizing was allowed. In fact, for any case where a vehicle adopts a 7.1% or more curb 
weight reduction, the engine will be resized no matter what other technologies are already 
present or are added in conjunction wi th the mass reduction.448 This can be observed in the 
Autonomie simulation databases by tracking the EngineMaxPower column (not the VehicleSized 
column, as the agencies suspect was done by CARB). 

Finally, ICCT claimed that the agencies did not sufficiently report performance-related 
vehicle information. JCCT commented that the output files did not show data on ··engine 
displacement, the maximum power of each engine, the maximum torque of each engine, the 
initial and final curb weight of each vehicle (in absolute tem1s), and estimated 0-60 mph 
acceleration." ICCT claimed that because this data was not found, the agencies are "showing 
that they have not even attempted to analyze accurately the future year lleet for their 
performance" and that "the agencies are intentionally burying a critical assumption, whereby 
their future fleet has not been appropriately downsized, and it therefore has greatly increased 
utility and perfonnance characteristics."449 

In fact, for the N PRM, and again for this final rule, the agencies did analyze vehicle 
performance and have made the data available to the public. An indication of the actual engine 
displacement change is avai lable by noting the displacements used in Automonie simulation 

,,; Toyota. Attachment I, Docket No. NHTSA-2018-0067-12098. a t 6. 
,.,. Alliance of Automobile Manufacturers. Attachment "Full Comment Set". Docket 'o. NHTSA-'.!018-0067-
12073. at 140. 

•147 Cali fornia Air Resources Board, Attachment 2, Docket No. NHTSA-2018-0067-1 1873, at 178. 
"' For example, ifa vehicle possesses MR2, AERO). and ROLL! and subsequently adopts MR3. AERO!. ROLU. 
the engine will be resized and will adopt the lower engine power level associated with MRJ. As a counter example, 
ifa vehicle possesses MR3. ROLL I, and AERO! and subsequently adopts MR3, ROLLI. AERO]. the engine will 
nut be resized and it wil l retain the power level associated with l'v!R3. 
449 ln1erna1ional Council on Clean Transportation. Attachment 3, Docket No. ; HTSA-2018-0067- 11 741, at 1-74. 
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database for each of the technology states. The displacements reported in Autonomie are used 
by the full-vehicle-simulation within the Autonomie model, and while they do not directly 
represent each specific vehicle's actual engine sizes, they do fully reflect the relative change in 
engine size that is applied to each vehicle. It is the relative change in engine size that is relevant 
for the analysis. Similarly, the vehicle power and torque used by the full vehicle simulations are 
reported in the Autonomiie simulation databases; their values and relative change across an 
engine resizing event can be observed. Initial and final curb weights for the analysis fleet are 
reported in Vehicles Report output file column titled "CW Initial" and ''CW", respectively. The 
time required for 0-60mph acceleration is reported in the Autonomie simulation database files. 
A detailed description of the engine resizing methodology is available in the ANL Model 
Documentation, which explains how vehicle characteristics are used to calculate powerlrain 
size.~50 These data and information that are available in the Autonomie and CAFE model 
documentation provide the information needed to analyze perfonnance, and in fact, this is 
evidenced by the statementS: of numerous comm enters discussed in this section. The agencies 
have conducted their own performance analysis, which is discussed further below, using the 
same data documentation mentioned h~rc, 

Updates to the CAFE model have minimi:;ed peifonnance shift over the si1mila1ed model years, 
and have eliminated pe,formance d(/ferences between simulated standards. 

The Autonomie simulation updates, discussed previously, were included in the final rule 
analysis, and have resulted in average performance that is similar across the regulatory 
alternatives. Because the regulatory analysis compares differences in impacts among the 
alternatives, the agencies believe that having consistent perfonnance across the alternatives is an 
important aspect ofperfonnance neutrality. lfthe vehicle fleet had performance gains which 
varied significantly depending on the alternative, perfonnance differences \Yould impact the 
comparability of the simulations. Using the NPJU..1 CAFE model data, the agencies analyzed the 
sales-weighted average 0-60 perfonnance of the entire simulated vehicle fleet for MY s 2016 and 
2020, and identified that the Augural standards had 4.7% better 0-60 mph acceleration time 
compared to the NPRlvf preferred alternative, which had no changes in standards in MYs 2021-
2026.~51 This assessment confirmed the observations of the various commenters. With the 
refinements that were incorporated for the final rule, similar analysis showed that the Augural 

"'" [insert reference to the FRM ANLModel Documentation document], 
4" The agencies' analysis matched all MY 2016 and MY 2029 vehicles in the NPRlvl Vehicles Report oucput file, 
under both the Augural standards and preferred ahemative. with the appropriate 0-60 mph acceleration time from 
the NPRM Autonomie simulation databases. This was done by examining each vehicle's assigned tedmologies. 
finding the Autonomie simulati<;m with the correspqnding set oftcclmolog\es, and extracting that simulation's 0-60 
mph acceleration time, This pro~ess effectively assigned a 0-60 time to every vehicle in the fleet for four scenarios: 
lJ MY 2016 under augural standards. 2) MY 2016 under the preferre<l alternative. 3) MY 2029 under augural 
standards, and 4) MY 2029 under the preferred alternative, For each scenario. an overall fleet-wide weighted 
a,·crage 0-60 time was calculated, using each vehicle's MY20l6 sales ,·olumes as the weight. For more 
infonnation, see the FRJA at [xxx], 
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standards had a negligible 0.3% difference in 0-60 mph acceleration time compared to the 
N PRJ\~ preferred alternative.4;~ 

The updates applied to the fi nal rule Autonomie simulations also resulted in further 
minimizing the performance change across model years. As the agencies' attempted to minimize 
this performance shift occurring "over time," it was also acknowledged that a small increase 
would be expected and would be reasonable. This increase is attributed to the analysis 
recognizing the practical constraints on the number of unique engine displacements 
manufacturers can implement, and therefore not resizing powenrains for every individual 
technology and every combination of technologies when the performance impacts are small. 
Perfectly equal performance with 0% change would not be achievable while accounting for these 
real world resizing constraints. The performance analysis in the 201 1 NAS report shared a 
similar view on performance changes, stating that "truly equal performance involves nearly 
equal values . .. within 5 percent."•;J In response to comments, using N P~ CAFE model data, 
the agencies analyzed the sales-weighted average 0-60 performance of the entire simulated 
vehicle fleet, and identi fied that the performance increase from MYs 20 I 6 and 2029 was 7.5% 
under Augural Standards and 3.1 % under the N PRM preferred alternative standards. The 
agencies conducted a similar analysis using final rule data and found the performance increase 
over time from M Ys 2017 to 2029 was 3.7% for Augural Standards and 4.0% for the NP~ 
preferred alternat ive standards. The agencies determined this change in performance is 
reasonable and note it is within the 5 percent bound in discussed by NAS in its 2011 report. 

This assessment shows that for the final ru le ana lysis, performance is neutral across 
regulatory alternatives and across the simulated model years allowing for fair. direct comparison 
among the alternatives. 

(7) How We Simu!a1ed Vehicle Models on Tes/ Cycles 

Atier vehicle models are built for every combination of technologies and vehicle classes 
represented in the analysis, Autonomie simulates their performance on test cycles to calculate the 
effectiveness improvement of the fuel-economy-improving technologies that have been added to 
the vehicle. Discussed earlier, we minimize the impact of potential variation in determining 
effectiveness by using a series of tests and procedures specified by federa l law and regulations 
under controlled conditions. 

m This updated analysis used the FRM Vehicles Repon output file and the FRM Autonornie simulation databases. 
The final rule analysis introduced an upda1ed MY 2017 fleet as a starting point. replacing the Nl'RM 20l6MY fleet. 
For more infonnation. see the F RJA at Chapter (xxx]. 
m National Research Council. 201 1. Assessment or Fuel Economy Technologies for Light-Duty Vehicles. 
Washington, DC - The National Academies Press, at 62. h11p:lh wp.ed11/ I 1914. 
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Autonomie simulates vehicles in a very similar process as the test procedures and energy 
consumption calculations that manufacturers must use for CAFE and COc compliance."54

· 
455

• 
456 

ANL simulated each vehicle model on several test procedures to evaluate effectiveness. For 
vehicles with conventional powertrains and micro hybrids, Autonomie simulates the vehicles on 
EPA 2-cycle test procedures and guidelines.457 For mild and full hybrid electric vehicles and 
FC\ls, Autonomie simulates the vehicles using the same EPA 2-cycle test procedure and 
guidelines. and the drive cycles are repeated until the initial and final state of charge are within a 
SAE Jl 71 1 tolerance. For PHEVs, Autonomie simulates vehicles in similar procedures and 
guidelines as SAE J 1711 ... ,R For BE\ls and FCVs, Autonomic simulates vehicles in similar 
procedures and guidelines as SAE J 1634.450 

b) Sefecrion of One Full-vehicle Modeling and Simulation Tool 

The NPRM described tools that the agencies previously used to estimate technology 
effectiveness. For the analysis suppo1ting the 2012 final rule for MYs 2017 and beyond, the 
agencies used technology effectiveness estimates from EPA's lumped parameter model (LPM). 
The LPM was calibrated using data from vehicle simulation work performed by Ricardo 
Engineering.460 The agencies also used full vehicle simulation modeling data from Autonomie 
vehicle simulations performed by ANL for mild hybrid and advanced transmission effectiveness 
estimates.461. •62 

For the 2016 Draft TAR analysis, EPA and NHTSA used two different full system 
simulation programs for complementary but separate analyses. NHTSA used ANL's Autonomie 
tool, described in detail above, with engine map inputs developed by IA V using GT-Power in 
2014, and updated in 2016.46'·464.-165 ANL, in coordination with NHTSA, developed a 

~54 EPA. '"How Vehicles are Tested.'" hnps: ,,,\ \\ .fu1:h:i,:onom, .eo, l~l! ho,, h::~l~d.shtml. Last accessed Nov 14, 
2019. 
455 ANL model documentation for final rule Chaplcr 6. Tesl Procedures and Energy Consumption Calculations. 
" 6 EPA Guidance Lener. ·'EPA Test Procedures for Electric Vehicles and Plu2.-in Hvbrids." Nov. 14, 2017. 
hllp:-.: \\ \\ \\ .li1cki:011om, .t,!~)\ fr!! pdfs LPA11 o20t~~tu u20proccdun.~0 u:'.!O !iH-0 o:!1li-\ .... P1 II \'~- 11- 1..t-:!O 17 .pd!'. Last 
accessed Nov.7. 2019. 
457 40 CFR Part 600. 
' -'• PHEV lCSling is broken into several phased based o n SAE J 171 1. Charge-Sustaining on the City cycle, Charge
Sustaining on the HWFET cycle, Charge-Depleting on the City and HWFET cycles. 
459 SAE J 1634. "Bauery Electric Vehicle Energy Consumption and Range Test Procedure." July 12. 2017. 
460 Response to Peer Review of: Ricardo Computer Simulation of Light-Duty Vehicle Technologies for Greenhouse 
Gas Emission Reduction in the 2020-2025 Timeframe. EPA-420-R-11-021 (December 201 I). available at 
hups: nepis.cpa.g,n E.\e b PD!- .cui PI 0IJD5B:\.PDF'.'D11e~e, - p 100[)58:\.PDF. 
461 Joint TSO: Final Rulemaking for 2017-2025 Light- Duty Vehicle Greenhouse Emission Standards and Corporate 
Average Fuel Economy Standards. August 2012. EPA-420-R-1 2-90 1.3.3.1.3 Argonne National Laboratory 
Simulation Study p. 3--69 
461 Moawad. A. and Rousseau. A .. "Impact of Electric Drive Vehicle Technologies on Fuel Efficiency," Energy 
Systems Division. Argonne National Laboratory. ANL/ESD/ 12-7. August 2012. 
' 63 GT-Power Engine Simulation Software. hnps://www.gtisoft.com/gt-suite-applicationslpropulsion-systemslgt
power-engine-simulation-softwarel. Last accessed Oct. I 0. 2019. 
461 2016 Drat\ TAR Engine Maps by IA V Automotive Engineering using GT-Power. 
hnp~: \\ \\ \\ .nhtsa.110, staticlik·~ rulema"-im! pdf 1.:ali.: I :\\ Fnl.!inc\lap!-i Detaib.,I~\.. Lass accessed Oct. l 0. :?Ol 9. 
,.., NI-ITSA-2018-0067-0003. ANL - Summary of Main Component Performance Assumptions NPRM. 
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methodology for large scale simulation using Autonomie and distributed computing, thus 
overcoming one of the cha llenges to full vehicle simulation that the NAS committee outlined in 
its 2015 report and imple111en1ing a recommendation that the agencies use full-vehic le simulation 
to improve the ana lysis method of estimating technology effectiveness.466 EPA used a I imited 
number of full-vehicle simulations perfo1T11ed using its ALPHA model. an EPA-developed full
vehicle simulation model.467 to calibrate the LPM, used to estimate technology effectiveness. 
EPA also used the same ,;10deling approach for its Proposed Determination ;~alysis.~68 

\ ., di ,l:'lb',od in mur.: demi I 1,.:1,,v,, ahlrnu,;h .\t1t,11wmi.: ,md .\LP! L\ art' l>.llh ffk'Wh 
Lha1 f't'Flerm full ·, diiclt! ,inrnlatian. the .\l Pl I.\ m,Hld dti<''., Rtll UIITt!nll: h,1\t! \Hlt.aRAmit!·· 
l<1r;.: .,eale · i1m1la1i,•n ,mral-lili1i.:,. a11Ef h unatil.: tn r .:rlimR a !"lclll 1~ar!lmt!lri.; ,1ud~ "' 
.:ffeeli\ .-11,u , e: 1ima1.:., v, i1h t!\t!f'.o i1ul i\ idlclal •, ehid.: h!1oicl111;1l t•g:, 1-lt.>ing im c" 1iga1.-d. Again, the 
use of large-scale modeling and simulation minimizes errors by directly evaluating effectiveness 
of each technology and combination of technologies. Thi:, .\Ll' fl.\ limi1a1iu11 Rc.:e ... ,i1t1h!, th.: 
H' t! al" a !Rel the1l i:, trained u.,ing limit.:d .\LPI I.\ !lata ltt 13r,1' iae Hf'f'F!l',ilHate cffc,li\ <'11<"•' 

, <1loe•. for 1ht!,.,, id.: FeAgt! n!"1t~chR,, l,~g~ eombiliatioR .. RP\ l1ighliglHee •,r t'R<' 1•f 111<' i· .•Ht!. 
· orrnundi11s 1l1t: u ,.: ef \I Pl I \ 011d 1h.: LP> I in ,t.:aEI nf large ,ealt: mueelin; ana ,i1m1l,11it111 in 
the 2Ulll !-. \ e be\ernm.:n1 Mt't!liRg 11hl'n i113r<',<'lllee a re11lai:: t>nMH 1onl f<>r the L Pl\1. a 
Rt!!,fltHl e c;,uflact> ;1.ledel I R\l\qJ u•,e!l 10 • :· nthe·,iu a larg<' ,t!I ,,Limt:lla1i0n l-l'dlf'tll, 

t't>n113u1a1iondll:, ht deri\e re.,pnH,t! :,urfat:"' <.'qua1i011· , tRlo,L , l IAal um b"· u ,t!a in r laet! c1fruA11m; 
1l1e \l.PI I \ mo!l.:1.4'"' eP \ ha·, c1rnli11ued J.-1 elupment ,,r il'.. RSL •, lt1 , ~1prle1mrnl !ht! \ LPll \ 
1l'!ndt!ling framt!\1 t1rl, = 

466 See l'sational Research Council. 2015. Cost Effectiveness. a nd Deployment of Fuel Economy Technologies for 
Light-Duty Vehidc,s. Washington. DC: The National Academies Press [hereinafter "2015 NAS Report .. ) at p. 263, 
available at https://www.nap.edulca1alog/21744/cosr-eftectiveness-and-deployment-of-fuel-economy-technologies
for-1ight-duty-vehicles (last accessed June 21.2018). See also A. Moawad. A. Rousseau. P. Balaprakash. S. Wild, 
"Novel Large Scale Simulatio n Process lo Support DOTs CAFE Modeling System," lnlem.,tional Jo urnal of 
A uto motive Technology (IJAT), Paper No. 2201503-19. Nov 2015; Pagerit. S., Sharper. P., Rousseau. A., Sun. Q . 
Kropinski,, M. Clark, N ., Torossian • .I .• Hellestra nd, G .. " Rapid Partitioning. A utomatic Assembly and Multicore 
Simu lation of Dis tributed Veh icle Systems." A 1L. General Motors. EST Embedded Systems Technology. 2015. 
https://www.autonomie.net/docs/5%20-%20Presentations/VPPC2015 pPt.odf. Last accessed Dec. 9. 2019. 
407 See Lee, B ., S. Lee, J. Cherry. A . Neam. J. Sanchez. a nd E. Nam. 2013. Developmem of AdYanced Light
D uty Powertrain and Hybrid Analysis Tool. SAE Technical Paper 2013-01-0808. doi: I 0.4271 /2013-0 1-0808. 
" 8 Proposed Determination on the Appropriateness of the Model Year 2022-2025 Light-Duty Vehicle G reenhouse 
Gas Emissions Standards under the Midterm Evaluation. EPA-420-R-16-020 (November 2016), available at 
l111rs: nepi,.epa.!!o\ E,c /\PDf.cc.i•?Docl..e, PIOOO~DO.p<lf; Final Determination on the Appropriateness of the 
Model Year 2022-2025 Light-Duty Vehic le Greenhouse Gas Em issions Standards under the Midtenn Eval uation, 
EPA-420-R-17-00 I (January 2017), available at http,: ncpi,.cp".uo , be 7, PDI .c!!i-~D<1cl..e, - p I 00< >OY I .pdr. 
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µ.,, .. ~.t+~..f. Lilllie: I lccl "\I I P--t 44~ hT~_J 1 ,c11_ --; ~l!I ~ 11.J:t'-- ...., '1:: 1 -: c fl-~ ·,i;l""'l•-fttr--~•-~ 
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~-<'l't--cr,,-,,-...+ , l l'I >I , _ 11 ,h-~-l'-1rnA~ ,1·. 'I ., ,I \ H-~•-""~- I,. .+tt.H-h,, .. ......., 
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Commented [A 160): DELETE: 11 is factually incorrect 
that ALPHA doe, not ha\< large scale simula1ion 
capabilities. Parallel computing. batch input and output files. 
and efficient computational approoches ha,·e been utili1ed lo 
generate result, for hundreds ofthousood.s vehicle 
~imulations. 

Commented [A 161): DELETE: This is not an accurate 
characterization of EPA ·s presentation nt the 2018 SAE G-1 
mecing "hich described the improved process efficiency and 
tronsparenc) ofu.,ing RSE·s instead ofLPM"s. Contra') to 
\\hat is described here. neither LPM·s nor RSE"s arc 
incompatible \\ith la'lle scale modeling. To illustrate. RSE"s 
could be adopted to improve the fidelit) and resolution of the 
Autonomie large scale simulation results by including each 
-.hicles spedic J)O\\er-to-\\eiglu. cum "eighL and road 
load attributes. as is the cuse "ith EPA ·s LPM and RSE 
procc~se:,. 

Rather tban contrasting LPM RSE '5. large scale simulation. 
a more appropriMe comparison would be ber.,een 1he 
LP~t RSE continuous representaLion of continuous vnrioblt:s 
vs. discttle re-presentation of continuous variables using 
lookup tables. In any case, such a discussion is not really 
n""essa') here to present the FRM anal~sis. so EPA suggests 
dtleting this te'<I rather than re, i,ing iL 
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Commented [A 162): DELETE: The following 
paragraphs do not accurately represent the LPM ALPHA 
models. and include multiple factual inaccuracies. R.:uher 
than significant!) re, ising. suggest deleting. as this 
discussion is not necessary LO dtscribc lhc technical analysis 

_ supponing this rule. 

Commented [A163]: DELETE: Th~ example gi,en in the 
fuomote has alread) been responded to b) EPA previous!) . 
FCA \\<U:t pointing ou11hm their cigh1-spccd Lran:,miS!Jiori 
,, ith 3 cc-nain packnge Clftechnolog~ \\.as nOl as effect!\&?. as 
a modeled transmission induding a rnore extensh e 
technolog) packugo. That's to be e\pected, and artunlli 
suppons l PM projections. 

Commented [A 164): DELETE: Not acrurute. ___ _ 

Commented [A165]: DELETE: This discussion ofEPA's 
use of the I londa engine map for the Proposed Determination 
is not germane to the decision of whether to usc the 
Autonomie model for the mml~ sis and should be deleted. 

As a s ide note. EPA has benchmarked this actual cngint: and 
compared 1he rc:.,,ults to the initiaJ image-basc-d c-s-timates. 
The final CO2 t::-.tinuttcs using Lhe mo maps differed h) 
olmost ex.1ctly 1•,. fRef SAE paper lOI ~-OJ-0319] The 
minor diffe rences that did exist be1wccn the initial and more 
n:cent maps were found to be influenced by difft:rences in 
the subsequent iterations of the actual engines. and not 
c.impl~ the result of the processes used to t n.·ate the maps. 
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- •ll th.ti ' Ille' le ,;1.111' ',I ">t'I C ,11111 .. tul CI liclc'l It~ ,I c'I c' ,,1, cl"\ cd in 1k ~ IHt+j'. l 'tt! 
'- 111, luJ,,J tliilt .. 1l1<: u <' ,t 1h1 llhlJ' h"uld l>c J1 "'llll lltlt't+-\-1-•Hfati--\~ I'll-\.·· <111tl ··,u,:, , 111,il~ 1, 

c,•11,luc·kJ ,,, 1th 11 1 h1,,.n l: •I""' IIP!l.1hlc.·· i~.,,,.J "n tik'-..- <r-ttct'ttt' dlltl ,,th,1 ,. the ,\llidl1C:t! 
rec!tl111A1eAdet.l llmt \ult111t1mi,• ae u~ed ltl i11li:1rn1 the Jl"1111 1re11111 Cfl ,1 tlflli111i,•t.l it111 modd., 1 i t' . 
thc l \I I m,,J., t ,111J ,,1 c >' II l, \+ 

Global Automakers argued that NHTSA 's CAFE model, which incorporates data from 
Autonomie simulations, provided a more transparent and discrete step through each of the 
modeling scenarios.476 l.lnlaal fltlimeJ 0t1t 1hat the LP\I i., .. tlfp,micular ctln.:em due 1,, il 
· implilieJ tedrn,1lnh~• pn1je,tioA f1F01:'o:: .,se•,:· aAtl it ··rruragdt"·' l'tmd<1111e111all~ lla1~etl rnAtc111 
into th<' \LPI I \ ana CH II (,,\ 1m1deb w1d 1l1t!rer..,re cannEll aeeuralel~ a, ,e•,, the ellicm::, ,,r fud 
ernn,uny 1eeh11,ilogi.:0

, :· Global did note that EPA "plans to abandon its reliance 011 LPM in 
favor of another modeling approach," referring to the RSE. but stated that "EPA must provide 
stakeholders with adequate t ime to evaluate the updated modeling approach, ensure it is 
analytically robust, and provide meaningful feedback." Global Automakers concluded that 
EPA 's engine mapping and tear-down analyses have played an impo11ant role in generating 
publicly-available information, and stated that the data should be integrated into the Autonomie 
model. 

C ln 1h, o1thc1 hc11od. 111h..r 1al,dud,lcr tlillHHc'IH<'t1-ilhH-l-- ll+-.-\+--l 'I I\ 111,1,lc l111,: h,11.ld 
"111111,uc' It l1c u ,.,,I_ 1111 p1,1«: du1,tl 1,:, , ,,n lj,.,.,_ 4 i-ti 1•. 1111IJ " i' l'cdl c1rh t1,11: t\11 11' \ n,,1' .-rl+Wr 
Iii c' ~ <'di" ,ii 1lli1Jd 111g. hd ,cJ ,,n \I l'I I\. l.1 tk,l.11, II c dll th-'--h~ ·t ll c' ,1 i fo l t'l"lldl ' : J, .. d»r«I 
,rn,Jelin; ,,,.,1 c1nd nrn t rt'I~ .,,lel~ t11i the \u1,,11,1111ic m,,J.:I.·· .tnd .. It lh<' \I l'I I\ 1~ 
i11,•,1n«1ial: 1-uilt 111h' the l<',:!llldttor: dikl lt'chn1«1I 111,,,c . It "ill rt!'-]llire: car, 0fne1•, anal:,•,i· 
10 ref1lace tile t'Aan~ ,\LPI I.\ ans O\ILC,.\ 1'1latldi11g influls aml l'lllfllil' tliat fl<'rl'A<'Ult' 1lit! t'tllire 
rnlemaking f1F0ce·,s. s"1auld [P \ sutldenl:, tl<'eillt! 111 1;l,a11ge its. metld,:~ C:omn1e111ers al ,ti 
eiled te,hnieal reasons ltl u•;e ,\LPI I.\. lil,c e.P \ ·, f)rflgres, l'tcnchmarl,ing and \alitla1ing thl' 
\ I PH\ 11'111ael ltl tl,<'F lifleen ,arioo, ~I'\ 2Ul3 2015 1ehiell',,.+0>. antl 1ha1 teclrnolot!ie., like lh.: 

··,\1l:ins011 2 .. e11gme tl!drnolag:, \>.ere Rill .:n11sidere.J in }IHI', r\ ·s eoH1plia1~ee n10d;lin!,!.-"" 
C0111t1H!nler, al.,e eiled that .\LPI I.\ "Eb t:r<'tll<'ll to he.' pttbliel~ a•, ,1ilal>I~. tlf"'A 'otrnrced. aRtl 
pc<'F Ft!\ ie11ed, .. ,fl ollEw, fl"r lraA.,flttren.-~ lo laeth dttt0111aker,, aAd rn1hlic :,lal,eliEllder< . •1 iihtrnl 
hitlllen and pr<~~ 1h01 ftre pr<'. t'RI in .:nm11wreial madeling rrodoc4'S.'·-'-

The agencies described in the NPRM that after having reviewed comments about whether 
EPA should use alternative methodologies and modeling, and after having considered the matter 
fully, the agencies determined it was reasonable and appropriate to use Autonomie for full
vehicle simulation.481 The agencies stated that nothing in Section 202(a) of the Clean Air Act 
(CAA) mandated that EPA use any specific model or set of models for analysis of potential COc 
standards for light duty vehicles. The agencies also distinguished the models and the inputs used 

" 6 EPA-HQ-OAR-2015-0827-9728, at 14. 
I I'\ I l• .1 • > 1,H _,4--i...u,._,. ,, •'-'--" 

++L-\--t+'-,,U.-J \ W • l i ~ -t+--4-u 
+IL-\.-Hl u I \ j{ Hl~'-4~ 
1 11 \ I ,, 1 , * \ ~{ u ~~ .... rl+--.j,,... 

4
" 83 FR 43001. 
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to populate them; specifically, comments presented as criticisms of the models, such as 
"'Atkinson 2" engine technology not considered in the compliance modeling, actually concerned 
model inputs.~8~ 

With regards to modeling technology effectiveness, the agencies concluded that. although 
the CAFE model requires no specific approach to developing effectiveness inputs, the National 
Academy of Sciences recommended, and stakeholders have commented, that full-vehicle 
simulation provides the best balance between realism and practicality. As stated above, Argonne 
has spent several years developing, applying, and expanding means to use distributed computing 
to exercise its Autonomie fu ll-vehicle s imulation tool at the scale necessary for realistic analysis 
of technologies that could be used to comply with CAFE and CO2 standards, and this scalability 
and related flexibility (in terms of expanding the set of technologies to be simulated) makes 
Autonomie well-suited for developing inputs to the CAFE model. 

111 re·,rL111>e lfl 1h.- l',PRM. !Al:' ,\u1t1 .\llian.:c n11Hmemc:d that '>,I ff\. \ "• ni.1llt'lin6 1:111J 

anal:, ,i~, lfleb elf~ ·,ureriar lEl LP\":i. llt1li11g 1h01 '>,I IT~,.\"; lflflh ha\e had a ignili.:0111 leitt.Hfl 
11:!eir Ele•, elupmenl.-iP I he \lliance poi med eut rh,u .\u1E011Am1e 1u1, J,., clt•ped from tht' 
l:teg.iA11iA,; w addre~, th<' .nmple•, lll',l, .,fc:ornL,inin~ l'.11.'l J"LW,er .,1.1Hrces in a Ii: l,ritl rtmc'l1Fain. 
v. liilt' !ill:' .\lliaA.:e u•, ,,med 1ha1 EP \ ·s .\I Pl I.\ lfl0tfol lieEI nut laeen I alidateEI ,,r ti•,etl lo ~imt1la1t.> 
h:, liritl f'f1" e11rains. \\ Ail.- "1tllR motld., are ph~• ie. be ,.-d fernnrd lot1l,in6 , d,i~I.: •oimulawr,. 
1l1e ,\lliancl:' eaninieRh!d 1ha1 ,\H1011,11nit' i., full~, do1wmt'nh;d ,.,ith aH1il1:1lale lfili11ing. ,,hil.
\Ll'I~.\ ··ha, net been dnc11meA1etl v. ith an~ in•;lrnetinn•, ffiai<ing. ii difl1~1a11l !Ar u• er; nut itle ,ii 

1-:P,\ ta run aHtl inlt'rt3rt'11he n1odel:· The ,\Ilion.,· ahu Rll:'AliE>ned :-,c1e~ilie im1~re, l:'meRL in 1li.
.\1,Hi-'IAomil:' ~imHlatiEtn, _;inee 1lie Prati T .\R. iA.:lutling e•;pantled J"t'rforn1a11i:<' 1:ltt, ,i', ltl l:teHi.>r 
.:un.,idu Hhil?ll' perll1rnrn11.-e chara.-teri ,ti.-•,. the inclH ioH 111"gratlt'Hbili1~ ~. a per~nnan.e 
111e1rie. a5 recemmeAEll:'d Ii:, IA<? '.,\\. th.- iAelusioA nf ne•,1 l~rel e.:mmm~ 11:'eRmilugit'·,. ,u1d 1he 
re1f!o~ al 1:1f llRflFl:1\ .-n lt!dm11lo~it'~. 

The Alliance, Global Automakers. and other automakers writing separately all stated that 
the agencies should use one simulation and modeling tool for analysis.48

4.4
85 The Alliance stated 

that since both the Autonomie and ALPHA modeling systems answer essentially the same 
questions, using both systems leads to inconsistencies and conflicts, and is inefficient and 
counterproductive. 

The agencies agree with the Alliance that the fully developed and validated Autonomie 
model fulfills our analytical needs for full-vehicle modeling and simulation. \\."°' rt1-., cL,.1u: il ,.11 
•I t tt•t11llc•1i111t11IP•~• hw,c 1·,, 11 ·<l'dl',tk nwJcl tHI~ fh.,.-...+ttt,,~ 

'" 83 FR 43002. 
- '\ I I I !t \ _:- , q , 11w .. ~ u 
484 NHTSA-2018-0067- 12073: NHTSA-2018-0067-12032. Comments of the Association of Global Automakers. 
Inc. on the Sater Affordable Fuel-Efficient Vehicles Rule Docket ID Numbers: NHTSA-2018-0067 and EPA-HQ
OAR-2018-0283 October 26,2018. 
48! ITTSA-2018-0067-11943. FCA Comments on T he Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule 
for Model Years 2021- 2026 Passenger Cars and Light Trucks Notice of Proposed Rulemaking. 
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Some commenters stated that broadly, EPA was required to conduct its ov,in technical 
analysis and rely on its own models to do so.~86 Those comments are addressed in Section [JV]. 
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The peer reviewer's assessment of Autonomie as a more complicated model with 
enhanced capabilit ies is not surprising, given Autonomie's history of development. Autonomie 
is a commercial tool wi th more than 275 worldwide organizational users, including vehicle 
manufacturers, suppliers, government agencies. and nonprofit organizations having licensed and 
used Autonomie. Both Autonomie's creators and user base unatli liated with ANL have 
published over I 00 papers. including peer-reviewed papers in journa ls. related to Autonomie 
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validation and other studies.4"°·497 One could even argue that the fool has been continuously peer 
re,,iewed by these thousands of experts over the past two dec(ldes. 

In fact, in responding to a peer re\'iew comment on the ALPHA model1s underlying 
equations and coding with respect to road load reductions, EPA noted that Autonomie had been 
used as a reference system sim1_1lation tool to validate ALPHA model results.~98 

Outside of fonnal peer-reviewed studies, Autonomie has been used by organizations like 
ICCT to support policy documents, position briefs, and white papers assessing the potential of 
future efficiency technologies to meet potential regulatory requirements,4w just as the agencies 
did in this rulemaking. 

Similarly to ICCT, UCS stated that in contrast to Autonomie, ALPHA had been 
thoroughly peer-reviewed and is constantly being updated to reflect the latest technology 
developments based on work performed by the National Vehicle and Fuel Emissions 
Laboratory.5no UCS also stated that because EPA has direct control over the model and its 
interface to OMEGA, EPA can better ensure that the inputs into OMEGA reflect the most up-Io
date data, unlike the Autonomie work, which effectively has to be'"locked in" before it can be 
deployed in the CAFE model. UCS.also stated that ALPHA is based on the GEM model (used to 
simulate compliance with heavy-duty vehicle regulations) which was been updated with 
feedback from heavy-duty vehicle manufacturers and suppliers, and in fact, "NHTSA has such 
confidence in the GEM model that they accept its simulation-based results as compliance with 
the heavy-duty fuel economy regulations." 

Again, the agencies believe that it is important to note that Autonomie not only meets, 
but also exceeds, UCS' listed metrics. Autonomie's models, submodels, and controls are 
constantly being updated to reflect the latest technology developments based on work performed 
by Argonne National Laboratory's Advanced Mobility Technology Laboratm:y (AMTL) 

' 96 At least 15 peer-re~iewed papers authored by ANL experts have been referenced throughout this Section, and 
others can be found at SAE Intemational's website, https://www.sae.org1, using the search bar for "Autonomie." 
4"7 See, e.g., Haupt, T., Henley, G., Card, A., 'Mazzola, M. et al., "Near Automatic Translation of Autonomie-Based 
Power Train Architectures for J\·lulli-Physics Sirhulations L'sing High Performance Computing," SAE Int. J. 
Commer. Veh. I 0(2);483-488, 2017, https://doi.org.'10.427112017-0l-0267; Samadani, E .• Lo, J .• fowler, M., 
Fraser, R. et al., "Impact of Temperature on the Al23 Li-Ion Ba11ery Performance and Hybrid Ele.:tric Vehicle 
Range,'' SAE Technical Paper 2013-01-J 521, 2013, https:/fdoi.orgll0.427112013-01-J521. 
491 Peer Review of ALPHA Fu!! Vehicle Simulation Model. at 4-14 and 4-15, available at 
https:/lnepis.epa.gov/ExelZyPdf.cgi?Dncke)=P I 00PUKT.pdf. 
4" 9 See, e.g., Oscar Delgado and Nie Lutsey, Advanced Tractor-Trailer Efficiency Technology Potential in the 2020-
2030 Timeframe (April 2015), available at 
https:1/theicct.orglsitesldefau!Ufileslpublications/lCCT _ A lTEST _201 50420.pdf; Ben Sharpe, Cost-.Effectiveness of 
Engine Technologies for a Potential Heavy-Duty Vehicle Fuel Efficiency Regulation in India (June 2015), a\'llilabfe 
al https:/ltheicct.orglsites/defaultlfileslpublications/lCCT __position-brief_ HOV cnginetech-lndiajun2015.pdf: Ben 
Sharpe and Oscar Delgado, Engines and tires as technology areas for efficiency improvements for trucks and buses 
in India (working paper published March 2016), available at 
https;//theicctorg/sites/default/files/publications/JCCT _ H(}V-engines-tires _India_ 20160314.pdf. 
'"°" NHTSA-2018-0067-11039 (UCS). 
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(formerly Advanced Powertrain Research Facil ity, or ARPF).50150~ The Autonomie validation 
has included nine validation studies with accompanying reports for software, six validation 
studies and reports for powe1trains, nine validation studies and reports for advanced components, 
ten validation studies and reports for advanced controls, and overall model validation using test 
data from over 50 vehicles.503 

In fact, using Autonomie, which has validated data based on test data from over 50 
vehicles, alleviates other stakeholder concerns about the level of model validation in past 
analyses. rt,r <''d!A'lfll<'. <'fllteern< e1huu1 v,lieth,n \LPH,\ ·, er~ .. ti1.?n,· ,, , e1lues 'nt!I'<! pr~ 
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pnwieed ,,,ith 1he PropeseJ aAd final Deten'AiAatiflA oAI~ ew,er I•",, ol 1lie pro.i<'~h!i:l ' 1el1i t:l11 
lleet >1i1h reganl~ 1t1 ,pecifie eomliiflalitiA:, t1ffl,,.,,ertrnin 11:'chnolflg~ pre ,entei:l l,~, [:P \ in the 
\I\ 2025 0:\1 FG.\ 1ia1lms:, . It i•; 1:111.-l,:ar litt11 LP \ ei:!libm1.:d 111.: LP'.1 for lhc remdiAin;; ~2" o 

ttf the praj.:e1ed, ehiele·,. [P,\ ·, fuilur,: \1:1 publi~I:, liar.: 1he data for _ 1:11:h a lar,;t' f't!Ft:t!Altt~t:' ,,I 
, ehiek rtti ,e•, (jt1es1im;•, ,10crnl 1he t11:1ali1: tif data."-.iul 1,1, hile ,imp le 1nt>selee f'dF!l1neler., lil,e 
,ingl.- diAien.,ioAal liAear :, ,lt!ffl., Iii,,: <'A,;iAe a:, AH1F1ome1cff wntttc: in<'w,ureme111, cun bc 
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imlepe19d<'111 aa10 .,t'b. \ tn,,n,,mic" · , m,,d..J.....tt.i,J-,+tl>-m-,,dc I , h,1•, , unJ,·1 ,,:•'l lc c \ :c n 11 c 

>, ,tl1Jc11i,111 li ldl ll,1, p r,, , e ll I lt' 11 h>tlc· I .1""1 c'c'lllc 111 \ \ llh c'llll'll"lcdl d ,tld ,t+hl-!Ht'·f11 Ille 1111c ,ii 
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501 See NPIUv1 PRIA. The agencies c ited a succinctly-summarized presentation o f Autonomie vehicle validation 
procedures based on AMTL test data in the NPRM ANL modeling documentation and PRIA docket for stakeholders 
to review at [PRJA and ANL documentation Docket IDs]. 
,o, Jeong, J.. Kim, N., Stutenberg. K., Rousseau, A., "Analysis and Model Validation of the Toyota Prius Prime:· 
SAE 201 9-0 1 -0369. SAE World Congress. Detroit. April ~019: Kim, N. Jeong, J., Ro usseau. A. & Lo hse-Busch. H. 
"Control Analysis and Them1al Model Development of PH EV," SAE 2015-01-1 157, SAE World Congress. Detro it, 
April 15; Kim, N., Rousseau, A. & Lohse-Busch, H. "Advanced Automatic Transmission Model Val idation Using 
Dynamometer Test Data," SAE 2014-01-1778, SAE World Congress, Detroit, Apr. 14.; Lee, D. Rousseau. A. & 
Rask, E. "Development and Validation of the Ford Focus BEY Vehicle Model." 2014-01-1809, SAE World 
Congress. Detroit, Apr I 4; Kim, N., Kim. N., Rousseau, A., & Duoba, M. ··Validating Volt PHEV Model with 
Dynamometer Test Data using Autonomie," SAE 2013-01 -1 458. SAE World Congress. Detroit. Apr. 13.; Kim. N .• 
Rousseau, A., & Rask, E. "Autonomie Model Validation with Test Data for 2010 Toyota Prius," SAE 2012-01 -
1040, SAE World Congress, Detroit, Apr I 2; Karbowski, D., Rousseau, A, Pagerit, S., & Sharer. P. ·'Plug-in Vehicle 
Control Stra tegy- From Global Optimization to Real T ime Appl ication," 22th International Electric Vehicle 
Symposium (EVS22), Yokohama, (Octo ber 2006). 
'"'Rousseau. A. Moawad, A. Kim. Namdoo. ·'Vehicle Sys1e111 Si11111/arion to Support NHTSA CAFE s1andardsfor the 
Draft Tar." Imps: 1\1111.nhtsa.~m s ites nhh a.dot.gm files anl-nhtsa-\\ Or~,ho p-1chiclc->1 stem-simulation.pd l Last 
accessed Nov 20. 20 19. 
_._ ~-4- J-k'-t4-+t.:h\.4-J-I ).. ( -th•h d t,.il<\'f ,f,;•t~ t4• ti !1,1 1 1~~ ~ ,, •I ,111 't'ilh .. t: tll"'\."1 t1"°'1.-1--rt- t.l•f'l., •J - h • ! ~ \I ii I \ ,,. .. jt;'-ltn• 

.... 'T.1-- 1,, .)1;' r+ 1t!,1l"k'--++,tt1t'"---l -l' \ -ttt1l it-"- ~ttf-\.""t.'... \-Jd+H-1--H-++--"6+~#:11 ...... i"C' ... r .. ..,, 1i ... ,t~ ... +t' t lTtt"--h:',t -.+H~twJ1' tt+ 1+i,. 

t'"tl>l"'''"•if •>l • l-.,-P 1.,H 1--\ 1-; "''".J•,..,--.-.H-~H-1.,,ttt,Hr [¼,.-l""•-~"1 !""!,hh ,,·tt•l•l4,,-,l,,;tt l,.,,I-•'+ 
I I • lt--Ji.;t1.:,i:11.;, "\;-tH~"C"f-'lf ... ~•hn. l;-' ,+.-,1t ,;t¼- -\+rl• · l+tTJ.,:4--;,-..-f ..i.-.,.J-,.....; ~•H~J; 1i1--.1 t<• , •• ,-• .,,_1,..-t~.,......, • 
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In addition, the agencies disagree with UCS' comment that EPA's direct control over its 
effectiveness modeling and interface to OMEGA results in a more up-to-date analysis. In 
addition to Autonomie's continuous updates to incorporate the latest fuel-economy-improving 
technologies. discussed further below, the data supplied to and generated by A utonomie for use 
in the CAFE model was continuously updated during the analysis process. This is just one pai1 
of the iterative qua lity assurance (QA) and quality check (QC) process that the agencies 
developed when ANL's large-scale simulation modeling based in Autonomie was first used for 
the Draft TAR. In fact, ANL's high performance computing (HPC) platform allows a full set of 
simulations--over 750,000 modeled vehicles that incorporate over 50 different fuel-economy
improving technologies- to be simulated in one week. Subsets of the simulations can be re-run 
should issues come up during QA/QC in a day or less. Tools like the internet and high 
performance computers have allowed the agencies to evaluate technology effectiveness with up
to-date inputs without the proximity of the computers and the people running them working as a 
detriment the analysis. 

Moreover, ANL ·s participation in developing inputs for the rulemaking analysis allowed 
the agencies access to vehicle benchmarking data from more vehicles than if the agencies were 
limited by their own resources, and access to the ANL staff's extensive experience based on 
direct coordination with vehicle manufacturers, suppliers. and researchers that all actively use 
Autonomie for their own work. 

Finally, GEM, ALPHA, and Autonomie were all developed in the MATLAB 
computational environment as forward-looking physics-based vehicle models. Just as ALPHA 
has roots in GEM, created in 2010 to accompany the agencies· heavy-dL1ty vehicle C01 
emissions and fuel consumption standards, Autonomie has its origins in the software PSAT, and 
ADVISOR before that, developed over 20 years ago. Further, HTSA's acceptance of GEM 
results for compliance with heavy-duty fuel economy regulations has no bearing on the decision 
to use Autonomie to assess the effectiveness of light-duty fuel economy and CO2 improving 
techno logies. GEM was developed to serve as the compliance model for heavy-duty vehicles,

506 

and GEM serves that limited scope very well. However, GEM was not developed to assess, nor 
is it suitable for assessing the effectiveness of light-duty vehicle technologies. l fit were, there 
would be no need for EPA to create and develop the ALPHA model. E•,amrlc':, of(iU,l I 

limi1a1ioR, iRelmk 

• GD,1 ARI:, rc'4uire:, ttfl l0 Jjo.,:: inpul, from !ht! u.,c'r. aRtl all 1h" tttAer par11Alt:tt:r: 
anEI their iAJ:)tiL art! pretlettnc'EI 1fer llt:'a\:, Du~ l'ha• e I cnmplia1ice1: 

• Uni:, th.: agt!Ati" .' prt! .,reci rietl engin.- fuel HlBf', 11rc! u,eti; 
• la.ngint:' .:oo~rol i·, ·,io,13lilietl. \l\itA 110 i'ud ml aff fea1ure Eh1ring tlt•celeratian: 
• 1 lierc! i,; no capabili1:, Ill ,imulatt! elt!t'lrittc!tl ,,.,hi1:lt! ,: 
• Oiil) mnRtuil trao·o1ni,:;i0n, art! t1:,c>tl iA 1lie tfleat!I l"ii,r all ,ehiLit' ,imuluti,m,. 

•,,hidi. y,liile ·,ui1ablt! fnr thc! I lt?av:, Dut:, Pha·,e I rmgrnAl 1ha1 tlitl 1m1 iodude 

50• Newman, K., Dekraker. P .. Zhang, H., Sanchez, J. et a l., "Development of Greenhouse Gas Emissions Model 
(GEM) for Heavy- and Medium-Duty Vehicle Compliance," SAE Int. J. Commer. Yeh. 8(2):2015, 
doi: I 0.42711201 5-0t -2771. 
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UCS did comment that full vehicle simulation could significantly improve the estimates 
of technology eftectiveness, but thought it critical that the process be as open and transparent as 
possible. UCS pointed to ALPHA results published in peer-reviewed journals as an example of 
how transparency has provided the ALPHA modeling effort with significant and valuable 
feedback, and contrasted what they characterized as Autonomie's ''black box" approach, which 
they stated "does not lend itself to similar dialog, nor does it make it easy to assess the validity of 
the results." Specifically, UCS stated that it is " impossible to verify, replicate, or alter the work 
done by Autonomie due to the expensive nature of the tools used and lack of open source or 
peer-reviewed output." In contrast, UCS stated that EPA's ALPHA model has been thoroughly 
peer reviewed, and is readily "downloadable, editable, and accessible to anyone with a 
MATLAB license." 

The agencies responses on the merits of how ALPHA and Autonomie were peer
reviewed are discussed above. Regarding UCS' comment that it is impossible to verify, 
replicate, or alter the work done by Autonomie, the agencies disagree. All inputs, assumptions, 
model documentation - including of component models and individual control algorithms-and 
outputs for the NPRM Autonomie modeling were submitted to the docket for review.507 

Commenters were able to provide a robust analysis of Autonomie's technology e!Tectiveness 
inputs, input assumptions, and outputs, as shown by their comments on specific vehicle 

;o7 NHTSA-2018-0067-1855. Al\L Autonomic Compact Car Vehicle Class Results. Aug 21. 2018. 
N I ITSA-2018-0067-1856. ANL Autonomic Perfonnance Compact Car Vehicle Class Results. Aug 2 1. 20 18. 
NHTSA-2018-0067- 1494. ANL Autonomie Midsize Car Vehic le Class Results. Aug 21, 2018. 
NHTSA-2018-0067-1487. ANL Autonomie Perfom1ance Pick-Up Truck Vehicle Class Results. Aug 21 , 2018. 
NHTSA-2018-0067-1663. ANL Autonomie Performance Midsize Car Veh icle Class Results. Aug 21, 2018. 
NHTSA-2018-0067- 1486. ANL Autonomic Small SUV Vehicle Class Results. Aug 2 1, 2018 
NHTSA-2018-0067-1 662. ANL Autonomic Performance Midsize SUV Vehicle Class Results. AugJI, 2018. 
NHTSA-2018-0067-1661. ANL Autonomic Pickup Truck Vehicle class Results. Aug 21,2018. 
NHTSA-2018-0067-1485. ANL Autonomie Small Performance SUV Vehicle Class Results. Aug 21 . 2018 
NHTSA-2018-0067- 1492. ANL Autonomie Midsize SUV Vehicle Class Results. Aug. 21, 2018. 
NHTSA-2018-0067-0005. ANL Autonomie Model Assumptions Summary. Aug 2 l . 2018. 
NHTSA-2018-0067-0003. ANL Autonomic Summary of Main Component Assum ptions. Aug 21, 20 I 8. 
NHTSA-2018-0067-0007. Is lam. E. S. !Vloawad, A., Kim, N. Rousseau. A. "A Detailed l 'ehide Si11111/mio11 Process 
To Support CAFE Standards 042620/8 - Report·· ANL Autonomic Documentation. Aug 2 1. 2018. 
NHTSA-2018-0067-0004. ANL Autonomic Data Dictionary. Aug 21 . 2018. 
NHTSA-2018-0067-1692. ANL BatPac Model 12 55. Aug 21, 2018. 
NHTSA-2018-0067-12299. Preliminary Regulatory Impact Analysis (July 2018). Posted July 20 18 and updated 
A ugusl 23 and October I 6. 2018. 
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technology effectiveness assumptions, discussed throughout this section and in the individual 
technology sections below. 

T he agencies also disagree with UCS' assessment of Autonomie as ''expensive.'' While 
Autonomie is a commercial product, the biggest financial barrier to entry for both ALPHA and 
Autonomie is the same: a MATLAB license.508·509 Regardless, ANL has made the version of 
Autonomie used for this final rule analysis available upon request, including the individual nms 
used to generate each technology effectiveness estimate.510 

Next, ICCT supplanted its statement that the agencies ''inexplicably" abandoned ALPHA, 
commeming that the agencies' explanation and justification for relying on Autonomie rather than 
ALPHA fai led to discuss ALPHA in detail , and the agencies did not compare and contrast the 
l\vo models. ICCT continued, "the EPA cannot select its modeling tool arbitrarily, yet it 
appeared that the EPA has whimsically shifted from an extremely well-vetted, up-to-date, 
industry-grade modeling tool to a less-vetted, academic-grade framework with outdated inputs 
without even attempt to scrutinize the change." ICCT also stated that the agencies are legally 
obligated to acknowledge and explain when they change position, a nd ·'cannot simply ignore that 
EPA previously concluded that the ALPHA modeling accurately projected real-world effects of 
techno logies and technology packages.'' 

The agencies disagree that a more in-depth discussion o f ALPHA was required in the 
NPRM. In acknowledging the transition to using A utonomie for effectiveness modeling and the 
CAFE model for analysis of regulatOI)' alternatives,511 the agencies described several analytical 
needs that using a single analysis from the CAFE model- with inputs from the Autonomie 
tool-addressed. These included that Autonomie produced realistic estimates of fuel economy 
levels and CO" emission rates through considerat ion of real-world constraints. such as the 
estimation and consideration of performance, utility, and driveability metrics (e.g., towing 
capability, shift busyness, frequency of eng ine on/off transitions).51" That EPA previously 
concluded the ALPHA modeling accurately projected real-world effects of technologies a nd 
technology packages has no bearing on Autonomie's ~ ability to fulfill the analytical needs 
that the agencies articulated in the NPRM, including that Autonomie also accurately projects 
real-world effects of technologies and technology packages. 
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'"8 Autonomie. Frequen1ly Asked Ques1ions . .. Which version o f matlab can I use? .. 
Imp.,: \\\\\1 .au1,,11c,mic.nc1 foy.lrnnlei"oqc. Last accessed Nov. 19, 2019. 
, .. EPA ALPHA v2.2 Technology Walk Samples. "Running 1his ,·ersion of ALPHA requires Mmlab!S im11/i11k wi1h 
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"" Argonne Nationally Laboratory. Autonomie License lnfo1111ation. 
http,: "'"' .au!Onomic.nel asp LiccnseRequcst.a,p,. Last accessed Nov, 18. 2019. 
'" 83 FR 43000 (Aug. 24, 2018). 
'"' 83 FR 4300 I (Aug. 24. 201 8). 
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In addition, Autonomie contains mflf~ l:lf 11'1 dat<' submodels to represent the latest 
electrification and advanced transmission and advanced engine technologies. As summarized by 
the Alliance, "Autonomie was developed from the start to address the complex task of 
combining 2 power sources in a hybrid powertrain. l 1,m ,., er. I \ I Pl I \ 111a 11,,,. h.·c11-..1lt1!mrtl 

,,. u ctl 1,, 111rnl.11,· h~-hn,I f'"'' ,·m-.1111'-c ·· - Autonomic has continuously improved over the 
years by adopting new technologies into its modeling framework. Even a small sampling of 
SAE papers shows how Autonomie has been validated to simulate the latest fuel-economy

improving technologies like hybrid vehicles and PHEVs.5~
1 

Moreover, Autonomie effect ively considers other real-world constraints faced by the 
automotive industry. Vehicle manufacturers and suppliers spend s ignificant time and effort to 
ensure technologies are incorporated into vehicles in ways that wi ll balance consumer acceptance 
for attributes such as driving quality,5:

1 noise-vibration-harshness ( VH), and meeting other 
regulatory mandates, like EPA's and CARB's On-Board Diagnostics (OBD) requirements,52

.l 

and EPA's and CARB's criteria exhaust emissions standards.52
.i The implementation of new fuel 

economy improving technologies have at times raised consumer acceptance issues.525 As 
discussed earlier, there are diminishing returns for modeling every vehicle attribute and tradeoff. 
as each takes time and incurs cost; however. Autonomie sub-models are designed to account for 
a number of the key attributes and tradeoffs, so the resulting effectiveness estimates reflect these 
real world constraints. 

Furthermore, aside from the fact that Autonom ie represents the structural state-of-the-art 
in full-vehicle modeling and simulation, Autonomie can be populated with any inputs that could 
be populated in the ALPHA model.516 The agencies chose to use specific inputs for this 
rule making because, as discussed further in Sections [xxx] below, they best represent the 
technologies that manufacturers could incorporate in the ru lemaking timeframe, in a way that 
balanced important concerns like consumer acceptance. Some other examples of how 
Autonomie inputs have been updated with the latest vehicle technology data speci fically for this 

~•> ... - 11-:,. 11 5; l1HIIL Ille I I' \ clLllk Tlh•I I 111 tl J.! ~• c, 11 11 ,1 • I' t' .. 11 11 hen 1,_,,1 ttl tt~• H~ 

-\~-1~-~-k-l--"•tH""--.-t+½t'-~------++th .. ~ft'-'' ..... ..,,_-h,_ ... h+~ ~,~ ........ -1-- J-• -\-1-h}-! J \~~ L I 
JI - ijj L.I- ,-;' .. 

\Ii,""' I II .I,, 1111 
521 Jeong, J., Kim, N., Stutenberg, K .. Rousseau, A., "Analysis and Model Val idation of the Toyota Prius Prime; · 
SAE 2019-01-0369, SAE World Congress. Detroit. April 2019; Kim, N. Jeong, J. Rousseau, A. & Lohse-Busch, H. 
' 'Control Analysis and Thennal Model Development of Pl-LEV," SAE 20 15-01-1157. 
;,, An example ofa design requirement is accommodating the "lag" in torque delivery due lo the spooling ofa 
turbine in a turbocharged downsized engine. This affects real-world vehicle perfonnance, as well as the vehicle' s 
ability to shift during nom,a l driving and test cycles. 
'" EPA adopted a nd incorporated by reference current OBD regulations by the California ARB, eflective for lv!Y 
2017, that cover all vehicles except those in the heavier fraction of the heavy-duty vehicle class. 
'" Tier 3 emission standards for light-duty vehicles were proposed in March 2013 78 FR 29815 (May 21. 2013) and 
signed into law on March 3, 20 14 79 FR 23413 (June 27, 2014). The Tier 3 standards---<:loscly a ligned with 
California LEV 111 standards-are phased-in over the period from MY2017 through MY2025. The regulation also 
tightens sulfur limits for gasoline. 
"'Atiyeh, C. "'H'hatvou need ro know abow Ford·s Poll'erShifi Trcmsmission Problems·· Car and Driver. July 11, 
2019. http": \, \\ "' .cmanddri\ cr.L'Olll 11~\, s a~7--n ~ I 9J tt)n..i-p~n\ crshi fi-transmi~~ion-prllbk·m~ . 
"• For example. Autonomic used the HCR I and HCR2 engine maps used as inputs to ALHPA in the Draft TAR and 
Proposed Deten11ination. 
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analysis include test data incorporated from both ANL and NHTSA-sponsored vehicle 
benchmarking, including an updated automatic transmission skip-shifting feature,°" 7 additional 
application of cylinder deactivation for turbocharged downsized engines, and as discussed above, 
new modeling and simulation that includes variable compression ratio and Miller Cycle engines. 

Finally, ICCT commented that the agencies must conduct a systematic comparison of the 
Autonomie modeling system and ALPHA modeling in several respects, including the differences 
in technical inputs and resulting efficiency estimates, to explain how the choice of mode! altered 
the regulatory technology penetration and compliance cost estimations, and the differences in 
modeling methodologies, including regarding the relative level of experience of the teams 
conducting the effectiveness modeling, to demonstrate that the choice to use Autonomie was not 
"due to convenience and easier access by the NHTSA research team, rather than for any 
technical improvement." ICCT stated that without performing this comparison, "it otherwise 
appears that the agencies switched from a better-vetted model and system of inputs with more 
recent input data to a less-vetted model and system of inputs as a way to bury many dozens of 
changes without transparency or expert assessment (as illustrated in the above errors and 
invalidated data on individual technologies)." Each issue is discussed below in tum. 

First, regarding technical inputs, technology pathways, and resulting outputs, ICCT stated 
that the agencies must compare (I) whether the models have been routinely strengthened by 
incorporating cutting edge 2020-2025 automotive technologies to ensure they reflect the 
available improvements; (2)' every efficiency technology in the 2016 Draft TAR and original 
EPA TSO and Proposed and Fina! Determination analysis against the NPRM; (3) all the major 
technology package pathways (i.e., all combinations with high uptake in the Adopted and 
Augural 2025 standards) in the currentNPRM versus the 2016 Draft TAR and the 2016 TSO and 
original Final Determination analysis; ( 4) each of the major 2025 technology package synergies; 
(5) the modeling work of EPA 's, Ricardo's, and Argonne's 2014-2018 model year engine 
benchmarking and modeling of top engine and transmission models; and "defend why they 
appear to have chosen to dismiss the superior and better ,,etted technology modeling approach." 

ICCT stated that the agencies must make these comparisons because, "[o]therwise, it 
seems obvious that the agencies have subjectively decided to use the modeling that increases the 
modeled cost, providing further evidence of a high degree of bias without an objective 
accounting of the methodological differences and the sensitivity of the results to their new 
decision." Moreover, ICCT stated that "[b ]ecause ALPHA is the dominant, preferred, and 
better~vetted modeling and was used in the original Proposed and Final Determination, the 
agencies are responsible for assessing and describing how the use of the ALPHA modeling 
would result in a different regulatory result for their analysis of the 2017-2025 adopted CO" and 
Augural CAFE standards," 

The agencies do not believe that it is necessary to conduct a retrospective comparison of 
ALP.HA/LPM and Autonomie effectiveness for every technology in the Draft TAR and Proposed 
Determination to the NPRM and final mle analyses, between the two models for technologies 

mNf:ITSA Benchmarking, "LaMratory Testing ofa 2017 Ford F-150 3.5 V6 Eco Boost with a JO-speed 
transmission." DOT HS 812 520. 
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and packages used in the NPRM and final rule analys is, or to explain where and why Autonomie 
provided different resul ts from ALPHA and the LPM. Most importantly, ICCT's stated purpose 
for this comparison-to assess and describe how the use of the ALPHA modeling would result in 
a different regulatory result of CAFE and CO~ standards-inappropriately conflates the tools 
used to model technology effectiveness with the ultimate regulatory result. 

To be clear, neither ALPHA or Autonomie (nor the inputs, input assumptions used to 
populate the models, nor their modeling outputs) dictate any particular regulatory outcome, 
rather, they present information to assist decisionmakers in weighing and balancing factors to set 
appropriate standards. In th is case, the agencies bel ieve that it was reasonable to consider 
effectiveness estimates developed with Autonomie, hl',<1t1 , t'. •111rl~ pu1 111 .1tltlititHl Ill Ila\ 111g 
t:<tpal'>ilitie·, 1kt:1t ,\LPI I.\ d0t' 1101 lul\c. \lllll11t•mie rcrf'om1, ii', .:orc r~1lt'ti,,H·, flclh!F. 

To demonstrate, in addition to everything discussed previously in this section, differences 
in how each model handles powe11rain systems modeling with specific examples are discussed 
below as a reference, and differences between the agencies' approaches to effectiveness 
modeling for specific technologies is discussed in Section (xxx] where appropriate. While the 
improved approach to estimating techno logy eftectiveness estimates certain ly impacted the 
regulatory technology penetration, compliance cost estimates. and "major 2025 technology 
packages and synergies," how technologies are applied in the compliance modeling and the 
associated costs of the technologies is equally as important to consider when examining factors 
that might impact the regulatory analysis; that consideration goes beyond the scope of simply 
considering which full vehicle simulation model better performs the functions required of this 

analysis. 

The agencies have discussed updates to the technologies considered in the Autonomie 
modeling throughout this section, in addition to Autonomie's models and submodels that control 
advanced technologies like hybrid and electrified powertrains. \I, l~ilt! ,he! \LPI I \ nmi:11!1 ht:1·, 
,ml:, rc;;:t'1~1!~ de1t'iored ,imttlation, and lllt•tfol eonm~ls 11:1 re1m:, .,mt II l=>o· ie IP, Bl St, mile 
hJ hritl ,chide u ,ing \'>,L 1c ,t ealft in 1(11 !1,,-,i.-Autonomie's explicit mode ls. submodels, and 
controls for hybrid and electric vehicles have been continuously validated over the past several 
years,529 as Autonomie was developed from the beginning to address the complex task of 

"l t:c ,'. ~ 11,n:. J ~ i:t+t-+tt-t+t: .\.l . .\+d~tn+rl-; I cl, t \ t ,te 111 __ l ln.~ \.n-ttf.,·1 11 I 1 
\ \.111 11 Ir tl, i<l,1•-tH1-h<>tt 
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.l ~i+tl#t ~ ~r• \ ,· ,ii \ I , le fll .1 11 J ( , !•~ 14- 1~~ 1· I l;ir \ \ I ~- '.l.1-hl l +o-"!._H•t: ~ 

'-\4-l·c"t.Jll c I l'.11 c l _ Ii • ••1 I I HI 1 .. 111....---.--l-t-,.....- 111 _ - 01."'-..J..l..i--UJ. , 

"" Karbowski, D., Kwon. J .. Kim. N .• & Rousseau, A., "Instantaneously Optimized Controller for a Multimodc 
Hybrid Electric Vehicle." SAE paper 1010-01-0816, SAE World Congress, Detroit, April 2010: Sharer. P., 
Rousseau, A., Karbowski. D .. & Pagerit, S. "Plug-in Hybrid Electric Vehicle Control Strategy - Comparison 
between EV and Charge-Depleting Options:· SAE paper 2008-01-0460. SAE World Congress, Detroit (April 2008): 
and Rousseau, A., Shidore. N., Carlson, R., & Karbowski. D. "Impact of Battery Characteristics on PHEV Fuel 
Economy."' AA8C08; Jeong, J., Kim, N .. SLutenberg, K., Rousseau, A., "Analysis and Model Validation of the 
Toyota Prius Prime," SAE 2019-01-0369, SAE World Congress, Detroit, Apri l 2019; Kim, N, Jeong, J. Rousseau. 
A. & Lohse-Busch, H. "Control Analysis and Thermal Model Development of Pl IEV," SAE 2015-01-1157. SAE 
World Congress, Detroit, April 15; Lee, 0. Rousseau, A. & Rask, E. "Development and Validation of the Ford Focus 
BEV Vehic le Model." 2014-01 -1809, SAE World Congress, Detroit, Apr l4; Kim, N .. Kim, N .. Rousseau, A., & 
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combining two power sources in a hybrid powertrain. \ 11. 1,111 flAI~ lu1·, \lllflAflmi.> l>t"en 
··rautiAel:, •,trt'11gthe1w,.J b: 1n€oq1onil1Rg culliAg ed!'!<' 2020 2025 automt>ti•, e lt'elrnt1iugie~. It> 
t'A.,ure the~ rdlt"el 111 .. a\ailaelt' iAiJ"n•,<'lllt'lll',." .\utonnmic·, modt'I·,. • u0mt11.lel... ,ind ,ontml, 
v,t're •,1Jli!l1Ht'd for Lhe.,e 11~1::hnnl1:1git", .. ,en beft1rt' the'., 11<:'re ineAFflOFl:llt'tl in \I Pl I\. 

Also regarding the inputs to both models, as highlighted in Section [xxx], and discussed 
above, inputs and assumptions for the ALPHA modeling used for the EPA Draft TAR and 
Proposed Determination analysis were projected from benchmarking testing. V. hile ii 1, 
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SAE World Congress, Detroit, Apr. 13.; Kirn. N., Rousseau, A., & Rask, E. "Autonornie Model Validation with 
Test Data for 2010 Toyota Prius:· SAE 20 12-01-1040. SAE World Congress. Detroit, Apr l2; Karbowski, D .. 
Rousseau, A, Pagcrit, S .. & Sharer. P. "Plug-in Vehicle Control Strategy - From Global Optimization lo Real Time 
Application;· 22th International Electric Vehicle Symposium (EVS22). Yokohama. (October 2006). 
~3~ 2015 NAS Report at 82. 
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Regarding the technical expertise of the team conducting the effectiveness modeling, 
ICCT commented: 

[T]he agencies should also disclose how much commercial business is conducted 
by the Ricardo, IA V, and Argonne Autonomie teams that underpin the modeling of EPA 
and NHTSA, respectively, including how much related research they have done for auto 
industry clients over the past ten years. We mention this because we strongly suspect that 
Ricardo, upon which EPA built its ALPHA model, has done at least an order of 
magnitude (in number of projects, person-hours, and budget) more work with and for the 
automotive industry than the IA V and Autonomie teams have in direct work for 
automotive industry clients. A conventional government procurement effort that 
competitively vets potential research expert teams would presumably have selected for 
such automotive industry credentials and experience, yet it appears that the agencies are 
wholly deferring to Autonomie's less rigorous research-grade modeling framework and 
data due to convenience and easier access by the NHTSA research team, rather than for 
any technical improvement, and this is to the detriment of showing clear understanding of 
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real-world automotive engineering developments (as demonstrated by many erroneous 
technology combination results throughout these comments). 

First, NHTSA follows Federal Acquisition Regulation (FAR) to award contracts and 
lnteragency Agreements (lAAs).5, " and any awarded contracts and IAAs must follow the FAR 
requirements. Importantly, FAR 3.1 01 -1 includes key aspects of conduct and ethics that HTSA 
must follow in awarding a contract or !AA: 

Government business shall be conducted in a manner above reproach and, except as 
authorized by statute or regulation, with complete impart iality and with preferential treatment for 
none. Transactions relating to the expenditure of public funds require the highest degree of 
public trust and an impeccable standard of conduct. The general rule is to avoid strictly any 
conflict of interest or even the appearance of a conf1 ict of interest in Govern rnent-contractor 
relationships. While many Federal laws and regulations place restrictions on the actions of 
Government personnel, their official conduct must, in addition, be such that they would have no 
reluctance to make a full public disc losure of their act ions. 

While some factors are more relevant than others in considering whether to award a 
contract or enter into an \AA, the amount of work that an organization has performed, 
characterized by projects, person-hours, and budget, is only one ofa multitude of factors that is 
considered (ifit is even considered at all - an agency might not request this information and an 
organization might decline to provide it because of contractual clauses or to protect commercial 
business interests) when assessing whether an organization meets the agency's needs for a 
specific task. Other factors, such as the federal budget, also set boundaries for the scope of work 
that can be performed under any competitive government procurement effort. 

As discussed throughout this section. the team at Argonne National Laboratory behind 
Autonomie has developed and refined a state-of-the-art tool that is used by the automotive 
industry, government agencies, and research or other nongovernmental institutions around the 
world. The tool has been and continues to be validated to production vehicles, and updated to 
include models, submodels, and controls representing the state-of-the-art in fuel economy 
improving technology. To the extent that ICCT believes that "research done for auto industry 
cl ients," ''work with and for the automotive industry," and "automotive industry credentials and 
experience," are metrics upon which to base this type of important decision, the agencies point 
ICCT to the statements from the automotive industty, above, recommending Autonomie be used 
for technology effectiveness modeling. ICCT can rest assured that the merits of all potential 
approaches to estimating technology effectiveness were thoroughly considered before ANL and 
the Autonomie tool were ultimately selected for this rulemaking. 

ICCT concluded that "[w]hile the agencies are in their process of conducting a proper 
vetting of their NPRM's foundational Autonomie-based modeling, we recommend that they re ly 
on what appears to be the superior and better vetted technology modeling approach with more 

' " Federal Acquisition Regulation (FAR). hnps://www.acquisition.gov/. 
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thorough and state-of-the-art advanced powertrain systems modeling and engine maps from the 
EPA ALPHA modeling.'' 

The agencies properly vetted the Autonomie modeling and decided that Autonomie 
represented ~-1 n.:a,onabl~ and appn,priat~ tool to provide technology effectiveness 
estimates for this rule making. To the extent that commenters' concerns were more about the 
effect iveness results than the tools used to model technology effectiveness, modeling updates 

detailed in the Section [xxx], below, address those comments. While some commenters may still 
be dissatisfied with Autono111ie's technology effectiveness estimates, the agencies believe that 
the refinement of inputs and input assumptions, and associated explanation of why those 
refinements are appropriate and reasonable, have appropriately addressed comments on these 
issues. Important ly, none of these refinements have led either agency to reconsider using 
Autonomic for this rulemaking analysis. 

Additional discussion of the agencies' decision to rely on one set of111odeling tools for 
this rulemaking is located in Section [xxx] of this preamble. 

c) Technology £.fJectiveness Values Implementation in the CAFE 
Model 

While the Autonomic model produces a large amount of information about each 
simulation run-for a single technology combination, in a single technology class- the CAFE 
model only uses two elements of that information: battery costs (discussed in detail in Section 
[Battery Costs]), and fuel consumption on the city and highway cycles. We combine the fuel 
economy information from the two cycles to produce a composite fuel economy for each vehicle, 
on each fuel. Plug-in hybrids, being the only dual-fuel vehic les in the Autonomie simulation, 
require e'fliciency estimates of operation o n both gasoline and electricity-as well as an estimate 
of the utility factor, or the number of miles driven on each fuel. The fuel economy information 
for each technology combination, for each technology class, is converted into a single number 
for use in the CAFE model. 

As described in greater detai l below, each Autonomie simulation record represents a 
unique combination of technologies, and we create a technology "key" or technology state vector 
that describes all the technology content associated with a record. The 2-cycle fuel economy of 
each combination is converted into fuel consumption (gallons per mile) and then normalized 
relative to the starting point for the s imulations. In each technology class, the combination with 
the lowest technology content is the VVT (only) engine, with a 5-speed transmission, no 
electrification, and no body-level improvements (mass reduction, aerodynamic improvements, or 
low ro lling resistance tires). This is the reference point (for each technology class) for all the 
effectiveness estimates in the CAFE model. The improvement factors that the model uses are a 
given combination's fuel consumption improvement relative to the reference vehicle in its 
technology class. 

Forthe majority of the technologies analyzed within the CAFE Model, the fuel economy 
improvements were derived from the database of Autonomie's detailed full-vehicle modeling 
and simulation results. In addition to the technologies found in the Autonomie simulat ion 
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database, the CAFE modeling system also incorporated a handful of technologies that were 
required for CAFE modeling, but were not explicitly simulated in Autonomie. The effectiveness 
of these technologies either could not be,captured on the 2-cycle test, or there was no robust data 
that could be used as an input to the full-vehicle modeling and simulation, like with emerging 
technologies such as advanced cylinder deactivation (ADEAC). These additional technologies 
are discussed further in Sections [Technology Effectiveness] and [Individual Technologies]. For 
calculating fuel economy improvements attributable to these additional techno_logies, the model 
used defined fuel consumption improvement factors that are constant across all technology 
combinations in the datr)base and scale multiplicatively when applied together. The Autonomie
simulated and additional technologies were then externally combined, forming a single dataset of 
siinulation results (referred to as the vehicle simulation database, or simply, database), which 
may then be utilized by the CAFE modeling system. 

To incorporate the results of the combined database of Autonomie-simulated and 
additional technologies, while still preserving the basic structure of the CAFE Model's 
technology subsystem, it was necessary to transla'te the points in this database into corresponding 
locations defined by the technology pathways. By recognizing that most of the pathways are 
unrelated, and are only logically linked to designate the direction ln which technologies are 
allowed to progress, it is possible to condense the paths into a smaller number of groups based on 
the specific technology. ln addition, to allow for technologies present on the Basic Engine and 
Dynamic Road Load (DLR-i.e., MASS, AERO, and ROLL) paths to be evaluated and applied 
in any given combination, a unique group was established for each of these technologies. 

As such, the following technology groups are defined within the modeling system: 
engine cam configuration (CONF[G), VVT engine technology (VVT), VVL engine technology 
(VVL), SGDl engine technology (SGDI), DEAC engine technology (DEAC), non-basic engine 
technologies (ADVENG), transmission technologies (TRANS), electrification and hybridization 
(ELEC), low rolling resistance tires (ROLL), aerodynamic improvements (AERO), mass 
reduction lev«ls (MR), EFR engine technology (EFR), electric accessory improvement 
technologies (ELECACC), LOB technology (LOB), and SAX technology (SAX). The 
combination of technologies a!_ong each of these groups fonns a unique technology state vector 
and defines a unique technology combination that corresponds to a single point in the database 
for each technology class evaluated within the modeling system. 

As an example, a technology state vettor describing a vehicle with a SOHC engine, 
variable valve timing (only), a 6-speed automatic transmission, a belt-integrated starter 
generator, rolling resistance (level I), aerodynamic improvements (level 2), mass reduction 
{level 1), electric power steering, and low drag brakes, would be specified as "SOHC; VVT; 
AT6; BlSG; ROLL! O; AER020; MR I; EPS; LDB."533 By assigning each unique technology 
combination a state vector such as the one in the example, the CAFE Model can then assign each 
vehicle in the analysis fleet an initial state that corresponds to a point in the database. 

53J In the example technology state vector, the series of semicolons between VVT and AT6 correspond lo the engine 
technologies which are not included as part of the combination, while'the gap between MR! and EPS ~orresponds to 
EFR and the omitted technology after LDB is SAX. The extra semicolons for omitted technologies are preser\'ed in 
this example for clarity and emphasis, and will not be included in future examples. 
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Once a vehicle is assigned (or mapped) tp an appropriate technology state vector (from 
one of approximately three million unique combinations. which are defined in the vehicle 
simulation database as CONFIG; VVT; VVL; SGDI; DEAC; ADVENG; TRANS; ELEC; 
ROLL; AERO; MR; EFR; ELECACC; LOB; SAX), adding a new technology to the vehicle 
simply represents progress from a previous state vector to a new s,tale vector. The previous state 
vector simply refers to the technologies that are currently in use on a vehicle. The new state 
vector, however, is computed within the modeling system by adding a new technology to the 
combination of technologies represented by the previous state vector, while·simultaneously 
removing any other technologies that ar,e superseded by the newly added one. 

For example, consider the vehicle with the state vector described as: SOHC; VVT; A 'r6; 
81S0; ROLLI0; AERO20; MRl; EPS; LOB. Assume the system is evaluating PHEV20 as a 
candidate technology for application on this vehicle. The new state vector for this vehicle is 
computed by removing SOHC, VVT. AT6, and BISG technologies from the previous state 
vector/14 while also adding PHEV20, resulting in the following: PHEV20; ROLLl0; AERO20; 
MRI; EPS; LOB. 

From here, ii is relatively simple to obtain a fuel economy improvement factor for any 
new combination of technologies and apply that factor to the fuel economy of a vehicle in the 
analysis fleet. The formula for calculating a vehicle's fuel economy after application of each 
successive technology represented within the database is defined, simply put, as the difference 
between the fuel economy improvement factor associated with the technology state vector before 
appli_cation of a candidate technology, and after the application of a candidate technology.535 

This is applied to the original compliance fuel economy value for a discrete vehicle in the MY 
2017 analysis fleet, as discussed previously in Section [Technology Effectiveness]. 

The fuel economy improvement factor is defined in a way that captures the incremental 
improvement of moving between points in the database, where each point is defined uniquely as 
a combination of up to 15 distinct technologies describing, as mentioned above, the engine's cam 
configuration, multiple distinct combinations of engine technologies, transmission, electrification 
type, and various vehicle body level technologies. 

Unlike the preceding versions of the modeling system, the current version of the CAFE 
Model relies entirely on the vehicle simulation database for calculating fuel economy 
improvements resulting from all technologies available to the system. The fuel economy 
improvements are derived from tl1e factors defined for each unique technology combination or 
state vector. Each time the improvement factor for a new state vector is added to a vehicle's 
existing fuel economy, the factor associated with the old technology combination is entirely 
removed. In that sense, application of technologies obtained from the Autonomie database is 

534 For more discussion of how 1l1e CAFE Model handles technology supersession, see [CAFE Model 
Documentation]. 
"' For more discussion of how the CAFE Model calculates a vehicle's fuel economy where the vehicle switches 
from·one type of fuel to another, for example. from gasoline operation to diesel operation or from gasoline operation 
to plug0in hybrid/electric vehicle operation, see [CAFE Model Documeniacion]. 
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"self-correcting" within the model. As such, special-case adjustments defined by the previous 
version of the model are not applicable to this one. 

Meszler Engineering Services, commenting on behalf ofNatural Resources Defense 
Council, commented that"[ w]ith very limited exception, technology is not included in the 
NPRM CAFE mode! ifit Wf!S not included in the simulation modeling that underlies the ANL 
database," citing the "add-on" technologies and technologies -with fixed effectiveness values.530 

Meszler continued, "[t]his same limitation controls the coupling of technologies, and by 
extension the definition of the CAFE model technology pathways. [fa combination of 
technologies were not modeled during the development of the ANL database. that package (or 
combination) of technologies is not available for adoption in the CAFE modeL Both of these 
design constraints serve to limit the slate of technologies available to respond to foe! economy 
standards. The slate ofavailable technologies is basically constrained to those included in 
NHTSA 's research activity. Jfa technology or technology combination was not in the NHTSA 
research planning process, it is not available in the model." Finally, Meszler stated that ''.because 
of the constrained model architecture and the reliance on thi,: ANL database for impact estimates, 
independently expanding the model to include additional technologies or technology 
combinations is not trivial." 

We agree that expanding the database to include new technologies is not trivial. 
However, it is possible. The set of available technologies is part of the model code, and the code 
is made public upon each release of the model. Many commenters made modifications to the 
model code, conducted additional tests of their own, and presented their results to the agencies in 
the form of public comments before the end of the public comment period. A user could add the 
new technology, identify the associated engineering restrictions that determine combinations for 
which that technology should not be considered, and add the relevant rows (representing possible 
technology combinations that include the new tec-hnology) in the database (which exists locally 
on every computer that runs the model). An enterprising user could also take an existing 
technology along a given path and replace the efficiency values with new values-presumably 
from their own full vehicle simulations for each technolog)' combination that contains the 
technology in question. Given the length of time and computing power required to simulate 
vehicle fuel economy on the test cycle for every possible combination that could be considered 
by the CAFE model, using a pre-defined database that represents a large ensemble of simulated 
technology combinations is preferable to the alternative of fully integrating a vehicle simulation 
model that would be required to run in real-time during the compliance simulation to evaluate 
the effectiveness of every combination considered {not just applied) by the model. 

5. Technology Costs 

In the pl'oposal, the agencies estimated present and future costs for fuel-saving 
technologies, taking into consideration the type of vehicle, or type of engine if technology costs 
vary by application. These cost estimates are based on three main inputs. First, the agencies 
estimated direct manufacturing costs (DMCs), or the component and labor costs of producing 
and assembling the physical parts and systems, with estimated costs assuming high volume 

'-'6NHTSA-20J 8-0067-11723, at 4-5. 
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production. DMCs generally do not include 1he indirect costs of tools, capital equipment, 
financing costs, engineering, sales, administrative support or return on investment. Second, the 
agencies accounted for these indirect costs via a scalar markup of direct manufacturing costs (the 
retail price equivalent, or RPE)_ Finally, costs for technologies may change over time as industry 
streamlines design and manufacturing processes. The agencies therefore estimated potential cost 
improvements with learning effects lLE). The retail cost of equipment in any future year is 
estimated to be equal to the product of the DMC, RPE, and LE. Considering the retail cost of 
equipment, instead of merely direct manufacturing costs, is important to account for the real
world price effects ofa technology, as well as market realities. Absent a government mandate, 
motor vehicle manufacturers will not undertake expensive development and production efforts to 
implement technologies without realistic prospects of consumers being willing to pay enough for 
such technology to allow for the manufacturers to recover their investment. 

a) Direct aVam!facturing Costs 

Direct manufacturing costs (DMCs) are the component costs of the physical parts and 
systems that make up a complete vehicle. The analysis used agency-sponsored tear-down studies 
of vehicles and parts to estimate the OM Cs of individual technologies, in addition to independent 
tear-down studies, other publications, and confidential business information. In the simplest 
cases, the agency-sponsored smdies produced results that confirmed third-party industry 
estimates, and aligned with confidential information provided by manufacturers and suppliers. 
In cases with a large difference bet\veen the tear-down study results and credible independent 
sources, study assumptions were scrutinized, and sometimes the analysis was revised or updated 
accordingly. 

Due to the variety ,of technologies and their applications, and the cost and time required 
to conduct detailed tear-down analyses, the agencies did not sponsor teardown studies for every 
technology. In addition, many fuel-saving technologies were considered that are pre-production, 
or sold in very sma!I pilot volumes. For those technologies, a tear-down study could not be 
conducted to assess costs because the product is not yet in the marketplace for evaluation. In 
these cases, the agencies relied upon third-party estimates and confidential infonriation from 
suppliers and manufacturers were relied upon; however, there are-some common pitfalls with 
relying on confidential business information to estimate costs. The agencies and the source may 
have had incongruent or incompatible definitions of"baseline." The source may have provided 
DMCs at a date many years in the future, and assumed very high production volumes, imp0rtant 
caveats to consider for agency analysis. Tn addition, a source, under no contractual obligation to 
the agencies. may provide incomplete and/or misleading information. In other cases, intellectual 
property considerations and strategic business partnerships may have contributed to a 
manufacturer's cost information and could be difficult to account for in the model as not.all 
manufacturer's may have access to proprietary technologies at stated costs. The agencies 
carefully evaluated new information in light of these common pitfalls, especially regarding 
emerging technologies. 

Specifically, the analysis used third-party, forward-looking information for advanced 
cylinder deactivation and variable compression ratio engines. While these cost estimates may be 
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preliminary (as is the case \'.:ith many emerging technologies prior to commercialization), the 
agencies consider them to be reasonable estimates of the likely costs of these technologies. 

While costs for fuel-saving technologies reflect the best estimates available today, 
technology cost estimates will likely change in the future as technologies are deployed and as 
production is expanded. For emerging technologies, the best information available at the time of 
the analysis was utilized, and cost assumptions will continue to be updated for any future 
analysis. Below, discussion of each category of technologies (e.g., engines, transmissions, 
electrification) summarizes comments on corresponding direct cost estimates, and reviews 
estimates the agencies have applied for today's analysis. 

b) Indirect Costs 

As discussed above, direct costs represent the cost associated with acquiring raw 
materials, fabricating parts, and assembling vehicles with the vario,1s technologies manufacturers 
are expected to use to meet future CAFE and CO2 standards. They include materials, labor, and 
variable energy costs required to produce and assemble the vehicle. However, they do not 
include overhead costs required to develop and produce the vehicle, costs incurred by 
manufacturers or dealers to sell vehicles, or the profit manufacturers and dealers make from their 
investments. Al! of these items contribute to the price consumers ultimately pay for the vehicle. 
These components of retail prices are illustrated in Table VI-15Table Vl-15 below. 

Table VJ-15 - Retail Price Components 

DIRECT COSTS 

M1m11facturin<> Cost Cost of materials, labor, and variable en needed for nro<luction 

INDIRECT COSTS 

Production Overhead 

Warran"' Cost ofnrovidin" nroduct warrant,· 

Research and Oevelonment Cost of develonin" and en<rineerin<r the nroduct 

Depreciation and amortization Oenreciation and amortization ofmanufocturino- facilities and coui ment 

Maintenance, renair, onerations Cost ofmaintaininu and onernting manufacrnrin<> facilities and eouinment 

Cornorate Onrhead 

General and Administrative Salaries ofnonrnanufacturlma labor, onermions ofco rate offices, etc. 

Retirement Cost of~nsions for nonmanufac(urln~ labor 

Health Care Cost of health care for nonmanufacturin~ labor 

Sellin" Costs 

T ransoortation Cost oftrans....,rtin" manufactured ,oods 

Marketin" Manufacturer costs of advertising manufactured uoods 

Dealer Co~ts 

Dealer sellin° ex""nse Dealer sellin" nnd advertisln<> cxnense 

Dealer nrofit Net Income to dealers from sales of new vehicles 
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~et income Net income to manufacturers from roduction and sales of ne" l'ehicles 

In addition to direct manufacturing costs, the agenc ies estimated and considered indirect 
manufacturing costs. To estimate indirect costs. direct manufacturing costs are multiplied by a 
factor to represent the average price for fuel-saving technologies at retail. 

In the Draft TAR and preceding CAFE and safety ru lemaking analyses, N HTSA relied on 

a factor. referred to as the retail price equivalent (RPE). to account for indirect manufacturing 
costs. The RPE accounts for indirect costs like engineering. sales, and administrative support, as 
well as other overhead costs, business expenses. warranty costs, and return on capital 
considerations. In the Draft TAR (and subsequent Determination) as well as the 2012 
ru lemaking analysis, EPA applied an ''Indirect Cost Multiplier" (ICM) approach that it first 
appl ied in the 2010 rulemaking regarding standards for MYs 2012-20 16, which a lso accounted 
for indirect manufacturing costs, albeit in a d ifferent way than the RPE approach. 

Some commenters recommended the agencies rely on the ICM approach for the current 
rulemaking, citing EPA 's prior peer review and use of this approach.537 Others supported the 
agencies' reliance on the RPE approach. citing the National Research Counci l's observations in 
2015 that the ICM approach lacks an empirical basis.538 The agencies have carefully considered 
these comments, and conclude that while the ICM approach has conceptual merit, it , t1rrlit:mit111 
requirt?. a nrnge of, p<',I fi, e.,liAldl<' ,. aAEl Elu1~ h1 ,u1apt1rt ·,u,h e ,li111e1e, i·, . ctllH a11d. i11 ,nm<' 
.. a ,e •. F!llne•,i ,h?AL I lk .t,!c11, i<' ,-1-h-th·. tht1Ll111 c. "l'l'I ic',l·the RPE approach for this final rule, as 
in the NPRM analysis and other rulemaking analyses. The following sections discuss both 
approaches in detail to expla in why the RPE approach was chosen for this final rule. 

(I) Retail Price Eq11iva!ent 

Historically, the method most commonly used to estimate indirect costs of producing a 
motor vehicle has been the retail price equivalent (RPE). The RPE markup factor is based on an 
examination of historical financial data contained in I 0-K reports filed by manufacturers with the 
Securities and Exchange Commission (SEC). It represents the ratio between the retail price of 
motor vehicles and the direct costs of all activities that manufacturers engage in, including the 
design, development, manufacturing, assembly, and sales of new vehicles. refreshed vehicle 
designs, and modifications to meet safety or fuel economy standards. 

Figure Vl-5 

Figure VJ-5 indicates that for more than th ree decades, the retail price of motor vehicles 
has been, on average, roughly 50 percent above the direct cost expenditures of manufacturers. 

m See. e.g .. ICCT, NHTSA-2018-0067-1174 1. Anachment 3, at 1-83. See also Cf A, NHTSA-2018-0067- 12005, 
Anachment B. at 189. 
538 See. e.g., Alliance, NHTSA-20 18-0067-12073. at 143. See also National Research Council, "'Cost, Effectiveness. 
and Deployment ofFuel Economy Technologies for Light-Duty Vehicles," 2015. available at 
hnps://www .nap.edu/catalog/2 I 7 44/cost-eff ect iveness-and-deployment-of-fue I-econ om y-lec hnologi es-for-Ii ghtduty
veh icles ("' . .. the empirical basis for such multipliers is stil l lacking. and, since their appl ication depends on cxpen 
j udgment, it is not possible for to dctcnni ne whether the Agencies· JC Ms are accurate o r not""). 
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This ratio has been remarkably consistent, a\·eraging roughly 1.5 with minor variations from year 
to year over this period. At no point has the RPE markup-exceeded 1.6 or fallen below 1.4. 53

g 

During this time frame, the average annual increase in real diiect costs was 2.5 percent, and the 
average annual increase in real indirect costs was also 2.5' percent Figure Vl-5Figure Vl-5 
illustr:i.tes the historical relationship between retail prices-and direct manufacturing costs.540 

An RPE of 1.5 does not imply that manufacturers automatically mark up each "·ehicle by 
exactly 50 percent. Rather, it means that, over time, the competitive marketplace has resulted in 
pricing structures that average out to this relationship across the entire industry. Prices for any 
individual model may be marked up at a higher or lower rate depending on market demand. The 
consumer who buys a popular vehicle may, in effect, subsidize the installation of a new 
technology in a less marketable vehicle. But, on average, over time and across the·vehicle fleet, 
the retail price paid by consumers has risen by about $1.50 for each dollar of direct costs 
incum,d by manufacturers. 
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Figure VI-5 - Historical Data for Retail Price Equivalent (RPE), 1972-1997 and 2007 

It is also important to note that direct costs associated with any specific technology will 
change over time as some combination of !earning and resource price changes occurs. Resource 
costs, such as the price of steel, can fluctuate over time and can experience real long-term trends 
in either direction, depending on supply and demand. However, the normal learning process 
generally reduces direct production costs as manufacturers refine production techniques and seek 
out less costly paits and materials for increasing production volumes. By contrast, this learning 
process does not generally influence indirect costs. The implied RPE for any given technology 

"" Based on data fi-om !972-1997 and 2007, Data were not avallable for intervening years, but results for 2007 
seem to indicate no significant change in the historical trend. 
l40 Rogozhln, A., Gallaher, M., &McManus, W .• 2009, Automobile Industry Retail Price Equivalent and Indirect 
Cost Multipliers. Report by RT1 lntematfonal to Office of Transportation Air Quality. U.S. Environmental 
Protection Agency, RTI Project Number 0211577.002.004, Febrnaiy, Research Triangle Park, N.C. 
Spinney, B.C., Faigin, B., Bowie, N .. & St. Kratzke, 1999. Ad,,anced Air Bag Systems Cost, Weight. and Lead 
Time analysis Summary Report, ContractNO. DTNll22-96-0-12003, Task Orders - 001. 003, and 005. 
Washington, D.C, U.S. Department of Transportation. 
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would thus be expected to grow over time as direct costs decline relative to indirect costs. The 
RPE for any given year is based on direct costs of technologies at different stages in their 
learning cycles. and which may have different implied RPEs than they did in previous years. 
The RPE averages 1.5 across the litetime of technologies of all ages, with a lower average in 
earlier years of a techno logy's life. and, because of learn ing effects on d irect costs, a higher 
average in later years. 

The RPE has been used in all NHTSA safety and most previous CAFE rulemakings to 
estimate costs. The National Academy of Sciences recommends RP Es of 1.5 for suppliers and 
2.0 for in-house production be used to estimate total costs. The All iance of Automobile 
Manufacturers also advocates these values as appropriate markup factors for estimating costs of 
technology changes. An RPE of2.0 has a lso been adopted by a coal ition of environmental and 
research groups (NESCCAF, ICCT. Southwest Research Insti tute, and TIAX-LLC) in a report 
on reducing heavy truck emissions, and 2.0 is recommended by the U.S. Department of Energy 
for estimating the cost of hybrid-electric and automotive fuel cell costs. 
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Table Vl-16 
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Table VJ-16 below lists other estimates of the RPE. Note that all RP£ estimates vary 
between 1.4 and 2.0, with most in the l .4 to 1. 7 range. 
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Table VI-16 - Alternate Estimates of the RPE541 

Author and Year Value, Comments 

Jack Faucett Associates for 
!.26 initial value, later corrected to 1.7+ by Sierra research 

EPA, 1985 

Vyas et al, 2000 
1.5 for outsourced, 2.0 for OEtvL electric, and hybrid 

vehicles 
NRC, 2002 1.4(correctedto>b, Duleep) 

McKinsev and Company, 2003 l. 7 based on Euronean studv 
CARB, 2004 1.4 (derived using the JFA initial 1.26 value, not the 

corrected 1.7+ value) 
Sierra Research for AAA, 2007 2.0 or>, based on Chn,sler data 
Duleeo, 2008 1.4, 1.56, 1.7 based on inte1nation complexity 
NRC, 2010 1.5 for Tier J supplier, 2.0 for OEM 

The RPE has thus enjoyed widespread use and acceptance by a variety of governmental, 
academic, and industry organizations. The RPE has been the most cotnmonly used basis for 
indirect cost markups in regulatory analyses. However, as noted above, the RPE is an aggregate 
measure across all technologies applied by manufacturers and is not technology specific. A 
more detailed examination of these technologies is possible through an alternative measure, the 
indirect i;;ost multiplier, which was developed to focus more specifically on technologies used to 
meet CAFE and co~ standards. 

(2) Indirect Cost Multiplier 

A second approach to accounting for indirect costs is the indirect cost multiplier (ICM). 
ICMs specifically evaluate the components of indirect costs likely to be affected by vehicle 
modifications associated with environmental regulation. EPA developed the ICM concept to 
enable the application of markups more specific to each technology. For example. the indirect 
cost implications of using tires with better rolling resistance would not be the same as those for 
developing an entire new hybrid ·vehicle technology, which would require far more R&D, capital 
investment, and management oversight. With more than 80 different technologies available to 
incrementally achieve fuel economy improvements,54~ a wide range of indirect cost effects might 

!41 Duleep, K.G. "21!1!8 .fou(\·sis ofTedmo!og,; Cost and Retail Price.~ Presentation to Committee on Assessment 
ofTechnologles for Improving Light Duty Vehicle Fuel Economy, January 25, Detroit, Ml.; Jack Faucett 
Associates, September 4, 1985, Update of EPA 's Motor Vehicle Emission Control Equipm~nl Retail Price 
Equivalent (RPE) Calculation Fonnula. Chevy Chase, MD - Jack Faucett Associates; Mc Kinsey & Company, 
October 2003. Preface to the Auto Sector Cases. l\few Hvri:om - Mu!tinationul Company lnre.W>Je/11 in Dereloping 
Economies, San Francisco, CA.; NRC (National Research Council), 2002. Effectiveness and Impact of Corporate 
Average Fuel &onomy Standards, Washington, D.C. - The National Academies Press; NRC, 201 L Assessment of 
Fuel Economy Technologies for Light.Duty Vehicles. Washington, D.C.- The National Academies Press; Sierra 
Research, Inc., November 21, 2007, Study oflndustry-Average Mark-Up Factors used to Estimate Changes in Retail 
Price Equivalent (RPE) for Automotive Fuel Economy and Emissions Control S>·stems, Sacramento, CA - Sierra 
Research, Inc.; Vyas, A. Santini, D .• & Cuenca, R. 2000, Comparison oflndirect Cost Multipliers for Vehicle 
Manufacturing. Center for Transportation Research, Argonne National Laboratory, April. Argonne, 111. 
!4~ There are roughly 40 different basic unique technologies, but variations among these technologies roughly double 
the possible number of different technology applications. 
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be expected. ICMs anempt to isolate only those indirect costs that would have to change to 
develop a specific technology. Thus, for example, if a company were to hire additional staff to 
sell vehicles equipped with fuel economy improving technology, or to search the technology 
requirements of new CO2 or CAFE standards, the cost of these staff would be included in IC Ms. 
~j. 1\'oe'h'L I I lilt'•<' I ttttt4it+A-.-\\·t'f<' m.·t.omt•I t,1"11:.'d ~_.-<'\Isl H~ ,t,,j I lht'~ ~nHl,~+tt •< l>c Hlt.#lt4t'tt-
h •r t"«ll11j'II:'. I I <iii t'\cctlll'• t' •,, h,, lh'I IH<1lly d.:1,11<",I I 11 j'dll Ill , I l,1 li111c I, I~" I .·,~ 
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l!LI' l'clf, 1111.llltt' lt'tli,11 <1:it ,. , J 11111>r,,, in_ 11,t' u•111rt111: ·, 111 .. 11,ti ,IJ .. rc ll \I ilrn cl, 11,•I 
t1c<1•llll! !, r iii<' d1>c-rkd re •llllkt' l<'t1t1i·c"cl I, I mm+Him.--+,>-ttt.,.,.f~latt<M+<~-..--1>\11+~ 
1,,r lhc· llc'l thtl~+H··H ... h m,mul,tt.lll!"t'f 1111,.:111 t.''<l't'l"lt'lkc' i>c'tdll c' ,,r h11 Ill;.>,,,.,,,,,, i.l l't'I" t'lldl 
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For past rulemakings EPA developed both short-term and long-term ICMs. Long-term 
ICMs are lower than short-term ICMs. This decl ine reflects the belief that many indirect costs 
will decline over time. For example, research is initia lly required to develop a new technology 
and apply it throughout the vehicle fleet, but a lower level of research will be required to 
improve, maintain, or adapt that new technology to subsequent vehicle designs. 
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mel Jnd "k1elflped an eslima1e of IC~h for three eifferem 1et:h1rnlogit"_,. rhi•, .. ettfl• ,,m ,u :· flilAt!I 
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t'tlft'w-~1~ e'<a111inc! three mt1re 1eek1mlt1;ic::, (one ltw,, tine 111etlium. anti 1111.- high -t•mplc•,it~ 1. 
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pm1el ii:lentiliet.l the ..ame panern a, 1hn .e of 1l1t! t1rigi1lal repm'l tilt:' iHt.lire.-t et>~l 1m1ltifllic:r, 
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• PHb\, 11 ill1 baller:, Jlat.lu trnd full ele.-1rit:, t'l,ielt':, ,1ere t':,1i1mll<'d lo e41c1ttl the IC. \1 ,,I 
the higl1 t:11111f'le•,it~ n1,;,ailietl Delrl1i aa·-etl 1,iJ:.!h tech11ah1,,,~ f'lug in h:, l>ri.l elet:lrit: 
~ 

111 aaEli1i0H 1t1 .,litl1ing !he pFt:1x:, Fla-,i·, ftir eudi !t>clurnlug:, gmttp. lAc agen,·it'· 
Ft't'•,ammt'tl t'!!eh lt't:h1rnh1~ ·, ..:omrle•,it:, de:.i;na1i,,n iA ligl1t flflhe c'.tHHined lt'clrncltt.::"ic, tht1l 
\ltluld ·,t'n" a· the aa:,i·, k'lr eacll group. rl1e re'.,ulting lfr.,ig11mioll', wg,·tht'r "i1l1 tht' a ...... ~ 
pru,:, teclmologies are ,h,mn in ral>le \ I I>·. 

fablt' \ I I~ l eehnt1ltlg:, De.,i;nalion, h:, IL \I Catt',;or>. 11. i1h l'rtl\:, I ethnlllO!-,"." 

Lo11 Teeluwlott•, 
Jle;,si, e At!rod~ nam i.: 

I 

Pa•,•,j,. t:' . \t:'ratl·, namie 
~ 

Lubricdlll i111rr-m c!lllc'AL, 

",I~,•. Rt'EIU€1ifln~: 10°, 

L:ngine I rie11on 
ReE1u.1it111 

[ nc:ine Dav, n,ili11c: 

Lo,\ Dra..? Brake_, 
f.lt:'t:lro h~ tlm1:1lit: 13m1 er 
~ 

Elee1ronk pa,1er 
~ 

r· 

ltnrnwea acce,,erie. 

lc-!!rl~ ltll'tjllt:' eQA', t'flt?F 

~ 

FAgin<' l1c1rhE1 
Ot1\\w;i?im: 

Ma,,,·, Reduetit111 15 
20"u 

C1, linEler tlt>eeliletion 
Du11I HIii<' timin; ana 

aisereel liti 
C, ...... :, '. .... -

, , , oh ·,tan 1,lllf! 

~ 

\c1i\e a<!roo:11 namie·, 
Di\ t:"rting om ~,OI-K 

10 DOHC 
Gasalint: Elir<'c'I 

injt:'clitm 

I tH""1u J,w,n.,i,·ing 
~ 

Dit:'sel \ ehi1:lt!s 

wmaek 1ahe lift anEI 
~ 

I .-an Imm gu •l•lint:' 
~ 

Iii.di I t!cR I 
11:, l>riEI Ll<!ctrit: 
~ 

\trong I I~ hrid· 

PIIL\ ant.I n · 
~ 

Pl IL\',,, " 
~ 

I li..?h I <'ell 1 

Pitt):.! ill 11:,hrid 
i::1e,1ri€ \ ·ehi,de 

Pl II.'\' huftc!r~ rrn:I, 
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\Ian~ ba.i.: 1e.:llnolegie,, Antee iA fable\ I i'I ha•,e •,uriation•, ,h,mn__: th!:! •,a1'!'1t: 
,;;;i1t1pl1.»,il: de,ignatinA aml ll \1 ,ui,,,alit. I ul:alit \ I I 'I Ii ,I, t"ad, kdmulOJ:!~ a ,etl in 11,e C \I I 
moed 10__:ether • .,. it A 11,eir IC:\I c<1tcgor:, and the~ ear thniugh ,,., hidi 11,e _,1'111r1 lt·rm IC~ I 1•. 1.1ult.l 
be DJ1plieEI. '~t11e 11'101 the At1mher l:aehilld et1t'I, I( \I u11egor:, Je,ig.natieA rel~r~ 10 the .,em,,: RI 
1~\.l e<,li1m,1e. "ith I indi..:alins 1he l'llA:,e1htb panel ,md 2 iAdkuti~ the nwdilied l~ 
~ 

luhle \ I 19 IC\I t:alegHrit':i aHd \lwrt I L'RH IC!l.l '>,t:hetlult', !Cir l \11 I e"hm1lt1:;ie·, 

i-AI ~ 
fedinol11g~ +-

l ah.•.~.ir, ~ 
h+-,•.-+rililien lct1eri~an1,, le, el I ~ ~ 

fn~iAe I rietien RetlaetieR be1el I ~ 24»; 

be,,,, ~Ficlioll b,1briEflAb a!ld l:,n~int' 1-FictiOll lh•auetiBA bo·1 e-1 2 ~ 2021 
' ' 

.. '··' r • ·- ' ' I' 
r .l - . I , - - n 

,_ r, n -- ( " II ~ ~ ....... - -· - ..... - - -- .. - -- . 
Qi.Hele \ ariaBle l al\e l iii 11)1, \/l l an ~WIC: t..letfo11i1:l ~ 
l I lintier 9ea,;;1i1 tUiun .in l,Ql·IC: M~di,1fn;l ~ 
\ t1riai'llt! l, al, e liini11~ j\ \ I I h,1t1I,<' (c"t11,1 Pht1:,ill_!.! I It l'l ~ ~ 

Vt1Fiai'lle \ 'sl\e TiAli1H! fl, \ 'T1 Dual fam Pha•,ill\.! mc:?1 :>.leElit1m" ~ 
Di.,1::Fete Varialale l, al1t' bili !IJl, :I. bl t'lll i:)(:)11(, !i.l.-dittm2 ~ 
(; entimc1t:1t1~I•, Variaale \ ' al1 e bift 1(;·:i,·:i.·b I MeEliw11.;! J{m 

G~ lilld~F Dem,1i1a1ioll Oil 9(:ll4G t..lt'eit11112 ~ 
Si1ei.1'tie1'Aetric Gt1,eli11i.' Yim,! l11ie1::tieA !~1~11 \leElimi,2 ~ 
G, lintleF 9.-atllHttieA tm All\ :,,1.,.Jitm12 ~ 
\ 'r1riaAle l,'al,e ~e~t101ien C:<; Pana D\'n tlA Olll, l,lediim,2 ~ 
!,1ai1ckieFAt'IFif Gt1! 1:1l iAo:! 9iFei:I lnje.;tiAA (GDI! tlA 1::)1 P,' l,Jeeit11112 ~ 
TL1Fl,0eharJillg OREi Dtl'\Wi7iAg l.e•, el I 11 R 1,ar Rt>.lf-11-t-Small ~,lt'Sit1FA;l ~ ,..... T .... - ... -· 
I url,01::hargiA,; aAEI D.v ... n•,iLing I e\ d I 118 aar B'\llcP I Small 

'\letliumJ ~ ..... . ,. -.. '" .. .. 
Turi'loehargi11g a11tl 9tw,n.;ilin::- Le, el I f 18 ht1r BMEP1 \1etliurn ti.l<'dit11n~ ~ n ·.--1a1::eme111 l=areti 
l t1rbeel1argi11g nAEl D01111~i2'ing bl:'1el I I 18 ha, BMEP1 \ledium 

'\letlit1m2 ~ n· .... - --
rur!iaehargiAg a11d 1)011 n•,i,•ing Le•, el I ( HI l,ar B'\11 Pl barge \.ktm ~ ±4-µ,. n ·. r 

. lffi-: 

-· 
l meeelw.rg.ing aAil Dav, ASi2'iAg beh•I I (I~ bc,r B\lbPl Lc1rge l,leElium2 ~ r,· 

' " 

Tt1rl•ed,ai-gi11.; aAEI Den, A.,i;•i11,; l.<'H:12(]1 IMr B\l[PI '>mdll -\lt>tli,11i12 21l2 I 
''" . ' -r. 

l url3eehargi11g m,J 0.,11 n i,d11g bt:'1,el 2 (2 I EldFR'II Pl ~FRIIII 
',leil1t1m;l ~ n · '' --

Turauehargi11g and Qev, n~.iLing Lt!\ el 2 (2 I liar il' II Pl \ledi,11n 
~lefa1A,~ ~ ...... . ,.. 
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U---:\-1 
~ 

I t't:hnt1lflg~ -tt'fffi 
~ iJlt'.!tll, ~ 

Turllorh,1rging 1mJ D,m Fl"ilin,; I<'' i'I 2 12 I bar Rl\11 Pl '.lt!dium 
',hidium2 ~ , ...... 

' 
r, ... ·-. - - , .. 

Furhoelmrging and Di:n, A',ii'in~ Li!•,.d 1 I' I 1a,ff 1n11 Pl I ilF:,!t' 
',leJium2 .::021 ..... '· I .. ..... 

Turhediargitig ani:l Dm, n·.i;ing Lc,el 2 121 bar Q\lbPl Largt1 
'.l-,1fo1m2 :l.41-lo; 

"' " - .. _ -
C. t1elt'd i:; .• ,h,w ;t Ga<, Ret:ir.:t1la1ion It (1RJ L~>t'I I t2 I laar B'.11:PI \mall 

~,lt1dit1m2 2021 "' • ... 
-· 

Cnoled i.•,hat1•,t G<1·, Rt1dretilatit1R ([GRI le,d I 12 I barBt>.ltl'I \mall 
t>.lt11fo1m2 ~ "' · '· " 

C oole<l L"<hau~t G,~ Rt'.-ircuh1ti1m I r·(,R I I e,el I (21 bar FH,lbPl 
',lt1dit1R12 20.::1 -· 1 .... 1. ·--·-· :_ ·-··· ... ·-

Cnt1letl l.•,hnu,1 Ga., Recir0ula1ttHrtl~ e¼<!I I 12 I har I~!\ II Pi 
',leJimn2 ~ . 0: ...... -t, r, .... ..... - ... ·- .. .... -

Cmilt'd L·d1au·,1 Ga•, Reein:ulatien 1!.:UR) I e>•,el I 1.::1 lwB}.tf-:PJ Ldf,::-c' 
'1edi,mi2 ::021 '" T .. ., ···-- ,_, .. - .... 

C11elt"a E:·,haw,t Ga, Re.:ir.:ulaii1c1n I l:C,H) le• el I 121 l,,ar B' llil'J Larg~ 
~. letlium2 ~ - · -

<:01iled F•d1aus1 Ga~. Recirc,1la1i1 n (kbRl L ""''I 2 (27 !.ctr B~ ILPJ Small 
!l.1e!littm2 .::021 -· ·' -

C:00led b,halbl Ga:, Reeirrnla1it1n I I GRl I e, t'I 2 (27 bar Bt>.l[Pl ~mall 
~.letfa1m2 ~ ...... n ---

C eelea E1,hau:.1 Ga., Reein:ulati1•n ( l•GR l I e,t'I 2 (27 l,ar BMI-P) 
~.leditmi2 2021 . ..... . _ \ __ ~ T. ·-.... ,~ .... ·- ., -· 

C:aeletl l::,hau~t Ga, Ret'ircuh11i0n fH,R) I e~~~r-12+-
\l0eit1Hl2 ~ Medit1111 Qi•,f1la1:e1HeAI Qtl•~ 11~,i,•e 

Coulee F·,haw,1 Ga:, Rec'irct1latio11 (l:.<iRJ Le,el 2 (27 l'-lll B\lf P) Large 
~. lt'dium2 ~n:: I r.:. T - .. ... 

~~,0011,1 Gtb Reeiret1latit111 ( I tiRI Lt"1d , 127 lat1r B~H Pl hlf~ \letlit11'A2 ~ ..... . n -·- ... ' ...... _ ... 
J -· ' 

.,. 
:_ ",1edium2 .Jm.l. ··-· - ... ..... _, _. 

I ' r ...... 
~letlit1m2 ~ 

' .J. J - · ' I ,.... 
\lel'litrni:: ~ . ·- ~ 

" ·•-1 I .. , •-· , .. 
~ ~ - .... '"••~ -. - . , . ,r I ~ ~ - -- ....... . . ........ , .. .., _, 

<+-;' ' - I .... , I 'A ,t,, ~ ~ 
r --~ \l~ditim1 ~ .. ~- -. - ' , .,,. ..... f"\I" \ 1t~diu1'A2 ~ .. - ......... ..... ._. -

. L -:_-,..,.., ,• , r.~. 
~ ~ . - -

L I.• L> r,, •• : __ 
~ ~ ...... , ...... -· 

le leclrie Jley, er ~ 1eer1n.! ~ ~ 
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l-(;.,\.l 
~ 

~~ H!ffll 

'=\Ht:'.!llP. ~ 
I A111f,~1 ed i,l'ce ,St1Fie., be•,el I hw,J ~ 

1Alflr01 eel \Eees~,uri es be·,el 2 (,1 \hermHnr Regt'H ans 70" 11 elfo;ienl 
~ 2021 

ahe1~1a1en 
p1 - ' Mil'Fll 111 e, .. : ~ __ fflff-j \ledit1A1::: ~ 

lt11eera1ee ~,af¼er beneFi±Hl1 ~ ~ 

' II L _._, " ·- -·· -, \ I . J . . I I .. 
~ ~ - .. ·- - - ... -

I " 
.,_,. .., . I I ' n 

~ ~ - -
1c:un1 er~inn fretfl i..•11-,\ I 10 !>.H~\'2 ~ ~ 

l.i!fene. •h iirid ( P2 1iarallel t11 2 /,lede! be1el::: Bafh!t", ~ 202 I 

~,lrt1A!.! 111 l,.riel { P.., Parnllt'I ur 2 ~latld I t'1 t!I 2 ~H'.Hi Ball~P, ~ Jim 
n• ~- .. 

~ 21121 - -
l'lic1" in II· arid 2Q 111i r,me.e ~,ell1 BaHt>FI ~ ~ 
Plue. ill Ill eritl IU mi FBfl\.l.t' Bath!I", ~ 21121 
Pill!! in lal1 erid II:) mi FBA!!I? :,.li:lll B,mer1 ~ ~ 
r• .. \ .1.· . , r · . J .., - . , "· .. ~ ~ 
f_ ' . -= . ' ., .. . '. r , 

'' -~ ., '> . ... D ~ 20::: 1 ·- ... ., .. ,_ --· ._ .. --· 
r .... "· llie.h2 ~ - -
'- -= . \ ·'-. ,., __ ,_ 

' iron "- ·-- - , . n ... ~ 2021 - - .... -· 
f . I.~._.. -: . • \f •. I. '"'· ' ,en '.I .. n ~ 2021 - - 'u- - ... -- -
r . . ' ,.· r. _, .,. .. ·- ~ 2021 . - ·- . ~ 

flemie ¥ehiele {Breael ~larl,e1) l:iO t'Aile raA!!t! Bane,, ~ ~ 

blee1rie \ el1iele {Bread Marl,el! l!il:l 11iile raAl!.c' !:i,H3A B.iHeP, ~ 2l:l2 I 
latiel (;t!II \'t'l1i,de ~ 2021 
(;'ABF!.l.t'F Pl lb\ 20 1-+tehl 2021 
(; hBFl!.1:!F f!IIE\ rn ~ ~ 

fham.-F fl,, l-ttffi-1. 2021 
f'l1aFe:er baser ~ 2021 
h, hb!• ReaHelie11 be\el I tBY,-] ~ 

),!<1•,s Reelttclimi b:',el :i ~ 2-0-l-l-, 

\ la:,., Ret!HelieA be•,el: ~ ~ 

l,la_,, Reel11elie11 I e•,el I 6-l 20-l--i; 

>.la,, R.-ellletillll bt!,el? ~ ~ 

be,, Rollin~ Re,i ,1a11ee +ire., be,el I -6..wd 201~· 
1.1:1 .... RelliAg Re•,i,1anee liFt'S be•,el 2 ~ 2+12-4 
I tH\ Rolli11~ Re.,i,laAte J:1re_, Le.t'I ' ~ ~ 
I ~ n .. ~ ~ 

Se1:1:11iaap, ,l,•,le 1Ji,et11mecl ~ ~ 

:\ieFe Qra~ Reelllclil'lll. I e.el I hw,J ~ 

1,ern ~Ht!.l. R.-dHelieR. bti • .-1 :i \lesi1c1m2 ~ 
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\A atlai1icmol ;11cl,1 11s11Ht'AI \1t1s Amde 1n IL' ' h It• 0e.-n1:1At lor the la t'! 1h01 1h1?) v,t?rc 
tlt!ri\t'8 frem lht' RP~ ;mal~ •;i·, for u ·,peei1ie ~('Of eoo71. I he 11geneit'' ht:'lit'\t!d it '- tluld bt' 
more ilflprupriate 10 b<t;,e ICM., 1111 the <'?,pee It'd I.mg term d, t'nt,;e RPL r.11her thun that t>f un.
,pt!eilie :,ettr. 1 n a1ceot1A1 ll1 r thi~. IC:\h 11ere Anrnrnli1etl tn ttn U\•1m1g'-' RPl Arnllit1lier l'-'\t'I t1 I 

.J4. 

I ublc' \ I "Y Ii ,L, 1t1lt1e, efll\L lcl~ te.:lrnolu;~ tdh:!,!t•r:, 1:1,t?tl in tht' prt'1it1t1., \I\ ' YI 7 1025 
rnlt'Alill.ing. 6,·, noted f1Ft'1iousl~. l-he b-111 1 anEl \lt!tliuni I ,;utegori<",, 11hidi ·,1t're dt'ri-,d 
u0;i11g 1lw ini1ial e11A~t'A.,H f'AA'-'I. are nol '.l·,t',1 Shon term 1alHt''" ,tppli'-'d 10 C \If 1e.:h1111log1t' 
11111., rang<' fro1n 1.21 fer Ltv, eornrle'lcil~ let:h1ml11gie.,. I .J'I fr,r ~lelli,1111 .-mnf!le•,il~, 
teehnt1lo_;ies. 1.5'1 fer High I cOAlflle•,il) tt!cl1nuh.-1gi<' ,. anll I .77 for I ligh::'. fl-11fll91t''lcil) 
lt!~lmt1lt1git'.,. 'A h,:,n long lt?rni IC> 1, are ill'Pli'-'d in the!· ear foll1J•1 ing 1hat 1llltt!tl in tht' lttr right 
t:t1l1c111m nfTal-lt! \ I 2Q. 1l1e•,c: H1it1e , •,1 ill dFOfl !El I. I'> for Lo•,,. 1.2" for ~lttdi11111. l.:'5 fer lligh I 
aml 1.50 for I ligl1~ li tltfl!1lt?•,it) tt?drnnlA!c'.it!• . 

IP>,I 1,1, arra,m It·) I 1 l!ht'r lt1dir<'cl (, 0·,t 1(::\1 i;t a1iu ,1,11 (c" e I. 

l<c\b2tl17~ ~.lmn I erm Ll:lll!! ~ t'Flll ~lawrl l=t!FIH I l!R!! +t?nfl ~l1t1n 1-t!ffll I.All!! ~t!Flll 
6-+ ~ ~ ~ ~ t-:+U7 ~ 
~ ~ ~ ~ ~ +d+l-Q ~ 
~1eEliu1'11 I ~ 0.0252 0.2.'0_' ~ ~ ~ 
;l, lt!eiim1, ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ H-+54 
~ ~ ~ ~ ~ ~ -1-,-+l)W, 

~.1:11e tlio1 I( 'b fer 11 arran~ east·, are li5lt?8 '.,t'para1el) in l able \ I 21 . Thi-. •,1 e., at1nt' 
aeeatis<" 11arran('., n1.,b aft' !Ft'tlled difft!re1Hly 11111n Alher mairt!el rn ,!',. In seme f'Ft'\ 10t1., 
unal~se•, (11rior !El \ IY 2017 2025J, learning 11a., dflfllit>d aire,:LI; 1t1 IO!i!I ett·,1~. I ltl'..,<'lt'F. 1ht! 
age11,ie~ l,,ielie1 t! learning t:c1n e, ilF<' nwre arrrerria1t!l) ar11lied Anl~ 1.i tlire.:1 tJo t·. 11 i1l1 inllirt'et 
ea ,l; t'.,IOA li .,At'EI ttp frent At1sed en IA'-' IC:\1 0110 heltl eE111s10n1 •,,hit .. atretll eo· fS are reatteed h; 
learning. Warmnties are an t!!,,eplit1A lo lAi~ l,,it?ea1:1•,t! v,arrum:, t'll.•L. in·, a l-. e fi,1t1,1re re11laet?1nt!lll 
t'lr ad~.:ti, e flAl'I.., and lht! ctl ,! 1:1f the e rart.. v. trnld Felled 1he e ffect uf learning. \Ii mTan1~ eo~-1 
v,t'F<' 1ht1·• treull:!a a~, heing sttajeet to learning aleAg \~i1h aireet rn ,b_;,,,j,. 

I At? t?ffc'cl tif learning 1111 dirl:!i:l et1.,l ,. 10ge1her y, i!h thee\ e111t1al ,t11J~1irn1iell erlo11 er 
long term ll l\ls. COlbeC, the effel'li\ e n1urkt1r tfelfl 10,ls lt1 diner frtl!H lhc· i11i1ial 10,1 All a 
!· l:'arl~ hil!,i,. .\1l cJ,Olflplu nf Aim d1i · ueeur., i·, pr01 ideEI i,i I ahle \ I 21 _'-·' I IJi., 1alile." hieh 
•,•,us t1riginall~ de1eleped for 1he \1\ 2017 2025 ,mal:,,i•,. 1rat'6 tht' cll;'el t•flearning un lliree1 

.. _:.i...~•-rl ....,.,++rittt7" 1. •"'"f--. :,I~ ti,.-..,h eo. l,1r,. ,1 ,...,'4 .. •"+ +H-4 1-.J..,n,•-l-! I h,-. ,-t•p-i-. th-~ , 1-+ .. •1~ 1~ t t.: ,k·r--Hip 1niJ t-t- , ... 

11,,c ,,I -. . ......;.~"c---.. J~l h-.~;,ttH1u'\'°1#~1-l,...+1~f-4-+t"..;••• li-...-~tt.,,...•l ... ,4-f.,..~•h•-....i- ii. ... ~ 
lltt" j1• •f l·,•i+ 1 .. f tik·~,,•--f-. f4.tt-i--.---..ltn..4-t .. ~--+ ~-~ ..... ~ .... t+-..;----t-i....,h+tT......,....~ ....,._.+....,a...\.J.t+.........-,T'"'1........+-,;1n,.....-,~~ 

rtpj•lh:'d 1,. ~h\• htU \..,._ffl !tH't- \ . .,.._, 

..._ h;l•lr \~ "~~Ho ... •1.,1~ toe- !c'dllt-1•t!!+~ ·\:--t..'--4, 1-U, ~~~~,-¥-L .. .,.~ ... :1=+tt-+i.-t+'--+-h. ,~~tt"\;~ t'-'--+Hhtlt: •• ~-.r+1m,.•, I 

~'\I,.,~"=" · r',..!,:"!11,-.l- 1, , ... rt HtrtHtf~h,i+f-h--l,~7"--l,lr~ -~i....-.-~4lrt+-f++t1-t • ..&-.----l--li,..,--k.+,-Ht1!---=~ ... l ... <t \,•-• -+t>-~l ... ...--t--•¼'f'\' 

, .. It• ,11 ... t1pf•h'I-··! HHltt .... Hll'(•t i-,-j.l. • tt-..!~'-:ithtf!"t l~l-:f-4-9~ --1,4..+¼4, ~I--' 1'--4 
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e1v;b a11d it, illlfliefllifln, for l:ifl,h lfttul Ct• ,t aAd the I(. \1 laa ,t'd inarl,up. Dirt!t:I cw.t'ri:tff 
as.,ig11t'd t1 , al1c1c 1rrup0nioAI af I le facili1at.- anal~ .,i·, on tht' ,ame l'>rl.,i~ a·, J(_ \L, 1i11 aA ll M 
marl.wt• fa.:ltl!'. 1he proponi1111 of dirt't:I co·,t·, i•, Ft'flFt'•,cA!ed b:, I 1•, hi le the proroni,,11 11 r i11tlire.:1 
Hbb is reprt''-•t'll!t'!I b~ tke frtlt:liun of l 1ti 1he ri,;ht ..-,f the dedmul.) l Alale \ I 21 t"•,ami11e, the 
effect•, or 1l1t',e fo,:1nr, on turbechar~c!I at,v. n ,i,·cd t"ngi,ies. 011e--uf th.: mt1re prt'\ al cm C M"1' 
h:'Ch11t1h1gi,:1_,_ 

I c1ble \ I 21 Deri1 ~d \mrnal I(. \h for l1:1rbnchar~t•d Dt111 n ,i/t'd L11,;i11c' 

Learni11,; ~I-Rt'!' -k,+.tt 
~ Q1rctcl l u ,I:. \\ tlfF0111~ ~ ll.-c Ii\ ,:1 I(_ ~ I l>,1 ed r>. iw l,tq> 

=++ ~ ~ 

~ IM:l:l 
J-1-1-!4 ~ 
2Yl2 ~ + 0.312.., ~ 1.JP.2 ~ 
2-+I-H ~ A-,-'P ~ ll.0 I_'' l.i I l..'55" ~ 

MJ..1..-t ~ ~ ~ 'lJI 11'11:;z~: 1.3255 ~ 
~ WlJ Q.Lll2e+: ~ l l.UWe~m H%l-l ~ 
~ ~ l/.~~·52,128 II._' 127 IJ.OJI/ 1!1~'7 ~ ~ 
~ ~ ll.Mi+58;l ~ IUl]!,(.,+1):' ~ -h+W 

~ iWJ tU'il,)115"' O . .' 12+ U.OP<l057 ~ -h-1-+J,, 

~ ~ fU 'J.'230;, ~ ~ ~ ~ 
2112Y ~ 11.~i 10?05'1 o.::s~;:;z O.G.'Y.::882 ~ ~ 
2.Q''I ~ 0.8!!0231(, ~ 11.02.'l:;z~;u~ ~ ~ 
2022 ~ O.+~· 1221)'1 ~ l,J.1121) IS 111 +-Jm.1- ~ 
202J ~ O.Je85 l?J ~ {l.028e!!l2. ~ +-c+4 
21~2. I iWJ 0.+5Jl111 ~ ll.GJ~:0211 I +4;.1).9 ~ 

:'.025 lWJ ll.+:'~:I JAIi ~ O.ll2.+ lsl!'s I.Y2 IJ ~ 
~ (.W-1- ll.'.7:'0+298 ~ 0.02.71 'l;Q ~ -l-:-:W-1-
,WP ~ Y.+2..' 1225 ~ Y.021,11211) -1-,00ll{.I ~ 

21l.28 (hAf (Pl<ilHC ~ A.02.ee?.2:;z ~ µ<.1,1, 

~ ~ (l .+!NQ2!i I ~ YJ1ls_,~(.i2 M-Q-1.-1- ~ 

~ (hAf A.+l~Jll::'Pil ~ 1u1;u,12r ~ +,.HI{, . ~· , • • ., t • I "'\ H "' ~ -· -

l'ht' ,eeenEI eelt11nn of Table\ I 22 Ii· b 11,., leami11,; ,.:h1?1fok arplit't:l tu 1urb,1.:l1dFget! 
tkl,, 11• i,·ed 1:mgine••, Ttlfbodmrg.ed de•,1 n·,ii'ed engi11e•, art: a mttlure 11:"ehnolug.~. ,n 1ke learning 
_,cheElule caprnr.-., the relati, el:• Ila! 1•t1rtion of the lc!arAing wr, e ecct1mng. a her lar,;.:r eew, ~' 
lm1 e alreda~ rcdunid eireel eo,b. Th.- e't-l•,t be1,i, for torl:,u~harg.ed !10,1 n,i,ed engine'., in the 
anal~ ,i,, v,as effeeli,e i112012. . . ,o thi·, j,, the ha· e ~ ,.,ar for llii·, caleulution 1•, h.:11 dirt>d ,,JSI: ttr~ 
,el tfl I. Tht• 1hird e11lurn11 ,;l'ltm G the f!Ffl,,!l't' ,,,j, e clceline in !lire.-1 eesl. a, tl1c leamin,; ,el1ed11le 
in eslumA 2 i, a1313lied ltl dirctt eo,t~. C.olmnn l enntain, the•• alut: t>f all in!lin:"cl t'O ~ 

•,1arranl} . Turbud1ar,,!ed at111 n. j,,,.,d e11gi11e'., ar .. a met!iurn ~Amrle•,il) h:"ch1wlt1g'.,. ,l1 tllis • ah,ie 
is tal,en from the !>.l.-dimn2 rn11 ,1fTa~le \ 'I 21 . rhc initial ,alue in-}1112 i~ the ,hun term 
1alue. 11hieh "'Hst'd thn-11c1gll ,(lli.:. During 1l1h timt'. 1he•,<' i11dir,M t:tl h dre n111 affo.:ted I,~ 
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le11rniA;, ,md 1he:, remniA en A ,111nl. Hcgmning in 'O I 1l, tht' Ion,; h!rAl IL \I lnam I ahlt' \ I 21 

~ 

fht' tili.h c0ltm1A cumain~ ""arram~ ~,i ,t· .\~, pre· it1ll·,I~ meAti.,ned, the.,t' t'tL,I . are 
l~eF<'d w he afleelt'd h~ learning Iii.I! aircet eoM ,. •,o the: dl'l'iint' ·,tcadil~ umil 1he Joni; term 
IC\I i·, applietl ill 2Ql'I. at ;,J,ich f!t'lint 11,e~ tlrop 1H•lieet1lil:, ht'fort! c1mtim1ing 1heir gr0d1,1t1I 
,foelint!. In 11,.,. ,i,c1h o:mlt11T1n. tliroc).-1 imd indirl!~I ,ll·,t· are 1n1ale1L Rec.tilt, i11di.dlc u dt>cline ill 
101al co.,ts ofret1ghl:, 3U pem,1 111 el-trin; 1hb 11 ~edr perit1tl. 1 ht> lw,1 t1t1iHArn ~hoy,c; the efliwi\e 
ll \ I l>a•.~8 IHOl'ldlf',., hiEA i· 11.•riH•d I>: ,Ji1 idil1,? !()!ill en• I. t,~ !l1rt'EI "'-' ,t ,. (her thi' f't'Fiml. 
the ll \1 hac.l!d rnad,ui:i rn.,I! frllrR tlw initial ,hnn h:~rm IC>! le, ,!I ul l.~'l It> I. 15 in 201 ~ It tlM, 
ElecliAeJ 1t1 l.~5 in 2019 ,,,,ht!ll the l,111,; h:'Fffl ICf>.I '""' aprlictl !fl the 'OI') direcl "" ,t. U,er the 
r,m10iAi11:; ~ l!HL,. it ,;ratltmll:, ri ,t'., bad, up 10 I. 11 11· h!aFAi11g .-0111int1e, te degrt1dl:' Elirt't:l rn ,t:.. 

Tl~t!r<' afl! lht1, 11•. e . 0mt'I\ hat 0ff,t'1tiAg pHlEt' .... I!, t11Tec:1ing 1u1al ,0,1 , deri•, ea frt>m 
ll \h H1I:' fir·,! i·, 1he learning cun e. ',\ kich rt'dUcl:', dirt'tl et1 ,b. \', hich Fahl!~ tlw l:'ffee·1i1 t' 
I( \1 ha:.etl 1imrl,t1f1. ;\,, noted 1~Fe1 iot1 .I~. lt'arnin:; reAeo:l'.• learne,1 eftit'ieneic.• in a"·,t'mhl~ 
1nt!th0El, a·, ,,di i:b rt>Elueea 11art, and ma1efial~ c0.,1,. The .,,'uH~tl i·, rhl:' applitdtil-lA of u ltmg 
lcnn ll \1. ,.., hid1 r.!dt1ce•, the eff~eli•, t' ll';'>.1 liu·,t'd marl.up. Thi, re1ar,";t'11L !he retlt10:l:'tl h1mh.•n 
1Wt'ded lO 1naintoi11 At'V, !t'dm0l11gi<', ••Ace the~ are f1;1II: tl,:,1 elapt'tl. In 1hi~ ,a:,e. 1he 1 .... ra 
f1Hlt'c'!iSt!c. lar,;el: eff•,et ene a1wthl:'r and prntlttee a11 a,erc1,;I:' rt'al ll r>.J '''"r thi, I I :,e<1r peri,,d 
1ha'. rnu,;hl: l:'tJt1t1I.. tht' t1ri,;i11al ,hurl lt'Fnl IC\I. 

figurl:' "I ~ illu .1ratt', 1hi., prnces, fer ea.:k nfd11:' I 1eeh1mlof'"'" tt.ed lO repre·,enl 11,., 
L111i1 er;,e raf f11el t'cRAllm:, ,md C:0; impnwing tl:'elmoltigie ,. A., .... i1h 1111:' H1rll0charge;J eAgim! •· 
aered)namie impm1l:'ments anti mild h~hrid ,el1iele, ,hem a gratlual i111:;rt'a· e in the eri:ee1i1<' 
IC:'.! ha,,.:El A1arl.11r 1hrnt1:;h !he f'SiA! \\ht!re !At' lfmg lerm IC\! i~ apfllied. \t tl,al 1i1rn!. lht' 
IL .!..I t>a,ed mark1;1p t'Aakes 01, ahrufll Ele.-li11e helic1re E1t!gi11ni11g a :;maual ri';e. 11,e El,·.-lim:! due to 

af)plicalil-ln oflm,g lm'A ICJ\h j,, parti.:ularl~ pronounec:J ill 11,c cil',<' tifLhe mile h: eritl l:'\l:'A 
more ~o than for !he t1El, uAeed h:, l1FiJ. ·1 he at!, nnced h~ brid IC~,I hehm "·' ~••me·1+ ha1 t:liffenmtl~ 
t>eeause i1 j,; ~hA•;, n thrnu,;h it, de•, elopin.; clage.- ,,., hl:'n tntlft' ratli,al learni11,; is appliet:l. hut t•AI~ 
e•, t!I") li::11, ~ ean,. Thi,, prod11ce., a , igni fic,rnl :Mp up 111 IC!\I le, eb rnne11rreAl 1; i1h emch l<!,m1ing 
Of'f1lic111iA11. follt1111!EI iJ) a shaq1 dl:'eliAe wl,cA the Ieng ti'm1 IC'\l i, epf!lied . .\~1:'r that. i1 lae,;in·, 
a-gff!dual ri..e a., mart? ,m,Jt'ratt? !earning i. apf)lied w reileet ib shiA hl u nHllure lt>,hnfliflg: . 
Nutt? that as •.1 ilh Lhe 1urF1od1tll"g<'EI Elm111·.iatl engine e,,amJ:Jlc> ahlHt'. l\'lr 1he aeraEl:, 11ami.
impro,cmt't1b and mil a h~ hriu 1eclmfll0gi<'.,. 11,.: eff ,cuing prnees ,et. of lenmiAg and ltmg Li!Fffl 
IC\b r,::,uh i11 an <11eragt! ICf>.I ,11erlfl<' foll 1i1'Ae R'BR'lt! that i·. rnughl~ .-qUill tl1 the initial sh,111 
l<'Fm ICII. I. I le•l.e', er. the udH111.:t'tl h) hrid ICf>.1 rose 10 a h:!\ .-1 •.ignilicaAII~ higher 11lun the 
initial ll \1. Thi, i•, a Elireet ft1nctil-ln ttftl,e rnpitl l<"arning ~ehed1:1le arrlietl in the earl~ ~ettr, 1,1 
tl,is tlt.'1,el1:113ing lt!elmttltig~ . Brand Rev, leelmol1:1,;ie'., naiighl 1hu•, he l:'',ft!1cteel 10 1,.;,e cfte,1h., 
lif:etiml! ll.~I marl,UJ"., .. ,~e<"tliAJ 1keir initial ICM~. 11 Iii le more n101ure lt'ehntilogil!, ari' m1:1r .. 
Iii.el: 10 e',rt!riente IC:\b e,er 1h.-ir remainiA,; lire f'UH 1ha1 ff!Elre .:lo_,el~ aprrra•,imAI<' 1-At'i-F 
iAitial 10.J... 
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1.4 --------------------------

1.2 ~----------------............... •, 
: . 

1 ----------- -------~- --~ 

0.8 --------;.--------------

-------~, 0.6 -------------~-·--,,=-----=..--
\ , _________ _ 

0.4 r-----~---~--------=-=----~-----
1 --

0+--~---~---~-------~--~ 

...... Adv Hybrid 

--- Hybrid 

- •Turbo 

--Aero 

J. igure' I >· Deri1 ed I( !\I Ba~l!d \1arlrnp'" IBr .\1h .:Ht"t'tl I I~ britl·,. 1> t!ak I I:, briEI~. h1rbc, 
Do~,n•,iud Engine•,. ,rnd Pw,~i'il:> .\!!rad: nami"' hflf'FOH'A1en1, 

IC!\ls ft1r 1l11!.,e I l1!t-l111t1logil!, ,,ould Elri1e 1l,e i11diree1 .:wt n1arhtf rah• ll1r 1he an.-.1:..,i ,. 
I-In" <'H:>r. lh<:" .. rre.:1 011 hllal eo ,I" i, al ,t1 a ft111e1ian ef tile rela1i1" imcid<:"11.:t" of <:"ad, of lh<:" 5U 
l<:".:h1rnlngi<:"s "l,m1 n in Table VI 20..., "1ieh are a·8:1n1ed !fl ha·, t! IC\L •,imilar to ane t1f th .. ,e I 
tech110l,1gie ,. The 11t't t'nee1 011 co,is oftht's<:" It )>.lb is abe i111lt11:m1Nd ti:, tho:' lt>arni11; euni: 
Upf-'lrarriate tc, each 1e.:h11olag~. creating 11u111eret1s difti!renl anel tmiqHe IC> 1 13ath·,. 1 he a1 erage 
10,1 ap13lied Li:, t"1t' moElel il, abo a l'unctil'R of l!aeh 1edmel0g; · ., tlir .. c1 .ost tlAd bt'cau,t! IP b 
are ap13lit!d 10 di reel .:osb. the mt!asureJ i11diret:1 eost i, 13repor1ian111el) lligh.-r for an:, gi•, en 
I(~ I •1 l~en Elirt!el eo•,I.! aft! l½igho:?r. l lu a1t!FdJ:!!t! IC'I.I arr lied 10 the tleel for an: gi1 e11 nwdel 
:,t:Mr b .:ale1:1la1ed as folltm ,: 

f.qttatien \ I I ,\1 erege IC~I <.t1lnildlit111 

m< 

LE~ •ICM,, 
+ -1- D,..I,. 

I) tlireel rn ,! of t!aCll lce:Ant1lll£'.· 
.\ a13pliea1ien rate fer each 1e.hnl'IIO!,!~ 
JC \I 01 ,m1;,, It \I arrli .. El lfl et1.1½ 1eel1nolngy 
,md n 1.2 .... i;~ 
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rl,e C.\f E nwdel predie1·, lt'chnell\;'. applit'alit1R rah?:, ct,·,111'11i11g manuf,1.:ll:lFt'r, •,1 ill 
ap13l~ h?dmohagi<'•; in lllt'd .1and1.trd1, in a lt1,;irnl la· hit:111 laa•,eil llll e.,limaled et1~I•; aml l:,.,11elk,. 
rhe <1pf1liea1ien rme·. 11ill tAL1'., Bt! !li Aerem for eai::11 mot:lt!i ) ear a11tl for t!t1€h al1ern,11i\ e ~Lendrie 
e·;;u11ined. I t1r LRt! \IY 2017 ~025 I RI \. IO illu.,lnlh? the ttffeeh tif IC\L tlll w1al lechnnleJ~ 
co~L.. '"ITS\ calc1:1lu1t•d tht! •., .. idllt'd a1 erm.:<' IC\1 <llrti.o., all tel:'hnolo2.it!s for the prt!fen-ed 
aht!ma1i1 e. 4 ' l hi • 11 a•. done .. p;ra1el1 for e-a.11 '. t>hic It' 11 ft' and 1lw11 ; c:ur,!!.!<llt'd t>a•,t!d tlR . . ... .__ -
prt>dieled sale~ t1f t't:h:h ,. ehii.:lt' t! fl<' 1t,ed i11 tlw mt1tlel. Re ,tllb ure :,h,w.11 in faak VI ~~-

l iible \ I 1' \ ',<'Ftl,,.<' IC'.1 Ba ed 'lurl,1:1p, \rplit'd in Prel"em10 \ ht'rna1i• e 
"itt>nario MY '01 ~ ~01 :i I RI \ 

\hidel \ eM Pa ,ellLt'F {. ars I i..:h1 ·1 Fl:leb \II\ eki.-le, 

lht' ll ~ 1 Pa5ed 111arl,lljl. iR Tat.Ill\ 1 2: ..,.ere deri , ed iR a 11ia111ler t:E>n',i .h~lll" i1l1 lhll 
\\a'. lhe RPe is ll1ea,ured. rna1 i~,. tlie:, reAecl eoR1hilled intlue11ce, of dir.~et e,1s1 leamillg aAd 
d1anges 1A 1ndiree1 eo~t retpiremenh v. eigl11ed L,:, eolh 1he iA.:itl,mee el uE!CA teelm.il.,g~' , 
atlt1ftlt:11im1 rn1a the rela1i1 e ,iirt!cl cu,:,I uf ettd1 technolo;). ll1e res1:1lh imli,:alt.' genemll) l1igher 
I{.' b ler pa,seAger .ar., th,rn for lig.ht 1r11ek.,. l hi, is a foAclia11 t1f1he ll!elmC1legie:, e•,1ima1e!l rn 
1,w E1Ht1ph::d for eaeh re•.peethe 1,el1iele 1:,pe. e.,pe>?iall: iR la1er ,ear, \\he11 h: tirid, ans elee1ri~· 
\t'l1lcle., l:lee,1111e R'ltln: pre•, aluAI iR 1he flB ,,t!A6ter car fleet The iRA1:1eAt:e of1l1e,e 1:1d1 Bllt<'t:l 
',t'l1iele, i•; !lri\t'R primaril:, B) their .Jin~el e0~.i,;. '"hi,·1:1 gre,ul:, nt1F\\t>igl11l1e c11 ,l, tlfu1he1 
~e',. 11:11, re~llhs in 1he applicn1io11 ef 1mid1 mere ..,, .-ighl 10 lht>ir higher I( \ 1:.. lhi, i, 
nm ,t ne1atile in >.,ty,; 2Q21 anil :'.Y~!i fer pas~.,mg.er rnn,. •.1 l1e11 elee1rie I ehil:'I .. ~. 13egin to t:'1Her 1ke 
11.:t'I. I Jcie a,erag:t:' ll-~4 in,rea·.e.J II.OJ.' in 2021 pri111aril) hecau•'e ni"tl-w ,e •..•hiele.,. h 
im,nedi01el:, ilrepf1ed O.Y I 7 in 1il15 b.-cause bo1l1 011 aJElitio11i1l ,1pplica1ioll er •.teer I :::'.O perw.-1111 
learni11g i, t1pfllil.'.I te 11,e diree1 eo~t of th," t! \ ehieles t wl,i,;h Fe!d111:e., thc>ir relatiw ..,,.,iJAI ). ,md 
1he lu11g 1ern1 IC~ 1 lae.-11111es l"'ITe1c1i, .- in 1h,n: t>ar ( ,,. hid1 ae,;rea ,e•, the at> ,el111e IC\1 lact11n. 
J:J.ith 111n1:1..,.11,es oec1:1r 011e :, ear aher 1l1e_,e, ehiele'., 0egit1 tu enkr the lleet t>eea11,e nr C,\I l 
FCtJUire111en1 ,. 

- -+-+-tt-"t.-..tt:+i- ..l-lt:>Jltr1l1"~ 1-+,-t-. ~irl-t:'"f~•~, .++-+tHtnl ,~;,•~•tt--~ .... lw t--,.-t , .. tt •--tttlt'h.-+H d-'---tf-Hr,it, •--. l ht¼ •~~ ... 

,t- 11•1-r1 ,, ., , ... -~-. •,t-kl-t+1i~ 1\:""t:·--l-tk..Yct.t+• '-'f."" ,,~~t1k.·• 1•- : ... +~'-i~1 ... • J . 1,th;<+rtt+• -t',,;.--hl+.-4, .. ~~ ...... ~ •• ""~' 1-tt-+tt•;-.-,_ ..... h~~ I 
111-t' ,,..~trt!=t."'.µ .\-t 141~-.,_~1 Htt 'l">t,ltt .. m.-,_4 itt'-'-L'----.++t+h:-,l tt- •t~ht"t•hh•--it-iit r. ,i~ ,,. l---~r+:-~---ht1rt••"'-1 h ... ,,l 

~ -11-dttf~p,11. ,:.~.,1,•l ~.,.t~lt',·l~H--+t-ttt.'"'++.+i4~ .... 111,~ti;•lin-',t:"~ "e'-clt"'t!lt1•1 "1+,t--. 1-':'.t-t.., .. t-tt-f-4t-1tt•\."t.yi., 1•1,:titt'4:n.-tt+c>+· 
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ll'r>.!s al ,tl 1::h1:111gt! tl\l:'F time. agai11. r.-l10eliAg the clifl~r.-111 mi>. t•rtechnolt1Jit·. pr.-•,elll 
,htring 1:'arlier: ear, hllt 1h01 are often replaced with Amre e',p,:-n·,i, e tt!tlmnluJie., iA l.11.-r) t'i:!F ,. 
,\ern .~ all me1ael ~ ear:,. the ,,, idc rn11gi11.; llflf'liea1i,m t1f di\ er:,e 1e,·h1ml,1gie. rt!quired 18 A1e...i 
C: \FF. uAcl CO, '.,tandrmb pret:lueccl 111i d\c'rc1g.- I( \I E1a'1<d nrnrl.up (tlr RPF eqt1iH1lenl) ,,1 
llJ'!,fH\irnalel~ I.: I, appl~ ing. enl: (,7 per.-em t1f 1l10 indirect ww; lnuncl in 1h.- IU2t tttttl 
iFRfll~ ing rntal .o,t. 11 pt!tWlll hdm1 1hu ,e predic1.-d ll~ tht' Rl'L ha.,ed calniltHi,111. 

- ~ Uncertainty 

As noted above, the RPE and ICM assign different markups over direct manufacturing 
costs, and thus imply different total cost estimates for CAFE and CO; technologies. While there 
is a level of uncertainty associated with both markups, this uncertainty stems from different 
issues. The RPE is derived from fi nancial statements and is thus grounded in hisrorical data. 
Although compilation of this data is subject to some level of interpretation, the two independent 
researchers who derived RPE estimates from these fi nancial reports each reached essentially 
identical conclusions, placing the RPE at roughly 1.5. All other estimates of the RPE fa ll 
bet\veen I .4 and 2.0, and most are between 1.4 and I. 7. There is thus a reasonable level of 
consistency among researchers that RPEs are 1.4 or greater. In addi tion. the RPE is a measure of 
the cumulative effects of all operations manufacturers unde11ake in the course of producing their 
vehicles, and is thus not specific to individual technologies. nor of CAFE or CO" technologies in 
pan icular. Because this provides only a single aggregate measure, us ing the RP£ multiplier 
results in the application of a common incremental markup to all technologies. This assures the 
aggregate cost effect across a ll technologies is consistent with empirical data, but it does not 
allow for indirect cost discrimination among different technologies or over time. Because it is 
applied across all changes, this implies the markup for some technologies is likely to be 
understated, and for others it is likely to be overstated. 

By contrast. the ICM process derives markups specific to several CAFE and CO" 
technologies. J,u1 the: c 111,,rl,11r l1d', c 11" b,1 i 111 <''111'11'1«11 tlata. They are based on informed 
judgment of a panel of engineers with auto industry experience regarding cost effects of a small 
sample (roughly 8 percent) of the SO+ technologies applied to achieve compliance with CAFE 
and CO" standards. Uncertainty regarding lCMs is thus based both on the accuracy of the initial 
assessments of the panel on the examined technologies and on the assumption that these 4 
technologies are representative of the remaining technologies that were not examined. Both 
agencies attempted to categorize these technologies in the most representative way possible. 
However, while this represented the best judgment of EPA and NHTSA 's engineering staffs at 
that time, the actual effect on indirect costs remains uncertain for most technologies. As with 
RPEs, this means that even if IC Ms were accurate for the specific technologies examined, 
indirect cost wi ll be understated for some technologies and overstated for others. 

1 here \\cl;. C0A~idl:'rahll:' llllEt:'Fhlilll:, !¼1:'HlOA.olfltll:'U m tlw It 11.t r,ml:'1"·, d' ',tu lllt'lll '· m 

il lu ,11-.1ktl 1--:--thc r.in,;c ,,1·, 11m.11c rtH,,•n~ the 11 '1111.lilied lklrh111,.11,I 111,m1t-<c:r, urr,,u11dm'-! 
Ilic ..cllliill ldHtt'--,ft'j'li->flt'~h:' j'dlll:'i I llt½c'+.+tt:!-.,...Jw,,,-11 Ill lcil-lc \ !...;l~ nH<l I ,,-me\ I 11 

A i:;ttlt \ I ill. c111tl I i,,.tllc \ I 11 hel .. • .. . I, I lite 1 ... ,... u'IH)' II.'' 11: tc:,lmnl,1,;~. I'd 11, 
rl<'fr•t½-+ntltth. !lltj'I'• •'r'-'ltlt"i~~'l<•H-...-. i'dil='<.'ti-ftt.ttt ,1 I,".,., •~.tt½··-fu 1 1nJt1 n ~ 
1 I 0111 lh,r! 1<'1111 o111d I Ii 1,•n,; lcHHI. 1"" h1..:h ,,11.,iuhl~ c1 111 pe1,ent n1o1rl,11p I I i ' I .i1nl 
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Commented (AZ00l: DELETE: None of this seem, ,o 

>f><ak to \lh) RPEs nre bdng used rather than IC\ls. The 
level of detail almost ,trengthen.s 1he IC'I\I approach as 
arrcaring more eomprehensi,e and the focus on IC\1 gi,es 
thr imprc::,sion of t!) ing to con\ ince the reader of \\h) ICM~. 
the ne\~ :u:h. j.., better. 

Commented (A201): Dfl ETE: None of this seems to 
,pea, 10 "h~ RPE.s ore being used rJlh<r than ICM,. Th• 
le,el of detail almost streng1hcns Jhc ICM approach as 
appearing mure comprehensi\ e and the focus on ICM gh e~ 
the impression of trying m comince 1he reader of\\h) ICMs. 
the ne\\Cr approach. i~ heuer. The ICM detail seems cou111er-

l Producthe from defensihilit) stan~poin1_. _ ___ _ 

Commented (A202): DELETE: 
Factual!~ incorre-ci _______ ~----~ 

Commented (A203]: DELETE: As 1>ith above comment. 
this \\hole section is irrelevant to Lhe choice of using RPEs. 
There is plenty of documentation of the ICM approach used 
in past rules and MTE documents that could simply be cited 
as backi;round 10 the ICMs. 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

+.--+;++-1.tt tlw meJi1111, ,o1111plt•.1t: l"'-!111,,,,,,::,. H11h, ,•,.11.,;<'J <111,l tl,,, .. 11,tle,I en,.:111..,,. 
1x ,p11n <'• rc11l,.:<'d 1111m c1 ln1, ,. 11mc11t 1m1,I: 11 1.! ,,lmt1 \ n« ,11tl11ctl "' l t+ltl> c11,d 1.111 I 1. ,., ct 

~lthl\c impl:, lll:c- th.ti t1>.li1t'd ,,. l lo•! ;tl-1 kcl;11,,I,,,.::, '\11t1l.l -F«t1;hl:, cqu,tl the ,t' t'l,1:-<' 
RP~ ~lt •1,illtccl11;11lt • ,.:1t 11-5~--1-I ' 15 1 l,r1l1ch1~ti-.>"'l'l-\j"k,11:,1u.ht11~. t-.l+t~ 
h:, h11J t'lt'tll"I, ~1, It>~. +e,~~ rnll;<'J I 111 Ill n tt •1~-e•,ttt1tt1k·4+lrl+·+tk'-< , dtt, !tu, •,1 .. ,,IJ I <'<I Lill<' 

,i,:111licdllli.' It' in.li1ct.:ht • ,I th,111 llle .11crc1,:t' RPI 1-I ~,,-"'JI l~l I I>•" h~l~,,.._tt+l-hitt' 
1m11 I: 111µ th<'.'• 11>1ultl f"<'clllirc mt11 t' 111d1rt'd c" ,1 lhd!i tht' .t. c'1·,1:,'.c' RI!! I' I?.' dlld I .,,q I I l1c'1c 

11c1. u•ll ,idac1l>I,., t!i1 <'I" ,it_, ,,1 ,,111111t1n t11l1"11,! lh<' p.111d lllrlrWf-.-; ~ I hi 1 "l'f,11\'111 11, I 1:,:ur .. 

\Ill. I 'b"ll'c' \ I 10. 111J I 1,rnrc \ I 11. '111,h ii"" iht' I I fnlitl lllc'lllh:'1 ' li11.tl t' 1111',Hc lt,1 

lwn tcTm ll 'I "' .. ,u .. r pl.+1--. 

-hi ,,..111->>i.lcL• -\.\-1l- _,:...' ~' - l1+1 .. 1e+1!1-+-<1 ce'<'tc-<\'-'(1-,.,,.,...1->'.4l;.;11~IIH-l-'l'fili.,.<'½-'I --''l-ll+,,,..d1+1+1li ..... t'tl Pc· l'I .I l 1.111t•I 

•111,ri Ku11 ~,++1 

h"" ¼dftlffi ~ I ,.1,,~ :\kt+tt+ttt ~ 

~ -l i-4• ~ -1-++ ~ g ~ 

~ ~ H-t-1 ~ .µi;..; .µ.us. ~ 

+1-itttttt,tm H-44 ~ µ..:: + -!--++-1-1 .µ...;..,. 

\l,11,i1m1m ~ ~ i.2= : I -i ' -l-c-h-t H-" .j....4.,.L4 

'>l,1 I)~, lilllllll 1-1--l-++- ~ µ~o- µ....µ.: Ll-,..j.l . II~ 

' ,Ii tr1l>t11it•fl I t\'t~ ++Pi ~ ~ I ,-4-1 ..j..,.g..l -k,:J ,, 

I ,Ii :ril,,_11i,,n llidl gJ.+ .)......:..::.. ~ +-J-.UU .;...µ, ~ 

Passive Aerodynamics 

0.5 

0.45 • 0.4 

0.35 • 
0.3 

0.25 

0.2 

0.15 

0.1 

0 .05 

0 
0 4 6 8 10 12 14 16 

'-<1i••t'k 1,..-\J.-.~+t."+l,c,t•--H.t~· .... ,,; .. _'" 1h.lt-HtlH-.:dt" µn:" t..•tl-t<1.~ ~ ••U'l !'"Hh ... •1-i'+tt-t••ii4> -»n.\11.: lt 't ~.,_.. ..... T ~ •i't'I-~ -fl+-t~ ...+tit 
~h.rt+tt- ,r,,11~~ ~•14-t \.1- \t-P½---tt•~t-ht"rt--f-1 \.I .. lk'4r- ~--,tt~h:"-~ -'lo-4t'fflt ,l ,41~--lt'h .. '+tu ... l""41l {J"='t~ .... \;tc>,t"t!; t1 

-..1-=-t-,+!-t,.-rttH k-'t--\:'l -.•I t,l\,..:,t-l ,..Hli-7 h'"°!!i"?"•~H t<l itu,+ 1.••--1- \ -r,.t,--.}+.-i.-if-tt---• 1- 1~i t.f ~ rl+i•t-t~----· 1 .. i<"lk \"" ttth:4 \.-,, .... 

i1-t-t. 1+1~1-1! ti lt ---ttrn+i .-..ntt+t•h.-----1"1.: 1 J p t-td n u:'t,..t l\t-.t 

247 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

I 1,.:ur,·' I" I ,m , ,,ml'lc,11:, ll \I l',ttotl It,· ,u 1 

Turbocharged Downsized Engines 
0.6 

0.5 • 
• • • 0.4 ~ 

0.3 • • • • 0.2 -T • • 
0.1 

0 • 

0 2 4 6 8 10 12 14 16 

I 1;_'.tfft'' IP 'lcd1um l ,,111plc\li~, It \I 11,111.I l:t' tilh 

Plug-in Hybrid 

1.2 

1.1 
• 

0.9 

0.8 -. • • 0.7 • • • 0.6 

0.5 • 0.4 . . 
T • 

0.3 
0 2 4 6 8 10 12 14 16 

I l"l<I"<' \ I 11 111,.:11 l dllll'it'',11: it l 1 l'c111, I 1: .. 1111 

\hho1u;:h !he ,t' It' uh '\t'lt' h« t'U 11111H,1J1ilt"tl-P,:lph11•;111u lccl1111qt1c ,_ I\ I c111pc1rt'111 !ht' 

~~Mphif'i..-..-.rlt+-t"nettHirlt~~ <'11 u o11 ,·1111.cr,-!t'lllc 1-I, j'IIIIHll dfl,.~fl~l'•*it'i 

t'\j'c'J'I . "tl 1111I .1,hic'I ,·,I ( ,j, cl, 1h1 IML ... ~-f\'-,H-'- dllU !lit' J11 cr,.:clld I ii 'I h.t ctl It' 1111·, 

248 



*** EO 12866 Review Draft Do Not Cite. Quote or Release During Review*** 

1111111 the ,,111: d\dli<+hk-tAf1ll'ir1c,il lllt'.t urc itllt'---}:-t'I L 1hc1e 1, ,1111 1,kAf,.J,ll:'t1th.c'il,11111_. tl,.,1 

,bncnt ll \I<' IH11c1tc 17n, 1Jc:" c11cc1 1 11, hc1,i-,. "' e ,11111,11111,: 111dm.'d '-' ,t . ll \I l.,n c 11Ht h<'t'tl 

1<1l1tldtt'tl l+ll<'<l,-h ii d1rt'cl c1,c,.u111111;~1ttl mdll"nl ,11 I !,,i 111,l1,-i,luc1I tc:c,lrn,,I,,_ le . ,11d 

the: j'h dttc<' le tilt tl1c1t ,,.HJHd ...-+ih the:' .. nl: ,1,,1il,1l>le <'111j'lli,.il c\ 1,kn,c I 111d11«l .,-..i 

11-1.irk111•, I unhc>r. the·) ,tft'-ff11<'lhlrtl-!,rtc'ff-1 111cl1rc'cl "' I• 'j'rtH+rn+I: d 11,1-iktl '' 1+h-11lc' 
tt\-.• t _,,m111.-l1cn-..i,.: retie l:-'11,ltnfl ,·1c1 und,·n.il«>n 1,:,- +he dlllt> 111du tr: ... 11h • 1rtt1-1l1'- <'~ 

•Heil« lllt>del r,·,1u1ri11.,.: :-'I., untl ur tic 1;11 l'lildtlitclli,,1, t,, _,1111(: I h1 111,luJc c'lltllcl: lit'" 

1 <"hie le J<' ,i..'.11 ct•l1nfll ,. , 1,1,11 ,11 <' llldtt"ri.tl ,til> •!11l1I 1< •11. ctnd c, ,mpl<'l<' ,h 1-.4ft1+1H ctlc •l..'.11 . ,11 I ,,1 
'.\ l lit llic'tJUII<' i!,'.lllliccllllft t',.r,lt,;J ,111 d'ltl,I t'tHhl) 11lc111irnlc 1,:1t l llclt'I ih,c 

t~dil<:t'. •'Ile n,i;ln e",j'c'd 111.lilt'LI "' h k ctjll<li ' r l'•' il·I: 111,-h, It the 111 I ""'" 

d\t'lt1,;L'. h1111,11;, dct'Fcd c. <1 llllj':.cd ": <' 1in,e1lc'd 1, \I,. I "i lc:';:!tll,1111111. ,u,h <I 11.c I \ 1 1 
.-t++J+..W "1:4lti--,-.it>tP,i.llldc1ru, t111tle·1 cHll 1tlt"1.11i .. 11. ih.11 t!n,t' ,h,111;,· ! • nc.11l:,· c'ld) ',c'lll,lc' 

:· lc'ltl. the"' c'rdll .. 1 c'ld:,!c 111tl1red .,, t, h"ulcl .1i1..:1," 1h 11-l.- ltl'I ,c1it1c' '<I 111: i11.; Kl-!~ ;.-.-+!tt-
"''•t I " c'rtdHt.._irn,,I,, __ :, .1 11r,· 111,11 .,i.:,:ttnic:'#l 

In the 2015 NAS study, the Committee stated a conceptual agreement with the ICM 
method because ICM takes into account design challenges and the activi ties required to 
implement each technology. However, although endorsing ICMs as a concept, the AS 
Committee stated "the empirical basis for such multipliers is still lacking, and, since their 
application depends on expert judgme nt, it is not possible to determine whether the Agencies' 
ICMs are accurate or not.''547 NAS also stated "the specific values for the ICMs are critical 
because they may affect the overall estimates of costs a nd benefits for the overall standards and 
the cost effectiveness of the individual technologies."548 The Committee encouraged continued 
research into IC Ms given the lack of empirical data for them to evaluate ICMs used by the 
agencies in past analyses. On balance, and considering the relative merits of both approaches for 
realistically estimating indirect costs, the agencies consider the RPE method to be a -->tc 

~1.:"""11hk .ind .iJ'('l"l'' '·'tc bas is for estimating indirect costs. 

,-..i.,!..:!__Using RP£ to Evaluate Indirect Costs in this Ana~1·sis 

To ensure overall indirect costs in the analys is align with the historical RPE value. the 
primary analysis has been developed based on applying the RPE value of 1.5 to each technology. 
As noted previously, the RPE is the ratio of aggregate retail prices to aggregate direct 
manufacturing costs. The ratio already reflects the mixture of learned costs of technologies at 
various stages of maturi ty. Therefore, the RPE is applied directly to the learned di rect cost for 
each techno logy in each year. This was previously done in the MY 2017-2025 FRIA for the 
preferred alternative for that rulemaking, used in the above analysis of average ICMs. Results 
are shown in Table Vl- l7Table VI-I 7. 

Recognizing there is uncertainty in any estimate of indirect costs, a sensitivity analyses of 
indirect costs has also been conducted by applying a lower RPE value as a proxy for the ICM 
approach. This value was derived from a direct comparison of incrementa l technology costs 

,.., National Research Council of the National Academies (2015 ). Cost, Eftectiveness, and Deployment o f Fuel 
Economy Technologies for Light-Duty Vehicles. l11tps: """·nap.ed u resource ~t 7-l.J dep, 1662 111.p<if. 

"' Ibid. 
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detennined in the MY 2017-2025 FRJA.54~ This analysis is summarized in Table VJ- I ?Table 
VI-17 below. From this table. total costs were estimated to be roughly JS percent lower using 
IC'Ms compared to the RPE. As previously mentioned. there are two different reasons fo~ these 
differences. The first is the direct effect of applying a higher retail markup. The second is an 
indirect effect resulting from the influence these differing markups have on the order of the 
selection of technologies in the CAFE model, which can change as different direct cost levels 
interact with altered retail markups, shifting their relative overall effectiveness. 

The relative effects oflCMs may vary somewhat by scenario, but in this case, the 
application of IC Ms produces total technology cost estimates roughly 18 percent lower than 
those that would result from applying a single RPE factor to all technologies, or, conversely, the 
RPE produces estimates that averaged 21 percent higher than the ICM. Under the CAFE model 
construct. which will apply an alternate RPE to the same base technology profile to represent 
JC Ms, this implies an RPE equivalent of 1.24 would produce similar net impacts [l .5/( l+x)"" 
1.21, X""0.24]. This value is applied for the ICM proxy estimate. Additional values were also 
examined over a range of 1.1-2.0. The results, as well as the reference case using the 1.5 RPE, 
are summarized in Table VI- 18Table Vl-18. [ In each case, regardless of the RPE markup, 
Alternative 1 maximizes net benefits.] 

Table Vl-17 - Relative Impacts of Applying lCMs \'S. RPE to Determine Indirect Costs 

Incremental Technolo,,. Total Costs (Millions$; Ratios Difference 
Model Year ICM 1.SRPE RPE/JCM lCl'vl/RPE RPE-ICM 

i017 $3.722 $3,749 1.01 0.99 0.0\ 
2018 $5,227 $5,522 1.06 0.95 0.05 
2019 $8,256 $9,604 1.16 0.86 0.14 
1020 $10 809 $12,451 1.15 0.87 0.13 
2021 $14,033 $16,2!4 1.16 0.87 0.13 
2022 $15 262 $18,079 1.18 0.84 0.16 
1023 $16883 $20,806 1.23 0.81 0.19 
2024 $19.727 $24,691 1.25 0.80 0.20 
1025 $20,015 $27,244 1.36 0.73 0.27 
Total $113,935 $138,361 1.21 0.82 0.18 

Table VI-18 - Net Benefits for Technology Cost Markup Sensitivity Runs Across Scenarios 
(through MY 2029) CAFE Program, 3% Discount Rate ($B) 

Alternative 

Sensitivity Case 1 I 2 I 3 I 4 I 5 I 6 I , I 8 

Reference Case 1.50 176.3 I 168.l t 155.l I 143.2 ! 120.0 I 95.9 I 40.8 I 60.5 

''" See Table 5-9a in Final Regulatory Impact Analysis, Corporate Average Fuel Economy for l\1Y 2017-MY 2025 
Passenger Cars and Light Trucks. 
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Technology Cost Markup 1.10 99.1 94.8 85,J 81 ,8 66.1 52.7 21.5 32.6 

Technology Cost Markup Ll9 ] ]5.2 110.7 99.9 95.2 76.7 64.2 26.1 38.7 

ICM Equivalent Markup 1.24 124.1 119.6 108.2 103.3 84.9 69.5 27.5 42.3 

Technology Cost Markup L37 146.8 139.5 125.4 I 19.1 102.8 80.6 30J 49.9 

Technology Cost Markup 1.75 227.3 218.2 204.J 187.8 148.5 119.8 54.2 71.3 

Technology Cost Markup 2.00 273.7 260.7 241.7 215.5 178.1 141.5 62.3 85.3 

Several responders submitted comments on the issue of indirect costs. The International 
Council on Clean Transportation (ICCT) stated that "The agencies abandoned their previously
used indirect cost multiplier method for estimating total costs, which was vetted with peer 
review, and more complexly handled differing technologies with difterent supply chain and 
manufacturing aspects. The agencies have, at this point, opted to use a simplistic retail price 
equivalent method, which crudely assumes all technologies have a 50 percent markup from the 
direct manufacturing technology cost. We recommend the agencies revert back to the 
previously-used and better substantiated ICM approach.';J;u 

A private commenter, Thomas Stephens, noted that "In Section II. Technical Foundation 
for NPRM Analysis, under 1. Data Sources and Processes for Developing lndlvidual 
Technology Assumptions, the agencies state that indirect costs are estimated using a Retail Price 
Equivalent (RPE) factor. Concerns with RPE factors and the difficulty of accounting for 
differences in indirect costs of different technologies when using this approach were identified 
by the EPA (Rogozhin et al., Using indirect Cost multipliers to estimate the total cost of adding 
new technology in the automobile industry, [ntemational Journal of Production Economics 124, 
360-368, 2010), which suggested.using indirect cost (JC) multipliers instead ofRPE factors. The 
EPA developed and updated, IC multipliers for relevant vehicle technologies with automotive 
industry input and review. The agencies should consider using these IC multipliers to estimate 
indirect manufacturing costs instead ofRPE factors."551 

By contrast, the Alliance of Automobile Manufacturers (The Alliance) supports the use 
of retail price equivalents in the compliance cost modeling-to estimate the indirect costs 
associated with the additional added technology required to meet a given future standard. "The 
alternative indirect cost multiplier ("ICM") approach is not sufficiently developed for use in 
rulemaking. As noted by the National Research Council, the indirect cost multipliers previously 
developed by EPA have not been validated with empirical data.5~~ Furthennore, in reference to 
the memorandum documenting the development of ICMs previously used by EPA, Exponent 
Failure Analysis Associates found that, 

"" NHTSA-2018-0067-11741. 
5l < NHTSA-2018-0067-12067. 
m Cost, Effectiveness, and Develop1nemofFuel Economy Technologies for Light-Duty Vehicles, pages 248-49, 
National re~earch Council, the National Academies Press (2015). 
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Large variations were observed between questionnaire responses found in an August 
2009 memorandum (average coefficient of variations across all cost contributors was 
greater than I, indicating potential disagreement between the experts on the relative 
impact of the different cost contributors), and review of the respondents· comments 
indicates confusion and lack of expertise in some areas. The discrepancies between 
questionnaire responses from the EPA experts, and these expem' potential lack of 
understanding of the different cost contributors, are not consistent with a rigorous and 
scientifically sound analysis."553 

In response to these comments the agencies continue to find the RPE approach fh:•~1,J,j" 

h r,·.1s1111.tl· ll .111-1.1pp11p1 i.r:~i.• 1h,;- I\ '.\l-.+ppi,¼.h, at least at this stage in the development ICM 
estimates, for the reasons discussed both above and previously in the NPRM. ~ HHk 1h,,1, •u1 

c111llt'rll die' 11111 \', 1th lhc c·.iilctJ'I 111 I< \I but l,1lhc•1 "1ih lht'-iH,~l-k:'tH-1><1•,c•d 'ctl!lc l'=-='' l~d 

l11r li'"'" ll -\.+-.. "'"1ti,:-li ~,,th' ""' hv,•11 •· c111tl,Hc'd <111d ', lit I I t "' 1l11t1 'I 11'1 1l1t"-dHj"l i,rll½,--t~ 

l{l'I , ,due ( TEXT Forthcoming] The agencies wi ll continue to monitor any developments in 
ICM methodo logies as part of future rulemakings. 

c) Stranded Capital Costs 

Past analyses accounted for costs associated with stranded capital when fuel economy 
standards caused a technology to be replaced before its costs were fully amortized. The idea 
behind stranded capital is that manufacturers amortize research, development, and tooling 
expenses over many years, especially for engines a nd transmissions. The traditional production 
life-cycles for transmissions and engines have been a decade or longer. If a manufacturer 
launches or updates a product with fuel-saving technology, and then later replaces that 
technology with an unrelated or different fuel-saving technology before the equipment and 
research and development investments have been fully paid off, there will be unrecouped, or 
stranded, capital costs. Quantifying stranded capital costs accounts for such lost investments. 

In the Draft TAR a nd NPRM analyses, only a few technologies for a few manufacturers 
were projected to have stranded capital costs. As more technologies are included in this analysis, 
and as the CAFE model has been expanded to account for platform and engine sharing and 
updated with redesign and refresh cycles, accounting for stranded capital has become 
increasingly complex. Separately, manufacturers may be shifting their investment strategies in 
ways that may alter how stranded capital calculations were traditionally considered. For 
example, some suppliers sell similar transmissions to multiple manufacturers. Such 
arrangements a llow manufacturers to share in capita l expenditures, or amort ize expenses more 
quickly. 

Manufacturers share parts on vehicles around the globe, achieving greater scale and 
greatly affecting tooling strategies and costs. Given these trends in the industry and their 
uncertain effect on capital amortization, and given the difficu lty of handling this uncertainty in 
the CAFE model, this analysis does not account for stranded capital. The agencies' analysis 
continues to rely on the CAFE model's explicit year-by-year accounting for estimated refresh 

'" NHTSA-2018-0067-12073. 
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and redesign cycles, and shared vehicle platforms and engines, to moderate the cadence of 
technology adoption and thereby limit the implied occurrence of stranded capital and the need to 
account for it explicitly. The agencies wi ll moni tor these trends to assess the role of stranded 
capital moving forward 

d) Cost Learning 

Manufacturers make improvements to production processes over time, which often result 
in lower costs. "Cost learning" reflects the effect of experience and volume on the cost of 
production, which generally results in better utiliz.ation of resources, leading to higher and more 
efficient production. As manufacturers gain experience through production, they refine 
production techniques, raw material and component sources, and assembly methods to maximize 
efficiency and reduce production costs. Typically, a representation of this cost learning, or 
learning curves, reflect initial learning rates that are re latively high. followed by slower learning 
as additional improvements are made and production efficiency peaks. This eventually produces 
an asymptotic shape to the learning curve, as small percent decreases are applied to gradually 
declining cost levels. These learning curve estimates are applied to various technologies that are 
used to meet CAFE standards. 

For the NPRM and this final rule, the agencies estimated cost learning by considering 
methods established by T.P. \Vright55• and later expanded upon by J.R. Crawford. Wright, 
examining aircraft production, found that every doubling of cumulative production of airplanes 
resulted in decreasing labor hours at a fixed percentage. This fixed percentage is commonly 
referred to as the progress rate or progress ratio, where a lower rate implies faster learning as 
cumulative production increases. J.R. Crawford expanded upon Wright's learning curve theory 
to develop a single unit cost model,555 that estimates the cost of the 11

1
" unit produced given the 

following information is known: (I) cost to produce the first unit; (2) cumulative production of n 
units; and (3) the progress ratio. 

As pictured in Figure Vl-6Figure Vl-6, Wright's learning curve shows the first unit is 
produced at a cost of$1,000. Initially cost per unit falls rapidly for each successive unit 
produced. However, as production continues, cost falls more gradually at a decreasing rate. For 
each doubling of cumulative production at any level, cost per unit declines 20 percent, so that 80 
percent of cost is retained. The CAFE model uses the basic approach by Wright, where cost 
reduction is estimated by applying a fixed percentage to the projected cumulative production of a 
given fuel economy technology. 

"' Wright, T. P .. Factors Affecting the Cost of Airplanes. Journal afAerona111ical Sciences. Vol. 3 ( 1936). pp. I 24-
125. Available at hnp: """ .u, m.cdu pdlldd, research paper,, Nhers I \I~(, "richt I 93(,,t.Jxff. 
s;; Crawford. J.R .. Learning CwTe, Ship Curre. Ratios. Related Data, Burbank, California-Lockheed Aircraft 
Corporation ( 1944). 
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Figure Vl-6 - Wright's Learning Curve (Progress Ratio = 0.8) 

The analysis accounts for learning effects with model year-based cost learning forecasts 
for each technology that reduce direct manufacturing costs over time. The agencies evaluated 
the historical use of techno logies, and reviewed industry forecasts to estimate future volumes for 
the purpose of developing the model year-based technology cost learning curves. 

The fol lowing section discusses the agencies' development of model year-based cost 
learning forecasts, including how the approach has evolved from the 2012 rulemaking for MY 
2017-2025 vehicles, and how the progress ratios were developed for different technologies 
considered in the analysis. Finally, the agencies discuss how these learning effects are applied in 
the CAFE Model. 

(1) Time versus Volume-Based Learning 

For the 20 12 joint CAFE/CO2 rulemaking, the agencies developed learning curves as a 
function of vehicle model year.556 Although the concept of this methodology is derived from 
Wright's cumulative production volume-based learning curve, its application for CAFE and CO2 
technologies was more of a function of time. More than a dozen learning curve schedules were 
developed, varying between fast and slow learning, and assigned to each technology 
corresponding to its level of complexity and maturity. The schedules were appl ied to the base 
year of direct manufacturing cost and incorporate a percentage of cost reduction by model year 
declining at a decreasing rate through the technology's production li fe. Some newer 
technologies experience 20 percent cost reductions for introductory mode l years, while mature or 
less complex technologies experience 0-3 percent cost reductions over a few years. 

In their 2015 report to Congress, the National Academy of Sciences (NAS) recommended 
the agencies should "continue to conduct and review empirical evidence for the cost reductions 

556 CAFE 2012 Final Rule, NHTSA DOT. 77 FR 62624. 
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that occur in the automobile industry with volume, especially for large-volume technologies that 
will be relied on to meet the CAFE/[CO~J standards."m 

In response, the agencies have incorporated statically projected cumulative volume 
produc.tion data of fuel economy improving technologies, representing an improvement over the 
previously used time-based method. Dynamic projections of cumulative production are not 
feasible w ith current CAFE model capabilities, so one set of projected cumulative production 
data for most vehicle technologies was developed for the purpose of determining cost impact. 
For many techno logies produced and/or sold in the U.S., historical cumulative production data 
was obtained to establish a starting point for learning schedules. Groups of similar technologies 
or technologies of similar complexity may share identical learning schedules. 

The slope of the learning curve, which determines the rate at which cost reductions occur. 
has been estimated using research from an extensive literature review and automotive cost tear
down reports (see below). The slope of the learning curve is derived from the progress ratio of 
manufacturing automotive and other mobile source technologies. 

(2) Deriving the Progress Ratio Used in this Ana~i·sis 

Learning curves vary among different types of manufactured products. Progress ratios 
can range from 70 to I 00 percent, where I 00 percent indicates no learning can be achieved.558 

Learning effects tend to be greatest in operations where workers often touch the product, whi le 
effects are less substantial in operations consisting of more automated processes. As automotive 
manufacturing plant processes become increasingly auto1J1ated, a progress ratio towards the 
higher end would seem more suitable. The agencies incorporated findi ngs from automotive cost
teardown studies wi th EPA 's literature review of learning-related studies to estimate a progress 
ratio used to determ ine learning schedules of fuel economy improving technologies. 

EPA's literature review examined and summarized 20 studies related to learning in 
manufacturing industries and mobile source manufacturing.559 The studies focused on many 
industries, including motor vehicles, ships, aviation, semiconductors, and environmental energy. 
Based on several criteria, EPA selected five studies providing quantitative analysis from the 
mobi le source sector (progress ratio estimates from each study are summarized in 

; 57 Cost. £.ffectil'eness. and Deployment cfF11el Economy Technologies for Light-DIiiy r'ehicles, National Research 
Council of the National Academies(2015), available at hur,: '"' \\.11:n>.cdu resource: I 74-l Jcp, 16621 fl.pd!'. 
"'Martin, .I., "What is a Leaming Curve?" Management and Accounting Web, University of South Florida. 
available at: https: """ .maa\\ .inti, LearnineCun 6 umman .him. 
559 Cost Reduction through Learning in Manufaclllring Industries and in the Afam,ft,cture of Mobile Sources, United 
States Environmental Protection Agency (20 15 ). Prepared by ICF International and available at 
http:-i: l 9januar, ~OJ 7 ... n;-ip~hot.1..·1x1.w1, ,ile:-. r,rnductil,n Iii~!'! ~O I t,- 11 Jlll'.t1111cnh 4:?0rl 601 ~-rdf 
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Table Vl-19 
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Table \11- 19, below). Further. those studies expand on Wright's Learning Curve function 
by using cumulative output as a predictor variable, and unit cost as the response variable. As a 
result, EPA determined a best estimate of 84 percent as the progress ratio in mobile source 
industries. However, of those five studies, EPA at the time placed less weight on the Epple et a!. 
/ 1991) study, because of a disruption in learning due to incomplete knowledge transfer from the 
first shift to introduction ofa second shift at a North American truck plant. While learning may 
have decelerated immediately after adding a second shift, the agencies note that unit costs 
continued to fall as the organization gained experience operating with both shifts. lhe agem:ie 
Me"', re~ngni,•e 1ha1 tfr rnflllllA, ,uo1 an e~· emial pan of1lie le11miAg fn>t:<': ~ and ,h0:rnltl n~l. iii <1ntl 
t1flhenbeh c~. lie Eliwretlit<'El. J:\1r ihi· ri:'a.,1m. lthe analysis uses a re-estimated average progress 
ratio of85 percent from those five studies (equally-weighted). 
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Table VI- I 9 - Progress Ratios from EPA 's Literature Review 

Author Industry Progress Ratio 
(Publication Date) (Cumulative Output 

Approach) 

Argote et al. Trncks 85% 
(!997)560 

Benkard {2000)561 Aircraft 82% 
(commercial) 

Epple et al. Trucks 90% 
(I 991)56" 

Epple et al. Trucks 85% 
(1996}°6; 

Levitt et al. Automobiles 82% 
(2013)564 

In addition to EPA 's literature review, this progress ratio estimate was infonned based on 
NHTSA's findings from automotive cost-teardown studies. NHTSA routinely perfom1s 
evaluations of costs of previously issued Federal Motor Vehicle Safety Standards (FMVSS) for 
new motor vehicles and equipment. NHTSA's engages contractors to perform detailed 
engineering "tear-down" analyses for representative samples of vehicles, to estimate how mu·ch 
specific FMVSS add to the weight and retail price of a vehicle. As part of the effort, cost and 
production volume are examined for automotive safety technologies. In particular, the agency 
estimated costs from multiple cost tear-down studies for technologies with actual production data 

, .. Argote, L., Epple, D .• Rao, R. D., & Murphy, K., The acq11isi1ion and depreciation ofkmn,·ledge in a 
mamifacturing arg<1ni:ario11 - Turnover and plant prodm;lfrir:,, Working paper, Graduate School of Industrial 
Adminiscration. Carnegie Mellon University ( 1997). 
161 Benkard, C. L., Learning and Forgetting- The Dynamics r,fAircrafl Prod11clion, The American Economic 
Review, Vol. 90(4). pp. !034--54 (2000), 
"'' Epple, D,, Argote. L., & Devadas. R.. Organi;ational Learning C,1n'i's -A Method for lm·e.l'rigaling lntra-Plai11 
Transji3r~fKnowledge ,kquired 1/wo11gh Learning by Doing. Organization Science, Vol. 2(1), pp. 58-70 (1991), 
36'Epple. D., Argote, L., & Murph}', K .• A11 Empiricaf lnws1iga1io11 ofrhe Micros/rue lure of Knowledge Acq11isi1ion 
and Transfer 1hmugh Learning by Doing, Operations Research, Vol. 44(1 ). pp, 77---86 (19%). 
56-l Levitt, S. D., List, J. A .• & Syverson, C., Toward a11 Undeistanding off.earning by Doing - Eridenujfom an 
Automobile Assemh~l' Plam, Journal of Political Economy, Vol. 12! (4), pp. 643-81 (2013). 
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from the Cosr and weiiht added by the Federal Motor Vehicle Safety Standards for Mr f 968-
2012 passenger cars and LTVs (2017).565 

NHTSA chose five vehicle safety technologies with sufficient data to estimate progress 
ratios of each, because these technologies are large-volume technologies and are used by almost 
all vehicle manufacturers. Table Vl-20Table VI-20 below includes these five technologies and 
yields an average progress rate of92 percent: 

Table VJ-20 - Progress Ratios Researched by NHTSA 

Technology Progress 
Ratio 

Anti-lock Brake Systems 87% 

Driver Airbags 93% 

Manual 3-pt lap shoulder safety belts 96% 

Adjustable Head Restraints 91% 

Dual Master Cylinder 95% 

For a final progress ratio used in the CAFE model, the five progress rates from EPA's 
literature review and five progress rates from NHTSA 's evaluation of automotive safety 
technologies results were averaged. This resulted in an average progress rate of approximately 
89 percent. Equal weight was placed on progress ratios from all 10 sources. More specifically, 
equal weight was placed on the Epple et aL (1991) study, because disruptions have more recently 
been recognized as an essential part in the learning process, especially in an effort to increase the 
rate of output. Further discussion of how the progress ratios were derived for this analysis is 
located in [FRIA Chapter X]. 

ICCT commented that the choice to use safety technology as a model for fuel efficiency 
led to lower learning rates in the NPRM analysis compared to prior analyses.566 ICCT stated that 
safety technologies were chosen for the NPRM because they are used by almost every 
manufacturer, in contrast to fuel efficiency technologies, where not every manufacturer will use 

-'65 Simons, J. F., Cos/ and weight added by the Federal .Hotor Vehicle SajC,tySt,mdardsfar MY 1968-2012 
Passenger Car.< and LTl's (Report No. DOT HS 812 354). Washington, D.C. - National Highway Traffic Safety 
Administration (November 2017), at pp. 30-33. 
' 66 NHTSA-2018--0067-1 !741. 
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them, particularly when they are first introduced. ICCT stated that to show the impact of 
changing learning rates, the agencies should run a sensitivity analysis using the learning rates in 
the TAR, as well as EPA's learning rates in its Final Detennination. lCCT concluded that 
"(w]ithout doing so and without conducting a peer review of the change in approach, it appears 
clear the agencies have decided to switch to a new costing method that affects all future costs. 
but without any significant research justification. vetting, or review." 

The agencies' selection of a progress rate of 0.89 is based on an average of findings 
across research and literature reviews conducted by NHTSA and EPA. The EPA cited rates were 
derived from five studies selected from a sample of20 transportation modal learning studies that 
were examined by an EPA contractor, !CF lnternational.567 One of these 5 studies (Benkard 
(2000) examines learning in the commercial aircraft industiy, which the author notes has many 
unique features that influence marginal costs. It a lso has the lowest progress rate. We note that 
EPA regulates all mobile sources, and while the inclusion of non-passenger vehicle studies in 
their report was justified, it may have biased the estimate of learning attributable to the motor 
vehicle industiy. Notably, nearly all of the other studies included in the ICF International study 
found progress rates higher than the 0.84 rate selected by the authors at t hat time. In reviewing 
the ICF study. NHTSA found many other studies not included in the report, including many 
specific to the motor vehicle and environmental technology industries. Over 90 percent of those 
studies indicated higher progress ratios than ICF recommended.568 Our current approach 
includes a broader and more representative sample of these studies rather than the narrow sample 
selected by !CF. 

The agencies do not agree that safety technologies are adopted by all manufacturers at an 
early stage. Most safety technologies are initially offered as options or standard equipment on 
only a small segment of the vehicle tleet, typica lly luxury vehicles. After a number of years, 
these technologies may be adopted on less expensive vehicles, and eventually they w ill become 
required equipment on all vehicles, but the production process is gradual, as it is with fuel 
efficiency technologies. FMYSS are necessarily established as performance standards- and 
automakers are free to develop or choose from existing technologies to achieve such 
performance requirements-much like automakers can develop or choose from a number of 
established fuel efficiency technologies to achieve fuel economy requirements. Further. the 
derivation of progress ratios is based on the concept of a doubling of cumulative production, not 
time. Therefore, even if production continues at a different pace, it should not disquali fy non
fuel efficiency studies. Moreover, the derivation of the progress ratio used in the TAR and Final 

361 Cost Reduction thro11gh Leaming in 1\1a111if<1cturi11g /11d11stries and i11 the Ma111,fac111re of Mobile Sources. 
Un ited States Environmental Protection Agency. Prepared by ICF International and avai lable at: 
ht1th '. I t)j3nuan ~O I7:-.nap:-.hot.cpa.c.o, :-.it~._ prodm.:1i~,n lilc:-. 2010-11 documents -[!Orl lltl I8.p<lf. 
568 See, for example, progress ratios of multiple technologies relerenced in The Carbon Productivity Challenge: 
Curbing Climate Change and Sustaining Economic GroMh, McKinsey Climate Change Special Initiative, 
McKinsey Global Institute, June 2008 (quoting from UC Berkeley Energy Resource Group, Navigant Consulting) 

and Technology Innovation for Climate Mitigation and its Relation to Government Policies, Edward S. Rubin. 
Carnegie Mel lon University, Presentation to the Ul\'FCCC Workshop on Climate Change Mitigation, Bonn, 
Gem1any, June 19, 2004. 
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Determination document were not confined to fue l efllciency technologies. In fact, as noted 
above, they even included at least one entirely unrelated study of the a ircraft industry. 

Finally, we note that the previous learning schedules used in the TAR and EPA ·s Final 
Determination were only developed through 2025, whereas th is final rule projects learning 
through 2050. The previous learning schedules are thus not directly compatible with the analysis 
conducted in this Final Rule, making a sensitivity analysis problematic. 

(3) Obraining Appropriare Baseline Years for Direct 
Mam!fac111ring Costs to Create Learning Curves 

Direct manufacturing costs for each fuel economy improving technology were obtained 
from various sources, as discussed above. To establish a consistent basis for direct 
manufacturing costs in the rulemaking analysis, each technology cost is adjusted to MY 2018 
dollars. For each technology, the DMC is associated with a specific model year, and sometimes 
a specific production volume, or cumulative production volume. The base model year is 
established as the MY in which direct manufacturing costs were assessed (with learning factor of 
l .00). With the aforementioned data on cumulative production volume for each technology and 
the assumption ofa 0.89 progress ratio for all automotive technologies, the agencies can solve 
for an implied cost for the first unit produced. For some technologies, the agencies used 
modestly different progress ratios to match detailed cost projections if available from another 
source (for instance, batteries for plugin hybrids and battery electric vehicles). 

This approach produced reasonable estimates for technologies already in production, and 
some additional steps were required to set appropriate learning rates for technologies not yet in 
production. Specifically, for technologies not yet in production in MY 20 I ?(the baseline 
analysis fleet), the cumulative production volume in MY 2017 is zero, because manufacturers 
have not yet produced the technologies. For pre-production cost estimates in the NPRM, the 
agencies often relied on confidential business information sources to predict future costs. Many 
sources for pre-production cost estimates include significant learning effects, often providing 
cost est imates assuming high volume production, and often for a timeframe late in the first 
production generation or early in the second generation of the technology. Rapid doubling and 
re-doubling of a low cumulative volume base with Wright's learning curves can provide 
unrealistic cost estimates. ln addition, direct manufacturing cost projections can vary depending 
on the initial production volume assumed. Accordingly, the agencies carefully examined direct 
costs with learning, and made adjustments to the starting point for those technologies on the 
learning curve to better align with the assumptions used for the initial direct cost estimate. 

(4) Cost Learning as Applied in the CAFE Model 

For the NPRM analysis, the agencies updated the manner in which learning effects apply 
to costs. In the Draft TAR analysis, the agencies had applied learning curves only to the 
incremental direct manufacturing costs or costs over the previous technology on the tech tree. In 
practice, two things were observed: (I) if the incremental direct manufacturing costs were 
positive, technologies could not become less expensive than their predecessors on the technology 
tree, and (2) absolute costs over baseline technology depended on the learning curves of root 
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technologies on the technology tree. For the NPRM and final rule analysis, the agencies applied 
learning effects to the incremental cost over the null technology state on the applicable 
technology tree. After this step, the agencies calculated year-by-year incremental costs over 
preceding technologies on the tech tree to create the CAFE model inputs. As discussed below, 
for the fina l rule, the agencies revised the CAFE model to replace incremental cost estimates 
with absolute estimates, each specified relative to the null technology state on the applicable 
technology tree. This change facilitated quality assurance and is expected to make cost inputs 
more transparently relatable to detailed model output. Likewise, this change made it easier to 
apply learning curves in the course of developing inputs to the CAFE model. 

Each technology in the CAFE Model is assigned a learning schedule developed from the 
methodology explained previously. For example. the following chart shows learning rates for 
several technologies applicable to midsize sedans, demonstrating that whi le the agencies estimate 
that such learning effects have already been a lmost enti rely realized for engine turbocharging (a 
technology that has been in production for many years). we estimate that significant 
opportunities to reduce the cost of the greatest levels of mass reduction (e.g. , MRS) remain, and 
even greater opportunities rema in to reduce the cost of batteries for HEVs, PHE Vs, BE Vs. In 
fact, for certain advanced technologies, the agencies determined that the results predicted by the 
standard learning curves progress ratio was not realistic, based on unusual market price and 
production relationships. For these technologies, the agencies developed specific learning 
estimates that may diverge from the 0.89 progress rate. T hese include: 

[Text Forthcoming] 
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Figure Vl-7 - Examples of Year-by-Year Cost Learning Effects (Midsize Sedan) 

(5) Text and Table ForthcomingPorential Future Approaches 
to Considering Cost Leaming in the CAFE Model 

As discussed above, cost inputs to the CAFE model incorporate estimates of volume
based learning. As an alternative approach, the agencies have considered modifications to the 
CAFE model that would calculate degrees of volume-based learning dynamically, responding to 
the model's application of affected technologies. While it is intuitive that the degree of cost 
reduction achieved through experience producing a given technology should depend on the 
actual accumulated experience (i.e., volume) producing that technology, such dynamic 
implementation in the CAFE model is thus far infeasible. Insufficient data have been available 
regarding manufacturers' historical application of specific technology. Further, insofar as the 
agencies' estimates of underlying d irect manufacturing costs al ready make some assumptions 
about volume and scale, insufficient information is currently available to determine how to 
dynamically adjust these underlying costs. It should be noted that if learning responds 
dynamically to volume, and volume responds dynamically to learning, an internally consistent 
model solution would likely require iteration of the CAFE model to seek a stable solution within 
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the model's representation multiyear planning. As discussed below, the CAFE model now 
supports iteration to balance vehicle cost and fuel economy changes wich corresponding changes 
in sales volumes, but, this iteration is noc yet implemented in a manner chat would necessarily 
support the balance of learning effects on a mult iyear basis. The agencies invited comment on 
the issue, seeking data and methods that would provide the basis for a practicable approach to 
doing so. Having reviev,;ed comments on cost learning effects, the agencies conclude it remains 
infeasible co calculate degrees of volume-based learning in a manner that responds dynamically 
to modeled technology application. The agencies will continue to examine this issue for future 
development. 

e) Cosr Accouming 

The CAFE model applied for the NPRM analysis used an incremental approach to 
specifying technology cosc estimates, such that the cost for any given technology was specified 
as an incremental value, relative to the technology immediately preceding on the rele vant 
technology pathway. For example, the cost of a 7-speed transmission was specified as an 
amount beyond the cost of a 6-speed transmission. This approach necessitated careful dynamic 
accounting for the progressive application of the techno logy as the model worked on a step-by
step basis to " build" a technology solution. As discussed in the corresponding model 
documentation, the model included complex logic to "back out" some of these costs carefully 
w hen, for example, replacing a conventiona l powertrain with a hybrid-electric system.569 

To facilitate specification of detai led model inputs and review of detailed model outputs, 
today's CAFE model replaces incremental cost inputs with absolute cost inputs, such that the 
estimated cost of each technology is specified relative to a common re ference point for the 
relevant techno logy pathway. For example, the cost of the above-mentioned 7-speed 
transmission is specified relative to a 4-speed transmission, as is the cost of eve1y other 
transmission technology. This change in the structure of cost inputs does not, by itself, change 
model results, but it does make the connection between these inputs and corresponding outputs 
more transparent. Model documentation accompanying today's analysis presents details of the 
updated structure for model cost inputs.570 

6. [Text Forthcoming) 

C. The model applies technologies based on a least-cost technology pathway to 
compliance, given the framework above 

The CAFE model, discussed in detai l above, is designed to simulate compliance with a 
given set of CAFE or tailpipe CO2 emissions standards for each manufacturer that sells vehicles 
in the United States. For the final ru le analysis, the model began with a representation of the MY 
2017 vehicle model offerings for each manufacturer that included the specific engines and 
transmissions on each model variant, observed sales volumes, and all fuel economy improving 
technology that is already present on those vehicles. From there the model added technology, in 

569 N HTSA, Draft CAFE Model Documentatio n, July 2018, at 42-46. Available at hups: """ .nh1sc1.~o, ,·nrpor:11c
i.J\ cral•c-1·ue-l-ec~,nom, tompJ iance-an<l-eflt.·'-·t~-,m )<ll.!I inc-..,, s1c-n1. 
" 0 [Texl Forthcoming]. 
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response to the standards being considered, in a way that minimized the cost of compliance and 
reflected many real-world constraints faced by automobile manufacturers. The model addressed 
fleet year-by-year compliance, taking into consideration vehicle refresh and redesign schedules 
and shared platforms, engines, and transmissions among vehicles. 

The agencies evaluated a wide mray of technologies manufacturers could use to improve 
the fuel economy of new vehicles, in both the immediate future and during the timeframe of this 
rulemaking, to meet the fuel economy and CO2 standards. The agencies evaluated costs for these 
technologies, and looked at how these costs may change over time. The agencies also 
considered how fuel-saving technologies may be used on mi.my types of vehicles (ranging from 
small cars to trucks) and how the technologies may perform in improving fuel economy and CO2 
emissions in combination with other technologies. With cost and effectiveness estimates for 
technologies, the agencies forecast how manufacturers may respond to potential standards and 
can estimate the associated costs and benefits related to technology and equipment changes. 
This assists the assessment of technological feasibility and is a building block for the 
consideration of economic practicability of the standards. 

The agencies described in the NPRM that the characterization of current and anticipated, 
fuel-saving technologies relied on portions of the-analysis presented in the Draft TAR, in
addition to new information that had been gathered and developed since conducting that analysis, 
and the significant, substantive input that was received during the Draft TAR comment period. 
The Draft TAR considered many technologies previously assessed in the 2012 final rule;571 in 
some cases, manufacturers have nearly universally adopted a technology in today's new vehicle 
fleet (for example, electric power steering), but in other cases, manufacturers only occasionally 
use a technology in tqday's new vehicle fleet (like turbocharged engines). For a few 
technologies considered in the 2012 rulemaking, manufacturers began implementing the 
technologies but have since largely pivoted to other technologies due to consumer acceptance 
issues ((for instance, drivability and perfonnance feel issues associated with some dual clutch 
transmissions without a torque converter) or limited commercial success. 

In some cases, EPA and NHTSA presented different analytical approaches in the Draft 
TAR. However, for the NPRM and final rule analysis, the agencies harmonized their analytical 
apprqach to use one set of effectiveness values (developed with one tool), one set of cost 
assumptions, and one set of assumptions about the limitations of some technologies. To develop 
these assumptions, the agencies evaluated many sources of data, in addition to many stakeholder 
comments received on the DraftT AR. The preferred approach was to harmonize on sources and 
methodologies that were data-driven and reproducible for independent verification, produced 
using tools utilized by OEMs, suppliers, and academic institutions. and using tools that could 
support both CAFE and CO:c analysis. As the agencies noted in the NPRM, a single set of 
assumptions also facilitates and focuses _public comment by reducing burden on stakeholders 
who seek to review all of the supporting documentation for this proposal. 

The agencies identified a preference to use values developed from careful review of 
commercialized technologies; however, in some cases for technologies that are new, and are not 

"' 77 FR 62624 (Oct. 15, 1012). 
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yet for sale in any vehicle, the analysis relied on informat ion from other sources, including CBI 
and third-party research reports and publications. The agencies strived to keep the technology 
analysis as current as possible in light of the ongoing technology developme nt and 
implementation in the automotive industry. Additiona l emerging technologies added for the 
final rule analysis are described in further detail, below. 

The agencies' process to develop effectiveness assumptions is described in detail in 
[Section Effectiveness], above, but to summarize, both the PRM and final rule analysis 
modeled more than 50 fuel economy-improving technologies, and combinations thereof, on I 0 
vehicle types (an increase from five vehicle types in NHTSA 's Draft TAR analysis). While I 0 
vehicle types may seem like a small number, a large portion of the production volume in the 
analysis fleet has specifications that are very similar, especially in highly competitive segments 
(for instance, many mid-sized sedans, many small SUVs, and many large SUYs coalesce around 
similar specifications. respectively), and baseline simulations have been aligned around these 
modal specifications. The sequential addition of these technologies generated more than 100,000 
unique technology combinations per vehicle class. Because the analysis included 10 technology 
classes, more than one mi llion full-vehicle simulations were run. In addition. simulation 
modeling was conducted to determine the appropriate amount of engine downsizing needed to 
maintain baseline performance across all modeled vehicle performance metrics when advanced 
mass reduction technology or advanced engine technology was applied. so these simulations take 
into account performance neutrality, given logical engine down-sizing opportunities associated 
with specific technologies. 

Some baseline vehicle assumptions used in the simulation modeling were updated based 
on public comment and the assessment of the NPRM and final rule analysis fleets. T he agencies 
updated assumptions about curb weight, component inertia, as well as technology properties like 
baseline rolling resistance, aerodynamic drag coefficients, and frontal areas. Many of the 
assumptions are aligned with published research from the Department of Energy's Vehicle 
Technologies Office and other independent sources."72 Additional transmission technologies and 
more levels of aerodynamic techno logies than NHTSA presented in the Draft TAR analysis were 
also added for the analysis. Having additional technologies in the model allowed the agencies to 
ass ign baselines and estimate fuel-savings opportunities with more precision. 

To develop technology cost assumptions. the agencies estimated present and future costs 
for fuel-saving technologies, taking into consideration the type of vehicle, or type of engine if 
technology costs vary by application. Since the 2012 final rule, many cost assessments, 
including tea r down studies, were funded and completed, and presented as part of the Draft TAR 
analysis. These studies evaluated transmissions, engines, hybrid technologies, and mass 
reduction.573 \·. a re ,Lill. tihe NPRM and final rule analyses use the Draft 1 . \R · , _. L1t3tla!t!8 cost 

m See. e.g., Pannone, G. "Technical Analysis of Vehicle Load Reduction Potential for Advanced Clean Cars,'' April 
29, 2015. Ami/able a, https://www.arb.ca.gov/ research/aprlpast/l 3-313.pdf Last accessed December 28.2019. 
m FEY prepared several cost analysis studies for EPA on subjects ranging from advanced 8-speed trnnsmissions to 
belt alternator starter. or Start/Stop systems. NHTSA also contracted with Electricore, EDAG. and Southwest 
Research on teardown studies evaluating mass reduction and transmissions. The 2015 NAS report on fuel economy 
technologies for light-duty vehic les also evaluated the agencies' technology costs developed based on these 
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estimates for many technologies. In addition to those studies, the analysis also leveraged 
research reports from other organizations to assess costs.574 The analysis also used an updated, 
peer-reviewed model developed by ANL for the Department of Energy 11, I"'"'\ iue a 1flt#t! 

riguniu, e ,tiAJatt' for 1->a111:r:, et, ,t',consi,t..:nt \I ith pn,t anah ,c:s. This model, BatPaC, provides 
an estimate future for battery costs for hybrids, plug-in hybrids, and electric vehicles, taking into 
account the different battery design characteristics and taking into account the size of the battery 
for different applications.575 The agencies updated technology costs for the NPRM to 2016 
dollars, because, as in many cases, technology costs were estimated several years ago, and since 
then have further updated technology costs to 20 I 8 dollars for the final rule. 

Cost and effectiveness values were estimated for each technology included in the 
analysis. As mentioned above, more than 50 technologies were considered in the NPRM and 
final rule analyses, and the agencies evaluated many combinations of these technologies on many 
applications. In the NPRM, the agencies identified overarching potential issues in assessing 
technology effectiveness and cost, including: 

• Baseline vehicle technology level assessed as too low. or too high. Compliance 
information was extensively reviewed and supplemented with available literature on the 
vehicle models considered in the analysis tleet. Manufacturers could a lso review the 
baseline technology ass ignments for their vehicles, and the analysis incorporates 
feedback received from manufacturers. 

• Technology costs too low or too high. Tear down cost studies, CBI, li terature. and the 
2015 NAS study information were referenced to estimate technology costs. In cases 
where one technology appeared to exceed all other technologies on cost and 
effectiveness, information was acquired from additional sources 10 confim1 or reject 
assumptions. Cost assumptions for emerging technologies were reassessed in cases 
where new information became available. 

• Technology effectiveness too high or too low in combination 11'ilh other vehicle 
technologies. Technology effectiveness was evaluated using the Autonomie full-vehicle 
simulation modeling, taking into account the impact of other technologies on the vehicle 
and the vehicle type. Inputs and modeling for the ana lysis took into account laboratory 
test data for production and some pre-production technologies. technical publications, 
manufacturer and supplier CBI. and simulation modeling of specific technologies. 
Evaluating recently introduced production products to inform the technology 
effectiveness models of emerging technologies was preferred; however, some 
technologies that are not yet in production were considered using C BI. Simulation 

1eardown s!lldies, and the technology costs used in this proposal were updated accordingly. These s1udies a re 
discussed in detail in Chapter [XXX] of the FRIA. 
574 For example, the agencies rel ied on repons from the Depanment of Energy's Office of Energy Efficiency & 
Renewable Energy's Vehicle Technologies Oflice. More information on that office is available at 
https://www.energy.govleerclvehiclcs/vehiclc-technologies-office. Other agency repons that were relied on for 
technology or other information are referenced throughout this proposal and accompanying PRIA. 
m For instance, battery e lectric vehicles with high levels or mass reduction may use a smaller battery than a 
comparable vehic le wi1h less mass reduction technology and still deliver the same range o n a charge. 
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modeling used carefully chosen baseline configurations to provide a consistent, 
reasonable reference point for ihe incremental effectiveness estimates. 

• Vehicle performance 1101 considered or applied in all ilifeasible manner. Perfomiance 
criteria, including !ow speed acceleration (0-60 mph time), high speed acceleration (50-
80 mph time), towing, and gradeability (six percent grade at 65 mph) were also 
considered. In the simulation modeling, resizing was applied to achieve the same 
performance level as the baseline for the least capable-performance criteria but only with 
significant design changes. The analysis struck a balance by employing a frequency of 
engine downsizing that took product complexity and economies of scale into account. 

• Availability ofteclmologiesfor production application too soon or too late. A number of 
technologies were eYaluated that are not yet in production. CBI was gathered on the 
maturity and timing of these technologies and the cadence at which manufacturers could 
adopt these technologies. 

• Product complexity and design cadence constraints too low or too high. Product 
platfonns, refresh and redesign cycles, shared engines, and shared transmissions were 
also considered in the analysis. Product complexity and the cadence of product launches 
were matched to historical values for each manufacturer. 

• Customer acceptance under estimated or over estimated. Resale prices for hybrid 
vehicles, electric vehicles, and internal combustion engine vehicles were evaluated to 
assess consumer willingness to pay for those technologies. The analysis accounts for the 
differential in the cost for those technologies and the amount consumers have actually 
paid for those technologies. Separately, new dual-clutch transmissions and manual 
transmissions were applied to vehicles already equipped with these transmission 
architectures. 

The agencies sought comments on all assumptions for fuel economy technology costs, 
effectiveness, availability. and applicability to vehicles in the fleet. 

Several comm enters compared the technology effectiveness and cost estimates from prior 
rulemaking actions to the NPRM, some commenting that the NPRM analysis represented a better 
balance of input from all stakeholders regarding the potential cost and benefits of future fuel 
efficient technologies,5' 6 and some commenting that the NPRM analysis represented a step back 
from the Draft TAR and EPA's Proposed Determination in tenns of both the analysis itself and 
the resulting conclusions about the level of technology required to meet the augural standards.577 

Specifically, while some commenters stated that the Draft TAR and subsequent EPA midterm 
review documents had recently concluded that augural st_andards were achievable with very low 
levels of electrification based on currently available information on technology effectiveness and 

"• See. e.g .• NHTSA-2018-0067-11928. 
m See. e.g .• NHTSA-20!8-0067-11873. 
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cost,57s other commenters reiterated that conventional gasoline powertrains alone were 
insufficient to achieve post-2021 model year targets."~ 

Generally, the automotive industry supported the agencies' NPRM analysis over previous 
analyses. ln addition to the automotive industry's support of the agencies' use of one modeling 
tool for analysis, discussed in [Section P04], above, the industry also commented in suppo1t of 
specific technology effectiveness, cost, and adoption assumptions used in the updated analysis. 

For example, the Alliance commented that the analysis appropriately restricted the 
application of some technologies, like the application of low rolling resistance tires-on 
performance Yehicles, and limited aerodynamic improvements for trucks and minivans.>Ro 
Similarly, the Al!iance commented in support of the decision to exclude HCR2 technology from 
the analysis, citing previous comments stating that "the inexplicably high benefits ascribed to 
this theoretical combination of technologies has not been validated by physical testing." 

Ford commented more broadly that "[t]he previous analyses performed by the Agencies 
too often selected technology benefits from the high-end of the forecasted range, and cost from 
the lower-end, in part because deference was given to supplier or other third-party claims over 
manufacturers' estimates."581 Ford noted that, "[m]anufacturer estimates, while viewed as 
conservative by some, are informed by years of experience integrating new technologies into 
vehicle systems in a manner that avoids compromising other important attributes (NVH, utility, 
safety, etc.)," continuing that "[t]he need to preserve these attributes often limits the actualized 
benefit of a new technology, an effect insufficiently considered in projections from most non
OEM sources." Ford concluded, as mentioned above, that the NPRM analysis better balanced 
these considerations. 

Toyota commented that the discrepancy between the automotive industry and prior 
regulatoT)· assessments stemmed from "agency modeling relying on overly optimistic 
assumptions about technology cost effectiveness and deployment rates."582 Toyota pointed to a 
prior analysis that projected compliance for Toyota's MY 2025 lineup using the ALPHA model 
as an example of how "the agency's analysis failed to account for customer requirements (cost, 
power, weight-adding options, etc.) that erode optimal fuel economy, and normal business 
considerations that govern the pace oftechno!ogy deployment." In contrast, Toyota stated that 
the "[m]odeled technology cost, etlectiveness, and compliance pathways in the proposed 
rulemaking rely on more recent data as well as more realistic·assumptions about the level of 
technology already on the road today, the pace oftechnology deployment, and trade- offs 
between vehicle efficiency and customer requirements." 

Honda, in its feedback on the models used in the standard setting process, commented 
that "the current version of the CAFE model is reasonably accurate in terms of technology 

l711 See, e.g., NHTSA-2018-0067-11969. 
SN See, e.g., NHTSA-2018-0067-12!50. 
''" NHTSA-2018-0067-12()73, at 134. 
'"' NHTSA-2018-0067-11928. 
110 NHTSA-2018-0M7-l2150. 
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efficJency, cost, and overall compliance considerations, and reflects a notable improvement over 
previous agency modeling efforts conducted over the past few years.''1~3 

FCA commented in recognition of the CAFE model improvements over the Draft TAR 
version, but noted they "continue to believe that the cost and benefits used as inputs to the rilodel 
are overly optimistic.''"114 FCA used its updated Jeep Wrangler Unlimited and Ram 1500 pickup 
models as. examples of vehicles that ''provide real life examples·ofthe costs and benefits that can 
be achieved with fuel and weight saving technology"; however, "after all of the real world 
concerns such as emissions, drivabi!ity, OBD, and fuels are considered, the benefits observed 
remain less than those derived by the Autonomie model and used as inputs to the Volpe model." 

Conversely, environmental groups, consumer groups, and some States and localities 
commented that the Draft TAR and subsequent EPA analyses were more representative of the 
current state of vehicle technologies. These groups all generally commented, in different tem1s, 
that the NPRM analysis technology effectiveness was understated and technology costs were 
overstated, and additional constraints the agencies placed on the analysis, like excluding 
'technologies already in production or constraining technology pathways, also helped lead to that 
result. 585. 

ICCT commented that the agencies "ignored their own rigorous 2015-201 7 technological 
assessment, and have adopted a series of invalid and unsupportable decisions which artificially 
constrain the availability and dramatically under-estimate levels of effectiveness of many 
different fuel economy improvement and [CO::]-reduction technologies and unreasonably 
increase modeled compliance costs.'''86 ICCT also commented that the agencies ignored, 
suppressed, dismissed, or restricted the use of work done to update technologies and technology 
cost and effectiveness assessments since the 2012 final rule for MYs 20.\ 7-2025. ICCT stated 
that the "invalid high cost result [of the modeled augural-standards in 2025] was created by the 
agencies by making many dozens of unsupported changes in the technology effectiveness and 
availability inpms, the technology cost inputs, and the technology package constraints.'' ICCT 
stated that "the agencies failed to capture the latest available information and, as a result, their 
assessment incorrectly and artificially overstates technology costs." 

CARB commented that the agencies did not present sufficient new evidence to change 
previous technical findings, specifically in regards to conventional vehicle technologies.m 
CARB stated that instead of relying on new information, as had been asserted as justification for 
the proposal, the analysis was based on older data that did not reflect current technology. 
Accordingly, CARB pointed out that previous analysis by the agencies projected far less need for 
electrification than what was required in the proposal, stating that the underlying cause is a 
reduction in the assumed cumulative improvements for what advanced gasoline technology is 
able to achieve. 

"" NHTSA-2018-0067-l 1818. 
"" NHTSA-2018-0067-11943. 
'"' NHTSA-2018-0067-l 1873; NHTSA-2018-0067-11984. 
_,.,. NHTSA-2018-0067-l 1741 run comments. 
" 1 NHTSA-2018-006 7-11873. 
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A coalition of States and Cities similarly commented that "[t]he Agen_cies' conclusions 
regarding the technology necessary to meet the 2025 standards and the cost of that technology 
run counter to the evidence before the agency, diverge from prior factual findings without 
explanation and viithout transparency as to the source of data relied on, and are unsupported by 
any reasoned analysis. Such analysis bears many hallmarks of an arbitrary and capricious 
action_"5ss · 

Roush Industries, commenting on behalf of CARB_, commented that "the 2018 PRIA 
projected average costs for technology implementation to achieve the existing standards to be 
significantly overstated and in conflict with the 2016 Draft TAR cost estimates generated by the 
Agencies only hvo years earlier."'8q Roush commented that the Draft TAR analyses of cost and 
incremental fuel economy improvement necessary to achieve the augural standards Vias 
consistent with Roush's own estimates and other publishe<;I data. 

Similarly, H-D Systems (HOS), commenting on behalf of the California DOJ, 
commented that "the estimates in the 2016 TAR on technology cost and effectiveness still 
represent the correct estimates based on the latest available data."5911 HOS, in its analysis of the 
costs of technologies to meet different potential standards between the Draft TAR and the 
NPRM, noted that "costs for most conventional (i.e., non-electric) drivetrain technologies were 
similar in both reports in that costs were within +5% of the average of the costs from the two 
reports.- The only exception was the cost estimate for the High CR second generation Atkinson 
cycle or HCR2 engine which was estimated to be much more expensive. Due to differences in 
nomenclature, transmission technology costs could not be directly compared but were similar at 
the highest efficiency level. In contrast, cost of hybrid technology was estimated to be much 
higher in the PR1A and were 200 to 250% higher for strong hybrids. Costs of drag reduction, 
rolling resistance reduction and auxiliaiy system technologies were also quite similar but the cost 
of mass reduction was substantially higher in the PRIA by a factor of2 to 3. Costs of engine 
friction reduction appear not to be included in the cost computation for the PRIA although the 
technology appears to be integrated into some of the engine technology packages analyzed in the 
PRIA to estimate effectiveness." 

CF A commented that "[t]he overarching discussion ofteclmology developments that 
introduces the NHTSA analysis is fundamentally -flawed and infects the entire proposal," taking 
issue with the claim that "some options considered in the original order for the National Program 
ha[d] not worked out as EPA!NHTSA anticipated_"., 91 CFA commented that the agencies failed 
to note that some technology options have performed better than anticipated, and "the fact that 
some technologies have done better than expected is a basis for increasing the standards, not in 
the context of a mid-tenn review that was supposed t_o tweak the long-term progr.;tm." 

!Oi NHTSA-2018-0067-11735 (citing State Fann, 463 U.S. al 43; Fox Telc\'ision, 556 U.S. at 515; Humane Soc. of 
U.S. v. Locke, 626 F.3d 1040, 1049 (9lh Cir. 20\0)). 
''" NHTSA-2018-0067-11984. 
''"' NHTSA-2018-0067-l 1985. 
-'9' NHfSA-2018-0067-12005. 
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NCAT commented that the "inflation of projected technology costs does not appear to be 
attributable primarily to the projected cost of any given technology, but rather to modeling 
constraints on the application of such technologies to vehicles. Many of these constraints appear 
to be arbitrary and NHTSA's depanure from prior analyses in these respects is not adequately 
supported."592 

Environmental groups and States also commented that the agencies either should 
reincorporate all the Draft TAR or the EPA Proposed and Final Determination analyses' 
technologies, technology effectiveness values, and technology costs into the analysis, and/or 
compare the final rule analysis with those prior analyses to show how the updated assumptions 
changed the results from those prior analyses. , 

For example, ICCT commented that "[t]or the agencies to conduct a credible regulatory 
assessment they must remove all the technology availability constraints, re-incorporate and make 
available the full portfolio of technology options as was available in EP A's analysis for the 
original 2017 Final Detennination, and include at least 15 glmile CO2 for off-cycle credits by 
2025, to credibly reflect the real-world technology developments in the auto industry ."M ICC'T 
also stated that "[t]he agencies need to identify each and every technology cost input used in 
their modeling, and provide a clear engineering and evidence based justification for why that 
cost differs from the costs employed in the extremely well documented and well justified Draft 
TAR and in EPA 's 2016 TSO and 2017 Final Determination, taking into account the above 
discussion of significant new evidence developed since those prior estimates were made. Absent 
such disclosure and justification, the default assumption needs to be that the prior costs estimated 
based on the most recent data are more appropriate than the estimates used for the proposal." 

In additional, groups of commenters were equally split on the ability oftechnologles to 
meet different compliance targets. For example, the Alliance commented that "the only 
technologies that have demonstrated the improvements necessary to meet the MY 2025 standards 
are strong hybrids, plug-in electric vehicles, and fuel cel1 electric vehicles. The Agencies' 
analysis for this Proposed Rule predict the need for significant growth in sales of electrified 
vehicles, a finding consistent with third-party analyses."594 In contrast, UCS commented that 
electrified powertrains "are not especially relevant for the MY 2022-2025 regulations."595 

The agencies are aware that the prior analyses concluded that c'ompliance with the 
augural standards could largely be met through advances in gasoline vehicle technologies, and 
with only very low levels of strong hybrids and electric vehicles. As the agencies stated in the 
NPIPv-1, consistent with both agencies' statutes, the proposal was entirely de nova, based on an 
entirely new analysis reflecting the best and most up-to-date information available to the 
agencies at the time of this rulemaking.596 As discussed in [Sections P04J, [Section P06.A], and 
further below, the NPRM and final rule analyses reflect updates to technology effectiveness 
estimates, technology costs, and the methodology for applying technologies to vehicles that the 

501 NHTSA-2018-0067-11969. 
l9l N!-ITSA-2018-0067-11741 full comments. 
594 NHTSA-2018-0067-Allianceat 15. 
'"' NHTSA-2018-0067-U(,:'S at 23. 
'"' 83 FR 42897. 
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agencies believed better represent the state of technology and the associated costs compared to 
prior analyses, that result in pathways to compliance that looked both similar and different to 
those in prior analyses. 

That said, several of the effectiveness and cost values used in the NPRM and final rule 
analys is were d irectly carried over from the 2012 rule for MYs 2017-2025, Draft TAR, and EPA 
Midterm Evaluation analyses.m Several others were carried over from the 2015 NAS report,"98 

which the agencies heavily relied upon in past ana lyses even if specific cost or effectiveness 
values were not used. Different technology effectiveness estimates, cost estimates, or adoption 
constraints were employed where the agencies had information, from technical reports, 
manufacturers, or other stakeholders, indicating that a technology could or could not be feasibly 
adopted in the ru lemaking timeframe, or a technology could or could not be adopted in the way 
that the agencies had previously modeled it. Notably, most d ifferences in pathways to 
compliance are attributable to only a few significant differences between th is rulemaking 
analys is and prior rulemaking analyses. 

For example, as discussed above in [Section Effectiveness], for the EPA Draft TAR and 
Proposed Detennination analyses, HCR engine and downsized and turbocharged engine 
technologies effectiveness was estimated using Tier 2 certification fuel, which has a higher 
octane rating compared to regular octane fue l. 599· 600• 601 This does not maintain functionality-a 
key requirement of the agencies' analytical approach-because consumers would incur higher 
costs for using premium fuel in order to achieve the modeled fuel economy improvements, 
compared to baseline engines that were replaced, which operated on lower cost regular octane 
fuel. By not maintaining the fuel octane functionality and vehicle attributes, the EPA Draft TAR 
and Proposed Determination analyses applied higher effectiveness for these technologies than 
could be achieved had regular octane fuel been assumed for the HCR and downsized 
turbocharged engines. 

NHTSA 's effectiveness analysis for the Draft TAR used some engine maps that were 
developed with premium octane gasoline, although N HTSA stated at that time that the agency 
would ensure that all future engine model development is performed with regular grade octane 
gasoline.60: Commenters like Ford commented that the effectiveness estimates for turbo 
downsized engine packages were too high, in part because of the use of hig h octane fuel, but 
commented in appreciation ofNHTSA's acknowledgement that any subsequent testing would 
use fuel with the appropriate octane level, as they stated the impact of the change needed to be 
reflected in future analyses. 603 

597 See, e.g.. PRJA at 449. 45 1, 452, 453, 458. 
'"' See. e.g .. PRIA at 358-360. 
1"" Dralt TAR at 5-228. 
600 Tier 2 fuel has an octane rating of 93. Typical regular grade fuel has an octane rating of 87 ((R+M)/2 octane. 
601 EPA Proposed Determination at 2-209 to 2-212. 
"'" Drat\ TAR at Draft TAR at 5-504, 5-512. 
"'" [Ford Motor Company Response to the Draft TAR September 26.2016 FIND DOCKET ID, at pg. 4]. 
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Engine specifications used to create the engine maps for the NPRM and the final rule 
were developed using Tier 3 fuel to assure the engines were capable of operating on real world 
regular octane (87 pump octane = (R+M/2)), similar to what manufacturers have told us they 
must do to ensure engines have acceptable noise, vibration, harshness, drivability and 
performance, and are durable and will not fail prematurely when operated on regular octane fuel. 
This accou111s for some of the effectiveness and cost differences for engine technologies between 
the Draft TAR/Proposed Determination and the NPRM/final rule.60
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As another example, ftmher discussed in [Section Fleet], the agencies had traditionally 
taken different approaches to assigning baseline road load reduction technology assignments. 
For analyzing baseline levels of mass reduction in an analysis fleet, NHTSA had developed for 
the Draft TAR a regression model to summarize a vehicle's weight savings using a re lative 
performance approach and accounting for vehicle content, using cost curves developed from 
teardown studies of a MY 2011 Honda Accord and MY 2014 Chevrolet Silverado pickup truck. 
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The agencies also inc luded additional advanced powertrain technologies and other 
vehicle-level technologies in the technology pathways between the Draft TAR and NPRM, and 
between the NPRM and final rule. However, manufacturers and suppliers have repeatedly to ld 
the agencies that there are diminishing returns to increasing the complexity of advanced gasoline 
engines, including in the amount of fuel efficiency benefit that they can provide. For example, 
Toyota commented, in response to the EPA SAE paper benchmarking the 2018 Camry with the 
2.5L Atkinson-cycle engine and "futuring'' midsize exemplar vehicles based on the generated 
engine map, 607 that although EPA 's addit ion of cylinder deactivation to the hypothetical 2025 
exemplar vehicle is technically possible and would provide some fuel economy and CO: benefit, 
the primary function of cylinder deactivation is to reduce engine pumping losses which the 
Atkinson cycle and EGR already accomplish on the 20 18 Camry.608 Toyota concluded, "The 
overlapping and redundant measures to reduce engine pumping losses would add costs with 

•l+•.....,.-4 '\.l,-..J-,-•1+-•·f-Ht~~ ~..,,_-f-""'~f••~l-\iii+l f\--h~nk;, ••""\! I• l-1, , f ~.i l -H~~I Ill! 
•07 Karg ul, J., Stuhldreher, M., Barba, D .. Schenk, C. e t al.. "Benchmarking a 2018 Toyota Camry 2 .5-Liter 
Atkinson Cycle Engine with Cooled-EGRt SAE Technical Paper 2019-01-0249, 2019, doi: l 0.4271/20 l 9-01-0249. 
• 0• NHTSA-2018-0067-12431, a1 8. 
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diminishing efficien,cy returns." Similarly, BorgWarner commented that they "do not expect that 
variable compression ratio (VCR) or homogeneous charge compression ignition (HCC]) will see 
broad application in the short tern'!, if ever. While each of these technologies can offer marginal 
efficiency gains at some engine speed-load conditions, the use of down-sized boosted engines 
with 8-10 speed transmissions makes it possible to run engines at near optimum conditions and 
effectively minimizes gains from VCR or HCCI. VCR mechanisms result in additional mass, 
cost and complexity, and true HCC! has yet to be demonstrated in a production vehicle. We do 
not believe that OE Ms wi!I judge these technologies to be cost effective.',i;oq 

Finally, the agencies declined to incorporate some information and data for the NPRM or 
final rule central analysis for several reasons that are discussed in [Individual Technology 
Sections], below, but these reasons can be summarized as follows: much information or data 
produced by the agencies or submitted by comm enters did not isolate the effectiveness impacts 
ofindividual technologies (or in some cases a combination of two or several technologies), but 
rather also included the benefits of additional unnamed technologies. Because the effectiveness 
improvement measured or claimed resulted from changes to more technologies than identified, 
the actual effectiveness of the technology or technologies is lower than the amount that can be 
realized in the real world. Accordingly, using the effectiveness value would lead to double 
counting effectiveness and undercounting costs as the unnamed technologies are added again as 
independent technologies in the rulemaking analysis. In many cases, this problem exists where 
data or information is based on laboratory testing or on-road testing of production vehicles or 
components including engines and transmissions. Production vehicles and components usually 
include multiple technology improvements from one redesign to the next, and rarely incorporate 
just a single technology change. Furthermore, technology improvements on production vehicles 
in some cases cannot be readily observed, such as the level of mechanical friction in an engine, 
and isolation and identification of the improvement attributable to each technology would be 
impractical given the costs and time required to do so. That said, in some cases, where possible 
to do so, the agencies used the data or information from production vehicles to corroborate 
information from the Autonomic simulations. However, the agencies declined to apply that data 
or information directly in the analysis if the effectiveness improvement attributable to a 
particular technology could not be isolated. 

So, \vhile previous analyses may have shov-m pathways to compliance with increasingly 
complex advanced gasoline engines, the NPRM and final rule analyses more appropriately 
reflect that the most complex gasoline engine technologies will account for a smaller share of 
manufacturers' products during the rulemaking timeframe. However, despite this tact, the 
NPRM. and final rule analysis include more advanced powertrain technologies than previous 
analyses, in part to account for important considerations like intellectual property and the fact 
that some manufacturers have already started down the path of incorporating a certain advanced 
engine technology in their product portfolio, and that abrupt switching to another advanced 
engine technology would result in unrealistic stranding of capital costs. In addition, greater 
precision in how cumulativ'e technologies applied to engines, as estimated through the 
Autonomic effectiveness modeling, appropriately reflects the diminishing returns to efficiency 
benefits that those advanced engines tan provide. Moreover, as identified by a wide range of 

'"" NHTSA-2018-0067-11895. 
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commenters, battery costs are projected to fall in the, rulemaking timeframe to a point where, in 
the compliance modeling, it becomes more cost effective to add electrification technologies to 
vehicles than to apply other advanced gasoline engine technologies. 

The agencies made these updates from prior analyses not, as some commenters have 
suggested, to "artificially ,overstate[] technology costs,"610 or to "ignore[] the knowledge and 
expertise of the EPA engineering and compliance staff,"611 -"so that the model in many instances 
selects more expensive, less fuel efficient technology while excluding less expensive and more 
efficient alternatives,"61 " but because the updates reflected the agencies' reasonable assessment 
of the current state of vehicle technologies and their costs, and the state of future vehicle 
technologies and costs in the rulemaking timeframe. 

Separate from the decision to update assumptions used for the NPRM analysis from prior 
analyses, the agencies did refine some technology effectiveness and cost assumptions from the 
NPRM to this final rule analysis. In addition to being appropriate for technical reasons, this 
should address some cornmenters' overarching concerns about understated technology 
effectiveness and overstated technology costs. For example, several commenters noted that the 
costs ofBISG/CISG systems were higher for sma11 Cars/SWVs and niedium cars than for 
medium SUVs and pickup trucks, which the Alliance and FCA described as ''implausible'' and 
"misaligned with industry understanding," and which JCCT described as "contrary to basic 
engineering logic, which holds that a system which would be smaller and have lower energy and 
power requirements would be less expensive, not more."613 The agencies agree, and have made 
changes to address this issue, as described in [Section Electrification]. 

After considering comments, the agencies also added several engine technologies and 
technology combinations for the final rule analysis. These included a basic high compression 
ratio Atkinson cycle engine, a variable compression ratio engine, a variable turbo geometry 
engine, and a yariable turbo geometry with electric assist engine (VT Ge). The NPRM discussed 
and provided engine maps for each of these technologies. The agencies also added new 
technology combinations including diesel engines with cylinder deactivation, turbocharged 
engines with advanced cylinder deactivation, diesel engines paired with manual transmissions, 
and diesel engines paired with 12-volt start-stop technology. Transmission revisions included 
updating the effectiveness of 6-speed automatic transmissions, applying updated shift logic for 
IO-speed automatic transmissions, and increasing the gear span for efficient 10-speed automatic 
transmissions. Mass reduction technology was expanded to include up to 20 percent curb weight 
reduction, compared to up to l O percent for the NPRM. These changes, and the comments upon 
which they were made, are described in further detail in the following sections. 

I . Engine paths 

The internal combustion (JC) engine is a heat engine that converts chemical energy in a 
fuel into mechanical energy. Chemical energy of the fuel is first converted to thermal energy by 

610 NI-ITSA-2018-0067-11741. 
01, NITTSA-2018-0067-11741. 
otz NHTSA-20] 8-0067-12123. 
"" NHTSA-20!8-0067-11741. 
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means of combustion or oxidation with air inside the engine. This thermal energy raises the 
temperature and pressure of the gases within the engine, and the high-pressure gas'then expands 
against the internal mechanisms of the engine. This expansion is converted by the mechanical 
linkages of the engine to a rotating crankshaft, which is the output of the engine. The crankshaft, 
in turn, is connected to a transmission to transmit the rotating mechanical energy to the desired 
final use, particularly the propulsion of vehicles. 

IC engines can be categorized in a number of different ways depending upon which 
technologies are designed into the engine: by t'pe of ignition {e.g., spark ignition or compression 
ignition), by engine cycle (e.g., Otto cycle or Atkinson cycle'), by valve actuation (e.g .. overhead 
valve (OHV), single overhead camshaft (SOHC), or dual overhead camshaft (DOI-IC)), by basic 
design (e.g .. reciprocating or rotary), by configuration and number of cylinders (e.g., inline four
cylinder (14) or V-shaped six-cylinder {V6)), by air intake (e.g., forced induction (turbo or super 
charging) or naturally aspirated), by method of fuel delivery {e.g., port injection or direction 
injection), by fuel type {e.g., gasoline or diesel), by application (e.g., passenger car or light 
truck),or by type of cooling (e.g., air-cooled or water-cooled). For each combination of 
technologies among the various categories, there is a theoretical maximum efficiency for all 
engines within that set. There are various metrics that can be used to compare engine efficiency, 
and the four metrics we use or discuss in this preamble are: 

• Brake specific fuel consumption (BSFC), which is the mass of fuel consumed per 
unit of work output (amount of fuel used to produce power); 

• Brake thermal efficlency (BTE), which is the total fuel energy released per unit of 
work output (percentage of fuel used to produce power); 

• Fuel consumption (gallons per mile), which looks at the gallons of fuel consumed 
per unit of work output (mile travelled); and 

• Fuel economy (in MPG), which is the amount of work output (miles travelled) per 
unit (gallon) of fuel consumed. 

When comparing the efficiency oflC engines, it is important to identify the metric(s) 
used and the test cycle for the measurement because results vary widely wh~n engines operate 
over different test cycles, Two-cycle fuel economy tests used to certify vehicles' compliance 
with the CAFE standards-tend to overestimate the average fuel economy motorists will-typically 
achieve during on-road operation.614 In the NPRM and for this final rule analysis, we considered 
technology effectiveness for the 2-cycle test procedures and AC and off-cycle test procedures to 
evaluate how technologies could be applied for manufacturers to comply with standards. We 
also considered real world operation beyond these test procedures when considering JC engine 
technologies in order to assure the technologies were configured and specified in a manner that 
could be used in rea! world vehicle applications. 

"' [2012 Rule FR62988.] 
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a) Fuel Octane 

In the NPRM, the-agencies included a general overview of fuel octane (stability) level, 
includihg levels currently available, and the potential impact of fuel octane on engines developed 
for the U.S. market.615 The agencies described that a typical, overarching goal of optimal spark
ignited engine design and operation is to maximize the greatest amount of energy from the fuel 
available, without manifesting detrimental impacts to the engine over expected operating 
conditions. Design factors, such as compression ratio, intake and exhaust value control 
s'pecifications, and combustion chamber and piston characteristics, among others, are a!I 
impacted by the octane ofthe fuel consumers arc anticipated to use.616 

The agencies also discussed potential challenges associated with octane levels available 
currently, and how those octane levels may play a role in potential vehicle fuel efficiency 
improvements. Vehicle manufacturers typically develop their engines and engine contrOI system 
calibrations based on the fuel available to consumers. In many cases, manufacturers may 
recommend a fuel grade for best performance and to prevent potential damage. In some cases, 
manufacturers may require a specific fuel grade for both best performance, to achieve advertised 
power ratings, and/or to prevent potential engine damage. 

Consumers, though, may or may not choose to follow the manufacturer's 
recommendation or requirement for a specific fuel grade for their vehicle. As such, vehicle 
manufacturers often choose to employ engine control strategies for scenarios where the 
consumer uses a lower than recommended, or required, fuel octane level, as a way to mitigate 
potential engine damage over the life of a vehicle. These strategies limit the extent to which 
some efficiency improving engine technologies can be implemented, such as increased 
compression ratio and intake system and combustion chamber designs that increase bum rates 
and rate of in-cylinder pressure rise. If the minimum octane level available in the market were 
higher (especially the current Sub-octane regular grade in the mbuntain states), vehicle 
manufacturers might not feel compelled to design vehicles sub-optimally to accommodate such 
blends. 

When knock (also referred to as detonation) is encountered during engine operation, at 
the most basic level. non-turbo charged engines ·can adjust the timing of the spark that ignites the 
fuel, as well as the amounts of fuel injected at each intake stroke ("fueling"). ln turbo-charged 
applications, knocking is typically controlled by adjusting boost levels along with spark timing 
and/or the amount of fuel injected. Past rulemakings discussed other techniques that may be 
employed to allow higher compression ratios, including optimizing spark timing, and adding of 
cooled exhaust gas recirculation (EGR). Regardless of the type of spark-ignition engine or 
technology employed, efforts to reducf: or prevent knock with the lower-octane fuels that are 
available in the market result in the loss of potential power output, creating a "knock-limited" 
constraint on performance and efficiency. 

'" [CITE NPRM Discussion versus repeating here] 
"" In addicion. PRIA Chapter 6 cpntairu; a brief discussion of fuel properties, octane levels used for engine 
simulation and in real-world testing. and how occane levels can impact perfonnance under these test conditions. 
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The agencies noted that despite limits imposed by available fuel grades, manufacturers 
continue to make progress in extracting more power and efficiency from spark-ignited engines. 
Production engines are safely operating with regular 87 AKI fuel with-compression ratios and 
boost levels once viewed as only possible with premium fueL According to the Department of 
Energy, the average gasoline octane level has remained fundamentally flat starting in the early 
l 980's and decreased slightly starting in the early 2000s. During this time, however, the average 
compression ratio for the U.S. fleet has increased from 8.4 to 10.52, a more than 20 percent 
increase, As explained by the Department of Energy, "[t]here is some concern that in the future, 
auto manufacturers will reach the limit of technological increases in compression ratios-without 
further increases in the octane of the fuel."617 As such, manufacrnrers are still limited by the fuel 
grad~s available to consumers and the need to safeguard the durability of their products for all of 
the available fuels; thus, the potential improvement in the design of spark-ignition engines 
continues to be overshadowed by the fuel grades available to consumers. 

EPA and NHTSA also described ongoing research and positions from automakers and 
advocacy groups on fuel octane levels, including comments received during past agency 
rulemakings and on the 2016 Draft TAR regarding the potential for increasing octane levels in 
the U.S. market. The agencies described arguments for adjusting to octane levels, including 
making today's premium grade the base grade of fuel available, which could enable low cost 
design changes to improve fuel economy and reduce tailpipe CO2 emissions. Challenges 
associated with this approach include the increased cost to consumers who, drive vehicles 
designed for current regular octane grade fuel, who would not benefit from the use of the higher 
cost higher-octane fuel. The costs of such a transition to higher-octane fuel would be high and 
persist well into the future, since unless current regular octane fuel were unavailable in the North 
American market, manufacturers would- be effectively unable to redesign their engines to operate 
on higher•octane fuel. And the full benefits of such a transition would not be realized until 
vehicles with such redesigned engines were produced for a sutlicient number of model years 
largely to replace the Current on-road vehicle fleet. The transition to net positive benefits would 
take many years. 

The agencies also described input received eri., ,r :" vup,:;1..f'rom renewable fuel industry 
stakeholders and from the automotive industry supporting high-octane gasoline fuel blends to 
enable fuel economy and CO2 improving technologies such as higher compression ratio engines. 
Stakeholders suggested that mid-level (e.g., E30) high-octane ethanol blends should be 
considered and that _Ep A should consider requiring that mid-level blends be made available at 
service stations. Stakeholders supporting higher-octane blends suggested that higher-octane 
gasoline could provide auto manufacturers with more flexibility to meet more stringent standards 
by enabling opportunities for use of lower tailpipe CO, emitting technologies (e.g., higher 
compiession ratio engines, improved turbocharging, optimized engine combustion). Further, 
EPA requested comment on whether and how EPA could require the production and use of 
higher octane gasoline consistent with Title II of the Clean Air Act. 

"l Fact of the Week, Fact #940: August 29, 2016 Di>-erging Trends ofEngb<e Compression Ralio and Gasoline 
Oclam/ Rating, U.S. Department ofEnergy, https:/(www .energy.gov/eere/velticles/fact-940-august-29-20 16-
diverging-trends-engine-compression-rntio-and-gasoline-octane (la.st visited Mar. 21. 2018). 
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The agencies sought additional comment in the NPRM on various aspects of current fuel 
octane levels and how fuel octane could play a role in the future. More specifically, the agencies 
sought comment on how increasing fuel octane levels could have an impact on product offerings 
and engine technologies, as well as what improvements to fuel economy and tailpipe CO2 
emissions could result from higher-octane fuels. The agencies sooght comment on-an ideal 
octane level for mass-market consumption, and whether there were downsides with increasing 
the available octane lev,els and; potentially, eliminating lower-octane fuel blends. EPA also 
requested comment on whether and how EPA could require the production and use of higher
octane gasoline consistent with Title II of the Clean Air Act. 

The agencies received numerous, wide-ranging comments in response to the NPR.lvl 
discussion, and some direct responses to the agencies' requests for comments. The commenters 
included fuel producers, individual vehicle manufactures, environmental groups, vehicle 
suppliers, fuel advocacy groups, and agricultural organizations, among others. Commenters 
provided a broad range of comments ranging from explication of the many challenges to 
increasing available octane levels, to claims of the substantial efficiency increases that could be 
easily obtained by requiring higher-octane levels. 

Several ethanol industry stakeholders commented in support of requiring higher-octane 
fuels using mid-level ethanol blends. The High-Octane, Low Carbon (HOLC) Alliance 
commented that it believes "NHTSA and EPA have a critical opportunity to cost-effectively 
ensure progress in fuel efficiency and CO2 emissions standards. Scientific experts agree that 
high-octane, low-carbon fuel can yield greater fuel economy and emissions benefits when paired 
with internal combustion engines (ICEs). But, to realize such benefits, automobile 
manufacturers require approval sooner rather than later to such fuels. Alternatively, automobile 
manufacturers will be limited in their ability to maximize the environmental performance of their 
vehicles until non-liquid fuel engines become more readily available. In finalizing the Proposed 
Rule, the HOLC Alliance strongly urges EPA and NHTSA to establish a pathway forward 
toward incentivizing the production and adoption of higher-octane, lower carbon fuels. By doing 
so, EPA and NHTSA can continue to incrementally increase CO2 and fuel economy standards, 
respectively.'oJl18 

Renewable Fuels Associations (RF A) commented that "it strongly believes vehicles and 
fuels must be considered together as integrated systems. As EPA has recognized in the past, a 
'systems approach enables emission reductions that are both technolqgically feasible and cost 
effective beyond what would be possible looking at vehicle and fuel standards in isolation.' 
Because ethanol-based high-octane low-carbon fuel blends would enable cost-effective gains in 
fuel economy and carbon dioxide reductions, the agencies should take steps to support [high
octane low-carbon] fuels in the final SAFE rule.''619 

RF A cited several studies indicating benefits are available from raising the floor of fuel 
octane levels currently available, and, particularly, "[!]he results from the studies reviewed 

"' HOLC Alliance, Detailed Comments, EPA-HQ-OAR-2018-0283-4196. 
"~ RFA, Detailed Comments, EPA-HQ-OAR-2018-0283-4409. 
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generally support a main conclusion that splash blending ethanol is a highly effective means of 
raising the octane rating of gasoline and enabling low-cost efficiencies and reduced emissions in 
modern spark-ignition engines."020 ln addition, National Corn Growers Association stated that, 
"[w]ithout a change in fuel, automakers are reaching the limits on the efficiency gains that can be 
achieved with technology changes."621 

The National Corn Growers Association, in conjunction with associated corn growing 
and agricultural groups, pointedly stated the EPA should, "[s]el a minimum fuel octane level of 
98 RON and phase out !ow octane fuels as new optimized vehicles enter the market in MY 
2023," and concluded that approving a "midlevel ethanol blend vehicle certification fuel would 
enable automakers to expedite design and testing of optimized vehicles for use with t])is new 
fueJ."62:: 

The 25x25 Alliance commented that "to meet the dual goals of greater fuel efficiency and 
reduced [CO2] emissions, the utilization ofhig!)er compression spark ignition internal 
combustion engines will be essential. Increasing engine compression improves theimal 
efficiency. However, as compression increases, higher-octane fuels will be needed to prevent 
engine knock. Automakers and advocacy groups have expressed support for increases to fuel 
octane levels for the US market. Ethanol with its octane rating of I 13 offers engine knock 
resistance at a lower cost than any other octane booster in gasoline. In addition, ethanol's lower 
direct and life-cycle [CO,] emissions as compared to gasoline are well documented. For this 
reason, a fuel produced from a mixture of ethanol and gasoline and used in conjunction with 
advanced high compression engines presents itself as a technology pathway capable of 
complying with new CAFE/[C02] standards." They continue, "HOLC supporters recognize 
numerous barriers and other associated regulatory hurdles must be resolved before HOLC 
ethanol fuels are adopted at large scale ... 25x25 believes it is imperative that the vehicle and 
fuel be treated as a comprehensive system. To date CAFE/[CO,] standards have largely focused 
on vehicle engine technology. Advanced engine vehicles perform best in concert with fuels of 
suitable properties and composition to optimally enable and power them."623 

The American Coalition for Ethanol (ACE) commented that "high-octane blends 
comprised of25 to 30 percent ethanol would help bring down the cost for consumers compared 
to the premium*priced octane level advocated by oil refiners. Ethanol has a blending octane 
rating of nearly 113 and trades at a steep discount to gasoline. In many wholesale markets today, 
ethanol costs at least 60 cents per gallon less than gasoline. Ethanol delivers the highest octane 
at the lowest cost, allowing automakers to benefit by continuing to develop high-compression 
engine technologies and other product offerings to achieve efficiency improvements and reduced 

,;,o RFA, Detailed Comments, EPA-HQ-OAR-2018-0283-4409. 
s,i National Com Growers Association, 
https://www.nc1rn.comlfilell 62l iNCGA %20Cnrnrnents%20Docket%20No.%20EP A-HQ-OAR 20 1 8-
0283%20and%20NHTSA-20l 8-0067 .pdf. 
"" National Com Growers Association. 
https://www.ncga.com/file/162\!NCGA %20Commepts%20Docket%20No.%20EPA-1 lQ OAR-2018-
0283%20and%20NHTSA-20\ 8-0067 .pdf. 
"'' 25:-:25 Alliance, Detailed Comments, EPA-HQ-OAR-2018--0283-4210. 
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emissions. The ideal way to transition from today's legacy fleet to new vehicles with advanced 
engine technologies designed to run optimally on a high-octane fuel is to utilize FFVs as bridge 
vehicles that can provide immediate demand for mid-level ethanol blends."6

"
4 

Growth Energy commented that with a mid-level ethanol b!end, automakers not only get 
higher-octane that they can use to optimize engines and gain further fuel efficiency, they will 
also see a fuel that has demonstrably lower carbon dioxide emissions.6::

5 The Illinois Com 
Growers' Association et al., commented that "NHTSA and EPA must adapt the existing 
regulatory structure to reflect the specific characteristics of mid-level blend fuels. Working 
together, the ethanol industry, automakers, EPA and NHTSA can bring about, during the period 
covered by the SAFE program, a new generation ofhigh·efficiency iritemal combustion engines 
optimized to take advantage of this new fuel's .Unique properties."626 

Ethanol industry cqrpmenters provide(j comment bn se.vera! EPA actions they believe 
would be necessary to support higher-octane mid-level fuel blends: 

• Set a minimum fuel octane level and phase out low-octane fuels as new optimized 
whicles enter the market; 

• Approve a high-octane, mid-level ethanol blend vehicle certification fuel; 
• Correct the fuel economy fonnula by updating the R-Factor to be at or nearly "1" to 

reflect documented operation of modem engine technology; 
• Extend a RVP waiver of l psi to all gasoline containing at least IO percent ethanol; 
• Adopt the Argonne National Laboratol)· GREET model to determine updated 

lifecycle carbon emissions for ethanol; 
• Establish meaningful credits to automakers to incentivize transition to higher-octane 

fuel vehicles and continue to support flex-fuel vehicles; and 
• Provide equal treatment to vehicle technologies that reduce carbon emissions. 

The Clean Fuels Development Coalition, et al. suggested that, "the 'ideal octane level' to 
optimize LDV performance, fuel efficiency, and reduce harmful emissions and consumer costs is 
98-100 RON produced with E3o+ 'clean octane. "'627 Concurrently, the HOLC Alliance and 
ACE, among others, also supported that 98 to 100 RON would be ideal octane levels for the 
nation.6l~ 

BorgWarner, a supplier to major automobile manufacturers, commented that ''[f]uel 
octane is a limiting factor in the selection of compression ratio for all spark-ignition engines and 
the amount of boost for turbocharged engines. Higher-octane is particularly effective for using 
higher compression ratios with boosted engines," and stated that "[t]here is substantial merit to 

6" ACE, Detailed Comments, EPA-HQ-OAR-2018-0283-4033. 
""' Growth Energy, Detailed Comments', EPA-HQ--OAR-2010-0799- 9540-A2. 
~,, Comment removed because it contains copyrighted data, lllinois Com Growers Association, et al., 
hnps;//www.regulations.gov/documen!?D EPA-HQ-OAR 2018-0283-4198. 
~ir Clean Fuels Development Coalition, et al., Detailed Comments, NHTSA-2018-0067-l 1988. 
"' HOLC Alliance, Detailed Comments, EPA-HQ-OAR-2018-0:!83-4196; ACE, Detailed Comments, EPA-HQ
OAR-2018-0283-4033. 
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raising the minimum octane required.because current fuel pricing penalizes consumers for using 
higher-octane fuel. A base octane of95 RON would be consistent with Europe. This would 
allow consistent development of engines for the broader US-EU market. Prior to the 
introduction of ethanol into gasoline, the base blend for regular fuel was typically 92 RON. 
Addition of I 0% ethanol to this base blend gave 95 RON regular, so the base blend would be 
refonnulated to retain the 92 RON at a lower cost Retuming·to the previous base blend would 
be cost effective to the consumer."619 

Auto manufacturers.also provided comment on the topic of higher-octane fuels. The 
Alliance of Automobile M_anufacturers \the Auto Alliance) commented that it "has long 
advocated for the availability of cost-effective, higher-octane fuel. The Alliance also believes 
the Agencies should require a transition to a higher minimum-octane gasoline {minimum 95-98 
RON). There are several ways to produce higher-octane grade gasoline, such as expanding the 
ethanol availability, but theAHiance does not promote any sole or particular pathway."630 ·The 
Alliance reiterated its position regarding fuel Octane levels where, "(t]he Alliance has long 
suppo1ted two goals regarding the octahe (anti-knock) properties of gasoline: l) the availability 
of cost effective higher-octane fuels, greater than 95 Research Octane Number (RON) and 2) the 
immediate elimination of sub grade fuel less than 87 anti-knock index (AKI)." The Alliance also 
noted that "[t]he higher-octane fuel that is available today is sold as a premium grade, To 
support future engine technologies, the approach taken with today's premium fuel option would 
not be expected to provide an attractive value proposition to the customer; therefore, a new 
higher minimum-octane gasoline, 95-98 RON, is needed to achieve anticipated performance." 

Ford Motor Company agreed with the Auto Alliance's collec_tive comments on fuel 
octane level and added specific support to raising minimum octane levels, stating that "Ford 
concurs with those comments and supports increasing the marketplace octane rating in the U.S. 
to a minimum of95 Research Octane Number (RON).'" Ford also generally supported the 
agencies' fuel octane discussion in tem1s of impacts to vehicle performance, where "[h]igher 
octane gasoline enables opportunities for the use of key energy-efficient technologies, including: 
higher compression ratio engines, lighter and smaller engines, improved turbocharging, 
optimized engine combustion phasing/timing, and low temperature combustion strategies. All of 
these technologies paired with ·higher-octane gasoline permit sma!ler engines to meet the 
dem·ands of the consumer while at the same time providing higher overall efficiehcies."631 

Volkswagen commented "[t]here may be several potential ways to achieve a high-octane 
fuel that may be more costly to the vehicle than others. Achieving an El 0 high-octane fuel may 
mean a different hardware set than on E20 or E30 high-octane fuel. Elimination of sub-grades of 
market fuel (less 1han 87 AKI) quickly is very imporl'ant. If current 87 AKI and 85 AKI fuels 
remain in the market for backward compatibility (such as if an E30 were chosen as the high
octane fuel of the future), a robust method at the fuel dispensing station and incorporated into the 
fueling station equipment to prevent mis-fueling is necessary. However, an El 0 high-octane 

,,. BorgWarner, Detailed Comments, EPA-HQ-OAR-20!&-0283-4174. 
" 1' Auto Alliance, Detailed Comments, NHTSA-2018-0067-12073. 
tll Ford, Detailed Comments, EPA-HQ.OAR-2018-0283-5691. 
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pathway might have far fewer compatibility problems and might bring extra fuel economy to the 
drivers of those current vehicles.''632 

The agencies also received comments from the petroleum industry regarding higher
octane fuels. APJ commented that "'[g]iven the multiple engine technology pathways available to 
the automakers for achieving future fuel economy and CO2 emissions targets, the challenge of 
determining future market fuel gasoline octane number needs is complex and not yet settled. 
AP] believes that the octane number issue should be part of a comprehensive transport policy 
that addresses both vehicles and fuels as a system. AP\ and its members arc engaged in 
collaborations with the automakers and other stakeholders to better understand future fuel 
requirements for emerging powertrain technologies." API also commented "the future for 
gasoline octane number wi!l be driven by the stringency of regulations that set future fuel 
economy and CO! requirements, the collective responses of the automakers to those regulations, 
consumer preferences regarding vehicles and fuels, and fue! supply economics. EPA 's authority 
to regulate gasoline octane number is doubtful. Therefore, EPA should not attempt to regulate 
gasoline octane number at this time." 633 

In tenns of challenges associated with potential high-octane fuel deployment, the 
American Fuel & Petrochemical Manufacturers (AFPM) commented that, "[a]side from a lack of 
legal authority, EPA faces numerous technical, logistical, and legal eha!lenges and uncertainties 
in requiring the use of higher-octane fuels. Any such requirement would need a separate 
rulemaking dedicated to such a purpose with an extensive technical record in support, including 
test data on vehicles designed for the higher-octane fuel and on the existing fleet with and 
without higher-octane."6H 

AFPM also commented that it dbes not support the potential regulatory requirement for 
the production or use of higher octane gasoline as a compliance option. AFPM commented that 
EPA lacks the authority to require the use of higher octane fuels under CAA § 211 (c)(l )(A). 
AFPM further commented "[t]he only vehicles legally permitted to use more than 15 percent 
ethanol blends are flex-fuel vehicles, which are currently certified to utilize both El 0 and E85. 
Without an alternative certification for an auto manufacturer to build an E30 certified vehicle, 
which would require extensive testing and certification procedures as well as sufficient market 
availability of the certification fuel, it would be inappropriate for the Administration to consider 
such vehicles as a viable option in the 2022-2026 compliance period." 

Gasoline retailers also commented regarding higher-octane fuels. NACS and SIGMA 
commented that they support examining the use of such fuels as a potential path towards future 
emissions reductions and that it will be important that the agencies appropriately consider and 
address a variety of related issues, including: 

l. How to allow and handle the expanded sales ofhigher-octane fuels, which may include 
fuels that currently face barriers to sale, such as EIS; 

°" Volkswagen, Decailed Comments, NHTSA-201 7-0069-0583. 
6." AP!, Iktaikd Comment>, EPA-HQ-OAR-2018-0283-5458. 
"" AFPM. Detailed Comments, EPA-HQ-OAR-2018-0283-5698. 
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2. Streamlining the registration and regulation of higher-level blends of ethanol; 
3. Addressing misfueling liability concerns of retailers; 
4. Streamlining federal labeling requirements and ensuring federal preemption ofstate 

requirements; and 
5. Addressing any o,ther regulatory and legislative challenges associated with the use of 

higher-octane foels.635 

NA TSO commented that "the Agencies should under no circumstances consider 
'requiring that mid-level [ethanol] blends be made available at service stations"' and went on to 
say that "retailers would need to be assured that they will not be held responsible for customers 
that misfuel ... Federal dispenser labeling requirements would have to be streamlined and state 
requirements would have to be preempted ... Auto manufacturers would have to warrant all new 
higher-octane vehicles up to at least E 15 depending upon vehicles' capabilities, and would have 
to affirmatively state which cars in the existing fleet can run on El 5 and ensure that the cars are 
warrantied or retroactively warrantied as such. "636 

UCS commented that "[a]n orderly transition to high-octane fuel would take several years 
to complete. It will take time for the necessary regulations to be finalized, for vehicles optimized 
for high-octarie gasoline to come to market and to build out the fuel distribution infrastructure to 
make this fuel broadly available. And even once high-octane gasoline is in use. it will take more 
time for automakers to phase-in new models optimized for high-octane fuel and to fully replace 
the legacy El O fleet. Another factor to consider is that the rising share of high-octane gasoline 
will be buffered by falling sales of gasoline, given increasing fuel efficiency, such that the 
overall demand for ethanol will change more slowly. Our expectation is that high-octane 
gasoline will not significantly enter commerce before 2026, and subsequently will only gradually 
gain market share through 2040. There is no realistic prospect of completing this process before 
2025 or 2026, the time frame of this rulemaking. The appropriate context for this discussion 
within vehicle rules is the next round of fuel economy and emission standards. Even then, an 
expeditious rulemaking process will be required to achieve adequate regulatory clarity to 
facilitate rapid adoption post-2026," UCS also commented "[ weJ strongly oppose granting fuel 
economy credits based on the technical potential of vehicles to operate on high-octane fuel 
before there is clear evidence that high-octane fuel is in use and the potential fuel economy 
benefits are being realized on the road."637 

The agencies have reviewed the submissions received in response to their solicitation of 
comments concerning fuel octane levels and recognize the potential that higher-octane fuels, 
coupled with advanced engine technologies, can provide for improvements to fuel economy and 
tailpipe CO2 emissions. The agencies agree with commenters that establishing a higher 
minimum octane for gasoline is a complex undiertaking that would require consideration of a 
wide array of difficult issues. In light of the complexity of the constellation of issues, the fact 
that EPA did not propose new octane requirements, and that EPA 's authority to set fuel 
requirements resides in CAA section 21 l(c)(l), the agencies recognize that the present 

"" Joint submission on beha!fofNACS and SIGiv\A, Detailed Comments, EPA-HQ-OAR-2018-0283-5824. 
"'" NA TSO, Detailed Comment, EPA-HQ-OAR-2018-0283-5484. 
w7 UCS. O.:tailed Comments, NHTSA-20!8-0067-12039. 
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rulemaking is not the appropriate vehicle to set octane levels. If EPA pursues future rulemaking 
action on this topic, it would consider these comments in that context and in consideration of the 
appropriate statutory provisions. The agencies note that the current vehicle certification process 
provides a path to certify a vehicle requiring the use of high-octane fuel, which allows the impact 
of such fuels to be captured over the required certification test cycles for CO2 emissions and fuel 

economy. 

EPA also is declining to adopt new incentives for flex-fueled vehicles (FFYs) (vehicles 
designed to operate on gasoline or E85 or a mixture), as some commcnters suggested. FFV 
incentives were not identified by EPA in its request for comments in the proposed rule and are 
outside the scope of this rulemaking. !H r1tldn1, 11. I I'\ 111~ ........ 1Jt<1HH 11t·1 ~1d•Tl111~ ad~ 
111lt'IHI' t"' l,tf-1•ther !cclm, ·1»:?h.· u,cl, ,1, I~: h ,d ... 11,I lht\Hfrtl ..',I 't'illeit' '--i•m-,....f-14t
'\I I ,~l1id" ntt.,+11<11111,,.." d1 e·u ,d c1P."•"' 

b) Engine Maps 

Engine paths include numerous engine technologies that manufacturers can use to 
improve fuel economy and reduce CO2. Some engine technologies can be incorporated into 
existing engine design architectures with minor or moderate changes to the engine, but many 
engine technologies require an enti rely new engine architecture or a major refresh. For this final 
rule analysis 23, unique engine technologies are available for adoption. and are evaluated 
uniquely across the ten separate vehicle types (technology classes). 

For the NPRM and final rule analysis, the impact of engine technologies on fuel 
consumption, torque, a nd other metrics was characterized using GT-POWER© modeling 
conducted by IA V Automotive Engineering, Inc. (IA V). !AV is one of the world's leading 
automotive industry engineering service partners and has extensive experience in testing and 
modeling eng ines and combustion. GT-PO\VER is a commercially available engine modeling 
tool with detailed cyl inder and combustion modeling capabilit ies.618 GT-POWER is used to 
simulate engine behavior and provides data on engine metrics, including: power, torque, airflow, 
volumetric efficiency, fuel consumption, turbocharger performance, and other parameters. The 
primary outputs of IA V's use of GT-POWER for this analysis are the development of engine 
maps that provide operating characteristics of engines equipped with specific technologies. 

When an engine is running, at any given point in time, the operation can be characterized 
by the engine's crankshaft rotational speed (typically in revolutions per minute, or RPM) and 
engine output (torque) level. Engines can operate at a range of engine speed and torque levels. 
Engine maps provide a visual representation of various engine perfonnance characteristics at 
each engine speed and torque combination across the operating range of the engine. A common 
example of a performance characteristic is BSFC.63

Q Other characteristics include engine 
emissions, engine efficiency, and engine power. 

638 More infom1ation regarding GT Power Modeling is available at https://www.gtisoli .com/gt-suite
applications/propulsion-systemslgt-power-engine-simulation-sofiwarc. 
• 3• The amount of fuel needed to achieve a specific power, or how ctliciently an engine uses fuel to produce work. 
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Engine maps have the appearance of topographical maps, typically ·with engine speed on 
the horizontal axis and engine torque on the vertical axis. A third engine characteristic, BSFC, is 
displayed as contours, defining the operating regions for that BSFC with each contour showing 
all operating points at a specified BSFC value. Once created, the data they contain is referenced 
for engine fuel consumption at a given engine speed and torque operating point. 

For the NPRM and final rule analysis, the agencies relied on !AV to develop engine maps 
representing-each of the engine technologies. IAV used benchmark production engine test data, 
component test data, and manufacturers and supplier's' technical publications to develop a one
dimensional GT-POWER engine mode! for the baseline engine technology corifiguration. 
Technologies were incrementally added to the baseline model to assess their impact on fuel 
consumption. IA V used its global engine database that includes ben_chmarking data, engine test 
data, single cylinder test data, prior modeling-studies, and technical publications and information 
presented at conferences to populate the assumptions and inputs used for engine map modeling, 
and to validate the ultimate results.640 ANL used the engine maps resulting froin this analysis as 
inputs for the Autonomic full vehicle simulation modeling. 

As described in the NPR.."v\ and PRJA, the agencies developed engine maps for 
technologies that are in production today or that are expected to be available in the rulemaking 
timeframe. The agencies recognize that engines with the same combination of technologies 
produced by different manufacturers will have differences in BSFC and other performance 
measures,641 due to differences in the design of engine hardware (e.g., intake runners and head 
ports, valves, combustion chambers, piston profile, compression ratios, exhaust runners and 
ports, turbochargers, etc.), control software, and emission calibration. Therefore, the engine 
maps are intended to represem the levels of performance that can be achieved on average across 
the industry in the rulemaking timeframe. 

Accordingly, the agencies noted that it was expected that the engine maps developed for 
this analysis will differ from engine maps for manufacturers' specific engines. For a given 
engine configuration, some production engines may be less efficient and some may be·more 
efficient than the engine maps presented in the analysis. However, the agencies intended and 
expected that the incremental changes in performance modeled for this analysis, due to changes 
in technologies or technology combinations, will be similar to the incremental changes in 
performance observed in manufacturers'· engines for the same changes in technologies or 
technology combinations. Most importantly, using a single engine model as a reference provides 
a common base for comparison of all incremental changes resulting from technology changes, 
and anchors incremental technology effectiveness values to a common reference. The 
effectiveness values from the internal simulatiori results were validated against detailed engine 

..,. GT-Power technical publications for numerous technology assessment. Availal)le at https:i/w,"'''·b,tisolt.com/ 
publicationresult/? 
authors _ids%5B0%5D&type&catcgory_ids%5B0%5D=340&companies%5B0%5D&industry _ids%5B0%5D=365 
&years%5B0%5D=2018&years%5B1 %50=20 l 7&years%5B2%5D=2016&years%5B3%5D=20 I 5&years%5B4%5 
D=2014&years%5B5%5D=2013&phrase&pagina_tion=l &submit=submit&numperpage=-1. Last accessed 
September 18; 2019. 
'"' [Cite Autonomie Model Documentation]. 
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maps produced from engine benchmarking programs, as well as published infonnation from 
industry and academia, ensuring reasonable representation of simulated engine techno!ogies.64

" 

As discussed in the NPRM, the agencies updated the list of engine technologies, before 
and after the Draft TAR, based on stakeholder comments and consultations with CARB, ANL, 
and lAV. The technology list was built on the technologies that were considered in the 201,2 
final rule, and included technologies that are being implemented or that are under development 
and feasible for production in the rulemaking timeframe. The agencies noted that some 
advanced engines were included in the, simulation that were, and often still are, not yet in 
production, and the engine maps for those engines were either based on CBl or theoretical data. 
The agencies also stated in the NPRM that the final rule analysis may include updated engine 
maps for existing modeled engines, or entirely new maps added lo the analysis if either action 
could improve the quality of the fleet-wide analysis. 

While there are a large number of possible combinations of engine technologies, the 
agencies categorized the !AV engine maps used in the NPRM full vehicle simulations into six 
categories, The categories were based on engine architecture and include: dual overhead 
camshaft (DOHC) engines, single overhead camshaft (SOHC) engines, turbocharged engines. 
hybrid Atkinson cycle engines,64' non-hybrid Atkinson mode engines, and diesel engines. 
Another unique technology that was available for adoption for the NPRM analysis was the 
advanced cylinder deactivation (ADEAC) for the SOHC and DOHC engines, however this 
technology was modeled using a fixed effectiveness value rather than an engine map, because 
the agencies did not have sufficient data to be used as input to the engine map or full vehicle 
simulation modeling. In addition, the agencies provided potential engine maps and _additional 
specifications for several other technologies that could be considered for the final rule analysis. 
These included a basic high compression ratio Atkinson mode engine, a Miller cycle engine, and 
an engine with an electric assist. 

The full list of engine maps used in the NPRM is presented in Table Vl-21Table 
VI-2lbelow. 

Table VJ-21 - Engine Maps Used forNPRM Analysis 

Engine 
Engines Teehnologies Notes Reference Peak 

Powerfk"" 
Parent NA engine, Gasoline, 2.0L, 4 

Eng01 DOHCVVT cyl, NA, PF!, DOHC, dual cam VVT, 108 
CRl0.2 

Eng02 DOHCVVT+VVL VVL added to Eng0l 108 

Eng03 DOHC VVT .,.-VVL+SGDI SGDI added to Eng02, CRl 1 113 

,:.,, [Cite !AV combuscion slability presenta!ions between engine model and engine,data]. 
"""These types of Atkinson cycle engines are mainly for hybrid applications like Toyota Prius or Ford C-Max. 
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Eng04 DOHC VVT +VVL+SGDJ-t-DEAC Cylinder deactivation added to Eng03 113 

Eng5a SOHC VYT+PFI 
Eng0l con\'erted lo SOHC (gasoline, 

Referc1ice only 
2.0L. 4cyl, NA. PF!, single cam YVT) 

Eng5b 
SOHC VVT (level I Red. Eng5a with valv_etrain friction reduction 

109 
Friction) ( small friction reduction) 

Eng6a 
SOHC YVT+VVL (level l Red. Eng02 with vaketrain friction reduction 109 

Friction) (small friction reduction) 

SOHC VVT+VVL+SGDI (level 1 
Eng03 with val\'etrain friction reduction 

Eng7a 
Red. Friction) 

(small friction reduction), addition of 114 
VYL and SGDl 

SOI-JC YVT +VVI.+SGDl+DEAC 
Eng04 with \'alvetrain friction reduction 

Eng8a {le\'el 1 Red. Friction) 
(small friction reduction), addition of 114 

DEAC 
Parent Turbocharged Engine, Gasoline, 

Eng12 DOHC Turbo \ .6118bar 1.6L, 4 cyl, turbocharged, SGD!, 132 
DOHC, dual cam VVT, VVL 

Engl3 DOHC Turbo 1.2\ 24bar Engl 2 downsized to I .2L 133 

Eng14 
DOHC Turbo 1.2124bar + Cooled Cooled external EGR added to Engl3 133 

EGR 

Engl7 Diesel Diesel, 2.2L (measured on test bed) 141 

Eng18 DOHC VVT + SGDl 
Gasoline, 2,0L, 4 cyl, NA. SGDI, 113 

DOHC, VVT 

Eng\9 DOHC VVT + DEAC Cylinder deactivation added to Eng0I 113 

Eng20 DOHC YVT + VVL + DEAC Cylinder deactivation added to En_g02 113 

Eng2\ DOHC VYT + SGDI .;- DEAC Cylinder deactivation added to Eng18 113 

Non-HEY Atkinson mode, Gasoline, 

Eng24 Current SkyActiv 2.0J 93AKI 2.0L, 4 cyl, DOHC, NA, SGDJ, VVT, 101 
CR 13J, 93AKI 

Future SJ..·yActiv 2.01 CEGR 
Non-HEY Atkinson mode, Gasoline, 

Eng25 2.0l., 4 cyl, DOHC. NA. SGDI, YVT, IOI 
93AKI+DEAC 

cEGR. DEAC tR 14.1, 93 AKI 

Eng26 Atkinson Cycle Engine 
HEV and PHEV Atkinson Cycle Engine 73 

Man l.8L 

[Table forthcoming] 

Comments on engine maps varied, with industry commenters generally supporting the 
maps llSed in the NPRM analysis and CARE and environmental advocate commenters generally 
objecting io the maps. The Alliance argued that previously-modeled fuel efficiency 
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improvements for downsized, turbocharged engine technologies were ''highly optimistic," and 
stated that the updated engine maps used for the NPRM analysis were an improvement. 

ICCT, in contrast, eited tlrah dt,Jila.m11i~e c11111H1enb frtim ,0111.: [I'\ ,ld i'I 111cmlier·, 111.11 

\ ',.: 1c d".: kc 1e,I pur u<1n1 101 c \ \ ",,;,;1 i .,,1 I,,\ I· 11-WJ ld argueg that the IA V engine maps used for 
the NPRM analysis were out of date, and better engine maps benchmarked by EPA staff t~ 

I I'\· \I l'I I \ mtttlt"I were available and should have been used instead.644 UCS similarly 
stated that A L work used for previous CAFE technical documents had re lied on outdated 
engine maps, and that the new IAV engine maps used in this rulemaking were developed for a 
different purpose and have not been benchmarked against the latest engines either on the road or 
in development.645 ICCT questioned whether the agencies had validated engines 13 and 14 with 
physical testing and/or simulation modeling to the level of quality of EPA's simulation 
modeling.646 ICCT further asserted that EPA 's benchmarked engine maps had been "knowingly 
disregarded" for the N PRM analysis. and stated that the NPRM analysis was therefore 
arbi trary.647 ICCT commented that the agencies must conduct and disc lose a systematic 
investigat ion and comparison of engine benchmarking, engine modeling. and transmission 
modeling completed by EPA, Ricardo. and ANL for model year 2014-20 18 vehicles. ICCT 
recommended that the agenc ies rely on engine maps used for past EPA ALPHA modeling while 
the agencies conduct such an investigation. 

The agencies believe it is most important for engine map data to provide accurate BSFC 
information for known technologies and technology levels. The timeframe for the testing or 
modeling is unimportant, because time by itself doesn't impact engine map data. A given engine 
or model will produce the same BSFC map regard less of when testing or modeling is conducted. 
Simp listic d iscounting of engine maps based on temporal cons iderations alone could result in 
discarding useful technical information. For example. the eng ines on some MY 2017 vehicles in 
the analysis fleet have technologies that were initially introduced ten or more years ago. 
Accordingly, having engine maps that are representative of those technologies is important for 
the analysis. The most basic engine technology levels also provide a useful baseline for the 
incremental improveme nts for other engine techno logies. Also, the narrow use of temporal 
considerations would also result in the discarding of a number of engine maps from Ricardo that 
were used for the EPA Draft TAR and Proposed Detenninat ion analyses.648 Therefore, agencies 
do not agree with commenter assertions that the eng ine maps are be out of date. 

The same commenters also appear to misunderstand how the agencies' effectiveness data, 
including eng ine maps, were used in the N PRM analysis (and in pasc rulemakings). The analysis 
never applies absolute BSFC levels from the engine maps to any vehicle model or configuration 

6" International Counci l on Clean Transportation, Attachment 3, Docket No. NHTSA-2018-0067-1174 I , at 1-49 
(citing EPA docket ID for CAA docketed material). EPA had commented that the IA V maps were o ut of date at the 
time of the 2016 Drati TAR, "further strengthening our conclusions that the engine maps used in the CAFE analysis 
are not representative of what the industry is currently producing and will be producing in the 2020-2030 t ime frame 
assessed in the CAFE model." 
'" Union of Concerned Scientists. Technical Appendix. Docket No. NI ITSA-20 18-0067- 12039. at p. 4 . 
.,, International Council o n Clean Transportation, Anachmcnt 3, Docket No. NHTSA-2018-006 7-11741. at 1-46. 

6' 8 [Reference Ricardo work from 20 IO EPA 201 0 report). 
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for the ru!emaking analysis. The absolure fuel economy values from the full vehicle Autonomie 
simulations are used only to determine incremental effectiveness for switching from one 
technology to another technology. The incremental effoctiveness is app!ieP to the absolute fuel 
economy of vehicles in the analysis fleet, which are based on CAFE compliance data. For 
subsequent technology changes, incremental effectiveness is applied to the absolute fuel 
economy level of the previous technology configuration. Therefore, for a technically sound 
analysis, it is most important that the dffferences in BSFC among the engine maps be accurate, 
and not the absolute values of the individual engine maps. However, achieving this can be 
challenging. 

A technically sound approach is to use a single or \oety small number of baseline engine 
configurations with well-defined BSFC maps, and then, in a very systematic,and controlled 
process, add specific well-defined technologies and create a BSFC map for each unique 
technology combination. This could theoretically be done through engine or vehicle testing, but 
testing would need to be conducted on a single ·engine, and each configuration would require 
physical parts and associated engine calibrations to assess the impact of each technology 
configuration, which is impractical for the rulemaking analysis because of the extensive design, 
prototype part fabrication, development, and laboratory resources that are required to evaluate 
each unique configuration. Modeling is an approach used by industry to assess an array of 
technologies wfth more limited testing. Modeling offers the opportunity to isolate the effects of 
individual technologies by using a single or small number of baseline engine ~onfigurations and 
incrementally adding technologies to those baseline configurations. This provides a consistent 
reference point for the BSFC maps for each technology and for combinations of technologies 
which enables the differences in effectiveness among technologies to be carefully identified and 
quantified. The agencies selected this approach for the NPRM and final rule. Engine m~ps were 
created by IAV usjng this technically sound and rigorous methodology. Both absolute engine 
maps and the incremental differences in engine maps were presented in the PRIA. 

Using a mix of certain engine maps from engine modeling and others from benchmarking 
data provides no common reference for measuring impacts of adding specific technological 
improvements. In addition, as discussed in further detail in [Section XXX], manufacturers often 
implement multiple fuel-saving technologies simultaneously when redesigning a vehicle and it is 
not possible to isolate the effect of individual technologies by using laboratory measurements of 
a single production engine or vehicle with a cpmbination of technologies. Because so many 
vehicle and engine changes are ihvolved, it is not possible to attribute effectiveness 
improvements accurately for benchmarked engines to specific technology changes. This leads to 
overcounting or undercounting technology effectiveness. 

Further, while two or more different manufacturers may produce engines with the same 
high level technologies (such as a DOHC engine with VVT and SGDI), each manufacturer's 
engine will have unique component designs that cause its version of the engine to have a unique 
engine map. For example, engines with the same high level technologies have unique intake 
manifold and exhaust manifold runners, cylinder head po1ts and combustion chamber geometry 
that impact charge motion, combustion and efficiency, as well as unique valve control, 
compression ratios, engine friction, cooling systems, and fuel injector spray characteristics, 
among other factors. The agencies developed and used a single engine map to represent each 
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technology and each combination of engine technologies. Tlwrt'lnrt!. i1 ·,l1t1llle mH ht' e•,p.-ctee 
1ha1 ilA~ ef thl:' agent"it>•: engine AUlfl'· v. olllt.l 111:'Ct!' ,' aril:, preci ,el~ ali;,m \', ilh d ,pecilic 
Hli1Alllac11,r,·(' ,mgine. 11Hle,, ofet•lll"' ,t! lht! ,m~i11,· map 'n,l!. Ut!',dtlped frr1ni tht'.I .,pc,iti<' engint!. 
The agencies ~ agree 11 ith ICCT that comparing an engine map used for the rulemaking 
analysis to a single specific benchmarked engine ha· tedmieal Fl:'le-. an.:e-. ~ servffi!:.~ as a 
general corroboration for engine maps. Differences are also explained by the PRM and final 
rule analyses using large-scale full vehicle Autonomie simulations to estimate effectiveness 
instead of rough LPM approximations based on limited ALPHA simulation work. These issues 
are discussed in more detail in Section [Tech Effectiveness and Model ing]. The agencies also do 
not agree with ICCT that Eng 13 and Engl 4 should be validated by conducting full vehic le 
modeling and comparing the results with a single benchmarked vehicle. In addition to the issues 
associated with engines discussed above, full vehicle benchmarking captures effectiveness. of 
not only the engine, but of all of the other fuel economy improving techno logies on a vehicle, 
such as transmission efficiency, improved accessories, and mass reduction. The issues discussed 
above are further compounded by the fact that many more technologies impact vehicle testing, 
such as accessory loads and test vehic le to test vehicle variabil ity. 

According ly, the agencies declined directly to use the Ricardo and other EPA engine 
maps created from engine benchmarking as inputs for this ru le making because, among other 
reasons discussed below, they did not afford the opportuni ty to evaluate the effoctiveness 
improvements for specific, individual technologies. For example, the 2018 Toyota Can11y 2.5L 
engine that EPA benchmarked had a broad a1Tay of observable technologies, and several more 
that were not observable.649 However. there was no basel ine from which to isolate or compare 
any of the individual technology improvements. For example, Toyota commented on this 

benchmarking. stating: 

Past Toyota comments on Atkinson-cycle benefits have addressed only those derived 
from variable valve timing (VYT) with late intake valve closing (LlVC) that enables a 
13: I compression ratio. The total 18.6 percent improvement of the 20 18 Camry 2.SL 
over the previous generation also includes benefits from cEGR and internal engine design 
changes such as to the block. cylinder head, pistons, valvetrain, as well as drivetrain and 
body/chassis enhancements.650 

These comments highlighted and clarified that the efficiency improvements in this eng ine 
were driven by several additional technological improvements. ,111d not m~rd:, thc .\11\111 on and 
higber ~,~nipre•· ,illH ra1io a~· ign 1l~a1 \>,as a· ··uHit'!l for the LP\ Dmfl I .\R aml Prern ,t't.l 
Dt'termino1ieii anal: e-.. 

However, the agencies agree that component. engine and vehic le test data arc very 
important for validating simulation systems, such as Autonomie, and for validating model inputs, 
like engine maps. Accordingly, the agencies did fully consider engine maps used in prior 

"' EPA Test Data. 2018 Toyota Camry 2.SL A25A-FKS Engine T ier 3 Fuel. Available at 
https: """ .cp ~1.1.!J1\ !-iilL's productitlll tik·=- 2019-04 201 ~-tt" t,t:1-2.51-a2.'.'a-l'k:-,•L'tH.!inc-tier3-fm:l-h.:~1-d::na-pai.:l-..:.u.!c
,1;i,cd-0~-08- I 'l1ip. Last accessed Nov. 20.2019. 
w, NHTSA-2018-0067- 1 ~43 1. Supplemental Comments - Toyota Motor North America. at p. 1-2 . 
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rulemakings, along with a broad array of other data as part of the process for evaluating the IAV 
engine maps that were used for the NPRM and the final rule simulation work. Engine maps from 
Ricardo, EPA benchmarking, NHTSA-sponsored benchmarking,6;

1 informat ion from technical 
papers and conferences,65

~ extensive data and expertise from the ANL Al'v1TL vehicle testing 
group and Energy mode ling group, 653 and the 2015 NAS report,6;

4 were all sources used to 
confirm that incremental technology effectiveness estimates were appropriate. The engine maps 
developed by IAV ~, ·ing '.Al' nnirt' rigt1rnu, HnlA 1~d1nieall: .11~1111A ar11rnat"A provided ~ 

dfft!fnterc:isonahlc estimates for the incremental impacts of engine technologies. Using this 
Rlflfl' rigmoll', approach explains some of the effectiveness and cost differences betvveen the 
NPRM and final rule analyses and the EPA Draft TAR and Proposed Detennination analyses. 

Next. Roush Industries ("Roush"), writing on behalf of the California Air Resources 
Board, commented that the NPRM-modeled engines va,y in cylinder s ize, which would 
significantly alter combustion. heat transfer. knock tolerance, a nd other important operating 
parameters.655 Roush stated that a more accurate simulation, which would improve incremental 
fuel economy improvement, should maintain a consistent cylinder displacement (500cc) and vary 
the number of cylinders or expected fue l consumption maps.056 

The agencies believe that holding cylinder volume constant is the appropriate approach to 
research seeking to identify the impacts of technological changes on BSFC, torque, power, and 
other characteristics, when ho lding cylinder volume constant. However, as explained in Section 
[Maintaining vehicle attributes] and Section [Performance Neutrality], CAFE and CO" 
rulemaking analyses attempt to maintain vehicle attributes, including performance, and hold all 
of the attributes constant when showing pathways that improve fuel economy. Therefore, the 
agencies' analyses require engine maps that attempt to hold pe,formance constant- not 
necessarily cylinder size. Since certain fuel economy improving technologies would increase 
performance if cy linder size is held constant, such as when adding turbocharging techno logy, the 
agencies appropriately include changes in d isplacement and cylinder volume for technologies 
that have a significant impact on engine torque and power, such as turbocharging. For a number 
of fuel economy improving technologies that had smaller impacts on engine torque and power, 
the engine maps were created with cylinder volume held constant. Table Vl-2 1 Table VJ-21 
identifies the e ngine displacement information for each of the engine maps. For example, the 
same engine displacement (2.0 L) and cylinder displacement (500 cc) was used for creating 
eng ine maps for naturally aspirated engines Eng0 l , Eng02, Eng03, Eng04, Eng05a. EngSb, 
Eng06a, Eng07a, and Eng0Sa. whereas engine displacement ( 1.6 L) and cylinder displacement 
(400 cc) is used for creating the engine map for turbocharged engine Engl 2 in order to maintain 
performance. The agencies have concluded that the approach used for the NPRM and the fi nal 

6' 1 [F l 50 NHTSA benchmarking]. 

6'' [Reference AMTL and Energy Group here]. 
61' National Research Council. 2015. Cost. Effectiveness. and Deployment of Fuel Economy Technologies for 
Light-Duty Vehicles. Washington. DC - The National Academies Press. at pp. 294-305. 
https://doi .org/10.17226/21744. 
" 5 [Roush at p.x] 
65• Roush Industries on behalf of Cal ifoniia Air Resources Board. Rogers_Final_Final_NPRM_ l 0.26.2018, Docket 
No. NHTSA-20 18-0067-11984. at p. 12. 
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rule analysis is the most technical ly sound approach given the data needs and assessments 
required for CAFE and CO2 rulemaking. 

Roush also commented as follows: 

[S]everal of the base engine maps used in the 2018 PRJA analysis exhibit maximum 
therma l efficiency (lowest fuel consumption) at 2000-3000 rpm and at maximum load, 
which is unrealistic for nonnal passenger vehicle engines. Such maps will over predict 
fuel economy for extremely down-sized applications (very small engine in a heavy 
vehic le). This is because there is no fuel economy penalty for running the engine at a 
high loads point where, in reality, BSFC is high due to retarding spark timing to prevent 
knocking and fuel enrichment to reduce exhaust temperatures to protect exhaust valves 
and turbocharger components.657 

For example, Roush stated that Eng 12 is predicted to have its highest efficiency at very 
high load and high engine speeds with no degradation in brake specific fuel consumption (BSFC) 
at engine speeds between 2,000 rpm and 4,500 rpm all the way up to peak load, which is 
unrealistic because turbocharged engines at high loads require retarded spark timing to prevent 
knock and fue l enrichment to prevent overheating of the turbocharger and related components.658 

Roush stated that these factors would increase fuel consumption and reduce efficiency under 
real-world conditions.65

Q Roush also stated that another effect of the Eng 12 fuel consumption 
curve would be to predict unreasonably good fuel consumption at very high power levels for 
downsized turbocharged engines. Roush stated this could bias technology pathways in over
predicting fue l economy benefits for small engines installed in heavier vehicles, causing an 
overly optimistic predicted performance of the vehicle with regard to drivabi lity. acceleration, 
and fuel consumption, which would create unrealistic real-world pathways to compliance.660 

As discussed in the [A L fu ll vehicle model) documentation, the simulations for the 
NPRM and final rule analyses were conducted using 2-cycle test procedures, because they are 
the test procedures used for CAFE and CO2 compliance.661 Therefore, the engines maps are 
intended to represent BSFC accurately under those test conditions. During 2-cycle test 
conditions, engines do not operate for extended periods at the speed and high load conditions 
noted by Roush-which are not relevant to these test procedures. A few vehicle and engine 
combinations may operate at those speed and load points only briefly during the 2-cycle CAFE 
and co~ tests. Engines are capable of operating for short periods of time under higher ex.haust 
temperature conditions and manufacrurers commonly delay fuel enrichment until it is needed to 
protect engine components ( in particular exhaust valves and exhaust manifolds) from excessive 

69 Roush Industries on behalf of California Air Resources Board. Rogers Final F inal NPRM 10.26.2018, Dockel 
No.NHTSA-2018-0067-1!984,atp.[x]. • - - - -
•;• Roush Industries on behalfofCalifornia Air Resources Board, Rogers_Final_Final_NPRJvt_ l0.26.2018. Dockel 
No. NHTSA-2018-0067-1 I 984, al [x]. 
"

0 Roush Industries on behalf of California Air Resources Board. Rogers Final Final NPRM 10.26.2018, Docket 
No. NHTSA-2018-0067-11984, al [x]. - - - - -
660 Roush Industries on behalf of Cal ifornia Air Resources Board, Rogers_Final_Final_t\PRM_ 10.26.2018. Docket 
No. NllTSA-20!8-0067-11984. at [x). 
661 [A.NL Full Vehicle Modeling Documenlalion reference] 
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temperatures that can impact engine durabil ity. Fuel enrichment can be delayed because, similar 
to cooking food. it takes a period of time at higher temperature for components to heat up and 
reach a temperature that would impact durability. Because these high speed and load cond itions 
occur for a relatively short time during the CAFE and CO" test cycles, and then return to lower 
speed and/or load conditions with lower exhaust temperature. engines operate for the entire 
CAFE and CO2 test cycles without triggering fue l enrichment. The fuel enrichment delay also 
enables vehicles to comply with criteria emission regulations and improves real world fuel 
economy. Therefore, the engine maps used for the PR/vi and final rule analysis fully represent 
how engines operate during CAFE and CO" test cycles. and properly do not include fuel 
enrichment at all 2-cycle operating conditions. Also, a trained knock model was used to develop 
the engine maps, and the spark timing reflects appropriate levels for engine operation during the 
delay in fuel enrichment. 

Next, regarding developing the NPRM engine maps to account for Tier 3 test fue l, the 
All iance and Ford stated that the engine maps using Tier 3 test fuel represented an improvement 
over prior analyses. The Alliance stated that previous EPA modeling had incorrectly used Tier 2 
premium octane fuel to predict the benefits of engine technologies, which overstated fuel 
economy gains that would be achievable when us ing regular-grade octane Tier 3 fue l. Ford 
provided similar comments, and also noted that regular grade octane fuel will be required for 
compliance after the 2020 model year.661 

In contrast, ICCT and UCS both commented that the agencies had incorrectly updated the 
IA V engine maps developed with Tier 2 test fuel to account for Tier 3 fuel.663 ICCT stated that 
the update unjusti fiably and artificially reduced the effectiveness of the turbo technologies and 
suggested that the fuel update adjustment should not have been done at all , stating that 
manufacturers that label vehicles as "premium fuel required" are required to show no emissions 
changes over all test cycles when using regular octane fuel and therefore reducing effectiveness 
for fuel differences as the agencies did with the IA V engine maps is unrealistic and 
inappropriate. 

UCS a lso commented more specifically on the impact of the. adjustment from Tier 2 to 
Tier 3 fuel related to the knock threshold for advanced engines, noting that manufacturers 
conside r different approaches to d ifferent fuels, and not all of those approaches necessitate 
reductions in efficiency, as the agencies ' assumption suggests. UCS stated that charge cooling 
can reduce knock in direct injection engines, resulting in an ''effective octane" difference of a six 
point increase for E l 0, thus potentially compensating for the difference in octane between Tier 2 
(E0 93 AKI) and Tier 3 (EI 0 87 AKI) fuels. UCS argued that excluding this consideration led 
the agencies to restrict advanced engines like HCR2 and reduce the effectiveness of 
turbocharged engines with CEGR. UCS suggested that there would be a reduction in the costs 
between the baseline and proposed standards if the analysis allowed the application of HCR2 
engines and corrected the effectiveness of turbocharged CEGR engines. 

66' Ford Motors, Attach ment, Docket No. EPA-HQ-OAR-2018-0283-5691 , a t p. 7. [double check the docket] 
66' International Counci l on Clean Transporta tion, Attachment 3, Docket No. NHTSA-20 18-0067-11741. at 1-82; 
Union of Concerned Scientis ts, Technical Appendix, Docket No. NHTSA-201 8-0067- 1"039, at p. 15. 
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Both I CCT and UCS also stated that the adjustment ignored a 20 18 EPA study showing 
that, while fuel consumption increases with the switch from Tier 2 to Tier 3 test fuel, emissions 
are reduced, meaning that the agenc ies' adjustment is wrong "for some technologies because 
(CO:::]-per-mile emissions can be lower with the switch to higher octane ethanol blends.'' UCS 
also stated that the adjustment factor appl ied is wrong for two reasons, first because converting 
solely with energy density would assume a 3.7 percent increase in fuel consumption compared to 
the observed 2.7 percent increase, and second because the adjustment goes in the wrong direction 
when applied to co~ emissions, which show a reduction of 1.4 percent on the test cycle. UCS 
stated that the Autonomie model according ly overstates CO~ emissio ns on T ier 3 fuel by 4.2 
percent. UCS argued that the adjustment to account for Tier 3 test fue l therefore double counts 
any penalty in fuel economy and ignores CO~ tailpipe reductions, which would result in an 
improvement on the test cycle. Because the CAFE test procedure already has an adj ustment in 
place to correct for fuel properties relative to l 975 test fuel. but carbon-related exhaust emissions 
do not, UCS stated that the fuel adjustment could lead to drastically conservative fuel economy 
and CO2 curves. 

ICCT stated that the agencies could fix this issue by relying on EPA 's engine maps. 
where EPA had accounted for cost and effectiveness of technology used to protect operation on 
regular octane fuel by increasing costs and reducing effectiveness. 

Some of these comments can be addressed with a simple c lari fication: the 1PRM 
contained tex t that was inconsistent regarding how the analysis accounted for the engine maps 
(which were based on Tier 3). The separate model documentation correctly described that, for 
the NPRM analysis, the agencies developed fuel maps for Tier 3 fuel and did not adjust the fi nal 
.A.utonomie outputs.66. The NPRM text, however, incorrectly stated that "(a)n adjustment factor 
was applied to the Auto nomie simulation results to adjust them to reflec t Tier 2 certification fuel. 
.A.NL adjusted the vehicle fuel economy results to present certi fication fuel by using the ratio of 
the lower heating values to the rest and certification fuels." In fact, no adjustments were made to 
the NPRM .A.utonomie simulation outputs, as the modeled engine maps were appropriately 
modeled us ing Tier 3 fuel. 

As discussed in detail in Section [Fuel Octane]. engine specifications used to create the 
e ngine maps for the N PRM and the fi na l rule were developed using Tier 3 fue l to assure the 
engines were capable of operating on real world regular octane (87 pump octane= (R+M/2)), 
similar to what manufacturers have told us they must do to ensure engines have acceptable noise, 
vibration, harshness, drivabi lity and performance levels, and are durable a nd will not fail 
prematurely when operated on regular octane fuel. For example, if the agencies developed 
engine maps based on Tier 2 fuel alone, those engine maps would reflect higher compression 
ratios and greater levels of spark advance than could be implemented by manufacturers because 
they would lead to engine durability and noise. vibration, harshness, and drivability issues when 
operated using the regular octane fuels that the majority of vehicles consume. Manufacturers 
have told the agencies that, even for vehicles designed to operate on high octane fuel, the engines 
and controls must be designed to be capable of operating on every fuel that is available in the 

66' [cite Autonomie model documentation that states no adjustment for Tier 3 fuel]. 
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U.S. to avoid these issues.66' Therefore, developing engine maps based on Tier 2 fuel a lone 
would overstate the BSFC improvements that could be achieved in the real world. 

Based on these comments and considerations, the agencies determined the engine maps 
developed for the NPRM appropriately account for fuel octane, and provide the h, t ,11 t1ilt1l'l-<',m 
1ppn •pr 1k estimate ofBSFC that can be achieve in the real world. The agencies believe 
ICCT's and other cornmenters' assertions that the engine maps should reflect Tier 2 fuel and not 
be updated for Tier 3 fuel would ignore these important considerations, and would provide 
engine maps that could not be achieved by engines in the real world. ~,;eneie·, clt:'teFmiAt'tl 
Ll~at t'Agine 1m1p, tlc?\t'IGf1t'tl li..1F !lit: IJraft I \Rand r:P \ Prt'lpt1',ed Dt:'tt:'rmi11ati011 that ,,ere h11 ,et! 
t>A TieF J fHcl ·,ht!Hlcl Alli he- H ,t'd lnr Lht' '1PR~ I ,rncl ti AHi rnlt- miul~~e, for tlw,e 1echni,al -

EPA is addressing the impact of Tier 3 fuel on fuel economy and CO2 emissions 
compliance test results as part ofa separate rulemaking which may establish an adjustment to 
account for the impacts of the change in test fuel. Those impacts are beyond the scope of this 
rulemaking. The analysis for the SAFE Vehicles rulemaking uses fuel economy and CO2 
emissions of the vehicles in the MY 20 17 analysis fleet as the reference for absolute fuel 
economy and CO2 emissions. Because MY 2017 compliance values are based on Tier 2 fuel, 
and standards are based on the use of Tier 2 fuel, there is no need to make any adjustments for 
the differences in energy content and carbon content of Tier 2 and Tier 3 fuel. Again, those 
differences are being addressed by EPA in a separate rulemaking. 

The agencies considered ICCT's statement that manufacturers that label vehicles as 
"premium fuel required" are required to show no emissions changes over all test cycles when 
using regular octane fuel, and therefore reducing effectiveness for fuel differences as the 
agencies did with the IA V engine maps is unrealistic and inappropriate. The agencies believe 
this logic is inverted, and those conclusions are technically incorrect. I he c\i .t~nec ul c1A I P \ 
.:umpliaii,e Fc!gHlnti,m J,,c•, nut imp,~ta"" , ,,r A1:1L1:JFt:'. ·,·, Ilic I 1 ;,·'Hem i , ,Ht' , .i " ' ldl <'d 1· 11h 

the 1111pdc l >I l~1< I , >Llii 11 c' ,,, th••-,iFIH~ l.t 1111pn·\c c·n,:1nc' IV,1-l ,inti, ,,, c· 11; 1n, J m.1h1-l-H~..-c'c 

,..i,l"rtth•>i. liar 1111,: ,. t111 J J11, c1hk'7 It is widely recognized and accepted that higher octane 
fuels allow engines. ,h"t IJ the 111 .,nut.ic 1ur, 1 , h""'-"- \ (I ,,ii 1br.111.: iii, ,·nc.in, 111 -!l!_, 'h lo be 
designed with higher compression ratios, faster combustion rates, and more optimal spark 
advance, which improve BSFC. Section [fuel octane) discusses comments advocating for 
increasing the minimum fuel octane specification to enable these improvements. The engine 
maps developed by IA V and used for the Draft TAR and NPRM were consistent with these 
trends and showed that BSFC is better with Tier 2 (higher octane) fuel than Tier 3 (lower octane) 
fuel. ICCT did not provide any data supporting the concept that there is no shift in BSFC, fuel 
economy, or CO2 emissions when engines are optimized with different octane fuels, or between 
Tier 2 and Tier 3 fuel. It is appropriate to note that the EPA regulation does provide a tolerance 
which in practice allows a small level of shift in emissions.666 

,,; [Citat ion for lhis] 
"" [EPA reg cita1io11] 
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Regarding comments that certain combinations of technologies can enable BSFC 
improvements while controlling spark knock, the agencies in fact considered a very broad array 
of engine technology combinations for the analysis, including several added technologies as 
discussed further below. The agencies believe the rigorous methodology used to develop the 
engine maps resulted in engine maps representing the maximum improvement in BSFC for each 
engine configuration, while also addressing real world constraints. Engine maps for the new 
technologies were presented in PRIA Chapter 6.3.2.2, 16.4. The PRIA also discussed that lA V 
maps were developed considering a very comprehensive list of combustion operating parameters 
as part of the IA V GT-Pa,~·er engine modeling. JAV's GT-Power engine modeling included sub
models to account for heat release through a predictive combustion model, knock characteristic 
through a kinetic fit knock model, physics-based heat flow model physics based friction model, 
and IA V's proprietary Optimization Tool Bm.::. 667 These independent models were run 
concurrently to make sure engine design requirements were met for each engine configuration 
that was modeled. 

A simple example of haw this process works can be discussed in few steps. First, IAV 
defined the characteristics ofEng0I (a base VVT engine) and then optimized for all the 
combustion parameters while minimizing fuel consumption and maintaining performance. The 
result of this was a foe! map as a function afBMEP and engine RPM. Next, !AV took the same 
Eng0l and adopted characteristics afSGDI technology to the base engine. This new Engl 8 
(VVT and SOD!) was then optimized for all the combustion parameters whlle minimizing fuel 
consumption and maintaining performance. The result was an engine fuel map as a function of 
BMEP and engine speed for Engl 8' with SGDJ technology. The engine map is directly 
comparable' to the engine map for Eng0l and the difference in those engine maps specifically 
identifies the effectiveness impact ofVVT and SGDI technologies alone. This process was 
repeated for all of the lAV engine maps that used the base VVT (Eng0 I) as the baseline engine, 
This methodology ensured the engine -maps represent the maximum improvement in BSFC for 
each engine configuration, while considering real world design constraints. 

finally, in response to the agencies' request for comment an whether to include the 
additional engine maps presented in the NPRM as potential technological pathways to fuel 
economy improvement in the model, several commenters stated that the agencies should include 
those engine maps, in addition tQ other emerging engine technologies. 

After considering these comments, the agencies added several engine technologies and 
technology combinations for the final rule analysis. These included a basic high compression 
ratio Atkinson mode engine (HCR0), a variable compression ratio engine (VCR), a variable 
turbo geometry engine (VTG), and-a variable turbo geometry with electric assist engine (VTGeJ. 
The agendes also added advanced cylinder deactivation technology (TURBO AD) to Eng\2 
(TURBOD) in the Autonomie modeling far the final rule analysis. Like with ADEAC, the 
agencies did not have IA V engine maps for TURBOAD, so the agencies took the effectiveness 

'" IA V's Optimization Tool Box is a moduleoflAV Engine. JAVEngine, as the basic platfonn for designing 
engine mechanics, provides a large number of tools that have proven their worth across the globe in several decades 
of automotive development work at !AV. The modules help designers, computation engineers and simulation 
specialists in designing mechanical erigine components--for example, in laying out ,·alvetmins and timing gears as 
well as crankshafts. 
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values as predicted by full vehicle simulations of a TURBOD and added 1.5% or 3% 
respectively for 1-4 engines and V-6 or V-8 engines, as explained in more detail further below. 
The agencies also included more iterations of existing technologies, like diesel engines with 
cylinder deactivation, diesel engines paired with manual transmissions, and diesel engines paired 
with 12-volt start stop technology, in addition to more combinations of hybrid technologies that 
are discussed further in [Section Electrification], below. 

The following sei;:tions list and describe the comprehensive set of engine technologies 
and combinations of engine technologies that have been included in the analysis. The agencies 
also discuss the additional engine technologies added for the final rule, and reasons for excluding 
a small number of technologies proffered by commenters. The agencies believe the wide array 
of engine technologies included in the final rule analysis and the methodology used to develop 
the engine maps to measure the effectiveness of those technologies reasonably represents the 
scope of technologies that should be considered during the rulemaking time-frame. 

c) Engine Modeling in the CAFE Model 

(l) Basic Engines 

The NPRM described that there are a number of engine technologies that manufacturers 
can use to improve fuel economy and C01 emissions. Some engine technologies can be 
incorporated into existing engines with minor or moderate changes to the engines, but many 
engine technologies require an entirely new engine architecture. The terms "basic engine 
technologies" and "advanced engine technologies" are used only to define how the CAFE model 
applies a'specific engine technology and handles incremental costs and effectiveness 
improvements. "Basic engine technologies" refer to technologies that, in many cases, can be 
adapted to an existing engine with minor or moderate changes to the engine, compared to 
"advanced engine technologies" that generally require significant.changes or an entirely new 
engine architecture. 

fn tl1e CAFE model, basic engine technologies may be applied in combination with other 
basic engine technologies; advanced engine technologies {defined by an engine map) stand alone 
as an exclusive engine technology. The words "basic" and "advanced" are not meant to confer 
any information about the level of sophistication of the technology. Also, many advanced engine 
technology definitions include some basic engine technologies, but these basic technologies are 
already accounted for in the costs and effectiveness values of the advance engine. The "basic 
engine technologies" need not be (and are not) applied in addition to the "advanced engine 
technologies" in the CAFE model. 

(a) DOHC 

In the NPRM analysis, the agencies characterized dual overhead cam {DOHC) engine 
technology as "basic." DOHC engine configurations have two camshafts per cylinder head, one 
operating the intake valves and one operating the exhaust valv.is. Four basic engine 
technologies-Variable Valve Timing (VVT), Variable Valve Lift (VVL), Stoichiometric 
Gasoline Direction Injection (SGDl), and basic Cylinder Deactivation (DEAC)-were 
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considered for DOHC engines. Implementing these technologies involves changes to the 
cylinder head of the engine, but the engine block. crankshaft, pistons, and connecting rods 
require few, if any, changes. 

Variable Valve Timing (VVT) is a family of valve-train designs that dynamical ly adjusts 
the timing of the intake valves, exhaust valves, or both, in relat ion to piston position. VVT can 
reduce pumping losses, provide increased engine torque and horsepower over a broad engine 
operating range, and allow unique operating modes, such as Atkinson cycle operation, to further 
enhance efficiency. VVT is nearly universally used in the MY 20 17 fleet.668 In the N PRM 
analysis, the VVT technology modeled by IA \I was based on dual (independent) cam phasing. 
This was a more advanced \/VT technology that a llowed controlling of valve overlap, which can 
be used to control internal EGR to minimize fuel consumption at low engine loads.66

q \/VT 
enables control of ma ny aspects of air flow, exhaust scavenging, and combustion relative to fixed 
valve timing engines. Engine parameters such as volumetric efficiency. effective compression 
ratio, and internal exhaust gas recirculation (iEGR) can all be enabled and accurately controlled 
by a \/VT system. 

Variable Valve Lift (\/\IL) dynamically adjusts the distance a valve travels from the 
valve seat optimizing airflow over a broad range of engine operating conditions. The technology 
can increase effect iveness by reducing pumping losses and may improve efficiency by affecting 
in-cylinder charge (fue l and air mixture), motion, and combustion. VVL is less common in the 
2017 fleet than VVT. Some manufacturers have implemented a limited, discrete approach to 
VVL where just two valve lift profi les are available versus a full-range, continuously variable 
implementation. 

Stoichiometric Gasoline Direct Injection (SGDI) sprays fuel at high pressure directly into 
the combustion chamber, which provides cooling of the in-cylinder charge via in-cylinder fuel 
vaporization to improve spark knock tolerance and enable an increase in compression ratio 
and/or more optimal spark timing for improved etliciency. SGDI appears in about half of basic 
engines produced in MY 2017, and the technology is used in many advanced engines as well.670 

Basic cylinder deactivation (DEAC) disables intake and exhaust valves and turns off fuel 
injection for the deactivated cylinders during light-load operation. The engine runs temporarily 
as though it were a smaller engine, which reduces pumping losses and improves efficiency. In 
the MY 2017 fleet, manufacturers used DEAC on V6, VS, VI 0, and V 12 engines on OH\/, 
SOHC, and DOHC engine configurations. With some engine configurations in some operating 
conditions, DEAC creates noise-vibration-and-harshness (NVH) c hallenges. NVH challenges 
are significant for \16 and 14 DEAC configurations, and limit the operating range where DEAC 
can operate. For 14 engine configurations with smaller displacements, there are fewer operating 

660 98. 1% of !1•1Y2017 vehicles a re equipped with VVT. EPA Repon. The 20/8 EPA A///01110/il'e Tr,mds Reporl. 
l\llps: 11cpi-.cpa.um I ,c 1, PDr .cui I' I Oil\\ 'iCc.PDI ''Doc,,, r 1001\ 5C~.PDI· at Table 4.1 Production Share by 
Engine technology . 
06• 2015 NAS at p. 32. 
670 49.7% of MY2017 vehicles are equipped with SGDI. EPA Report. The 20 18 EPA Automotive Trends Repon . 
hnps://nepis.epa.gov/ Exe/ZyPDF.cgi/P I OOW5C2.PDF?Dockey= P I OOW5C2.PDF at Table 4.1 Production Share by 
Engine technology. 
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conditions where engine load is low enough to use DEAC, which limits effectiveness. No 
manufacturers produced 14 DEAC engines in MY 2017. Typically, the smaller the engine 
displacement, the !ess opportunity DEAC pro\"ides to improve fuel consumption. 

The agencies provided engine fuel maps for each of the eight DOHC engines {Eng0 1, 
Eng02, Eng03, Eng04, Eng18, Engl 9, Eng20, and Eng21) used for the NPRM analysis. Each of 
these engines incrementally added technology to Eng0I, a basic VVT engine, while holding all 
other factors constant like ambient temperature, ambient pressure, and fuel type. The agencies 
sought comment on the engine maps. 

For the NPRM analysis, the agencies estimated the effectiveness ofDEAC using full 
vehicle modeling and simulation. In the NPRM PRJA 6.2.1.2, we discussed how Autonomic 
uses a specific control logic for cylinder deactivation for naturally aspirated engines that takes 
into consideration for noise, vibration, and harshness. 671 For the final rule analysis, the agencies 
took steps to use full vehicle modeling and simulation to apply DEAC to both naturally aspirated 
and turbocharged engines. The same control logic was applied to the turbocharged engine 
cylinder deactivation (TURBOD) for the final rule analysis. 

The agencies used the same assumptions for ADEAC in the final rule analysis. In the 
NPRM we stated engine maps were not available at the time of the analysis, and said that 
ADEAC was estimated to improve a basic engine with VVL, VVT, SGDO; and DEC by three 
percent (for 4 cylinder engines) and six percent (for engines with more than 4 cylinders).672 The 
new technology combination for turbocharged advanced cylinder deactivation (TURBOAD) uses 
a similar approach for determining effectiveness. The agencies have applied a one-and-a-half 
percent effectiveness improvement estimate for 4-cy!inder or smaller engines and a three percent 
effectiveness estimate for 6-cylinder or larger engines relative to TURBOD. 

For the final rule analysis the basic engine path for DOH Cs are shown in Figure Vl-8 and 
the high-level engine specifications arnhown in Table Vf-22. The baseline basic DOHC 
engine, Eng0I, was the starting point and other engine technologies were incrementally adopted 
to determine effectiveness. Adoption of DEAC technology for turbocharged engines will be 
discussed in Turbocharged Engines section [xJ. Similarly, Advanced DEAC technology will be 
discussed in [Section X]. 

°'1 NHTSA-2018-0067-1972. ~Preliminary Regulatory Impact Analysis {PRIA) The Safer Affordable Fuel-Efficient 
(SAFE) Vehicles Rule for Model Year 2021-2026 Passenger Cars and Light Truckst at p. 191. 
672 83 FR 430039 (Aug: 24, 2018). 
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gp············~····· 

Figure Vl-8 - Basic Engine Technologies for DOHC Engiries for the Final Rule Analysis 

Table Vl-22 - Specifications for DOHC Basic Engine Technologies Modeled by 
Autonomie for the Final Rule Analysis 

Engine 
Engines Technologies Notes Reference Peak 

PowerfkWi 
Parent NA engine, Gasoline, 2.0L, 4 

Eng0J DOHCVVT cyl, NA, PF!, DOHC, dual cam VVT, 108 
CRJ0,2 

Eng02 DOHCVVT+VVL VVL added to Enb,O I 108 

Eng03 DOHC VVT +VVL +SGDI SGDI added to Eng02, CR 1 l 113 

Eng04 DOHC VVT +VVL +SGD!+DEAC Cylinder deactivation added to Eng03 113 

Eng18 DOHC VVT + SGDI 
Gasoline, 2.0L, 4 cyl, NA, SGDJ, 

113 DOHC, dual cam VVT 

Engl9 DOHC VVT + DEAC Cylinder deactivation added to Eng0I 113 

Eng20 DOHC VVT + VVL + DEAC Cylinder deactivation added to Eng02 113 

Eng2I DOHC VVT + SGDI + DEAC Cylinder deactivation added to Engl 8 113 

(b) SOHC 

Similar to DOHC engines, SOHC engines were characterized as "Basic" Engine 
technologies in the NPRM analysis. They are characterized by having a single camshaft in the 
cylinder head operating both the intake and exhaust valves. Four basic engine technologies, 
Variable Valve Timing (VVT), Variable Valve Lift (VVL), Stoichiometric Gasoline Direction 
Injection (SGDJ), and basic Cylinder Deactivation (DEAC) were considered for SOHC engines. 
Implementing these technologies involves changes to the cylinder head of the engine, but the 
engine block, crankshaft, pistons, and connecting rods require few, if any, changes. 

The agencies provided engine fuel maps for each of these types of SOHC engines and 
requested comments .. Engine maps Sb, 6a, 7a; and Sa were modeled SOHC engines. The SOHC 
engine models used engine Sa which was based on EngO I as a reference by removing one 
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camshaft. Eng5a was included for the Draft TAR, but not included for the NPRM analysis due 
to high BSFC from higher friction that was inherited from the DOHC engine design. A level 0.1 
bar of friction reduction over the entire operating range for engine maps_5b, 6a, 7a, and Sa \Vas 
applied to represent improvements over existing engine designs. The addition of friction 
reduction to these engines was a result of consideration of deliberative interagency comments 
received during the Draft TAR review process noting higher fuel consumption on the baseline 
SOHC engine 5a re lathe to other modern SOHC engines.673 

Meszler on behalfofNRDC commented that "[a]lthough variable valve timing (VVTJ 
technology is identified as an available refresh technology, the NPRM CAFE model (unlike the 
version used for the 2016 TAR analysis) actually assumes that all baseline vehicles include VVT 
technology. As a result, the appro¥imately 9 percent of model year 2016 sales that do not 
actually include VVT are not credited with any efficiency benefit for adoption of the 
technology .... "674 

We agree with this comment, and for the final rule analysis the agencies updated the 
CAFE model to add a non-VVT level engine in the 2017 analysis fleet and to allow those 
yehicles to adopt VVT technologies at a refresh or redesign. However, the agencies did not have 
engine maps for the non-VVT engjnes, so we applied an effectiveness to the VVT engine maps 
to represent the effectiveness for non-VVT engines. The agencies used the effectiveness of a 
similar configuration technology package of another engine to represent non-VVT engines. 
Non-VVT may be combined with any combination ofVVL with SGDI and DEAC. We believe 
that the estimated effectiveness used for VVT engines was appropriate because the effectiveness 
offset is in line with 2015 NAS estimates for VVT engines with respect to VVL engines.670 

For the final rule making analysis the basic engine paths for SOHC engines are shown in 
Figure Vl-9 and the specifications are shown on Table VI-23. Note, that Eng5a is only a 
reference used to build the rest of the SOHC engines. 

Basic Engine Path 

"" [Text Forthcornini;]. 
o74 Meoiler, at p. 32. 

VVL I 

6'' WIS NAS Table 2.7 and Table 2.8 at p. 32-33. 

I 

I 

VVT I 
,I, 

SGDI I I DEAC 

304 



Engines 

Eng5a 

Eng5b 

Eng6a 

Eng7a 

Eng8a 

*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

Figure Vl.9 - Basic Engine Technologies for SOHC Engines for Final Rule Analysis 

Table Vl-23 - Specifications for SOHC Basic Engine Technologies Modeled by 
Autonomie for the Final Rule Analysis 

Technologies Notes 
Engine Reference 
Peak Power (k'"' 

Eni;0l converted to SOHC 
SOHC VVT +PF! (gasoline, 2.0L, 4cyl, NA, PFI. Reference only 

single cam VVT) 

SOHC VVT (!evel 1 Red. Eng5a with va[\'etrain friction 
109 

Friction) reduction (small friction reduction) 
SOHCVVT+VVL(level 1 Red. Eng02 with valvetrain friction 

]09 
Friction) reduction (small friction reduction) 

SOHC VVT+VVL+SGDI (level I 
Eng03 with valvetrain friction 

Red. Friction) 
reduction (small friction reduction), 114 

addition ofVVL and SGDI 

SOHC VVT+VVL+SGDl-t-DEAC 
Eng04 with valvetrain friction 

(level 1 Red. Friction} 
reduction (small friction reduction), 114 

addition ofDEAC 

(2) Turbocharged Downsized Engines 

Engine maps 12, 13. and 14 modeled turbocharged downsized engines. Turbocharged 
downsized engines are characterized by technology that can create greater-than-atmospheric 
pressure in the engine intake manifold when higher output is needed. The raised pressure results 
in an increased volume of airflow into the cylinder supporting combustion, increasing the 
specific power of the engine. An increased specific power means the engine can generate more 
power per unit of volume; which allows engine volume to be reduced while maintaining 
performance, thereby increasing fuel efficiency. IAV Engl2 was the base engine for all 
simulated turbocharged engines and was validated using engine dynamometer test data. 

One notable change that the agencies made for the NPRM analysis based on stakeholder 
comments to the Draft TAR was to update the turbo family engine maps to assume operation on 
regular octane fuel (Tier 3. or 87 AKI); instead of premium fuel (Tier 2, or 93 AKI), to assure the 
maps accounted for real world constraints that impact durability and drivability, and noise. 
vibration, and harshness. Using regular octane fuel is consistent with the fuel octane that 
manufacturers specify be used in the majority of vehicles {manufacturers generally only specif), 
premium fuel is required for higher performance models, although that is not always the case), 
and enables the modeling to account for important design and calibration issues associated with 
regular octane fuel. The agencies noted in the NPRM that using the updated engine maps 
addresses over-estimation of potential fuel economy improvements and ensures that the analysis 
reflects real-world constraints faced by manufacturers to assure engine durability and acceptable 
drivability. Importantly, assuming no change in fuel octane required to operate a vehicle ensures 
that tl1e agencies are modeling technology pathways that can improve fuel economy while 
maintaining vehicle performance, capability, and other attributes. 
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Compared with the NHTSA analysis in the Draft TAR, the lllrbocharged and downsized 
engine maps adjust the fuel use at high torque and low speed operation and at high speed 
operation to account for knock limitations necessary when using regular octane fuel. The knock 
model used to develop the turbocharged engines was trained on production and development 
engines tested at IA V to quanti fy the effects of different octane fuels.676 Below the knock 
threshold, there is no change to the fuel consumption maps. The agencies noted that with the 
fuel octane change, there are generally two major effects in the regions where the engine is 

knock-limited: first, spark timing is retarded causing a reduction in combustion efficiency and 
hence an increase in BSFC, and second, an increase in combustion temperature requires fuel 
enrichment for the component protection resulting in increased BSFC.677· 678 

The agencies also noted that for Eng 14, the turbocharged downsized engine with cooled 
exhaust gas recirculation (cEGR), cEGR was added at the higher speeds where further reduction 
in combustion temperature was required. The higher specific heat capacity of cEGR reduced the 
need for fue l enrichment by lowering combustion temperatures and limiting the amount of spark 
retardation necessary to manage spark knock. With increasing load, cEGR is also used to lower 
combustion temperatures 10 reduce NOx emissions. The agencies explained that because IA V's 
models are not trained for emissions, cEGR was only considered for areas that are knock-limited 
and/or to reduce combustion temperatures. Because cEGR has the impact of slowing down burn 
rates, the amount of cEGR that could be utilized was balanced to maintain efficient combustion. 
Combustion stability was also evaluated to assure cEGR rates did not cause excessive cycle-to
cycle combustion variations which adversely impact drivability.679 

Some commemers criticized these downsized turbocharged IA V maps, referencing draft 
deliberative l:P. \ comments I 11 ·111 "me I P \ tell I that was docketed pursuant to (CAA section 
x), which stated that the assumptions for Engl 2's fuel octane, heating value, and carbon content 
were not representative of ce,tification fuel and did not appear to be consistently used for the 
various engine maps, concluding that the resultant engine maps were not representative of CO~ 
performance of t urbocharged engines over the certi fication cycle. ICCT stated it appeared these 
concerns had not been addressed for the NPRM, and that "this problem essentially affect(ed) all 
engines on the turbocharged engine pathway."6811 

The agencies d isagree with JCCT's comments relating both to whether fuel specifications 
were used consistently and whether the fuel specifications for fuel octane, heating value and 
carbon content were representative of the same fuel. First, the EPA deliberative comments were 
resolved in the deliberative process through the clarification that a single fuel specification was 

1
•
1

• t-;.nock models are based on Gamma Technology's kinetic tit model per tl1e technical paper titled, "A combustion 
model for IC engine combustion simulations with multi-component fuels:· by Young(hul Ra. Rolf D. Reitz 
Engine Research Center, University of Wisconsin-Madison. 
67

' Fuel enrichment is extra fuel is injected in pon or directly into the cylinder to suppress thennal shocks like 
uncontrolled detonation (also known as knock). 
•

1
~ Singh, E. and Dibble, R., "Effectiveness of Fuel Enrichment on Knock Suppression in a Gasoline Spark-Ignited 

Engine," SAE Technical Paper 2018-01-1665, 2018, https://doi.org/10.4271 /20 I 8-01-1665. 
•
7
• Heywood. B. J. lntemal Combustion Engine Fundamentals. at pp. 413-37. McGraw-Hill ( 1988). 

680 International Counci l on Clean Transportation, Attachment 3, Docket No. NHTSA-2018-006 7-1 1741, at 1-46. 
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used to develop all of the engines and engine maps. T herefore, the engine maps are internally 
consistent. The fuel specification was presented in the NPRM section [:!D.1) and PRJA Chapter 
6.3.2.2. 17. Second, we considered future fuel and emissions standards by using regula r octane 
fuel for this analysis. The assumptions for the fuel used in this analysis align with the EPA 's 
Tier 3 standards that went into effect January I, 2017.681 For the reasons discussed further 
above, the agencies believe it is important to LISe Tier 3 fuel for engine maps L1sed for rulemaking 
analysis. 

Roush claimed that the turbocharged engine maps used in the analysis were responsible 
for an overly-conservative estimate of underly ing combustion engine efficiencies, arguing that 
many production engines available today use the same technology packages identified in the 
PRJA but with s ignificant ly higher efficiencies.682 Roush noted that the base turbocharged 
engine map used in the PRIA, Engl 2, is assumed to have variable valve lift (VVL). but with a 
turbocharged engine the benefit of VYL over dual variable valve timing (VVT) is limited.683 

Roush argued that almost all vehicle manufacturers use lower-cost dual YVT systems in their 
turbocharged engines, and that the agencies' base turbocharged engine assumption is unrealistic 
with a correspondingly high cost.684 

Roush contrasted its critique of Eng 12 with an EPA ALPHA run of a 20 16 Honda Civic 
I .SL turbocharged engine (L 15B7) with continuously variable intake and exhaust camshaft 
phasing (CVVT), which is less expensive than the CVVL, arguing that it showed greater 
efficiency over more of the engine map at a lower cost than Eng 12. Roush further argued that 
since the L 15B7 engine is the first generation of the new Honda turbocharged engine, "even 
further fuel consumption improvement is highly likely in the period through MY2025.''68; 

As the agencies explained further above, from a technica l perspective there is no reason 
why the 2016 Honda Civic 1.5 L Turbo should have an engine map that is the same as Eng l 2, 
Eng l 3, or Engl 4. The n1rbocharged engine technologies represented by Eng l 2, Engl 3 and 
Eng l4 are not representative of any specific engine from any one manufacturer. Honda's I.SL 
turbocharged engine incorporates a unique combination of technologies including electric 
wastegate, sodium-filled exhaust valves. light weight internal components, friction reduction 
technologies, 2-stage oil pump, low viscosity oil (0W-20), and a unique exhaust system.6n6 

While there are an enormous number of di fferent technology combinations that 
manufacturers could apply on their engines, the agencies· analysis must select a reasonable 
number of configurations- in fact, the agencies analyze more than [XX] technological/vehicular 

611 [Final Rule for Control of Air Pollution from Motor Vehicles: Tier 3 Motor Vehicle Emission and Fuel 
Standards. hups: \\ , , \\ .epa.!.!.,1\ r<.:cula1inn ... -i:mis~ion ... -, i:hidt'~-anJ-t'ngine ... final-ruk-contrul-air•po11 u1ion-mnlor
, chicb-1ier-3. Last accessed September 26, 2019.J 
680 Roush Industries on behalf of California Air Resources Board, Rogers_Final_Final_NPRM _I 0.26.20 18. Docket 
No. NHTSA-2018-0067- I 1984, at fx]. 
683 Roush Industries on behalf of California Air Resources Board. Rogers_Final_Final_NPRM_ I 0.26.2018. Docket 
No. NlffSA-2018-0067-11984. at [x]. 
•

84 Roush Industries 011 behalfof California Air Resources Board, Rogers_Final_ Final_NPRM_ I 0.26.2018, Docket 
No. NHTSA-2018-0067-11984, at [x). 
m [citation] 
••• [citation] 
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combinations for this rulemaking. See Section [Perfonnance Neutrality] and Section [Tech 
Effectiveness and tvlodeling] for more details. For turbocharged engines, the agencies selected 
eight combinations that we believe represent a wide range of technologies, combinations of 
technologies, and effectiveness improvements for the rulemaking analysis, as listed in Table 
[FRM engine list]. Three of the combinations were added based on commenter's 
recommendations. While it is possible to identify other combinations, such as the unique 
technologies Honda chose for its I .SL Turbo engine, agencies do not believe it would be 
appropriate to select all of the technologies on one specific manufacturer's engine for the 
rulemaking analysis. Doing so would, appropriately, raise questions about the availability of 
proprietary designs and controls to o'ther manufacturers, among other considerations. 

The agencies also believe that the engine maps for Eng 12, Engl3 and Engl 4 show 
reasonable differences in BSFC maps that characterize the impact of each of these technology 
combinations, and differences relative to naturally aspirated engines. As discussed further 
above, incremental differences in BSFC are used fortht' ru!emaking analysis. Roush 's 
comments center on the comparison of absolute effectiveness values for a specific·production 
vehicle, and do not address incremental effectiveness among a range qftechnologies, nor the 
appropriate baseline reference for the Honda l .5L Turbo for technology content and for 
effectiveness. The ALPHA simulation for the 2016 lfonda Civic 1.5L turbocharged engine 
provides absolute test data and has no baseline for assessing incremental effectiveness. Because 
there is no baseline, there is no basis for identifying which specific technologies have changed, 
nor any basis for determining the incremental effectiveness of each individual technology. 

Regarding Rous h's comment that that further fuel consumption improvement for the 
Honda L 15B7 is highly likely in the period through MY 2025, Roush provided no information or 
data on what specific technologies would further improve the fuel consumption of that engine. 
With no defined new teclmology to consider, there is no basis for estimating the costs, nor for 
estimating the effectiveness ofRoush's assertion. Without further information, the agencies can 
only point to the additional e1igine technologies considered for this fina! rule, discussed further 
below. 

ICCT also stated that IA Y's handling of Cooled EGR ("cEGR") in the engine maps is 
inappropriate, as IA V analyzed cEGR as a knock-abatement technology instead of a fuel 
efficiency technology. ICCT stated that this is reason that the NPRM analysis shows no benefit 
to cEGR, and if the agencies had used EPA 's properly modeled cEGR effectiveness based on 
validated data, the effectiveness of cEGR would have been mqre realistic. 

Similarly, Roush commented that cEGR application in the modeled turbocharged engines 
is excluded in engine operating modes that highly influence vehicle fuel economy. Roush 
contrasted Engl 3, a turbocharged engine with VVT, direct injection, and cEGR, with the Mazda 
2.5L SkyActiv Turbo engine available in the 2016 Mazda CX-9, which also employs cEGR. 

The agencies .believe Engl 4 was created and modeled using a sound technical 
methodology, using constraints that the industry uses to ensure the engines would meet durability 
and customer acceptability criteria. Engines with VVT control intake and exhaust valve timing 
to recycle burned exhaust gas into the combustion chamber. The recycling of exhaust gases 
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using VVT is commonly called internal EGR. Cooled EGR (cEGR) is a second method for 
diluting the incoming air, which takes exhaust gases. passes them through a cooler to reduce 
their temperature, and then mixes them with incoming a ir in the intake manifold. Diluting the 
incoming air with inert exhaust gas reduces pumping losses, thereby improving BSFC. The 
d ilution also reduces combustion rates, temperatures, and pressures, which mitigates spark knock 
and reduces the need for fuel enrichment at higher loads to control exhaust temperature for 
component durability (typically, exhaust valves and exhaust manifold). Not only does this 
exhaust gas displace some incoming air, but it also heats the incoming air and lowers its density. 
Both interactions lower the volumetric efficiency of the engine."87 Cooled EGR is a more 
effective way ofreducing combustion temperature in higher load and higher speed engines like 
turbocharged engines. 

As mentioned above, IA V developed engine specifications, including the rate of internal 
EGR and cEGR, using criteria used by industry to ensure the engines would meet durabi lity and 
customer acceptability criteria. Jn addition to reducing pumping losses, EGR slows the 
combustion rate and causes combustion to be less consistent cycle-to-cycle as the concentration 
increases. Industry and researchers use a measurement known as Coefficient of Variation of 
Indicated Mean Effective Pressure (COY of IMEP) to evaluate combustion stability. Industry 
commonly recognizes values greater than 3.0 percent as unacceptable because above those 
levels, the combustion instabil ity creates a noticeable and objectionable drivability problem for 
vehicle occupants, referred to as "surge." Surge is perceived as the vehicle accelerating and 
decelerating erratically, instead ofrunning smoothly . IA V set EGR rates at each of the engine 
operating conditions at the highest level that did not exceed 3.0 percent COY oflMEP. 
Therefore, the IA V engine maps did maximize efficiency within real-world constraints, similar 
to how manufacturers develop their engines. At the lower speed and load condit ions of the 2-
cycle tests, the COY of lMEP threshold was reached using internal EGR alone, so additional 
cEGR was not appl ied. At higher load conditions, such as the US06 cycle, cEGR was applied. 
The ICCT assertion that the engine maps were only developed considering knock-abatement is 
inaccurate. In the PRIA Chapter 6.3.2.2.11, the agencies discussed the appl ication of internal 
EGR in combination with cEGR for Engl 4. VVT technology, with which Engl4 is equipped, 
maximizes EGR usage first in areas where the engine primarily operates, such as low load and 
low speed area like city cycle and highway cycle tests used in CAFE compliance testing. Cooled 
EGR is applied at higher speed and higher load conditions, such as the US06 test cycle. 
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1hr, hdtl ,~··<"HI. ,,d1t1.h • • he: \lttd lht' lc1, I 1hu11 J._•emcd ,kt<"j'htt•...,.+t+..,.-11,ttHlt'f~ ttt tl1c' 
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6
" Volumetric efficiency (VE) in internal combustion engine engineering is defined as the ratio of1he mass density 

of the air-fuel mixture drawn into the cylinder a1 atmospheric pressure (during the intake moke) to the mass density 
of the same volume of air in the intake manifold. Ideally, you want this to be high as possible to maximize thennal 
efficiency during the power stroke (combustion phase). 
· -+4-l!...\-44..1......,., 11,-t,,,, ., - , 1 , 1 > , r • 211"-h•--"+-it' ++HH"' 
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Finally, Roush compared Engl 3 to the 2016 Mazda SkyActiv-G 2.SL Turbo. The 
agencies believe these engines use technologies that are sufficiently different so as to render a 
comparison not useful, even for a very rough validation of Eng I 3. Most fundamentally. as 
discussed in PRIA Chapter 6.3.2.2.11 and 6.3.2.2. 13, the Mazda 2.SL Turbo is a Miller cycle 
engine, whereas Engl 3 is an Otto Cycle engine. Also, the Mazda 2.SL Turbo has cEGR, 
whereas Engl3 does not.69

J On a more detai led level, as described in PRIA Chapter 
6.3.2.2.20.10, Eng 13 has a BSFC of 238 g/kwh, whereas Roush refers to an engine having a 
BSFC of 250 g/kwh.69

' The agencies therefore believe comparing the 2016 Mazda SkyActiv-G 
2.SL Turbo to Engl 3 is not a useful or relevant comparison. ln the PRlA, the agencies included 
an engine map for a Miller cycle engine and requested comments on whether it should be 
included in the final rule analysis. Based on the comments. as discussed further below, the 
agencies added a Miller cycle engine to the final rule analysis. 

(3) Non-HEV Atkinson Mode Engines 

Manufacturers use a variety of designs and technologies to obtain an engine's highest 
thennal efficiency while maintaining drivability and performance. While the Otto cycle has 
historically been used by the vast majority of gasoline based engines, one way to improve 
thermal efficiency is by using alternative combustion cycles. One such alternative combustion 
cycle that can be used in place of the Otto cycle to achieve a higher maximum thermal efficiency 
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' NHTSA Benchmarking, "Laboratory Testing of a 2016 Mazda CX9 2.5 14 with a 6 Speed Transmission." DOT 
HS 812 5 19. 
69

' NHTSA-2018-0067-11984 at p. 20 of 37 Figure 8. 
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is the Atkinson cycle. Atkinson cycle operation is achieved by modif)'ing the Ono cycle 
engines' crank and valvetrain mechanics to maintain compression ratio while increasing 
expansion ratio.694

• 
695

· 
696 Specifically, in Otto cycle operation, the exhaust valve is opened near 

the end of the power stroke, allowing exhaust gases out of the cylinder. The pressure in the 
cylinder is still about three to five atmospheres.697 Currently, there are two common approaches 
to achieving Atkinson Cycle operation: either the exhaust valve timing or the intake valve timing 
are modified. ln the first instance, the exhaust valve is not opened until enough expansion has 
occurred for the cylinder pressure to be equivalent to atmospheric pressure. The energy that 
typically is lost when the exhaust valve opens in Otto cycle is captured in the Atkinson cycle, 
leading to higher thermal efficiency. Modifying the intake valve timing, the most common way 
to achieve Atkinson cycle operation, involves allowing the intake valve to stay open during some 
portion of compression stroke. As a result, some of the fresh charge is driven back into the 
intake manifold by the raising piston so the cylinder is never completely filled with air, allowing 
optimized capture of combustion-created pressure. 

While Atkinson cycle engines have higher theoretical thennal efficiency compared to 
Otto cycle engines, the Atkinson cycle engine delivers that higher efficiency at the cost of power 
density. The reduced power density is because of lower operation pressures in the cylinder than 
in a typical Ono cycle engine. Accordingly, Atkinson cycle engines have been ideal for hybrid 
vehicles because their electric motor can make up for lost power densJty. 

As technologies have become more sophisticated, descriptions of Atkinson cycle engines 
and Atkinson mode engine technologies have been used interchangeably, and often incorrectly. 
in association with High Compression Ratio (HCR) engines by the agencies and stakeholders. 
Although they both achieve an overall higher thermal efficiency than Otto cycle only engines, 
they differ in execution depending on engine load. For the following discussion, Atkinson 
technologies considered in the analysis can be categorized into three groups: (I) Atkinson 
engines, (2) Atkinson-mode engines, and (3) Atkinson-enabled engine, which are variable rnlve 
timing engines with late intake closing that enables the Atkinson cycle mode. As discussed 
earlier, because power density is traded for efficiency, there is a limit to where Atkinson 
technology can be applied. While any vehicle could, theoretically, adopt an Atkinson-mode 
engine or an engine that enables operating in Atkinson cycle mode, the difference in vehicle 
application (high-performance versus standard-performance vehicles, towing requirements, 
trucks) leads to different effectiveness levels. The range of effectiveness appeared to create 
confusion between stakeholders regarding how the technology is applied to vehicles for 
compliance modeling and simulation. 

6"-1 Otto cycle is a four-stroke cyde that ~as four piston movements over two engine revolutions for each cycle. First 
stroke: intake or induction; seconds stroke: compression; thir(i stroke: expansion or power stroke; and finally fourth 
stroke: exhaust. 
..,,. Compression ratio is the ratio of the maximum to minimum volume in the cylinder ofan IC engine . 
..,. Expansion ratio is the ratio of maximum to minimum volume in the cylinder ofan IC engine when the valves are 
closed {i.e. the piston is traveling from top lo bottom to produce work). 
1" Pulkrabek. W. \V. "Engineering Fundamentals of the Internal Combustion Engine." 2nd edition. Pearson 
Prentice Ha!I, alp. I 18. 
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Atkinson engines are engines that operate full-time in the Atkinson cycle. As mentioned 
above. the most common method of operation used by Atkinson engines c urrently is late intake 
c losing. This approach allows backflow from the combustion chamber into the intake manifold, 
reducing the dynamic compression ratio, but providing a higher expansion ratio. This improves 
thermal efficiency but reduces power density. As a result of limited engine operation. these 
engines tend to have lower specific power.6q

8 The lower specific power tends to relegate these 
engines to hybrid vehicles applications, as coupling the engines to electric motors can 
compensate for the lower specific power. The Toyota Prius is an example of a vehicle that uses 
an Atkinson engine. Typically, vehicles that use a n Atkinson cycle engine incorporate various 
fuel-efficient technologies like aerodynamic improvements, advanced continuously variable 
transmissions, mass reduction, and many other technologies to minimize engine load and attain 
high thermal efficiency699 The 2017 Toyota Prius achieved a peak thermal efficiency of 40%.7'

10 

Atkinson-mode engines are engines that use both the Otto cycle and Atkinson cycle 
during operation, switching between the modes of operation based on engine loads. During high 
loads the engine wi ll operate in the power-dense Otto cycle mode, while at low loads the engine 
wi ll operate in the higher-efficiency Atkinson cycle mode. The magnitude of efficiency 
improvement experienced by a vehicle using this technology is directly related to how much of 
the vehicles' operation time is spent in Atkinson mode. This means vehicles that typically 
operate at a high load, like a truck towing a trailer, will spend more time in the Otto mode and 
less time in the Atkinson cycle mode, and will achieve a lower overall efficiency improvement 
over a traditional Atkinson eng ine that operates full -time in the Atkinson cycle. As a result, 
manufacturers will try to use this type of engine in conjunction with other type of technologies 
that reduce engine load, which a llows the engine to operate more frequently in Atkinson cycle 
mode. For example, manufacturers could reduce parasitic losses by incorporating more efficient 
accessory technologies, or reducing overall vehicle mass and aerodynamic drag. These 
technologies are enablers for Atkinson-mode engines. When these types of technologies are 
adopted, it reduces the parasitic losses and, in turn, reduces the time the engine is in high load 
region. An example of an Atkinson-mode engine is the [text forthcoming]. 

The last ty pe of Atkinson-type engine, the Atkinson-enabled engine, can be characterized 
by primarily running the Otto cycle, but can achieve Atkinson-mode using variable valve timing 
technology (\/VT). Some engines use changes in VVT on the intake side to enable Atkinson 
Cycle in low load, low speed operation, like city driving. These types of engines are typically 
used in applications that generally require higher specific power such that it would be infeasible 
to use Atkinson-mode engines or Atkinson engines. These vehicles tend to have higher load 
demands due to towing requirements, payload requirements, greater aerodynamic drag from 
larger frontal areas, greater tire rolling resistance from larger tires and higher drivel ine losses 
from four-wheel drive or all-wheel drive (e.g., SUVs and pickup trucks). These higher load 

••• Speci fic Power is the maximum power produced per displacement typically in units of hp!L or kw/I. 
6"" Toyota. ··Under the Hood of the All-new Toyota Prius.'' Oct. 13, 2015. Avai lable at 
httrs: ,!lobal.to,ota en detail %270-1-1. Last accessed Nov.22.2019. 
,oo Matsuo, S., Ikeda, E., Ito, Y., and Nishiura, H .. "The New Toyota Jnline 4 Cylinder I .SL ESTEC 2ZR-FXE 
Gasoline Engine for Hybrid Car," SAE Technical Paper 2016-01-0684. 2016, http,: doi.orc 111.-1~71 201 (,-ti I -On~-1. 
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demands tend to push these engines more frequently to the less efficient region of the engine 
map and limit the level of Atkinson operation. An example of the Atkinson-enabled engine is 
the [text forthcom ing]. 

EPA developed two engine maps representing non-hybrid Atkinson engines to support 
the 2016 Draft TAR, Proposed Determination, and first Final Determination.701 Referred to as 
A TK and A TK2, the engines represented a current non-hybrid Atkinson cycle engine based on 
the 2.0L 2014 Mazda SkyActiv-G (ATK) engine, and a future Atkinson engine concept based on 
the Mazda engines, but adding cooled EGR, cylinder deactivation, and an increased compression 
ratio ( I 4: I) developed for full vehicle modeling and simulation (ATK2). The agencies adopted 
EPA's high compression ratio (HCR) engine maps as Eng24 and Eng25, which corresponded to 
HCR I and HCR2 in the CAFE modeling. 

The Alliance had provided significant comments on the 2016 Draft TAR regarding the 
engine maps for HCR engines.70~ The Alliance detailed concerns regarding the feasibi lity and 
effectiveness of Eng24 (HC R I ) and Eng25 (HCR2). Many of the comments on the 2016 Draft 
TAR noted that the modeling projected an implausible rapid fleet penetration for these 
technologies, and overestimated effectiveness. The overestimation was due largely to modeling 
with high-octane fuel and the theoretical addition of other technologies like cEGR and cylinder 
deactivation (DEAC). In contrast, other commenters had stated that EPA ·s work on the future 
Atkinson concept "has shown this pathway to be a promising al ternative way to match the levels 
of improvement from a 27-bar BMEP turbocharged engine," and that ''it is prudent to assume 
that the robust body of evidence EPA is putting together based on benchmarking and modeling 
data is a reasonable assessment of the technology's potential."703 

For the PRM analysis, the agencies included EPA's engine maps. The agencies 
allowed HCR I to be applied only for a few manufacturers that indicated they would pursue this 
technology pathway vers,1s a lternative pathways, such as downsized turbocharged engines. The 
agencies were also careful to maintain vehicle performance and utility attributes when 
considering the application of Atkinson-type technologies. Current Atkinson capable engines 
have incorporated other technologies to reduce load in order to maximize time in Atkinson 
operation. This includes increased compression ratio, SGDI, improved accessories. addition of 
friction reduction technologies, and other technologies that reduce engine load. Although 
modem improvements to engines have al lowed Atkinson operation to occur more often (because 

701 [Docket. ID) Draft Technical Assessment Report (TAR). Vehicle Greenhouse Gas Emission Standards and 
Corporate Average Fuel Economy Standards for Model Years 2022-2025; at p. 5-282. [Docket ID] Proposed 
Detennination on the Appropria teness of the Model Year 2022-2025 Light-Duty Vehicle Greenhouse Gas Emissions 
Standards under the Midtenn Evaluation; pp. 22 & A-7. [Docket ID] Final Determination on the Appropriateness of 
the Model Year 2022-2025 Light-Duty Vehicle Greenhouse Gas Emissions Standards under the Mid1enn 
Evaluation. Response to Comments; pp. 29 & 52. 
702 All iance of Automobile Manufacturers, Alliance of Automobile Manufacturers Comments on Draft Technical 
Assessment Report: Midtem1 Evaluation of Light-Duty Greenho,,se Gas Emission Standards and Corporate Average 
Fuel Economy Standards for !Vlodel Years 2022-2025 (EPA-420-D- 16-900. July 2016). at 45 (Sept. 26, 20 16), 
Docket ID EPA-HQ-OAR-2015-0827-4089 and NHTSA-20 16-0068-0072. 
' "

3 Union of Concerned Scientists Comments Concerning the Draft Technical Assessment Report for the Mid-tenn 
Evaluation of Model Year 2022-2025 Light-duty Vehicle Greenhouse Gas Emissions and Fuel Economy Standards. 
at 10-11. 
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of lower engine loads) for passenger cars, larger vehicles capable of carrying more cargo and 
occupants, and towing larger and heavier trailers, have more limited potential Atkinson 
operation. Those adoption features are discussed further in Section [HCR Adoption Features], 
below. 

The agencies excluded the HCR2 concept engine from the centra l a nalysis for several 
reasons articulated in the NPRM. First, the concept was not subjected to validation to assess its 
technical feasibility. It \\B', fllli) mtideleu 1\iih high OElane I is'F 2 r~1cl ans II.. t'ilFdF>ilit~ lO 

~ate w1 regular ot•lane I it>r J fod v,a, ne•, er n, ,c., ,ed. As d iscLtssed further above and in 
Section [Fuel Octane]. fuel octane affects engine durability, performance. drivabil ity, and noise, 
vibration and harshness. Assumptions about compression ratio, EGR rates, and use of cylinder 
deactivation were not adequately validated. PRJA Chapter 6.3.2.2 .20. 18 discussed many 
questions about its practicability as specified, especially in high load, low engine speed operating 
conditions. There also has been no observable physical demonstration of the technology 
assumptions. Many manufacturer eng ine experts questioned its technical feasibi lity and 
commercial practicability during the model years covered by the rulemaking. Stakeholders like 
the Alliance had previously asked for the engine to be removed from the rulemaking analyses 
until the perfomiance could be validated with engine hardware. For these reasons, the agencies 
considered the HCR2 engine too speculative to include in the NPRM central analysis. However, 
the agencies did provide a sensitivity analysis that included the HCR2 engine. 

[Text Forthcoming]. 

(4) HEV Alkinson Cycle Engines 

Three types of Atkinson technology were discussed in the previous section. HEY 
Atkinson cycle engines fall in the first category. operating solely or primarily in Atkinson mode. 
supported by an electric drive. 

Engine map 26 is t he model of the HEY/PHEY Atkinson cycle engine used for the 
N PRM analys is. The engine was based on ANL 's Advanced Mobi lity Technology Laboratory 
(AMTL) 2010 Toyota Prius test data and published literature.70

-1 AN L 's AMTL is continuously 
involved in research and testing of advanced technologies, especially in areas of electrification, 
and has a large existing database oftest data from advanced technology vehicles.705 As a result 
of ANL 's continued research, a 20 I 7 Toyota Prius was characterized for an independent project. 
ANL updated the HEY Atkinson cycle engine us ing the new Prius data to reflect the 4 1 % 
thermal efficiency of the new 2017 system.706 

1tl4 ·~20 l O Toyota Prius. •· h11p: ,, ,, ,, .anl.eo, ~n~n.!, -!-,\ ,tern~ !:.!n,up do,, nk1ac.Jnhh.:-,h m.tmomt.'.tt..~r-clatab~bt..' In hrit.l
ekctrk-, chicle, 20 I 0-1,,, nta-nri11, . Last acc-essed April, 20 I 8. 
70

' ANL AMTL Downloadable Dynamometer Database (D3). https : 11,\\1 .a nl.cm c, dm,nlo.ttfa~k.J1nmnome1er
Jata~,1se. Last accessed Dec. 05, 2019. 
706 Camey. D. "Toyota unveils more new gasoline ICEs with 40% thermal efficiency." SAE. April 4. 2018. 
http~: ,, \\ \\ .!->:u.:.on.!. ni.:,,:::- ~~ ~ 18 ()-l to\ c•ln-un, c-ib•l11llre-nc\\ •ga-.,olinc-il.'.t..:~-,\ ith--lt•-1ht>m1:il-1.•tlil'it'n1..~\. Last 
accessed Dec. 5, 20 I 9. 
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The final rule analysis used the same engine as the NPRM but updated the thermal 
efficiency. The electrification technology groups that used Eng26 include powersplit hybrid 
vehicles (SHEVPS) and plug-in powersplit hybrid vehicles (PHE\120/50). 

(5) Advanced Cylinder Deactivation Technologies 

Advanced cylinder deactivation systems (ADEAC), also known as rolling or dynamic 
cylinder deactivation systems, allow a further degree of cylinder deactivation than the base 
DEAC. ADEAC allows the engine to vaiy the percentage of cylinders deactivated and the 
sequence in which cylinders are deactivated, essentially providing "'displacement on demand" for 
low load operations. 

ADEAC systems may be integrated into the valvetrains with moderate modifications on 
OHV engines. However, while the ADEAC operating concept remains the same on DOHC 
engines, the valvetrain hardware configuration is vety different, and application on DOHC 
engines is projected to be more costly per cylinder due to the valvetrain differences. 

Some preproduction 8-cylinder OHV prototype vehicles were briefly evaluated for this 
analysis, but no production versions of the technolOf,'Y have been studied.707 For ADEAC fuel 
consumption effectiveness values, no engine map was available at the time of the NPRM 
analysis. Accordingly, the agencies took the effectiveness values as predicted by full vehicle 
simulations ofa DEAC engine with SGDl, VVL, and YVT, and added 3% or 6% respec tively 
for 1-4 engines and V-6 or V-8 engines, and cross-referenced CBI data to quality check this 
approach. The agencies noted two potential approaches to including advanced cylinder 
deactivation in the full-scale ANL simulation modeling analysis for the final rule. First, the 
agencies proposed using IA V Eng25a, which was developed to capture the maximum benefits of 
advanced cylinder deactivation with several constrain ts that could include emissions, cold start, 
NVH, and durability. Second, the agencies proposed using a technique developed by A L in 
coordination with NHTSA to split the overall engine data into individual cylinder data and 
compute overall torque and the fuel consumption rate by accounting for whether each cylinder is 
active or inactive. The agencies sought comment on using either approach in the final rule 
analysis to capture best the benefits of advanced cylinder deactivation. 

CARB, ICCT, Meszler Engineering Services, HDS, and UCS provided a mixed set of 
comments on numerous aspects of ADEAC in the NPRM analysis.708 Stakeholders provided 
comments regarding the description of the ADEAC, the adoption features of the ADEAC, the 
effectiveness of the ADEAC, and the costs of the ADEAC. 

The agencies discussed assumptions and effectiveness for the ADEAC package in the 
NPRM preamble.709 In the NPRM analysis, the agencies took the effectiveness values based on 

" '7 EPA. 2018. ''Benchmarking and Charac1crization ofa Full Continuous Cylinder Deac1i,·ation Sys1em.'' 
Presented at the SAE World Congress. April I 0-12.20 18. Retrieved from https://www.regulations.gov/ 
document?D=EPA-HQOAR-2018-0283-0029. 
708 CARB comment; ICCT comment; Meszler comment; Duleep Comment; UCS comment. 
10• (Reference Preamble location for ADEAC.] 
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data from CBI. T he initial review of this technology was based on technical publication that 
used a MY 2010 engine design that had incorporated a SOHC VVT basic engine.7w Since then. 
many o f these base engine technologies have been updated to include other engine technologies 
like SGDI and DEAC. The MY20l 7 baseline t1eet reflects technology updates such as SGDI 
and DEAC that could adopt ADEAC incrementa lly in the final rule analysis. The cost and 
effectiveness for ADEAC reflects the baseline engine. The 2015 NAS Committee estimated an 
0. 7% fuel consumption improvement for adoption of cylinder deactivat ion for V6s and V8s 
engines.711.m 

The agencies requested comments on a lternative methods to evaluate ADEAC for 
effectiveness but received no comments regard ing either approach mentioned in the NPRM. For 
the fi nal rule analysis, the agencies used effectiveness values as predicted by full vehicle 
simulations of a DEAC engine w ith SGDI. VVL, and VVT. and added 3% or 6% respectively 
for 1-4 engines and V-6 or V-8 engines for the naturally aspirated engines. Effectiveness for 
t urbocharged engines used 1.5% and 3% values, as predicted by full vehicle simulation of a 
TURBOD engine for 14 and \161\18, respectively. Without sufficie 111 data to simulate ADEAC, 
both the IA V and ANL methodologies described in the NPRM provided questionable estimates 
for ADEAC. These errors would have propagated across other technology combinations in the 
analysis. The estimates used for ADEAC and TURBOD for the final rule analysis are also in 
line with EPA estimates discussed in their SAE technical publicatio ns.713 

HOS commented on a need to describe ADEAC techno logy better: ''The 2018 analysis 
also util ized Advanced Cylinder Deactivat ion in its analysis but the package components were 
not complete ly expla ined in the PRJA."714 For the fina l rule a nalysis, a complete description of 
the ADEAC technology used can be found in [Paragraph X in the RIA). 

For the fi nal ru le ana lysis, the agencies used the same effectiveness values for ADEAC 
applied to naturally aspirated engines as in the NPRM, and incorporated estimated effectiveness 
values for TURBOAD to represent ADEAC on downsized tllrbocharged engines. 

(6) Miller Cycle Engines 

In the proposed rule, the agencies provided two engine maps representative of Miller 
Cycle and Eboost engines with 48V battery systems. The Miller Cycle engine (Eng23b) and 
Miller Cycle engine with Eboost (Eng23c) specifications were provided in NPRM PRIA but 

710 Wilcutts. M .• Switkes. J., Shost, M., and Tripathi, A., "Design and Benefits of Dynamic Skip Fire Strategies for 
Cylinder Deactivated Engines," SAE Int. J. Engines 6( I ):278-288, 2013, available at hnp, : doi.MI! 1 lt . .\271 20 I J-
0 J-1135g_ Eisazadeh-Far, K . and Younkins. M .. "Fuel Economy Gains through Dynamic-Skip-Fire in Spark Ignition 
Engines," SAE Technical Paper 2016-01-0672. 2016, avai lable at https://doi.org/10.4271/2016-0J-0672. 
711 Applied after VVT and VVL. 
m Applied before VVT and VVL. 
713 Kargul. J., Stuhldreher. M .. Barba. D .. Schenk, C. et al., "Benchmarking a 2018 Toyota Camry 2.5-Liter 
Atkinson Cycle Engine with Cooled-EGR," SAE Int. .I. Adv. & Curr. Prac. in Mobility 1(2):601-638. 2019, 
http" u,1i.ur1! 10.-1271 2019-01 -112.\'l at pp. 19-21. 
71

' [HDS Comment] 
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were not used in the N PRM analysis,715 although the agencies sought comment on the 
specifications used for the modeling. 

Roush on behalf ofCARB, ICCT, Meszler Engineering on behalfN RDC, HD Systems 
and UCS, commented that the agencies did not consider the combination ofturbocharging and 
Mil ler Cycle.716 Specifically, Roush argued that the agencies' omission ofan engine that uti lizes 
a combination ofturbocharging and Miller Cycle is unreasonable because it is al ready in 
production, specifically on the VW 2.0L EA888 Gen3B - DL Roush stated th is omission would 
limit the effectiveness for turbocharged engines and cause the adoption of more expensive 
solutions, thereby overstating the cost to achieve target fuel economy levels. Similarly, Roush 
pointed to the omission of an engine that uses a variable geometry turbocharger as an error in the 
agencies' vehicle modeling; Roush pointed to VW's EA2 I I TS! Evo engine avai lable in Europe 
in 2017 as an example ofan engine in production that enables cost-effective Miller Cycle 
appl ications. 

In response to these comments, the agencies added and used both Miller Cycle type 
engines and Miller Cycle engines with electric assist for the final rule analysis. Discussed earlier 
in this section, the agencies developed engine maps for additional combinations of technologies 
for the final rule, including engine maps that became available after the N PRM analysis was 
completed but before the NPRM was published. For the final analysis. the agencies have 
included a Miller Cycle engine Eng23b (VTG) to be selected as another engine technology. The 
specification of this engine is discussed in PRIA Chapter 6.3.2.2.20.20.2.2 and the costs are 
based on the 2015 NAS estimates for th is technology. 

(7) Variable Compression Ratio Engines 

Engines us ing variable compression ratio (VCR) technology appear to be at a production 
intent stage of development but also appear to be targeted primarily towards limited production, 
high perfonnance and very high BMEP (27-30 bar) applications. Variable compression ratio 
engines work by changing the length of the piston stroke of ihe engine to operate at a more 
optimal compression ratio and improve thermal efficiency over the fu ll range of engine operating 
conditions. 

A few manufacturers and suppliers provided information about VCR technologies, and 
several design concepts were reviewed that could achieve a similar functional outcome. In 
addition to design concept differences, intellectual property ownership complicates the ability of 
the agencies to define a VCR hardware system that could be widely adopted across the industry. 

For the NPRM analysis, VCR e ngines were included in the technology tree, but VCR was 
not actively used in the NPRM simulation. In addition, the agencies provided specifications ofa 
VCR engine (Eng26a) in the PRIA for review and comment.71 7 

"' NPRM PRIA at p.307-09. 
716 NHTSA-20 18-0067-11985. HD systems at p. []; ICCT at p. I); NRDC at p. []; 11D Systems at p. []. 
717 NPRM PRIA at pp. 304-06. 

317 

Commented [A243): RF:\'IS F.: These engine, arc in 
produclion. nnd ha\e ht't:n for a ,~ar. 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

The Alliance commented in support of the exclusion 0fyariable compression ratio 
engines from the analysis, stating that the technology is still in early development, and too 
speculative to be included at this time. The Alliance also stated that the technology iS unlikely to 
attain significant penetration in the MY 2026 timeframe due to intellectual property protection 
associated with early implementations and its likely application primarily to high-performance 
vehicles. The Alliance also cited the technology's price as a potential barrier to adoption.718 

Similarly, Ford commented that VCR technology "is likely to be adopted only for premium/ 
limited-market vehicles in the near future. We also agree that intellectual prope11y protections 
on early implementations will further inhibit significant fleet penetration. Incorporation of VCR 
requires a new or highly modified engine architecture, necessitating major investment from both 
the engineering and manufacturing standpoints. Sharing/ commonality across engine families 
would~ greatly limited."719·7:.11 Similarly, other automakers commented on a confidential basis 
that several main hurdles prevented them from employing VCR engines, including the 
complexity of VCR engines and 1he associated cost of those complex parts. 

UCS commented that the agencies did not consider VCR engine technologies in the 
NPRM analyses.m They stated that the technology was not modeled, nor was it incorporated 
into the CAFE model. UCS argued that Nissan's VC-Turbo engine is part of a strategy to 
improve fuel efficiency for Nissan's luxury vehicles by 30-35 percent over previous models, 
which would be enough to exceed the vehicle's regulatory targets without any credits. UCS 
concluded that given VCR technology is being put into production in a high-volume vehicle, 
there is no reason for the agencies to exclude its adoption. 

The agencies agreed with comments to include VCR engine technologies in the final rule 
analysis and on further technical consideration, the agencies have added a VCR engine to the 
engine technologies list manufacturers could adopt However, the agencies limited the adoption 
of the VCR engine technology to Nissan only. VCR engines are complex, costly by design, and 
synergetic with mainstream technologies like downsize turbocharging, making it unlikely that a 
manufacturer that has already started down an incongruent technology path would adopt VCR 
technoJogy, 

(8) Diesel Engines 

Diesel engines have several characteristics that result in superior fuel efficiency over 
traditional gasoline engines, including reduced pumping losses due to lack of (or greatly 
reduced) throttling, high pressure direct injeciion of fuel, a combustion cycle that operates at a 
higher compression ratio, and a very lean air/fuel mixture relative to an equivalent-performance 
gasoline engine.722 However, diesel technologies requires additional enablers, such as a NO~ 

"'NHTSA-2018-0067-12073 ("At least one source also indicates a steep price to thistechnology-·'at least $3.000 
more to produce than a standard 16-valve doublc•owrhcad-camshaft four- cylinder.'•). 
"'NHTSA-2018..0067-l 1928. 
no [Ford's citation.] 
721 [UCS comment.] 
122 Diesel cycle is also,a four-stroke cycle like the 01\o Cycle, except in the Intake stroke no fuel is injected and fuel 
is injected late in the compression stroke at higher pressure and temperature. 
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adsorption catalyst system or a urea/ammonia selective catalytic reduction system, for control of 
NO, emissions. 

For the NPRM, the agencies modeled one diesel engine. represented by Engl 7.723 which 
was termed "ADSL" in the CAFE modeling. DSLJ, a more advanced diesel engine, represented 
a 4.5% effectiveness improvements over ADSL. 

CARB commented that diesel technologies are essentially locked out of being selected in 
the CAFE model because of the high cost.714 They state that diesel technology is only selected in 
rare instances. 

The agencies agree that diesel technology is rarely selected. The technologies required to 
meet diesel emissions standards are costlier compared to gasoline technologies, particularly in 
the rulemaking timeframe. For example, the 2015 NAS determined that in the current market, 
"vehicles with diesel engines are priced an average of more than $4000 more than comparably 
equipped gasoline vehicles."725 Fw1hennore, 2015 NAS stated that the ''Carbon Penalty" makes 
it harder for manufactures to meet C01 standards because of the higher carbon density in the 
diesel fuel compared to gasoline that results in higher C01 per gallon.726 In addit ion, the market 
for diesel vehicles has stagnated at around I% for many years after it peaked at 5.9% in 1981, 
according to the EPA Trends Report.7"7 We believe that the modeled cost of diesel engines 
appropriately prevents their widespread adoption in the analysis. 

UCS commented that the agencies restricted cylinder deact ivation technologies to only 
naturally aspirated gasoline engines.718 In response to this and other comments, the agencies 
have al lowed diesel engines to adopt ADEAC for this final rule analysis. These engines were 
designated as DSLIAD to represent diesel engines with ADEAC, and represented a 7.5% 
effectiveness improvement on top of DSLI. This effectiveness improvement of ADEAC on 
diesel engines is based on the review of technical publications discussed earlier in the ADEAC 
paragraph. 

(9) Alrernative Fuel Engines 

CJ\'G engines use compressed natural gas as a fuel source. The fuel storage and supply 
systems for these engines differ tremendously from gasoline, diesel, and flex fue l vehicles. CNG 
engines were a baseline-only technology and were not applied to any vehicle that was not 
already CNG-based in NHTSA 's analysis, per EPCA/EISA's restrictions on considering 

m Docket ID NHTSA-2018-0067-1972. NPRM PRIA at p. 295. 
114 Docket ID NHTSA-2018-0067-11873. CARB a t 108. 
'" [2015 NAS citation at diesel cost section.] 
7"° 2015 NAS Finding.5 3.3 and 3.4 at p. 120. 
727 EPA. "The 2018 EPA Automotive Trends Report." March 2019. EPA--l20-R-l 9-002. 
hllps: n~pi,.cpa.g,n h~ h PD\ .t' !.!i Pl 00\\ SCc.PDF'7D<>cl-.c, PI 00\\ 5C~.PDr at pp.5 & 6. Last accessed 
December 16, 20 19. 
"' Docket ID NHTSA-~0 18-0067-12039, at p. 3. 
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dedicated alternative fueled vehicles to set fuel economy standards_n9.73u However, for the EPA 
program the agencies allowed any vehicle to adopt CNG engines. The NPRM MY 2016 analysis 
fleet did not include any dedicated CNG vehicles to simulate in the CAFE Model. 

In addition, for-the NPRM and this final rule analysis, NHTSA modified the CAFE 
model to include the specific provisions related to AFVs under the CO:i standards. In particular, 
the CAFE model now carries a full represeutation of the production multipliers related to electric 
vehicles, fuel ce!l vehicles, plug-in hybrids, and CNG vehicles, all of which vary by year through 
MY2021. 

(JOJ Emerging Gasoline Engine Technologies 

Manufacturers, suppliers, and researchers continue to create a diverse set of fuel economy 
technologies, some of which are still in the early stages of the development and 
commercialization process. Due to uncertainties in the cost and capabilities of emerging 
technologies, some new a:nd pre- production technologies are not a part,ofthe CAFE model 
simulation. As discussed throughout this section and in [Section Technology Effectiveness], the 
agencies declined to include technologies in the analysis where the agencies did not believe those 
technologies would be feasible in the ru!emaking timeframe, or the agencies did not have 
appropriate data upon which to generate an estimate of how effective-the technology is that could 
be applied across the ten vehicle classes. Evaluating and benchmarking promising fuel economy 
technologies as they enter production~iment stages of development continues to be a pri0rity as 
commercial development matures. 

UCS and ICCT commented that the agencies should consider novel engine designs. 731 

Specifically, !CCT stated that the agencies should consider a more advanced HCR technology 
called HCCI (similar to Mazda's Sk')'activ-X) by estimating efficiency and cost to EPA 's process 
that assigned effectiveness estimates using LPM. They stated that "the agencies deve,loped 
estimates for ADEAC in the NPRM and the associated modeling even without conclusive and 
independently verifiable effectiveness." 

In response to the comments, a number of technologies have been added for the final rule 
analysis, and adoption features have been refined accordingly, as discussed further in [Section 
Engine Adoption Features]. The new technologies include Atkinson engine technology allowed 
with P2 HEV, PHEV range reduced from 30 miles to 20 miles, updated 48v system for 
BJSG/CISG, mass reduction-allow up to approximately 20 percent of curb weight and revise 
the mass reduction increments between zero and 20 percent, new High Compression Ratio 

n• NHTSA 's provisions for de<licated alternative fuel vehicles in 49 U.S.C. 32905(a) slate that the fuel economy of 
any dedicated automobile manufactured after 1992 shall be measured based on the fuel content of the alternative 
fuel used to operate lhc automobile. A gallon ofliquid alternative fuel used to operate a dedicated automobile is 
deemed to contain 0.15 gallon of fuel. Under EPCA, for dedicate<l alternative fuel vehicles, there are no limits or 
phase-out for this special fuel economy calculation, unlike for duel-fueled vehicles, as discussed below. 
i;o EPA's provisions for dedicated alternative fuel vehicles that are able to run on compressed natural gas (CNG) 
currently are _eligible for an advanced te<:hnology multiplier credit for MYs 2017-2021. 
' 31 lCCT, Full Comments Summary. Docket No. NHTSA-2018-0067-l 17411, atl-17 to 1-!9. 
UCS. Comment. Docket No. NHTSA-2018-0067-12039, at pp. 6 & 7. 
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engine, Variable Compression Ratio engine, Variable Geometry Turbo engine, Variable 
Geometry Turbo with Electric Assist engine. D iesel with Advanced Cylinder Deactivation 
engine, Turbo with Cylinder Deactivation engine, Diesel with Manual Transmiss ion, Diesel with 
Start Stop, PHEV-Turbo wit h 20 mile range, and PHEV-Turbo with 50 mile range. 

The agencies also disagree with ICCT's comment that ADEAC was developed without 
conclusive and independently verifiable effectiveness. Estimates for ADEAC were based on 
CBI data from both manufacturers and suppliers, technical publications, and engineering 
j udgement. The agencies benchmarked the first prototype of skip-fire and discussed extensive 
potential application of it for other engine technologies. 

The agencies a lso believe that t he technology associated with Mazda SkyActiv-X has 
been mischaracterized by ICCT and other commenters, and declined to include a specific 
representation of the SkyActiv-X fam ily of technologies in the analysis for two reasons. The 
engine known as Skyactiv-X is characterized by Mazda as a unique Spark Plug Controlled 
Compression Ignition (SPCCI) technology, 2-l iter displacement, 4-cylinder engine with 
mechanical compression ratio of 16.3: I operat ing on 95 RON fuel (91 AKI) with a mild hybrid 
system.73l The NPRM and this final rule analysis may not have the exact technology 
combination associated with this vehicle, but the analysis does include technologies that are 
representative of them, that could enable the benefits employed by the Mazda engine. A mild 
hybrid system is avai lable for adoption in both the NPRM and this final rule analysis. 

Second, the effectiveness associated with this engine was from European test cycles and 
cannot be compared for U.S. application. European compl iance tests are significantly different 
than those in the U.S., especially when it comes to fuel type and test cycles. Any effectiveness 
data provided for this engine or any non-U.S. engine cannot be used for U.S. vehicle application 
with adjustment for fuel and emissions. For example, the higher-octane fuel used in Europe 
enables engines to operate at higher compression ratios, like this engine. 

The agencies believe that with the aforementioned technology additions for the final rule, 
the analysis reasonably represents the suite of engine technologies that could be available in the 
ru lemaking time frame. Manufacturers, suppliers, and researchers continue to create a diverse 
set of fuel economy technologies. However, due to the uncertainties in the cost. manufacturing, 
and intellectual property concerns like those identified by commenters, the agencies did not 
consider prototype technologies in the final rule analysis. 

( I J) Engine Lubrication and Friction Reduction Technologies 

Low-friction lubricants including low viscosity and advanced low-friction lubricant oils 
are now available, and widely used. Manufacturers may make engine c hanges and conduct 

7" Mazda Press Release. " Revolutionary Mazda Skyactiv-x engine detai ls confirmed sales start.•· May 6. 2019. 
hup:-.: \\ ,, ,, .mat<la-pri.:~:-i.cc,m cu ne,,!, 2(119 re-, olutionaF\ -111~11da-:-i~, m:ti, -\ -~m.!im..•-th:l.:t.ils.-~onlinm:d-a~-!1al1.:~
,tarl . Last accessed Dec. I I.2019. 
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durability testing to accommodate the lubricants. The level of low-friction lubricants exceeded 
85% penetration in the MY 2016 tleet.733 

Reduction of engine friction can be achieved through low-tension piston rings, roller cam 
fol lowers, improved material coatings, more optimal thermal management, piston surface 
treatments, and other improvements in the design of engine components and subsystems that 
improve efficient engine operation. 

Manufacturers have already widely adopted both lubrication and friction reduction 
technologies. Previous agency analysis considered these improvements in combination as 
Improved Low Friction Lubricants and Engine Friction Reduction (LUBEFR). The NPR.M 
analysis included advanced engine maps that already assume application of low-friction 
lubricants and engine friction reduction technologies, and therefore additional levels of friction 
reduction were not considered. 

Meszler Engineering on behalf ofNRDC commented that "the NPRM CAFE model no 
longer considers advanced lubricants and evolutionary friction reduction (LUBEFR) to be 
adoptable. As a result, no fuel efficiency improvement credits are available. Engine friction 
reduction is an ongoing evolutionary process that should generate benefits on the order of 5 
percent or so increase in fue l economy over a multiyear forecast period, with costs total ing 
approximately $ I 00. Moreover, the technology is a benefit of ongoing industry research and 
evolutionary engine improvements so that it is easily 'adoptable' and deployed throughout the 
tleet. Accordingly, NHTSA should revise the NPRM CAFE model to reinstate the ability to 
adopt evolutionary friction reduction technology."734 

The agencies disagree with Meszler that a five percent fuel economy improvement 
attributable to lubricants and evolutionary friction reduction is continuously feasible. The MY 
2017 baseline vehicles have incorporated many technologies like low viscosity engine oi l, 
integrated exhaust manifold for faster oil warmup, and internal component friction 
reduction.735·736·737 The LUB and EFR technologies are a legacy of the existing rulemaking work 
going back to the 20 IO CAFE and CO2 rule for MY 2012 to MY 2016.738 \Ve believe that many 
of these technologies have been incorporated in many of the engines in the baseline tleet, and 
therefore the engine maps used for the NPRM and final rule analysis incorporated them as well. 
Furthermore, manufactures have raised concerns over issues with further decreasing oil 

733 (NPRM market data file.] 
n, Meszler Engineering. Docket ID NHTSA-2018-0067-1 1723. at p. 32. 
m Wards A uto. ·'fnfiniti's Brilliantly Downsized V-6 Turbo Shines." July 11. 20 17. Available at 
hum,: ,n,\,.,,ar<lsautu . .,;0111 print c.!111.!inc~ inlini1i-:-.-hrillim11h -<l~J\\t1"li1i::~.l-, -6-turho-s.hinc-!-.. Last accessed Dec. 11, 
2019. Nissan Motor Corp. "Mirror Bore Coming". Available at https: """ ·ni»an-
,d,,ha\.c()m r, Tl·CH:--O1.OGY O\TR\ 'I[ \\ mirror hore .:natinu.html. Last accessed Dec 11. 2019. 
" 6 Tovota·s 2AR-FE 14 and 2GR-FE \16 use 0-W20. 
m At;di Media Center. "Efficiency and driving pleasure: innovative V engines at Audi.'' Available at 
https: ,, ,, ,, .audi-mcdiact:nh..·r.,.:nm ~11 t1..•chJa, -on-1,,·lm1bu~1ion-1.:nw.i1tl.·-1echnl1l11!!\ •8738 et'Ji1.:it:1k·, -anJ-Llrh in~
pkasurc-inn,l\al i, c-, -cnl.'.inc,-at-audi-~7-18. Las! accessed Dec. I 1.2019. 
738 75 FR 25373. 
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viscosity; specifically, manufacturers have articulated concerns that damage caused by low speed 
pre-ignition (LSPl)739 can damage an engine.740· 741 · 7-i~ 

In response to the comment that engine friction reduction technology is evolutionary 
technology, the agencies introduced one level of friction reduction (EFR) for the final rule 
analysis. We estimated a 1.4% effectiveness for this type of technology based on the 2015 NAS 
report assessment of fu1ther improvements in lubrication and friction.7.i3 

d) Ho11· ire assign engine technologies to the baseline.fleet 

Manufacturers have made significant improvements in fuel economy and co~ emissions 
reductions since the MY 2012 rulemaking analysis.7.i.i.7.i5 The agencies expended substantial 
effo11 to update the analysis fleet from the model year 2016 representative fleet used for the 
NPRM to a model year 2017 analysis fleet used for this final rulemaking to capture the 
technologies manufacturers have used to increase their fleet's fue l economy and CO: emissions 
performance. Detailed discussion of the model year 2017 fleet development and application can 
be found in Section [MY 2017 Fleet Discussion Section]. The agencies extensively updated the 
new model year 2017 fleet engine technologies using available manufacturer fi nal model year 
CAFE compliance submissions to the agencies, as well as manufacturer press release 
specifications. agency-sponsored vehicle benchmarking studies, review of avai lable technical 
publications, and through manufacturer CBl.746 

The data for each manufacturer was used to determine which platforms shared engines 
and to establish the leader-follower relationships between vehicles. Within each manufacturer's 
fleet, engines were assigned unique identification designations based on configuration, and 
technologies applied, along with other characteristics. The data were also used to identif'.Y the 
most s imilar engine among the Autonomic engine models, as discussed in Section [xx). 

Just like the real-world vehicle variants, the CAFE model considers differences between 
each vehicle like base performance and higher performance levels. For example, the 201 7 Ford 

73
• LSPI is an abnormal combustion event in which the fuel-air mixture ignites before intended, caus ing excessive 

pressures inside the engine's cyl inders. In mild cases, this can cause engine noise. but when severe enough. LSPI 
can cause e ngine damage. There are several factors that contribute to LSPI. of which lubricating oil has been 
observed to be one. 
' "" Moto r Magazine. "Will ILSAC GF-6 Ever Be Approved?" Nov, 20, 2018. Available at 
http://newsletter.motor.com/2018120 181 120111D_ lnfineum_ lLSAC_GF-6.html. Last accessed Dec 11. 2019. 
7•1 Chevron. ·'Low Speed Pre-ignition.'' Avai lable at http ... : ''"'\ .tlrunitc.crnn ahnut nl'\h kn, -spcl:'d-pre
i!.!nitinn.a,n,. Last accessed Dec. 11, 2019. 
740 Elliott, I., Sztenderowicz, M .. Sinha, K., Takeuchi, Y. et a l., "Understanding Low Speed Pre-Ignition Phenomena 
across T urbo-Charged GDI Engines and Impact on Future Engine Oil Design." SAE Technical Paper 2015-01-
2028, 20 15, available at hllp,: doiNt! 111.4271 c015-0l-211'.:X. 
m 2015 NAS at pp. 28 & 29. 
m [Reference EPA 20 18 Trends Report.] 
m FOTW # 11 08, Nov 18, 20 19: Fuel Economy Guide Shows the Number of Conventional Gasoline Vehic le 
Models Achieving 45 mi les per gallon or Greate r is Increasing. DOE VTO. Available a l 
llttps: \\ \\ \\ .~nt•rc, .l.!O\ CCl"C' , !.!hit:l~s art it le, li.,1,, -1108-n,J, cmlx·r- 1 i-:-::!O I 9-ll1l'l-c~onlm1, -~uidc"-,!io,, ... -numher
com entional. Last accessed Nov 18. 20 19. 
746 [NPRM Market data file name.); [NPRM Market data life discussion]. 
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F 150 has many variants with different types of engines like the 2.7L Turbocharged V6, 3.3L 
N.A. Y6, 3.SL Turbocharged Y6, and SL N.A. V8. In contrast to the LPl'vl, the CAFE model 
rosters each variant level and powertrain appl ication individua lly . This variation is accounted for 
as engine technologies are assigned in the analysis fleet. 

As a result of new information available since publication of the NPRM and comments 
received to the NPRM, the agencies included additional engine technologies in the compliance 

analysis, expand ing the total number of engine technologies available from 16 to 23. This 
expansion is a direct result of comments received to the NPRM and further enables the agencies' 
capabili ties to accurately and, realist ically, characterize the technologies present on an engine 
found in the analysis fleet. This collection of techno logies represents the best available 
information the agencies have, at the time of this act ion, regarding both currently available 
engine technologies and eng ine technologies that could be feasible for application to the U.S. 
tleet during the rulemaking timeframe. The agencies believe this effort has yielded the most 
technology-rich and accurate analysis fleet util ized by the CAFE model to date. 

In some cases, however, it was necessary for the agencies to substinlle an engine map 
that closely represented a suite of engine technologies that were effectively the same, or, based 
on engineering judgement, were the best available proxy at the time of the analysis. This 
substitution was necessary, in some cases, where an "exact-match" engine map was not available 
for application to a specific vehicle and/or vehicle specific eng ine application. The agencies 
leveraged a series of engine operating characteristic maps developed by industry suppliers and, 
in some cases, the agencies themselves, to assign the c losest basel ine engine map for the 
ana lysis . 

As discussed in Section (xx], these engine maps provide operational characteristics such 
as horsepower, torque, or efficiency at a specified point in an e ngine's operational range. These 
operational maps are developed based on a given set of engine characteristics and technologies 
applied to that engine. Engine maps are closely he ld by vehicle manufacturers and are typically 
considered intellectua l property. As such, vehicle manufacturers are not typically wil ling 
provide the operational maps to the agencies, where it would ultimately be in the purview of 
competitors. In some instances, manufacturer engine maps are published in media such as 
technical papers or conference presentation materials. However, these publicly avai lable engine 
maps are, in nearly all instances, void of critical information that would enable their use for 
meaningful simulation and modeling. 

Therefore, the agencies are generally limited to th e catalog of engine maps they have 
developed through contracts and, where possible, in-house which, in turn, y ields the need for 
sound, engineering judgement-based substitution ofan engine map as a proxy for an engine 
appl ication in the marketplace. Unfortunately, this is necessary as the agencies are unable to 
fund the development of engines maps for every possible engine and technology combination 
available for sale . However, it is important to note the agencies do have a substantial catalog of 
engine maps to leverage and continue to fund the development of new maps as new technologies 
enter the marketplace. Additional information on the agencies ' catalog of engine maps used for 
this this final rulemaking can be found in Section [xx]. 
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Some engine technologies are designated in the CAFE Mode! as "baseline only'' 
technologies, meaning these are characteristics such as engine configuration, architecture, or a 
technology that is considered inherent to the fleet for the given model year, an example for the 
MY 2017 fleet used in this analysis ls variable-valve-timing (VVT). Beyond the aforementioned 
configurations and technology, engine technologies that can be applied to a future engine and, 
eventually, to a vehicle in the compliance modeling are only available at a vehicle redesign. As 
such, a vehicle will only adopt a new engine according to the application schedule defined as a 
CAFE model input. 

e) Engine adoption features 

Engine adoption features are defined through mechanisms like technology path logic or 
the application of selection logic, refresh and redesign cycles, and phase-in capacity limits. Most 
of the technology adoption features from the NPRM have been carried over for the final rule 
analysis. However, the final rule analysis,also included adoption features for the new 
technologies incorporated in the final rule analysis. For a detailed discussion of CAFE model 
path logic for the final rule analysis, including technology supersession logic and technology 
mutual exclusivity logic, please see [CAFE model documentation at S4.5]. 

Figure VI- I 0andFigure VJ-11 below show the engine technology paths used for the 
NPRM and this final rule analysis, respectively. The engine technology paths have increased to 
incorporate new advanced technologies manufacturers could adopt into their fleet. 
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Basic Engine Path Turbo Eng. Path HCR Eng. Path Diesel Eng. Path 

Engine Configuration 
TIJRBOl 

~ ~ TURB02 ' ' 

I WT I CEGRl 

Technologie~,applied in any order 
ADEAC Eng. Path VCR Eng. Path AIL Fuel Path 

VVL I I SGDI I I DEAC 

~ VCR1 I'' :2 tf~~it 

Figure YI-10 - Engine Paths Used for the NPRM Analysis 

Turbo Eng, HCR Eng. Oie,el Eni:, 
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litcxili:s::~t'I f:::;~~;q;:,n l;~~I I TUROOI I I HC!W I 
' I w£w, I 

Ba,i< Engine Path 

,, 
I ,mu I 

,,, 
I ~CR2 I I OstlAO I 

VTG Eng. Adv. Turbe Ah. Fuel 
---

~ ' 
I TURBOO I 

,,, 
I TURBOAO I 

Figure Yl-11 - Engine Paths Used for the Final Ru!e Analysis 

Similar to the 20J 2 final rule for MY20 l 7-MY2025, this final rukanalysis also 
considered real-world limits when the defining the rate at which technologies can be deployed.747 

During the rulemaking time frame, manufacturers are expected to go through the normal 
automotive business cycle ofredesigning and upgrading their light-duty vehicle products. This 
allows manufacturers the time needed to incorporate fuel economy improving and CO2 reducing 
technologies into their normal business cycle. This is important because it has the potential to 
avoid the much higher costs that could occur if manufacturers need to add or change technology 
at times other than their scheduled vehicle redesigns. This time period also provides 

747 77FR62712. 
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manufacturers the opportunity to plan for compliance using a multi-year time frame, again 
consistent with nonna! business practice. 

[Section 11.G.3.a)] of the NPRM provided substantial discussion of how an "application 
schedule" is used by the CAFE model to determine when manufacturers are assumed to be able 
to apply a given technology to a vehicle. The NPRM application schedule for engine 
technologies is reproduced in Table Vl-24Table Vl-24, which shows that all of the engine 
1echnologies may only be applied (for the first time) during redesign. 

Table Vl-24- NPRM CAFE Model Engine Technologies Application Schedule 

Technology Application Application Description 
Level Schedule 

SQHC En >ine Baseline On! .- Sin!!le Overhead Camshaft.Engine 
DOI-IC En~lnc Baseline On! · Double Overhead CamshaftEnCTi•e 
OHV Eni,ine Baseline-Onlv Overhead Valve En~ine mans to SOHC I 
VVT Em,ine Baseline Onlv Variable VaJ,·e Timinu 
VVL Enuine Rede,i"n Onl Variable Valve Lift 
SGDI En«ine RedesiPn Only Stokhiometric Gasoline Direct Jniection 
DEAC Enrrine Redesin~ Onlv Cvlinder Deactivation 
HCR Em•ine Redesiim On! · Bi h Comoression Ratio Enaine 
HCR2 En ine Re<lesinn Onlv Hi h Comnression Ra!io En cine wi!h DEAC and CEGR 
TIIRBOI En ine Redesi~n Onlv Turbochar incc and DownsizinP, Level l {18 bar) 
TiiRB02 Emine Redesign Onl ' Turbochar in!!: and Dmvnsizin •. Level 2 (24 bar) 
CEGRJ En ine Redesi.-.n Onlv Cooled Exhaust Gas Recirculation. Le,·el 1 (24 bar) 
ADEAC En ine Redesi~n On],· Advanced c,·!inder Deactivation 
CNG Engine Baseline Onl ' Comnresscd Natural Gas En ine 
ADSL En,ine Redesiun Onlv Advanced Diesel Encine 
DSLI En ine Redesign Onl ' Diesel eni:dne imorovements 

For this final rulemaking action, a similar schedule is employed, and has been updated 
with infonnation gathered since the NPRM and through comments provided to the agencies. 

Table Vl-25 

Table Vl-25 presents the engine technology application schedule used for the final rule 
CAFE modeling. 

Table VI-25-FRM CAFE Model Engine Technologies Application Schedule 

Technology Application Application 
Description Level Schedule 

SOHC En1!lne Baseline Onlv Sin le Overhead'Camshaft En ine 
DOHC En!!:ine Baseline Onlv Double Overhead Camshaft EnQine 
OHV En.-.ine Baseline Onlv Overhead Valve EnQine jmaos to SOHCl 
EFR En•ine Rede:;iPn Onlv lmnroved En~ine Frfction Reduction 
VVT Enuine Redesi •~ Onlv Variable Valve Timinu 
VVL En,.ine Redesion Onlv Variable Vah'e Lift 
SGDI EnQine Redesign Onlv Stoichiometric Gasoline Direct ln'ection 
DEAC Enuine Redcsi 0 ~ Oolv C,'linder Deactivacion 
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TURBOl I En°ine Redesi<n Onh- Turbochar in° and Down~7.in°, Level I 
TURB02 En •ine Redesi, n Onh Turbochar, ino and Downsi?.ino, Level 2 
CEGRI ' Emine Redcsiirr Onlv Cooled Exhaust Gas Recirculation, Level 1 
ADEAC Enulnc Redesi< 11 Onlv Advanced C •linder Deactivation 
HCRO Eno'ne Redesi"n Onlv 1-li<>h Comnrcssion Ratio Eni,ine. Level 0 
HCRl En ,ine Redesiun Onl~ Hiuh Com~rcssion Ratio Em ine. Level l 
HCR2 Enl!.'ne Redesi1 n Onl ' High Comcrcssion Ratio Enuine, Level 2 
VCR Endne Redesh n Onlv Variable Com• ression Ratio En >ine 
VIG Emt'ne Redestl n Onl\ Variable Turbo Geometry 
VTOE En<ine Redesign Onlv Variable Turbo Geometrl' Electric) 
TURBOD Eneine Redesign Onh· Turbochan in, and Downsilinu with DEAC 
TURBOAD En°ine Redesian Onlv Turbochan ing and Downsizin° with ADEAC 
ADSL Enoine Redesi~n Onlv Advanced Diesel 
DSLI En~ine Redesiun Onlv Diesel En~ine lmorovements 
DSLIAD En°ine Redesi Onlv Diesel En<>ine ]mnrovements with ADEAC 
CNG Enoine Baseline Onlv Comt'ressed Natural Gas Enr ine 

Fuel economy improving and CO:: reducing technologies for vehicle applications val)' 
widely in function, cost, effectiveness, and availability. Some of these attributes, like cost and 
availability, vary from year to year. New technologies often take several years to become 
available across the entire market. The agencies use phase-in caps to manage the maximum rate 
that the CAFE model can apply new technologies. Phase-in caps are intended to function as a 
proxy for a number ofreal-world limitations in deploying new technologies in the auto industry. 
These limitations can include but are not limited to, engineering resources at the OEM or 
supplier level,, restrictions on intellectual property that limit deployment, and/or limitati,ons in 
material or component supply as a market for a new technology develops. Without phase-in 
caps, the model may apply technologies at rates that are not representative of what the industry is 
actually capable of producing, which would suggest that more stringent standards might be 
feasible than actually would be. Table Vl-26 and Table VI-27 below shows the phase-in caps 
between the-NPRM and this final rule analysis, respectively. 

Most engine technologies are available at a rate of 100% in MY2017 for the final rule 
analysis. Some advanced. technologies that have been recently introduced for one or tv.'o vehicle 
models are phased in at lower rates. Technologies such as ADEAC and TURBOD are phase in 
at mtes that represent manufacturers' adoption capability and typically have complementary 
effectiveness compared to other advanced technologies. These lower phase-in caps also 
represent intellectual property and functional performance concerns. 

Table VI-26 - NPRM CAFE Model Engine Phase-in Caps 

Name echnology Description echnology Pathway Phase-in Phase-in 

'" tart Year 
VT ariable Valve Timing Basic Engine 100% '00-0 

VVL 'ariable Valve Lift Basic Engine 100% 000 

GD! toichiometric Gasoline Direct Injection Basic Engine 100% .00-0 

uEAC ylinder Deactivation Basic Engine 100% 004 
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URBOl urbocharging and Downsizing, Level 1 urbochar,ged Engine 100% 'JQ{J4 

URBO:! urbocharging and Downsizing, Le,·el 2 urbocharged Engine 100% j2010 

EGRl ooled Exhaust Gas Recirculation, Level I urbocharg~-d Engine 100% 1010 

HCRl igh Compression Rucio Engine. Level 1 IHCREngine 100% 1016 

HCJU Ir igh Compression Ratio Engine, Level 2 IHCREngine 100% 1016 

VCR rYarinble Compression Ratio Engine CR Engine !00% ~019 

ADEAC dvanced Cylinder Deactivation r1-dvanced DEAC Engine 100% 1019 

ADSL dvanced Diesel Diesel Engine 100%, 2010 

DSLI iesel Engine Improvements Diesel Engine 100% 2010 

Table VJ~27 - CAFE Model Engine Phase-in Caps for the Final Rule Analysis 

INAME ECHNOLOGY DESCRIPTION lfECHNOLOGY IPHASE-lN CAP HASE-IN 
PATHWAY START 

YEAR 

FR mnroved En°ine Friction Reduction ·n.,ine Jmnrovements 0% 017 

l"VT ariable Valve Timinu asicEiwine o~:, 000 

VL 1ariable Valve Lift asic En>ine 00% 000 

l~GDI 
toichiometric Gasoline Direct 

~asic Engine 00% 000 
lniection 

OEAC vlinder Deactivation asic En~ine 00% 004 

llruRBOl 
urbocharging and Downsizing, Level 

urbo Engine 100% 004 
I 

rURBO2 
urbocharging and Do\\nslzing. Level 

urbo Engine 00% 010 

EGRI 
ooled Exhaust Ga~ Recirculation, fr.urbo Engine 100"/4 0,0 

Level I 

DEAC dvanced Cylinder Deactivation dvanced DEAC En~ine 14% Ol9 

IJ{CR0 
igh Compression Ratio Engine, Level 

I 
I-KR Engine 00"/o OIO 

IJ{CRI igh Compression Ratio Engine, Level ~CR E · 
! /Plus) ngme 00% 017 
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~CR2 
-Iigh Compression Ratio Engine. Le,·cl 

~CR Enloline 100% 017 
' 

CR ariable Comnression Ratio En ,ine CREm!ine 0% 019 

TG ariiible Turlxl Geometrv 'TG Enoine 4% 016 

VTGE ariable Turbo Geometrv (Electric\ TG Enoine· 0% 016 

URBOD 
mbQcharging and Downsizing with 

f\dvanced Turbo Engine 0% 016 rvlinder Deactivation 

jrcRBOAD urbod1argingand Downsizing with 
.\dvanceJ Turbo Engine 4% 020 dvanced Cvlinder Deacti\'ation 

¾DSL dvanced Diesel hiesel En,i:ine 100% 010 

hsLJ hieSel Engine Jmnrovements iese) Enoine Ill[)% OIO 

PsuAn Piesel Engine Improvements with l)iesel Engine 4% 023 dvanced Cvlinder Deactivation 

Comments received on engine adoption features were mixed, with manufacturers 
generally supporting the NP.RN! methodology, and NGOs opposing it. Several manufacturers 
commented, both in their public comments or on a CBI basis, that many of the.emerging engine 
technologies had the potential to improve vehicle fuel economy, but were technically complex 
and addressed many of the same issues as other existing engine technologies. 

We-agree with manufacturers that broadly. there are technologies that, in theory, present 
large potential effectiveness improvements like VCR, ADEAC, and others. However, the 
agencies believe it is important to assure realistic adoptfon of these technologies into the fleet in 
the rule making time frame, so that the rulemaking analysis accurately represents the costs and 
benefits of different regulatory alternatives considered, If the agencies were to select stringency 
based on an assumption that an emerging technology would see widespread adoption, and then it 
does not, the benefits of that stringency level would not be realized. The agencies have taken 
steps in NPRM and this final rule analysis to consider the manufacturability and feasibility of 
these technologies for different vehicle types and manufacturers. Discussed earlier, the analysis 
considers these and other concerns by accounting for product cadence, and by implementing 
phase-in caps and skips, and by designating technology phase-in and phase-out years. Similar to 
the 2012 final rule, this final rule analysis employed these strategies to reflect better the real• 
world considerations faced by manufacturers. 

EDF'commented, "EPA 's task is thus to identify the major steps necessary for 
"development and application of the requisite technology," and then the respective standard 
"shall take effect." These individual decisions are highly consequential: as noted above, without 
changing anything else about the agencies• analysis, allowing HCR2 would reduce augural 
compliance costs by $619--or about 30% of the total difference between the augural and 
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rollback scenarios. The proposal's rejection of these technologies nowhere justifies how the 
(unfounded and cursori ly justified) concerns accord with the agency's limited discretion under 
Section 202(a)(2) and duty to "press for the development and appl ication of improved 
technology rather than be limited by that which exists today.'' If the agency is to predict more 
than the results of merely assembling pre-existing components, it must have some leeway to 
deduce results that are not represented by present data.''748 

CARB also commented that CAFE Model prevents manufacturers "from switching 
between a turbocharged and HCR pathways under the premise that manufacturers either would 
not develop both or would be committed irreversibly to one path or the other. This assumption is 
not based in reality and is not reflective of actual industry practice-manufacturers who have 
pursued turbocharging have also a lready pursued HCR engines for other vehicles in their line-up. 
For example, General Motors (GM) util izes downsized turbocharging in some vehicles, such as 
the newly designed 20 19MY Silverado pick-up and the IVlalibu sedan which has two different 
turbocharged engine options. GM also has a third offering in the Malibu sedan which is an J-ICR 
naturally aspirated I.SL equipped with cooled exhaust gas recirculation (CEGR) mated to a 
hybrid electric system."749 

The agencies do not agree with these comments about N PR!vl analysis constraints. The 
earlier engine modeling section, elaborated on the different types of HCR engines including how 
each of these types of engine can and cannot meet the performance and utility requirements for 
each vehicle type. The agencies incorporated HCR0 into the final rule analysis to improve the 
constraints, but still use the remaining constraints from N PRM ana lysis. 

The following sections discuss adoption features specific to individual engine 
technologies, including comments received and updates (or not) for the final rule analysis. 

{I) Basic Engines 

Most vehicles in the MY2017 analysis fleet that are DOHC or SOHC/OHY spark ignited 
engines and are not downsized turbocharged eng ines have any two combinations of VVT, YVL, 
SGDI or DEAC.750 

For the NPRM, only engines with 6-cylinders or more could adopt DEAC a nd ADEAC. 

HD Systems (HOS) on behalfofCARB commented that in the NPRM analysis VYL, 
which is cost ineffective compared to other conventional technologies, was always included in an 
adopted technology package.751 HDS further stated that the "effectiveness ofYYL is even 
smaller when the technology is combined with turbocharged downsized engines." Accordingly, 
HOS stated that removing WL from the base pathway would save $314 but reduce fuel 
economy by only I .4%. 

' " [EDF a t p. x.] 
"' [CARB at p.x.] 
750 [The 2018 EPA Automotive Trends Report at p. 72.] 
"' [HD Systems comment at p.34.] 
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The agencies do not agree with HOS' assessment of the NPRM analysis that VVL was 
forced to be adopted in the fleet <tHJ-,,1 Ii, " 1~cR11(1lt-1,;~, elfe1::m.,, \ altte', et1m13are 10 L.P\I 
e·,tinmt~ ,. Discussed earlier in the effectiveness and model ing section, we model and simulate 
each engine technology independent ly and allow the CAFE model to adopt the most cost 
effectiveness technology. ',,, 11 i~ Ht.-K-'1..'tlhtle-H- '..tic th.tt .t tt'cl11111I, _.~ , , le· , t'l!cdl\ e c l'c'...trtl+:,-
11 he 11 ,11mpc11 i11,: I I'' I ln addition, VVL technologies reduce pumping losses in engines so it 
real ist ic that other technologies that also reduce pumping losses have synergetic effect. This 
specifically true for turbocharged engines. 

ICCT commented that cylinder deact ivation (DEAC) technology should be available for 
eve1y engine, and should not be limited to 6-cylinder and higher cyl inder count engines. ICCT 
and CARB also commented that DEAC should be allowed on turbocharged engines. ICCT a lso 
commented that advanced cylinder deactivation (ADEAC) should be widely available as it can 
be a viable technology application for various other powertrain technology combinations.752 

Furthermore, CARB commented "automakers will combine technologies like turbocharg ing, 
HCR and DEAC as well as more technologies when they have cost-effectiveness synergies."' 753 

The agencies agree with ICCT that DEAC and ADEAC could be applied to additional 
engine types. including turbocharged engines. However, we disagree with ICCT that ADEAC 
should be widely applied to all powe11rain technology combinations in this analysis. The 
agencies have updated the final rule analysis to allow DEAC and ADEAC for various engine 
cylinder counts and for turbocharged engines. 

For the fina l rule analysis, both DEAC and ADEAC techno logies can be adopted by any 
naturally aspirated engine. Similarly, any turbocharged engine can also adopt cylinder 
deactivation technology, as characterized by TURBOD and TURBOAD in the CAFE model. In 
this final rule analys is, the agencies distinguished cylinder deactivation technologies between 
naturally aspirated and forced air induction systems. 

For the final rule analys is, the agencies allow any combination ofVVT, VVL, SGDI and 
DEAC to be adopted for any engine displacement and cylinder count. Figure VI- IO below 
shows the basic engine paths a vehicle could traverse for the final rule analysis. Similar to the 
NPRM, the agencies have not changed the adoption features of these technologies shown in 
Figure VI-IO with exception of one. Vehicles that are SOHC or DOHC configuration that do not 
have VVT in the baseline can now adopt it. 

Finally , the agencies disagree with ICCT and CARB that these DEAC, ADEAC. 
TURBOD, and TURBOAD should apply beyond these configurations. DEAC's fundamental 
benefits are driven by reducing pumping losses and by enabling the engine to operate in a more 
thermal efficient region of the engine fuel map. Conventional spark-ignited engines control 
airflow into the cylinders via a throttle operated by the driver to provide the level of power that is 
delivered.754 In an 8-cylinder engine, when driving in light load conditions such as highway 

7
" International Council on Clean Transportation, Attachment 3. Docket No. NHTSA-2018-0067-1 l 74 1, at 1-1 3. 

w CARB at p. x. 
75

' A thronle is the mechanism by which fluid flow is managed by cons1riction or obstruction. An engine's power 
can be increased or decreased by the restriction of inlet gases. but usual ly decreased. 
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driving, there are lower engine power requirements. In a throttle controlled system, engine 
pumping losses increase as air flow decreases. A way to reduce pumping loss in an engine' is by 
increasing the airflow into the cylinders. By deactivating a set of cylinders, the same power 
output can be delivered by a "smaller" engine. Many technologies modeled for this analysis 
attempt to achieve the same concept ofreduce pumping losses but through other mechanisms 
like VVT, VVL, downsized engines with turbochargers, high compression Atkinson mode cycle, 
and Miller Cycle.755 Transmissions with a higher number of gears also provide the opportunity 
to reduce pumping work of the engine.75

b 

As discussed earlier. DEAC can reduce pumping losses, so when combined with other 
technologies that also reduce pumping losses, like downsized turbocharged engines, the benefits 
for cylinder deactivation are lower than for naturally aspirated engines because downsized 
turbocharged engines already have lower pumping losses due to having a downsized engine.m 

(2) TurbochargedD011'nsized Engines 

About 23% of the MY2017 baseline fleet had adopted turbocharged engines. For this 
final rule analysis, the agencies allow any basic engine to adopt turbocharged engines {TURBO 1, 
TURB02 and CEGR I) from the Turb;o path similar to the NPRM analysis. This includes any 
combination ofVVT, VVL, SGDI and DEAC for both SOHC and DOHC configurations. 
Vehicles that have turbocharged engines in the baseline fleet will stay on the turbo engine path to 
prevent unrealistic engine technology change in a short timeframe considered in the rulemaking 
analysis. Turbo path is-a mutually exclusive technology in that it cannot be adopted for HCR, 
diesel, ADEAC, CNG and powerspllt PHEVs. 

(.~) Non-HEV Atkinson Mode Engines 

[Text forthcoming] 

(4) Advanced Cylinder Deactivation Technologv 

In the NPRM, any basic engine technology could adopt ADEAC. Commenters stated 
that the agencies restricted ADEAC technologies in the NPRM analysis to natµrally aspirated 
engines. 

ICCT provi(jed a broad comment regarding the treatment of advanced technologies, 
including ADEAC, and criticized how the NPRM "removed many technologies that are viable 
and being actively deployed by the auto industry." ICCT specifically criticized "cases where 
viable technology combinations are disallowed" such as "turbocharging and cylinder 
deactivation (DEAC)."758 

755 2015 NAS at p. 23. 
756 2015 NAS at p.l 73. 
7>120l5NASmp.34. 
'" JCCT Comments 
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UCS a lso commented on how the ADEAC technology was applied in the N PRM. stating 
''V·ihile the agencies have acknowledged the existence of dynamic cylinder deactivation, they 
have not appropriately included it as an available teclrnology. dramatically limiting its 
availability.'' UCS specifically disagreed with adoption features of the ADEC, noting the 
technology " is restricted to natura lly aspirated, low-compression ratio engines- it cannot be 
combined with turbocharged engines, high compression ratio engines, or variable compression 
ratio engines due to pathway exclusivity in the Volpe model .''759 CARB and Meszler mirrored 
these concerns.760 

The agencies agreed with commenters and in response have a llowed both natura lly 
aspirated engines and turbocharged engines to adopt ADEAC in the final rule analysis. The new 
Advanced Turbocharging path includes TURBOD and TURBOAD, while naturally aspirated 
engines use the same ADEAC engine designation. There is some potential for this type of 
technology to improve fuel economy and reduce CO2 emissions. however. the technology 
provides diminishing returns if it is included w ith engine downsizing or other technologies that 
already reduce pumping losses. Accordingly, once a vehicle has adopted ADEAC, TURBOD, or 
TURBOAD, we d id not allow further adoption of other engine technologies that reduce pumping 
losses such as VCR and VTG. 

(5) Miller Cycle Engines 

Miller cycle engines technologies (VTG and VTGe) are new for this final rule analysis, 
and VTG engines could be appl ied to any basic and turbocharged e ngine. Discussed earlier, the 
VTGe technology is enabled by the use ofa 48V system that presents an improvement from 
traditional turbocharged engines, and accordingly VTGe could only be applied with a mild 
hybrid system. 

(6) Variable Compression Ratio Engines 

In the N PRM analysis, VCR technology was not avai lable for adoption, but the eng ine 
map and specifications were provided for review. For this fina l rule analysis, VCR engines are 
included in the analysis and can be applied to basic and turbocharged engines. however the 
technology is limited to Nissan. VCR technology requires a complete redesign of the engine, 
and in MY2020, only two of Nissan's models had incorporated this technology. In addition, the 
technology showed lower fuel savings than expected.76

1. 
762 The agencies do not believe any 

other manufacturers w il l invest to develop and market th is technology in their neet in the 
rulemaking time frame. 

i ;o UCS Comments 
760 Comments from CARB , Comments from Meszler 
761 [Nissan Altima and Infinity QX50- based on PMY data.] 
'" VanderWerp, D. "Why Nissan's Holy-Grail VC-T Engine Doesn ' t Achieve Better Fuel Economy.'' CID Nov I . 
2018. Available at h1t[li: "" \\ .tarnnddri, er .... ·0111 lt;•alur~!', a~• • ]-ttJJ 7 ni..,..,an-111.:\\ -, 1,:-1-crn!ill('•fl.11:l-l.'coi111m, . Last 
accessed Dec. 19, 2019. 
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(7) Diesel Engines 

Diesel engine adoption and features have been carried from the NPRivl analysis for this 
final rule analysis for ADSL and DSLJ. Any basic engine technologies (VVT, VVL. SGDJ, and 
DEAC) can adopt ADSL and DSU engine technologies. New for the final rule analysis is the 
adoption of advanced cylinder deactivation for diesel engines (DSLIAD). Any basic engine and 
diesel engine can adopt this technology in the final rule analysis; howe\'er, the agencies have 
applied a phase in cap and year for this technology at 34% and MY2023, respectively. In our 
engineering judgement, the agencies have concluded that this is rather complex and costly 
technology to adopt and think that it could take significant investment to develop. For more than 
a decade, diesel engine technologies have been used in less than one percent of the total light
duty fleet production and the investment for this cylinder deactivation technologies may not be 
justifiable.763 

(8) AJrernalive Fuel Engines 

Adoption features for alternative fueled engines (CNG) have been carried over from the 
NPRM for this final rule analysis. Because CNG is considered an alternative fuel under 
EPCA/EJSA, it cannot be adopted during the rulemaking time frame for NHTSA 's standard 
setting analysis. The EPA analysis was modeled separately in the CAFE model withou\ such 
constraints. 

(9) Engine Lubricmion and Friction Reduction 

Finally, new for this analysis is the addition ofEFR. We allow EFR to apply to any 
engine technology except for DSLI and DSLIAD. DSLI and DSLIAD inherently ha-.,.-e 
incorporated engine friction technologies from ADSL. In addition, friction reduction 
technologies that apply to gasoline engines cannot necessarily be applied to diesel engines due to 
the higher temperature and pressure operation in diesel engines. 

( /0) Engine Ejfei:liveness .Modeling and E;ffectil'eness Values 

Figure VI-12 below shows the effectivness estimates from all the vehicle types for the 
NPRM analysis using Autonomie full vehicle modeling and simulation. 

703 [The2018 EPA Automotive Trends Report Table 4.1 at p. 72. J 
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Figure Vl-12- NPRM Technology Effectiveness by Engine Technologies Relative Base 

Roush commented that they had observed wide variations in estimated incremental 
effectiveness associated with lndividl)al technology packages between the 2016 Draft TAR and 
NPRM analysis. "Furthermore, even the bases for evaluation can vary significantly and 
inappropriate product improvement pathways result"764 

The agencies agree that to predict potential incremental improvements in fuel efficiency 
accurately, it is extremely important to understand the nature of the improvements being sought 
by each increment (improved thermodynamics, reduced friction, reduced vehicle weight, etc.). 
The technology modeling and large scale simulation used for the proposal and updated for the 
final rule does exactly that. In fact, the NPRM and final rule use these methods more 
expansively than any previous CAFE and CO2 rulemaking, including the 2016 Draft TAR and 
2016 EPA Proposed Determination. 

"' [Roush at p. x. The resul!s of our inicial assessment suggest that there are seemingly wide variacions io estimated 
incremental benefits associated with individual technology packages between the 2016 Draft TAKand 2018 PRIA. 
Furthennore, even the bases fore\0a]uation can vary signifi'cantly,and inappropriate product improvement p:ithways 
result.] 
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One commenter stated the effoctiveness for ADEAC was overestimated for the NPRM, 
and that data from compliance shows much lower effecti\'eness.7~0 The agencies disagree with 
this comment, it is invalid to compare effectiveness of full vehicle compliance data directly to 
the incremental effect modeled for ADEAC. For reasons discussed earlier [see paragraph X], 
data from full vehicle benchmarking cannot be used as a comparison for specific technology 
effectiveness. The effectiveness estimated for this technology is in line with test data, CBI and 
engineering analysis.766 

Engine effectiveness estimates remained the same for most technologies from the NPRM 
analysis, ,~ith the exception of some technologies that had characteristics updated, and the new 
added engine technologies. For the final rule analysis. the agencies used the same effectiveness 
values for ADEAC applied to naturally aspirated engines as in the NPRM, and incorporated 
estimated effectiveness values for TURB6AD to represent ADEAC on downsized turbocharged 
engines. 

Other technology-specific comments and the agencies' responses are provided within the 
discussion of each technology throughout this section, as those comments tended to be 
predicated-on issues surrounding the engine maps used to model technologies or technology
specific adoption features, For the final rule analysis, the technical merits of the substantive 
comments and any acconi.panying publications and information were carefully considered and 
discussed in the subsections where appropriate. 

Figure VI-13 below shows the effectivness estimates from all the vehicle types for the 
FRM analysis using Autonomie full vehicle modeling. 

'"' [text forthcoming] 
'°" [References for ADEAD effectiven<:5s.] 
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:,L. 

Figure Vl-13 - FRJ\11 Technology Effectiveness Estimates by Engine Technologies 
Relative to Base 

fl Engine Costs 

Discussed in the NPRM PRlA, the agencies spent millions of dollars sponsoring research 
to determine dired manufacturing costs (DMCs) for fuel saving technologies since the 2012 
rule.767 Because a major objective of the studies was to consider costs in the rulemaking 
time frame, the agencies believed that these costs were appropriate to use for the NPRM and final 
rule analysis, 

[table forthcoming] 

CARB commented that costs associated with IC engines were not excluded from the final 
costs of BEV vehicles.76

~ Inherently, the final costs of BEV vehicles are higher due to the 
inclusion ofthe base absolute costs,'to which the assigned BEV incremental cost would be 
added, 

767 FEV prepared several cost analysis studies for EPA on subjects ranging from ad1anc-e"d 8-speed transmissions to 
belt alternator starter, or Start1$top systems. NHTSA also contracted with Electricore, EDAG, and Southwest 
Research on teardown studies evaluating mass redllction and transmissions. The 2015 NAS report on fuel economy 
technologies for light-duty vehicles also evaluated the agencies' technology costs developed based on these 
1eardown studies, and the te-:hnology costs wed in this proposal were updated accordingly. These studies are 
discussed in detail in Chapter 6 of the RIA accompanying the NPRM proposal. 
, .. [CARB comments about total BEV cost.] 
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The agencies agree with CARB that inclusion of IC engine costs in the BEV was an e1Tor 
in the analysis. In response to this comment, the agencies have developed absolute costs for 
ba5eline engines for displacement ofpowertrain systems. In the CAFE fi nal rule analysis, once a 
vehicle adopts BEV technology, we remove costs associated with powertrain systems. Due to 
the extensive variations in engine technologies in real world production, the agencies relied on 
discrete publication costs and historical studies to assign costs for base engines.76

Q· 
77° For this 

final rule analysis, the agencies have included these costs for base engines shown in Table \11-28. 
Discussion of how these costs were developed for t he final rule analysis can be found in the 
FRIA. 

Table \11-28 - Examples of Absolute Costs for Engines in 2018 Dollars 

14 V6 vs 
SOHC 5,013.49 5,675.87 6,306.65 

DOHC 5,090.94 5,830.76 6,46 1.54 

[Text forth coming] 

HOS provided a variety of costs and effectiveness comparisons between the NPRM and 
previous 2012 final rule and the 2016 Draft TAR.771 Specifically, H-D systems stated that the 
data presented in the 2016 TAR indicated a $60 per CO2/mile reduction for most conventional 
engine technologies. 

Although the comparison was technical ly sound, there are significant differences between 
the Draft TAR and NPRM analyses that clearly account for the differences in engine cost. First, 
the NPRM analysis used the MY2016 fleet as a starting point to mode l manufacturers ' potential 
responses to CAFE and CO~ standards, whereas the 2012 final rule and Draft TAR used older 
baseline fleets. For example, EPA used MY 2014 baseline fleet for the draft TAR analysis. 
Vehicles in the MY 2016 fleet already included more advanced technologies than thei r 
predecessors in prior MY fleets, which would make it more expensive for vehicles that have 
already adopted advanced technologies to adopt more advanced technology. Second, the 
agencies refined the engine modeling from previous analysis to the NPRM to account for engine 
configurations and cylinder count more precisely. For the final rule analysis, the same approach 
was taken to account appropriately for costs for different type engine designs and configurations. 

Aside from these updates, engine costs were carried over from the NPRM analysis, 
except for newly added technologies, where costs were obtained from various sources such as 

169 [FEY cost study.] 
770 [Chevy Bolt teardown study.] 
771 [HD systems cosls comments.) 
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NAS studies, technical publications. and CBI data. Finally, the cost estimates have been updated 
to account for dollar year (updated from 2106 dollars to 2018 dollars), and learning rate. 

(I) Basic Engines 

DMCs used for the final rule analysis for basic engine technologies were the same as 
NPRM costs. 

[Text Forthcoming] 

Table VI-29- Examples of Costs for Basic 14 Engines Used for the FRM Analysis in 
2018 Dollars (costs includes DMCs, RPE and learning rate factor) 

COST 

Name 2018 2021 2026 2029 

VVT 115.83 113.43 1 !0.18 108.57 

VVL 316.16 309.61 300.73 296.33 

SGDI 349.73 342.48 332.66 327.79 

DEAC 180.20 176.47 171.41 168.90 
Table VI-30 -Examples of Costs for Bas1c.V6 Engmes Used for the FRM Analysis m 

2018 Dollars 

COST 

Name 2018 2021 2025 2029 

VVT 231.67 226.86 221.54 217.14 

VVL 474.25 464.41 453.52 444.50 

SGDI 524.60 513.72 501.67 491.69 

DEAC 212.64 208.23 203.35 199.30 

(2) Turbocharged Downsized Engines 

DMCs used for the final ru!e analysis for the turbocharged engine technologies were the 
same as NPRM costs. When these technologies are applied to V6 and VS non-turbocharged 
engines, the incremental 14 and V6 turbocharged costs are applied, respectively. 

ftable forthcoming] 
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Table Vl-31 - Examples of Costs Used for FRM Analysis for I4 Turbocharged. Engines 

in 2018 Dollars (costs include DMCs, RPE and learning rate factor) 

COST 

Name 2018 2021 2026 2029 

TURBO! 6,264.69 6,215.86 6,173.75 6,156.88 

TURBO2 6,861.47 6,772.50 6,616.76 6,554.61 

CEGRI 7,288.46 7,178.04 6,984.74 6,907.60 
Table Vl-32-Examples of Costs used for FRM Analysis forV6 Turbocharged Engines 

(costs if!c\ude DMC, RPE and learning rate factor) 

COST 

Name 2018 2021 2025 2029 

TURBO I 7,112.60 7,059.27 7,020.02 6,994.87 

TURBO2 7,731.51 7,636.00 7.498.58 7,402.08 

CEGRI 8,158.51 8,041.54 7,873.26 7,755.08 

(3) Non-HEVA.tki11son and Atkinson Engines 

DMCs used for the final rule analysis used for HCR0 and HCRJ were based on HCRl 
and HCR2 from NPRM, respectively. Discussed in the engines section, the agencies aligned the 
cost ofHCR technologies to align with 2015 NAS effectiveness and costs. 

Several commenters commented on the costs of HCR technology compared to previous 
analysis. ICCT compared the NPRJ'vl costs to EPA's Proposed Determination costs, stating that 
"[tJhis is a clear case where the agencies appear to have not used the best available data from 
EPA which has extensively analyzed this technology and its associated cost, nor have the 
agencies justified how they have increased the associated costs, apparently by a factor of three." 
Similarly, Roush lndustries commenting on behalfofCARB stated that the costs for 
implementing HCR technology were 5-6 times the 2016 Draft TAR estimated costs, which are 
"extremely high" and "will significantly overstate the incremental cost and bias technology 
pathways."m HDS also commented that the costs for HCR technology were higher than the 
costs from the 2016 Draft TAR, and speculated that was due to "the bulky exhaust system used 
in the Mazda ATK 1 engine, which apart from being expensive also requires the vehicle to be 

'" NHTSA-2018-0067 - l J 984. 
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modified to accommodate the exhaust system."773 HDS cited the 2018 Camry as an example of 
a vehicle that does not use the same exhaust system, but stated the sources of the new cost data 
were not documented in the PRIA. 

lCCT stated that " [t]he agencies should reinstate the better justified and more deeply 
analyzed original Proposed Determination HCR cost numbers from EPA for this rulemaking." 

The NPRM analysis and this final rule, have used the same DMC costs that were 
established by the 20 15 NAS report for the Atkinsons cycle technologies. However, because 
there are many variations engine configurations the market we don't use the same fixed costs 
that were set for each type of vehicle described in the 2015 NAS such as pickup and sedan. \Ve 
have expanded our costs to take into account the type technology that' s in the baseline and what 
is the configuration of the engine such as SOHC versus DOHC. In addition, the cost used in the 
NPRM also included updated dollar year, learning rate, and RPE. And so, for the fina l rule 
analysis the agencies will continue to use the same DMC for HCR technologies. 

[Text Forthcoming] 

Table Yl-33 - Examples of Costs for Final Rule Analysis for 14 HCR Engines (costs 
include DMC, RPE and learning rate factor) in 2018 Dollars 

COST 

Name 2018 2021 2026 2029 

HCR0 5,843.55 5,812.69 5,803.22 5,801.68 

HCRl 5,898.80 5,851.67 5,831.19 5,826.67 

HCR2 6, 113.55 6, l 13.55 6,113.55 6, 113.55 

Table Yl-34 - Examples of Costs for Final Rule Analysis for V6 HCR Engines (costs 
include DMC, RPE and learning rate factor) in 2018 Dollars 

COST 

Name 2018 2021 2025 2029 

HCR0 6,990.13 6,942.58 6,928.79 6,925.64 

HCRI 7,045.38 6,98 1.56 6,958. 18 6,950.62 

HCR2 7,384.64 7,384.64 7,384.64 7,384.64 

773 NHTSA-2018-0067- I 1985. 
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(4) Advanced C.l'linder Deacfil·ation Technologies 

DMCs used for the final rule analysis for the advanced cylinder deactivations 
technologies were the same as N PR.M costs. 

Roush commented that in the N PRM analysis, the agencies did not properly consider the 
"very cost-effective benefits of skip-fire technology," referred to in the analysis as A DEAC. 
Roush stated that "due to extremely high estimated cost ($1 ,250.00 in MY2016), the benefits of 
this technology will likely not be chosen in any reasonable technology pathway. If included, the 
predicted cost for that pathway wi ll be overestimated by $750.00 - $ 1.000.00.''774 

Similarly, Meszler commented on the cost for the ADEAC system stating "advanced 
cylinder deactivation paths are assumed (by NHTSA) to be expensive, and are selected only in 
rare instances."775 

ICCT a lso stated ·'The agencies estimated a greatly exaggerated cost of advanced 
cylinder deactivation for that level of the technology." 776 

The agencies do not agree with the commenter's statement that the analysis did not 
consider ADEAC as cost effective technology or that the agencies overestimated costs for the 
technology. The agencies considered the most up to date information and data for the NPRM 
and final rule analysis.777 The agencies rely on the CAFE model to determine technology cost 
effectiveness, and if the technology was cost effective for a manufacturer to adopt, then the 
mode l would apply it to a manufacturer's vehicle. The adoption of ADEAC was applied to 
vehicles with corresponding technology combinations to reflect appropriate cost and 
effectiveness, as discussed in the paragraph above. The purpose of ADEAC is to reduce 
pumping losses, but if the engine has been downsized, or has already incorporated technologies 
that also reduce pumping loss, then it is likely the ADEAC has reached a point of diminishing 
return. As far as the agencies are aware. Roush did not provide a lternative DMCs for ADEAC 
technology. 

[Text Forthcoming] 

Table Vl-35 - Examples of 14 Costs for ADEAC Used for the Final Rule (costs include 
DMC, R.PE and learning rate factor) 

COST 

Name 2018 2021 2026 

ADEAC 6,334.53 6,273.03 6,207.62 

m Roush a t p.x. 
775 Meszler Comments, Attachment 2, NHTSA Docket No. NI-ITSA-2018-0067- 11723 
7" ICCT comments, NHTSA-2018-0067-1174 I. Page 1-71 
777 (Text Forthcoming] 

2029 

6,18 1.95 
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Table Yl-36 - Examples of 14 Costs for TURBOD and TURBO AD Used for the Final 
Rule (costs include DMC, RPE and learning rate factor) 

COST 

Name 2018 2021 2026 2029 

TURBOD 6,444.89 6,392.32 6,345.15 6,325.78 

T URBOAD 7,042.71 6,942.03 6,847.59 6.8 I 1.54 

Table Yl-37 - Examples of Y6 Costs for ADEAC Used for the Final Rule (costs include 
DMC, RPE and learning rate factor) 

COST 

Name 2018 2021 2025 2029 

ADEAC 7,696.40 7,604.14 7.52 1. 16 7.467.52 

Table Yl-38 - Examples of V6 costs for T URBOD and TURBOA.D Used for the Final 
Rule (costs include DMC, RPE and learn ing rate factor) 

COST 

Name 2018 2021 2025 2029 

TURBOO 7,292.80 7,135.74 7,192.35 7.163.77 

TURBOAD 7.890.63 7.785.45 7.701.57 7.649.52 

(5) ,'vfiller Cycle Engines 

The agencies estimated costs for Miller Cycle Engines with VGT from 2016 ICCT 
sponsored FEY technology cost assessment report. The agencies considered costs from 20 I 5 
NAS study that referenced NESCCAFF 2004 report, but believed that the reference material 
from the ICCT report had more updated cost estimates for this technology that represented what 
was discussed in the NPRM and modeled in the FRM analysis.778• 7n 

NAS estimated incremental cost for VGT was $525 plus multiplying learning factor of 
0.76 other costs in 20 I 0$ in 2015 NAS study, but this cost assumes many of the traditional 
turbocharged components and adds VYT, YVL and SGDI. In addi tion, YTG (Eng23b) and 

118 "Reducing Greenhouse Gas Emissions from Light-Duty Motor Vehicles." NESCCAF. September 23, 2004 
Report. Available at hap ... : "\\ \\ .11i.::,,1.·1.·af.or11 d 4:.1,.1:_U1.lh.'llb rptU40923c.111,,!.1id1tdut, .pdf . Last accessed Dec. 22~ ::2019. 
rn "VGT gasoline turbo. charge air cooler, piston upgrade, piston cooling, steel crankshaft. cooling system upsize. 
plumbing, rings, pressure sensor & bearing upgrade. Excludes any needed increase in transmission torque capacity 
o r modifications to aftertreatmcnt system.'' NESCCAF Report comment (2004). 
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VTGe (Eng23c) engines both have similar modeled BMEP level and cool EGR system as 
CEGRJ (Eng14), imp!yingthat the components such as cooling systems and piping will have 
similar costs. · 

The NAS template to calculating the final DMCs for the Miller Cycle Engines for the 
different engine configuration is the $525 (2010$) plus cost ofc-EGRI minus cost ofVVT, VVL, 
and SGDI. The agencies estimated ·cost for electrically assisted variable supercharger VTGe 
(Eng23c) engines are based on the 2015 NAS study that uses cost of $1050 (2010$) plus the cost 
of the mild hybrid battery cost. For the final rule analysis, the total costs for these technologies 
are shown below·. 

[Text Forthcoming] 

Table Vl-39- Miller Cycle 14 Engines' Total Costs Used for the Final Rule Analysis 
(costs include DMC, RPE and learning rate factor) 

COST 

Name 2018 2021 2026 2029 

VTG 7,663.31 7,547.20 7343.96 7,262.86 

VTGE 9,148.86 8,772.73 8.326.43 8,146.77 

Table VI-40- Miller Cycle V6 Engmes' Total Costs Used for the Fmal Rule Analysis 
(costs include· DMC, RPE and learning rate factor) 

COST 

Name 2018 2021 2025 2029 

vrn 8,532.58 8,410.25 8,234.25 8,1 I0.65 

VTGE 10,018.13 9,635.78 9,257.62 8.994.56 

(6) Variable Compression Ratio Engines 

DMCs·used for the final rule analysis for the VCR engines were based on the 2015 NAS 
report. 780 The 2015 NAS reported cost for VCR in MY2025 had a naturally aspirated engine; 
however, for this final rule analysis we have added cEGR and other engine technologies to the 
engine. Total .costs \Vere updated to reflect 2018 dollars and MY20l 7 learning rate which is 
based on the NPRM ADEAC learning rate. 

[Text Forthcoming] 

'"" 2015 NAS at p. 93. 
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Table VI-41 - Examples of VCR Engine Costs for I4 Engine Configuration (costs 
include DMC, RPE and learning rate factor) 

COST 

Name- 2018 2021 2026 2029 

VCR 7,4n.47 7,326.44 7,188.83 7.138.~5 
Table Vl-42- Examples of VCR Engine Costs for V6 Engme Configuration (costs 

include DMC, RPE and learning rate factor) 

COST 

Name 2018 2021 2025 2029 

VCR 8,320.38 8.]69.86 8,048.82 7.976.24 

(7) Diesel Engines 

OM Cs used for the final rule analysis for diesel engine technologies were the same as 
NPRM analysis. For DSLIAD technologies, the agencies have added the incremental cost of 
ADEAC to DSLJ. 

[Text Forthcoming] 

Table Vf-43 - Examples of Diesel Engine Costs for 14 Engine Configuration_(costs 
include DMC, RPE and learning rate factor) 

COST 

Name 2018 2021 2026 -2029 

ADSL 9.832.87 9,619.75 9,438.06 9,373.18 

DSLI 10,344.73 10,108.61 9.907.31 9,835.43 

DSLIAD 10,942.56 10,658.32 10,409.75 10.32!.18 

Table Vl-44- Examples of Diesel Engine Costs for V6 Engme Configuration {costs 
include DMC, RPE and learning rate factor) 

COST 

Name 2018 2021 2025 2029 

ADSL 11,512.42 11,257.06 11.065.55 10,961.64 
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DSLI 12.179.07 I 1.893.75 11,679.77 11.563.66 

DSLIAD 13,075.80 n.718.32 12,443.61 12,192.29 

(8} Alternative Fuel Engines 

DMCs used for the final rule analysis for CNG engine technologies were the same as 
NPRM analysis. 

[Text Forthcoming] 

Table VI-A5- Examples ofCNG Engine Costs for 14 Engine Configuration (costs 
include DMC, RPE and !earning rate factor) 

COST 

Name 2018 2021 2026 2029 

CNG 11,893,10 11.752.83 11,611.72 11,541.17 . 
Table VI-46-Examples ofCNG Engme Costs for V6 Engine Cont1gur;i.t1on (costs 

include DMC, RPE and learning rate factor) 

COST 

N~me 2018 2021 2025 2029 

CNG 12,748.76 12,606.09 12,462.91 12,389.57 

(9) Engine Lub1•fcatio11 and Friction Reduction Tech110/ogies 

EFR costs used for the FRM analysis are based on the 2015 NAS assessment for Low 
Friction Lubricatioffand Engine Friction Reduction Level 2 (LUB2 _ EFR2). 2015 NAS 
estimates costs in 2015 dollars of$51 for midsize car 14 DOHC, and $72 [for V6 SOHC and 
DOH CJ relative to Level 1 Engine Fricti•n Reduction (EFRl) which costs about $12 per 
cylinder, For this analysis, EFR technologies DMCs are estimated to cost $14,05 per cylinder in 
2016 dollars. The estimated effectiveness of 1 .4% is applied to this technology. Total costs 
were updated to reflect 20 ! 8 dollars and MY 2017 learning rate. 

[Text Forthcoming] 

Table VI-47 - Example ofEFR Costs Used for the 14 Engine Final Rule Analysis in 2018 
Dollars (cost includes DMC, RPE and learning rate factor) 

COST 
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Name 2018 2021 2025 2029 

EFR 66.61 66.61 63.97 59.0! 

Table Vl-48- Example ofEFR Costs Used for V6 Engine the Final Rule Analysis in 
2018 Dollars {cost includes DMC, RPE and learning rate.factor) 

COST 

Name 2018 2021 2025 2029 

EFR 99.92 99.92 95.96 88.51 

2. Transmission Paths 

Transmissions transmit torque from the engine to the wheels. Transmissions primarily 
use two mechanisms to improve fuel efficiency: (I) a higher gear count, as more gears allow the 
engine to operate longer at higher efficiency speed-load points; and (2) improvements in friction 
or shifting efficiency (e.g,, Improved gears, bearings, seals, and other components). which reduce 
parasitic losses. 

There are two major categories of transmission types modeled in the analysis: automatic 
and m_anual. Automatic transmissions automatically select and shift between transmission gears 
for the driver during vehicle operation. The automatit transmission category is further 
subdivided into four subcategories: traditional automatic transmissions, dual clutch 
transmissions, continuously variable transmissions, and direct drive transmissions. Manual 
transmissions require direct control by the driver to.select and shift between gears during vehicle 
operation. 

Conventibnal planetary gear automatic transmissions (AT) are the most popular 
transmission. 781 A Ts typically contain three or four planetary gear sets, providing the various 
gear ratios. Gear ratios are selected by activating solenoids which engage or release multiple 
clutches and brakes as needed. A Ts with gear counts ranging from five speeds to ten speeds 
were considered in the NPRM and final rule analysis.78! 

A Ts are packaged with torque converters, which provide a fluid coupling between the 
engine and the driveline, and provide a significant increase in launch torque. When transmitting 
torque through this fluid coupling, energy is lost due to the churning fluid. These losses can be 

""' "The 2018 EPA Automoclve Trends Report," hrtps:/lwv.-w.epa.gm/fuel-economy-trends/download-report-co2-
3nd-fuel-economy-trends, Accessed Aug 23, 2019. 
W.. Specifically, the agencies <:Onsidercd five-speed autom31ic transmissions (ATS), six-speed automatic 
transmissions (AT6), seven-speed automatic cransmission (AT7), eight-speed automacic transmissions (AT8), nine
speed automatic transmissions (A T9), and !en-speed automatic cransmissions (A TlO). 
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eliminated by engaging the torque convertor clutch to directly connect the engine and 
transmission ("lockup"). 

Conventional continuously variable transmissions (CVT) consist of two cone-shaped 
pulleys, connected with a belt or chain. Moving the pulley halves allows the belt to ride inward 
or outward radially on each pulley, effectively changing the speed ratio between 1he pulleys. 
This ratio change is smooth and continuous, unlike the step changes of other transmission 
varieties. CVTs were not initial!y chosen in the fleet modeling for the 2012 rulemaking analysis 
for MYs 2017 and later because of the predicted low effectiveness associated with CVTs (due to 
the high internal losses and narrow ratio spans ofCVTs in the fleet at that time). 783 However, 
improvements in CVTs in the current tleet have increased their effectiveness, leading to 
increased adoption rates in the fleet. In its 2015 report, the NAS recommended CVTs be added 
to the list of considered technologies. The agencies included CVT technolo_gy for the NPRM and 
this final rule analyses. 

Dual clutch transmissions (DCT), like automatic transmissions, automate shift and launch 
functions. DCTs use separate clutches for even-numbered and odd-numbered gears, allowing the 
next gear needed to be pre-selected, resulting in faster shifting. The use of multiple clutches in 
place of a torque converter result in lower parasitic losses than A Ts. However, DCTs are seeing 
limited penetration in the tleet, and because of the low penetration rate, only two DCTs were 
considered in the analysis. 

Direct drive (DD) transmissions are a direct connection between the wheels and a drive 
motor. In a DD transmission, the ratio bel\veen wheel speed and motor speed remains constant. 
A DD transmission is only used in battery electric vehicles, and in the NPRM the agencies 
provided the specification for comments.784 

Manual transmissions (MT) are transmissions that require direct control by the driver to 
operate the clutch and shift between gears. Manual transmissions· have seen a significant 
reduction in application by automakers over recent years. As a result of the reduced market 
presence, only three variants are used in the analysis. 

a) Transmission Modeling in the CAFE Model 

The NPRM analysis modeled pathways for applying improved technology for each of the 
transmission categories and subcategories, except for the direct drive, which was only available 
in the battery electric vehicles. The MT and OCT pathways only included increasing gear counts 
(e.g. 5-speed manual transmission, 6-speed manual transmission, and ·1-speed manual 
transmission) as improved technologies. 

m Morihiro, S .. , ~Fuel Economy Improwment by Transmi.<.<ion," presented at t!J.e CTI Symposium 8th International 
2014 Automotive Transmissions, HEY and EV Drives-
7a-i NHTSA-2018-0067-0003. ANL Autonomie Summary of Main Component Assumptions. Aug 21, 2018. 
NITTSA-20!8-0067-0007. Islam, E. S, Moawad, A., Kim, N, Rousseau, A. "A De/ailed Vehicle Simulation Process 
To Supporl CAFE Standards 04262018-Repart" ANL Autonomie Documentation. Aug 21, 2018.Aug 21, 2018 
NHTSA-2018-0067-0004. ANL Autonomie Data Dictionary. Aug 21, 2018. 
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The traditional A Ts and CVTs included. both increased gear counts and high efficiency 
gearbox {HEG) technology improvements as options. HEG improvements for fransm"issions 
represent incremental advancement in technology that improves efficiency, such as: reduced 
friction seals, bearings and clutches, super finishing of gearbox parts, and improved lubrication. 
All these advancements are aimed at reducing frictional and other parasitic loads in 
transmissions which improve efficiency. Three-levels ofHEG improvements are considered in 
this analysis, based on 2015 NAS recommendations and based on CBI data.7~5 HEG efficiency 
improvements were applied to A Ts and CVTs, as those transmissions inherently have higher 
friction and parasitic loads related to hydraulic control systems and greater component 
complexity, compared to MTs and DCTs. 

ln total, rs unique transmission technology combinations were simulated, using explicit 
input values for gear ratios, gear efficiencies, gear spans, shift logic, and transmission 
architecturn.786 787 Table VI-49Table VJ-49 shows a list of the multi-gear transmissions used for 
the NPRM.78~ 

Table Vl-49- Transmissions used inNPR,'vl analysis 

Transmission NPRM Name 
5-sneed automatic AT5 / 5AU 
6-sneed automatic baseline AT6l6AU 
6-sneed automatic level 2 HEG AT6L2/6AUn 
7-sneed automatic level 2 HEG ATI /?AU 
S-sneed automatic baseline ATS/SAU 
8-soeed automatic level 2 HEG AT8L2 / SAUn 
8-soeed automatic level 3 HEG AT8L3 / SAU 
9-soeed automatic level 2 HEG AT9/9AU 
l 0-soeed automatic level 2 HEG ATlOiJOAlJn 

10-soeed automatic level 3 HEG AT10L2i10U 
6-snwd dual-dutch 6DCT 
8-sneed dua!-cl1.ttch SDCT 
Continuous variable transmission CVT 
Continuous variable transmission level 2HEG CVTL2A/2B 
5-sneed manual transmission MT5 
6-sneed manual transmission MT6 
7-sneed manual transmission MTT 

The technologies that made up the four transmission/level paths defined by the modeling 
system for the NPRM analysis are shown in Figure VI-14. Each vehicle model in the baseline 
fleet is assigned an initial transmission type and level that most closely matches its configuration 
and characteristics. The baseline-level technologies (ATS, Mn and CVT) appear in gray boxes 
and are only used to represent the initial configuration of a vehicle's transmission in the baseline 

'" 2015 NAS Report, at 191. 
w, See PRJA Chapler6.3. 
,., Ehsan, I. S., Moawad, A., Kim, N., & Rousseau, A ..• "A Detailed Vehicle Simulation Process To Support CAFE 
Standards." ANL!ESD-18/6. Energy S)stems Division, Argonne National Laboratory. 2018. 
"' The NPR,\1 and final rule also inclu_ded a direct drive transmission (single ratio) for BEVs. 
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fleet. Because there are only a few manual transmissions with less than five forward gears in the 
baseline fleet, for simplicity, all manual transmissions with five forward gears or fewer were 
designated MTS for the analysis. Similarly, all automatic transmissions with five forward gears 
or fewer have been assigned the ATS technology. For the NPR.M analysis, the agencies included 
a 7-speed automatic and a 9-speed automatic to account for effectiveness of those transmissions 
in the baseline fleet. These two transmissions were not available for adoption but were available 
as initial configurations, and appear in gray boxes in Figure \11- 14. 

Transmission Technology Group 

Automatic Transmission Paths 

ATS 

M•nu•I 
T~nsmission 

P•th 

Figure Vl-1 4- NPRM Transmission Paths 

The model generally may apply any of the more efficient transmission technologies that 
are contained within the pathway of the baseline vehicle initial transmission configuration. The 
model prohibits manual transmissions from becoming automatic transmissions. Automatic 
transmissions may become CVT level 2 after progressing though the 6-speed automatic, as 
shown in Figure Vl-14Error! Reference source not found .. While the structure of the model 
could allow automatic transmissions to consider applying a DCT, the market data file was used 
to preclude the application ofDCTs to automatic transmission vehicles, as discussed further in 
Transmission Adoption Features Section, below. 
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The mode! does not attempt to simulate "reversion" to less advanced transmission 
technologies, such as replacing a 6-speed AT with a OCT and then replricing that OCT with a 1 O
s peed AT. The agencies invited comment on whether the model should be modified to simulate 
"reversion" and, if so, how this possible behavior might be practicably simulated. Richard 
Rykowski, supporting comments from the Envitonmental Defense Fund (EDF), broadly 
discussed the concept of reversion in the CAFE model, and included an example relating to the 
transmission technology paths.78

Q Mr. Rykowski stated that it is "possible that the model could 
add a 10-speed transmission to a vehicle with a very basic engine" and then as the simulation 
progressed and ''the manufacturer required greater fuel or C01 emission control, the Volpe 
Model might move to a TURBO! or HCR engine" and the vehicle would no longer need the 10-
speed transmission to meet standards, and a 6~speed or 8-speed transmission might be more cost 
effective. 

The scenario discussed by Mr. Rykowski is very unlikely. The CAFE model cost 
optimization algorithm considers both current and future standard requirements when selecting 
current MY technologies. The algorithm will look multiple years into the future imd compare 
multiple potential technology paths going forward for the most cost-effective path. For a more 
detailed discussion on the cost optimization algorithm please see [CAFE model section]. 

Regarding the types of transmission technologies modeled, Meszler Engineering Services 
provided a comment criticizing the limited number of manual transmission model options and 
the limited technology paths available to vehicles with manual transmissions. The agencies do 
not agree with Meszler Engineering Service's assessment. The manual transmission path 
includes three model options and allows for the vehicles to receive electrification in the form of 
SSl 2V and BISG technblogies. The agencies believe the technology paths dedicated to manual 
transmission was appropriate for vehicles that typically represent manufacturers' specialty 
performance cars; such as the Subaru STJ or BMW M-series, and an overall fleet share ofless 
than 2 percent. 

Commenters also discussed potential missing transmission technologies in the NPRM 
analysis. ICCT stated that the agencies failed to consider transmission warm-up technologies, 
which are available in 3. 7 million new vehicles in the MY 2016 fleet, that are being deployed 
due to regulatory test-cycle benefits and off-cycle credits.790 In addition, the Fiat Chrysler 
Automobiles (FCA) also expressed concern over the lack of inclusion ofthennal bypass devices 
in the modeling of transmission technologies.7q 1 

We agree with parts oflCCT's and the FCAs comments and disagree with other parts. 
We do agtee with ICCT and the Auto Alliance that the analysis should consider the off-cycle 
benefits of transmission warm-up technology. For th_e final rule analysis, the agencies applied 
off-cycle technologies in the CAFE model. Off-cycle technologies were adopted by all 
manufacturers, to the maximum extent allowed by regulation. The modeled adoption included 

" 9 Comments from Environmental Defense Fund. Attachment B. J\,'PRM Docket No_ NllTSA~20!8-0067-12l 08, at 
70. 
"" Comments from ICCT, NPRM Docket No. NHTSA-2018-0067-11741 full comments, at 1-28. 
"' Comments from Fiat Chrysler Automohiles, Attachment I, NPRM Docket No. NHTSA-2018-0067-11943. at 97. 
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benefits of transmission warm-up as a menu item. The modeling of off,cycle technologies is 
further discussed in section [Flexibilities section x] and section [CAFE modeling.section x]. We 
disagree with JCCT and the Auto Alliance comments that transmission wann-up technologies 
were not included in the NPRM on-cycle analysis. For the NPRJvf, and for the final rule, the 
HEG level 2 technology package includes rapid transmission oil wann-up technology.79' The 
inclusion of the HEG2 technology package in AT and CVT models accounts for impacts of this 
technology to perfonnance·on the standard test-cycle. 

For the final rule making analysi's the transmission model paths are shmw1 in Figure 
Vl-15, For the final rule analysis, the baseline-only technologies (MT5, AT5, AT7L2, AT9L2, 
and CVT) are grayed and are only used to signify initial vehicle transmission configurations. For 
simplicity, all manual transmissions with five forward gears or fewer are assigned the MT5 
technology in the input fleet. Similarly, a_ll automatic transmissions with·five forward gears or 
fewer are assigned the A T5 technology. 

AWL> A.HOL2 

Figure VT-15 - The Transmission CAFE Model Pathways fi;ir Transmission Technologies 

Since the Manual Transmission path tenninates with MT?, the system assumes that all 
manual transmissions with seven or more gears are mapped to the MT? technology. Moreover, 
all dual-clutch (OCT) or auto-manual (AMT) transmissions with five or six forward gears should 
be mapped to the DCT6 technology, and all DCTs or AMTs with seven or more forward gears 
should be mapped to DCTS. 

The final rule ahalysis, the naming convention for the transmission technology models 
was updated to identii)' better the technologies represented in each transmission. Although the 
technologies in e::ich transmission configuration were described in the NPRM, there appears to 
have been confusion among some commenters about the teclmo!ogy content of some 

m 2015 NAS Report, at !91. 
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transmission configurations. Some comm enters compared the NPRM AT] 0 to the NPRM A TS, 
and commented on unexpected differences in effectiveness relative to the differences in 
transmission gear count.793 For the given example, the NPRMATS represented a baseline 8-
speed automatic transmission, with level 1 HEG technology applied, and the NPRM ATI 0 
represented a 10-speed automatic transmission with level 2 HEG technology applied. A direct 
comparison of gear count would occur by comparing the NPRM AT8L2 to the NPRM ATIO. 
The updated naming convention identifies the transmission technology t;ipe, gear count and 
HEG technology level. Table Vl-50Table VJ-50 shows the final rule names for transmission 
models compared to the names used for the NPRM analysis. 

Table Vl-50- NPRM transmission model names versus final rule transmission model 
names 

Transmission NPRM Name Final rule Name 
5-s=cd automatic ATS I SAU ATS 
6-speed automatic baseline AT6/6AU AT6 
6-soeed automatic level 2 HEG AT6L2 / 6AUo AT6L2 
7-soeed automatic level 2 HEG AT? .1 7AU AT7L2 
8-soeed automatic baseline AT8/8Al/ AT8 
8-soeed automatic level 2 HEG AT8L2/8AUo AT8L2 
8-soccd automatic level 3 HEG AT8L3i8AU AT8L3 
9-soeed automatic level 2 HEG AT9 I 9AU AT9L2 
10-sneed automatic level 2 BEG AT\0/lOAUn ATIOL2 
10-sneed automatic level 3 HEG ATIOL2; IOU ATJOL3 
6-sneed dual-clutch 6DCT 6DCT 
8-sneed dual-clutch 8DCT 8DCT 
Continuous variable transmission CVT CVT 
Continuous variable transmission level 2HEG CVTL2Al2B CVTL2 
5-speeed manual transmission MTS MTS 
6-soeed manual transmission MT6 MT6 
7-soeed manual transmission MT7 MT7 

b) Transmission Analysis Fleer Assignments 

The agencies discussed in the NPRM the process for developing the 2016 analysis fleet, 
including how the agencies weighed using confidential business information versus publicly
releasable sources, the use of compliance data, and decision to use a 2016 analysis fleet over 
other altematives.794 As discussed above, this final rule analysis used the 2017 vehicle fleet as 
the analysis fleet input. and the agencies followed largely the same process for assigning initial 
transmission assignments as in the NPRM. 

For the 2017 analysis fleet, transmission data was gathered from the manufacturer final 
model year CAFE compliance submissions to the agencies as well as manufacturer press 
releases. The-data for each manufacturer was used to detennine which platforms shared 

"! Comments from CARB. Anachmenl 2018-10-26 FINAL CARB Detailed Comments on SAFE, NJ>RJ\1 Docket 
No. NHTSA-2018-0067 at l J0-113. 
"'83 FR 43003. 
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transmissions and to establish the leader-follower relationships between vehicles. Within each 
manufacturer fleet, transmissions were assigned unique identification designations based on 
technology type, drive type, gear count, and technology version. The data were also used to 
identify the most similar transmission among the Autonomie transmission models, as discussed 
further below. 

The transmission characteristics of vehicles in the analysis fleet show manufacturers use 
transmissions that are the same or similar on multiple vehicle models. Manufacturers have .told 
the agencies they do this to control component complexity and associated costs for development, 
manufacturing, assembly, and service. Both the NPRM and final rule analyses ac,count for this 
sharing. To identify common transmissions, the agencies considered the transmission type 
(manual, automatic, dual-clutch, continuously variable), number of gears, and vehicle 
architecture (front-wheel-drive, rear-wheel-drive, all-wheel-drive based on a front-wheel-drive 
platform, or all-wheel-drive based on a rear-wheel-drive platfonn). If multiple vehicle models 
shared these attributes, the transmissions were treated as single group for the arialysis. Vehicles 
in the analysis fleet with the same transmission configuration adopted transmission technology 
together. 

For A Ts and CVTs, the identification of the most similar Autonomie transmission model 
required additional steps beyond just assigning gear count for A Ts. or just assigning the CVT 
model. A review of the age of the transmission design, relative performance versus previous 
designs, and technologies incorporated was conducted, and the information obtained was used to 
assign a HEG le'vel. Engineering judgment was used to compare the technologies and 
performance improvements reported versus descriptions ofHEG technology discussed in the 
NAS report.795 

ln addition, no automatic transmissions in ihe 2017 analysis fleet were detennined to be 
initially at a HEG Level 3. However, all 7-speed automatic transmissions, all 9-s_peed automatic 
transmissions, all IO-speed automatic transmissions and some 8-speed automatic transmissions 
were found to be advanced transmissions operating at a Level 2 BEG equiYalence. All other 
transmissions were assigned at the minimum level. 

c) Transmission Adoption Features 

The agencies included several transmission adoption features in the NPRM that have 
been carried over for the final rule analysis. For a detailed discussion of path logic applied in the 
final rule analysis, including teclmology supersession logic and technology mutual exclusivity 
logic please see [CAFE model documentation paragraph S4.5] 

(I) Automatic Transmissions 

Automatic h"ilnsmission technology adoption is defined by path logic and technology 
availability. The transmission path precludes adoption of other transmission types once a 

'°' 20l5 NAS Report, at 191. 
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platfonn progresses past an AT6. This restriction is used to avoid the significant level of 
stranded capital that could result from adopting a completely different transmission fype shortly 
after adopting an advanced transmission, which would occur if a different transmission type was 
adopted after AT6 in the rulemaking timeframe. Stranded capital is discussed in more detail in 
Section [Stranded Capita! Section]. In addition, any automatic transmissions that use HEG3 
technology cannot be phased in until the 2020 model year. The technology phase-in year is 
based on the estimated availability ofliEG3 technology from the NAS (2015) report and 
confidential data obtained from OEM's and suppliers. Finally, all P2HEVs are: paired with an 
ATS transmission, which is also discussed further in Section [Electrification]. 

One commenter expressed concern that all P2HEVs were paired with an ATS 
transmission, and argued that the full slate of transmission technology should be available for 
adoption with that powertrain technology.7% The commenter correctly observed a limit of 
transmission technologies for use only with the P2HEV technology option; all other HEY based 
technology options-did not have this limitation. 

The agencies disagree that a greater variety of transmission technologies are necessary to 
model the P2HEV technology reasonably. The P2HEV demonstrated limited response to 
transmission technologies beyond the AT8L2, and access to those technologies were limited to 
reflect the diminishing returns. anticipated for h,igher gear counts used in conjunction with the P2 
system, and trends in industry.m Adopting P2HEV to a conventional vehicle provides a 
significant fuel consumption improvement, agnostic of transmission type, based on our full 
vehicle simulation results. 

(2) Conti11uo11sZv Variable Transmissions 

Application ofCVTs in the NPRM and final rule analysis was not allowed for high 
torque vehicle applications. The launch, acceleration, and ratio variation characteristics of 
powertrains with CVTs may be significantly different than A Ts leading to potential consumer 
acceptance issues and/or complaints. Several manufacturers have told the agencies that they 
employ strategies that mimic AT shifting under some conditions to address these issues. Some 
manufacturers have also encountered significant engineering challenges in employing CVTs for 
use in high torque or high load applications. 

In additi0n, the CVT adoption was limited by technology path logic. CVTs-cannot be 
adopted by vehicles that do not start with a C'vT or by vehicles beyond the AT6 in the baseline 
fleet which have a greater number of gear ratios and therefore increased ability to operate the 
engine at a highly efficient speed and load. Once on the CVT path the platform is only allowed 
to apply improved CVT technologies. This restriction is used to avoid the significant level of 
stranded capital that could result from adopting a completely different transmission type shortly 
after adopting an advanced transmission, which would occur if a different transmission type was 

"' Comments from Meszler Engineering Services, Anachrnent 2, NPRM Docket No. NHTSA-2018-0067-1 l 723 at 
32. 
'M Greimel, H. "ZF CEO- We're m,t chasing l 0-speeds." Automotive NeV\S, November 23. 2014, 
http://www.autonews.com/article/20141123/0EM I 01311249990/zf"ceo:-wete-not-chasing- l 0-speeds. 
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adopted in the rulemaking timeframe. Stranded capital ls discussed in more detail in Section 
[Stranded Capital Section J. 

The Alliance of Automobile Manufacturers (hereinafter referred to as the Alliance, ot the 
Auto Alliance) commented that the analysis "appropriately restricts the application ofCVT 
technol_ogy on larger vehicles."798 The agencies concurred with the Auto Alliance's observations 
and thus the limitations on CVT application were continued in the final rule analysis. 

(3) Dual crutch Tra11smissio11 

For DCTs, while the structure of the model could allow automatic transmissions to 
consider applying a OCT, the market data file was used to preclude the application ofDCTs to 
vehicles that had already adopted an automatic transmission with six or more gears (e.g., A T6 
through ATI0). The model allows baseline vehicles that have DCTs to apply an improved OCT 
(if opportunities to do so exist), and allows vehicles with an ATS to consider DCTs. This was 
done to ensure vehicle functionality is maintained as technologies are applied, and accounts for 
consumer acceptance issues related to the drivability and launch performance tradeoffs. These 
issues with DCTs resulted in a low relative adoption rate over the last decade.799 It also is 
broadly consistent with manufacturers' technology choices. 

(4) Manual Transmissions 

Manual transmission technology adoption in the CAFE model remained unchanged from 
the NPRM and is only limited by the technology path limits discussed above. Manual 
transmissions cannot be adopted by vehicles that do not start with a manual transmission in the 
analysis fleet Manual transmissions cannot select an alternate transmission technology, and may 
only progress to more advanced manual transmissions. These restrictions 'are in recognition of 
the !ow customer demand for manual transmissions. &oo 

d) Transmission E/Jectiveness Modeling and Resulting Effectiveness 
Values 

For the NPRM and final rule analysis, full vehicle simulation was used to understand 
how transmissions work within the full vehicle system to improve fuel economy, and how 
changes to the transmission subsystem influence the perfonnance of the full vehicle system. 

The Autonomie tool models transmissions as a sequence of mechanical torque gains. The 
torque and speed are multiplied and divided, respectively, by the current ratio for the selected 
operating condition. Furthermore, torque losses corresponding to the torque/speed operating 
point are subtracted from the torque input. Torque losses are defined based on a three-

"'' Comments from Auto Alliance, Attachment 1, NHTSA·'.!018·0067-12073, at 142. 
799 "The 2018 EPA Automotive Trends Report;· Page 60, figure 4.18. hnps:/lwww.epa,gov/fuel-economy
trends/download-report-co2-and-fuel-eC<Jnomy-trends, Accessed Aug 23, 2019. 
• 00 "The 2018 EPA Automotive Trends Report," https:!lwww.epa.gov/fuel-econorny-trends/download-report-co2-
and-fue!-econorny-trends, Accessed Aug 23, 2019. 
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dimensional efficiency lookup table that has as inputs: input shaft rotational speed, input shaft 
torque, and operating condit ion.801 

The general transmission models are populated with characteristics data to model specific 
transmissions. Characteristics data are typically provided in the form of tabulated data for 
transmission gear ratios, maps for transmission efficiency, and maps for torque converter 
performance, as applicable. The quantity of data needed depends on the transmission technology 
being modeled. The characteristics data for these models was collected from peer-reviewed 
sources, transmiss ion and vehicle testing programs, results from simulating current and future 
transmission configurations, and confidential data obtained from OEM's and suppliers.80~ 

The level ofHEG improvement applied to a given transmission was modeled by 
improvements made to the efficiency map of the transmission. As an example, the 8-speed 
automatic transmission models show how a model can be incrementally improved with the 
addition of the HEG enhancement. The ATS is the model of a baseli ne transmission developed 
from a transmission characterization report.803 The A T8L2 has the same gear ratios as the A TS, 
however the gear efficiency map has been improved to represent application of the HEG level 2 
technologies. The A T8L3 models the application of HEG level 3 technologies using the same 
principle, further improving the gear efficiency map over the A T8L2 improvements. 

The N PRM and final rule analysis. using the Autonomie tool, comprehensively simulated 
each of the 18 transmission technologies. Each transmission was modeled with explicit gear 
ratios, gear efficiencies, gear spans, adaptive shift logic, and transmission architecture 
individually for each of the ten vehicle types. The NPRM and final rule analysis clearly showed 
the specific contributions to effectiveness provided by each transmission technology combination 
and the associated cost. This provided greater transparency for public review and comment. 

The implementation of the full vehicle simulation approach used in the PRM analysis, 
and carried forward to the final rule analys is, c learly defines the contribution of individual 
transmission technologies and separates those contributions from other technologies. This 
modeling approach compo1ts with the National Academy of Scie nce 2015 recommendation to 
use full vehicle modeling supported by appl ication of collected improvements at the sub-model 
level.80J The approach allows the isolation of technology effects in the analysis which contributes 
to an accurate cost assessment. 

•
0 1 Detailed discussion of transm ission modeling can be found in the Al\'L documentation at [XX]. 

802 Downloadable Dynamometer Database.: http-..: \\\\\\.Jnl .uo\ e-nerc\ -s,~t~m~ !.!niur Jo,,nluJJahlr-
d, namnmeter-databa,e, Kim,'-!., Rousseau. N., Lohse-Bush, H .. , "Advanced Automatic Transmission Model 
Validation Using Dynamometer Test Data." SAE ~014-01 - 1778, SAE World Congress. Detroit. April 2014 .. 1'.im, 
N., Lohse.-Bush, Ii., Rousseau. A ..• "Development of a model of the dual clutch transm ission in A utonomic and 
validation with dynamometer test data," International Journal of Automotive Technologies, March 2014, Vo lume 
15, Issue 2, pp 263-271. 
803 [Insert A TS transmission report (FE\/) reference] 
8°' 20/5 NAS Report, at 292. 
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This approach was supported by the Auto Alliance, who commented in support of the 
agencies' explicit and transparent modeling of the cost and effectiveness for each of the 
transmission technologies. The Alliance contrasted the NPRM approach with the transmission 
modeling methodology used in the Proposed Determination-which they strongly objected to-
which had lumped together fundamentally different transmission technologies into bundles with 
identical cost and efficiencies, "making it impossible to fully comprehend the rationale" for the 
Proposed Determination's high effectiveness estimates.Rn; 

However, other stakeholders were not supportive of the modeling approach used in the 
NPRM. The Union of Concerned Scientists (UCS) thought a level of abstraction was necessary 
to account for unpredictability in the market, such as the failure of the dual-clutch transmission 
to Teach widespread use as anticipated in the agencies 2012 analysis for MYs 2017 and later. 
UCS thought that keeping the transmission technology generalized would avoid the pitfalls of 
potentially picking the wrong technology leader, but would still predict the general trend of 
behavior, stating that "Ii]ncidentally, this is an example of why we supported EPA 's move to a 
more generic representation of transmissions in its OMEGA modeling."~00 

The agencies disagree with UCS's suggestion to generaliz:e the transmission technology 
groupings for the analysis. By grouping the technologies into overly broad, generic categories, 
the analysis loses accuracy on the costs and the effectiveness for specific systems. The OMEGA 
model used general transmission categories, asked for by UCS's comments, as part of the CO:
analysis in the [TAR 2015] and in the [Proposed Determination], and the assumptions and 
limitations were acknowledged at the time.~ouos. One assumption used by the OMEGA model 
approach was "[t]he incremental effectiveness and cost for all automated transmissions are based 
on data from conventioflal automatics." ~()<I In response, the Alliance observed that the 
transmission groups used "do not recognize unique efficiencies of different transmission 
technologiesY810 At the time EPA stated "the potential effectiveness-gains between TRX levels, 
while arising from difforent technology packages within each transmission type, will be very 
similar among the transmission types."811 However, as shown in [Table X] and [Table X], there 
are nontrivial differences in the costs of different transmission technologies. 

805 Comments from Alliance of Automobile Manufacturers, NHTSA·2018-0067-J207J, at 142. 
806 Comments from Union of Concerned Scientists, NHIBA-2018-0067-12039, al 20-21. 
1'" "Midterm Evaluation of Light duty Vehkle Greenhouse Gas,Emission Standards ~nd Corporate Average Fuel 
Economy Standards for Model Years 2022-2025,'" Paragraph 5.3.4.2.1, EPA-420-D-16--900, July 2016 
'"" "Propooed Determination on the Appropriateness of the Model Year 2022-2025 Light-Duty Vehicle Greenhouse 
Gas Emissions Standai:M under !he Midterm Evaluation, Technical Support Document," Pages 2-328 - 2-329, EPA-
42()..R-16-021, November 2016. 
8"9 "Proposed Determination on the Appropiratenesss of the Model Year 2022-2025 Light-Duty Vehicle Greenhouse 
Gas Emissions Standards under the Midterm Evaluation, Technical-Support Document," Pages 2-327, EPA-420-R
!6-02!, November 2016. 
"" "Proposed Determinaclon on !he Appropiratenesss of the Model Year 2022-2025 Light-Duty Vehicle Greenhouse 
Gas Emissions Standards under the Midlcrm Evaluation, Teehnical Support Document," Pages 2-329, EPA-420-R-
16--021, November 2016. 
"' ~Proposed Determination on the AppropirateneS$S of the Model Year 2022-2025 Light-Duty Vcl1icle Greenhouse 
Gas Emissions Standards under the Mid!enn Evaluation. Technical Support Document," Pages 2-329, EPA-420-R~ 
16-021. November 2016. 
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The approach used in the NPRM analysis and this final rule analysis is an evolution of 
the approach used for the Proposed Determination model, and avoids the issue described above. 
The NPRM and final r'ule analyses reduce the span of transmission technology groupings, with 
the intent to provide an increase in fidelity and precision for cost and performance, as \Vas 
requested by stakeholders such as the Auto Alliance, while including tools to mitigate market 
effects, which addresses other concerns such as those expressed by UCS. In the analysis for the 
final rule the transmissions are grouped by technology type (AT, OCT, CVT, etc.) and gear 
count (5,6, 7, etc.). The level of HEG technology applied as a separate factor further subdivided 
the transmission groups. Defining technology adoption features addresses the potential for 
market forces, such as those that affected the sales of DCTs, and supports the narrower 
technology groupings. Technology adoption features are defined through market research, 
historic and current fleet composition analysis, and dialogue with manufacmrers. 

Commenters also provided general comments regarding the values of effectiveness for 
advanced transmissions used for the NPRM analysis versus values used for the Draft TAR. For 
example, CARB noted a "2 percent-3 percent lower efficiency assumed for advanced 8- and 9-
speed transmissions relative to the data EPA itself previously developed with back to back 
testing on FCA vehicles,"812 with similar concerns expressed by other cornmenters.m Meszler 
Engineering Services wondered "why the AT] 0 technology was being so widely adopted when 
its associated benefits appeared negligible for a particular vehicle" and noted "[t]he wide ranging 
effectiveness estimates were unexpected."R14 Senator Tom Carper also noted "the most 
advanced eight speed transmission technology are assigned unrealistically low fuel efficiency 
effectiveness values for some vehicle types."815 

The Auto Alliance also provided comments with regards to the larger variation of 
effectiveness values that were of concern to commenters such as Meszler Engineering Services 
and Senator Tom Carper. The Auto Alliance'acknow!edged that the use of full vehicle 
simulation, with more details, results in greater diversity of results. The comment stated, "Over 
an entire fleet, a more reasonable expectation is that there will be some vehicles with higher fuel 
economy than expected for a given technology set and some vehicles with a lower fuel economy 
than expected for a given technology set. As discussed above, these differences arise for a 
variety ofreasons, and cannot simply be attributed to "less than optimal technology 
integration."816 

The Auto Alliance also specifically commented on the FCA vehicle study used to support 
CARB's comment and used to generate the TAR analysis values. The Auto Alliance pointed out 

.,::, Comments from CARB, Attachment 2018-10-26 FINAL CARB De1ailed Comments on SAFE. NPRM Docket 
No.NHTSA-2018-0067-l 1873.at 110-113. 
m Comments from Roush Industries. Anachment ], NPRM Docket No. NHTSA-201 8-0067-11984, at 5; Comments 
from CARB. Attachment HOS Final Report, NPRM Docket No. NHTSA-2018-0067-11985, at 26, 47. 
3 '" Comments from Meszler Engineering Services, Attachment 2, NPRJvl Docket No. NHTSA-2018-0067-11723, at 
5-6. 
m Comments from Senator Tom Carper, Attachment l, NPR..\.1 Docket No. NHTSA-2018-0067- l 1910. at 4. 
"1t Comm en ls from Alliance of Automoblle Manufacturers, Artachm,nt 1, NPRM Docket No NHTSA-2018-0067-
12385, at 9, 
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that the vehicles used in the study had other technology differences, however the study still 
"proceeds to compare the fuel economy of these variants to assert support for its own estimate of 
transmission effectiveness. This comparison neglects that the 2.4L engines in these variants are 
not the same and that the variant with the·nine-speed transmission was a redesigned vehicle." 
The Alliance concluded, therefore, that "the Chrysler 200 comparison provided by H-D Systems 
does not·compare a transmission change in isolation from other changes that impact fuel 
economy and likely overestimates the benefits associated with the transmission change." The 

Auto Alliance summarized the analysis of the study by noting that "[s]uch differences also 
impact fuel economy, confounding an analysis which purports to compare the fuel economy 
benefits associated directly with the transmission."~17 

The agencies agree with the Auto Alliance assessment of the 8- and 9-speed FCA 
vehicles, and have based analysis inputs on alternate information sources.818 However, the 
observations by comm enters of a wider range of values for the NPRM effectiveness when 
compared to the Draft TAR compliance analyses are a direct result of the improvements in 
modeling approach. As discussed above the NPRM compliance analysis increased the number 
of transmission technology paths considered by further subdividing the technology groupings. 
The change resulted in a wider range of effectiveness, aS the specific transmission technologies 
are paired across all the configurations of vehicle technologies. In addition to this greater range,. 
there ,vere also specific effectiveness issues identified for some of the transmission technologies, 
which are addressed in the sections below. 

Commenters may also be observing, with comments like "advanced transmissions have 
low effectiveness with some vehicles types," an expected effect when an advanced transmission 
is coupled to an advanced engine. The National Academy of Science, in their 2015 report, noted 
that "as engines incorporate new technologies to improve fuel consumption, including variable 
valve timing and lift, direct injection, and turbocharging and downsizing, the benefits of 
increasing transmission ratios or switching to a CVT diminish."819 This is not to say that 
transmissions are not an important technology going forward, but rather a recognition that 
advanced engines have larger "islands" of low fuel consumption that rely less on the 
transmission to improve the overall efficiency of the vehicle. Thus, effectiveness percentages 
reported for transmissions paired with unimproved engines would be expected to be reduced 
when the same transmission is paired with a more advanced engine. 

Commenters also expressed concern for the transmission gear set and final drive values 
used for the NPRM analysis, or, more specifically, that the gear ratios were held constant across 
applications. Roush commented that "all transmissions with a given number of ratios (8-speed, 
10-speed) maintain the same individual step ratios" and that this would lead to ''powertrain 
inefficiencies and under-predict potential fuel economy benefits."8!0 CARS, quoting a report 
from its contractor, noted that "the final drive ratio waS kept constant as powertrains were 

rn Comments from Alliance of Automobile Manufacturers, Attachment l, NPRM D0<:ket Nll NHTSA-2018-0067-
12385, at27-28. 
313 [Example of transmission input data refer~>nces] 
" 9 [NAS 2015 report] 
,.,, Comments from Roush Industries, Attachment 1. at 14-15. 
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changed and that transmission gear ratios were not optimized,'' and suggested that manufacturers 
forgoing improvements from gear ratio or final drive ratio changes is unrealistic and results in an 
underestimation of the benefits from advanced transmissions.8"1 

However, the Auto Alliance stated that "[m]anufucturers share major technologies such 
as transmissions and engines,across multiple vehicle models and platfonns." The, Auto Alliance 
also supported the agencies' approach of not including final drive ratio changes, particularly 
when only minor system changes are incurred. The Auto Alliance continued further stating that 
"[i]n the case of passenger cars, the final drive ratio is frequently the same across multiple 
mbdels that use the same transmission."H~'.' 

We disagree with Roush, Duleep, and CARB's assessment. lt is an observable practice 
in industry to use a common gear set across multiple platfonns and applications. The most 
recent example is the GM 1 0L90, a IO-speed automatic transmission that used the same gear set 
in both pick-up truck and passenger car applications.813 Optimization of performance is achieved 
through shift control logic rather than customized hardware for each ·vehicle line. The use of a 
single gear set for each transmission technoloi,,y also supports the overall analysis approach. The 
level of technology perfonnance modeled must reasonably represent a typical level of 
perfonnapce representative of the industry range of perfo1mance. If the systems were over
optimized for our modeling, such as applying a unique gear set for each individual vehicle 
configuration, the analysis would likely over-predict the reasonably achievable fuel economy 
improvement for the technology. Over-prediction would be exaggerated when applied under 
rea!-wor!d large-scale manufacturing constraints necessary to achieve the estimated costs for the 
transmission technologies. Accordingly, the agencies used the NPRM approach for the final rule 
analysis. 

Next, in response to comments related to the effectiveness of micro-HEY systems, which 
are discussed in Section [Micro HEV section], and comments related to the effectiveness of 
diesel engines, which are discussed in Section [diesel engine section], the agencies took a close 
look at NPRM effectiveness results. Two issues were identified related to the interaction 
between Autonomie transmission models and other Autonomie powertrain technology models. 
First, a logic issue was found in a transmission control subroutine and, second, there was an issue 
with a sub-model input. While these items were caused by issues in-the transmission moc!el sub
systems, the effects manifested in the effectiveness of the micro-HEY systems and the diesel 
engine systems. Autonomic uses a gearbox transient sub-model to control the simulated state of 
powertrain compone:nts during a transmission event, such as shifting or vehicle starting and 
stopping. The simulated powertrain component states include conditions such as clutch 
engagement, or engille operation mode. A detailed discussion of the Autonomie control model 
can be found [FRM ANL Model Documentation file]. Different versions of the sub-model are 

8' 1 Comments from CARB, NITTSA-2018-0067-11873, at 110. 
'" Comments from Auto Alliance, Attachment I, NHTSA-2018-0067-12073, at 142. 
"'"GM Global Propulsion Systems - USA lnfonnation Guide Model Year 2018" (PDF). General Motors 
Powenmin. Retrieved 26 September'20!9. 
hrtps;/iw\vw.gmpowertrain.comlassets/docs/201 8R _FJF _]11formation _ G\lide_ 03 1918.pdf. 
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used for micro-HEY technologies ( 12:VSS and ISO) than for conventional drivetrains, mild-HEV 
or Strong-HEY systems. 

An issue was found in the control logic used in the micro-HEY version related to the 
sequence of powertrain component modes during shifting events for automatic transmissions, 
regenerative braking events for automatic transmissions, and stop start events for manual 
transmissions. \Vhile these issues reduced the effectiveness of the micro-HEY technology in the 
ANL modeling results, they had very minimal effect on the overall NPRM Analysis. The control 
logic issue was resolved for the final rule analysis. There also was an issue with the gearbox 
transient sub-model used for micro HEYs that impac_ted calculation of the CYT best efficiency 
operating ratio targets under low torque conditions. This resulted in some negative effectiveness 
values for certain CVT technology combiriations. but had very minimal effect on the overall 
NPRM reSul!s. This sofu•:are item was also resolved for the final rule analysis. 

As discussed in the Autonomie model documentation (FRJvi ANL Model Documentation 
file], the full vehicle model is created from a network of sub~ystem models. The subsystems all 
interact thru data connections transforring outputs from one subsystem model to the inputs of 
another. An issue was identified with the definition of the connection between the gearbox 
transient sub-model for DCT's with diesel engines, which impacted the values provided to the 
diesel control model. This caused reduced effectiveness values for the diesel engines with OCT 
in the ANL modeling results, however it had very minimal effect on the overall NPRM analysis. 
The data connection issue was resolved for the final rule analysis. 

Lastly, the agencies received several comments on transmission shifting logic, which are 
addressed in the following section. 

(]) Shift Logic 

Transmission shifting logic has a significant impact on vehicle energy consumption and 
was modeled in Autonomie to maximize the powertrain efficiency while maintaining acceptable 
drive quality. The logic used in the Autonomie full vehicle modeling relied on two components: 
(I) the shifting controller, which provides the logic to select appropriate gears during simulation; 
and (2) the shifting initializer, an algorithm that defines shifting maps (i.e., values of the 
parameters of the shifting controller) specific to the seleeted set of modeled vehicle 
characteristics and modeled powertrain components.1!24 

(a) Shifting Controller 

The shift controller is the logic that governs shifting behavior during simulated operation, 
The shift controller performance was informed by inputs from the model. The inputs included: 
specific engine or transmission used, and instantaneous conditions in the simulation. 
Instantaneous conditions included values such as vehicle speed, driver demand and a shifting 
map unique to the full vehicle configuration.8-',; The shift controller logic was consistently 
applied for all vehicles simulated. 

rn See [FRM ANL Model Documentation file]. 
m See [FRM ANL Model D,x,umentation file]. 
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Although no comments were received specifically on shift control logic, the agencies 
tracked several effectiveness concerns identified by commenters back to how the agencies 
modeled some transmissions paired with turbocharged engines. Meszler Engineering Services 
discussed an unexpected range of effectiveness observed for transmissions when coupled to 
different engine technologies, and concluded that "[m]oreover, the variation across technology 
combinations is markedly different."826 Senator Carper's comments mirrored Meszler's, noting 
that "the more expensive version of an engine technology (TURBO2), which would be expected 
to be more fuel-efficient. was instead assigned a negative fuel-efficiency value for some types of 
vehicles." 8"7 The Senator also observed the same phenomenon for cooled exhaust gas 
recirculation lCEGR [), which ''was assigned a fuel-efficiency effectiveness of at or near zero." 
Similarly, UCS noted that "many simulations of improved transmissions and turbocharged 
engines show little incremental improvement over less complex technologies."~!~ 

In response to the comments, the agencies conducted an in-depth review of these 
technology combinations. The agencies determined the minimum lugging speed for 
turbocharged engines, which controls the minimum engine speed allowed before dom1-shifting, 
caused the observed behavior. The issue was isolated to some combinations of advanced 
transmissions and turbo charged engines. For the final rule analysis, a modification was made to 
the shift controller logic of transmissions coupled to turbocharged engines. Specifically, the 
minimum lugging speed allowed for turbocharged engines ·was increased in the shift controller. 
An increase in lugging speed increases the minimum speed at which the shift controller will 
allow the engine to operate before do\Vn-shifting, resulting in increased operation in better 
efficiency regions of the engine map.s::9 The updated lugging speeds are based on ANL 
benchmarking data of the 2017 FIS0.s3o The updated values are shown in Table Vl-5!, the 
lugging speeds for naturally aspirated engines are shown as reference and remain unchanged 
from the NPRM. 

Table Vl-51 - Lugging speeds for transmissions in the final rule analysis 

5-s"eed 6-sneed 7-sneed 
,_, ed 9-sneed 10-sneed 

Naturally Aspirated 
140 130 

Lunninn sneed frad/s) 
120 110 I lO I JO 

Turbocharged 140 130 
Lunni1w sneed {rad/sl 

130 130 130 130 

"' Comments from Meszler Engineering Services, Attachment 2. NPRM Docket No. NHTSA-20] 8-0067-11723, at 
5·6. 
'" Comments from Senator Tom Carper, Attachment 1, NPRM Docket No. NHTSA-2018--0067-l 1910, at 4. 
'" Comments from UCS, Al:U!chment 1, NPRM Docket No. NHTSA-2018--0067-12039, at 32. 
•29 See [FRI A Paragraph XX] for more details on lugging speed. 
i.1o NI-ITSi Benchmarking, ·'Laboratory Testing ofa 2017 ford F-150 3.5 V6 EcoBoost with a !()..speed 
1ransmission."'DOT HS 812 520. 
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(b) Sh/fi Initiah:er 

As defined above, the shifting initializer is an algorithm that defines shifting maps (i.e., 
values of the parameters of the shifting control!er) specific to the selected set of modeled vehicle 
characteristics and modeled powertrain components. 

Commenter:s stated that the model did not customize shifting maps for each transinission 
application. Roush lndustri!;!s commented, "[t]he 2018 PRJA anaJysis assumes that all 
transmissions with a given number of ratios maintain the same individual step ratios and shift 
maps."831 Roush also commented that the effectiveness of transmissions ·were understated due to 
inaccurate transmission maps or "the lack of vehicle system optimization and calibration."8-'2 

UCS stated that the "transmission shift strategy does not deploy g~ar-skipping or other more 
modem control strategies."m Duleep provided similar comments to Roush, observing thatthe 
Autonomic models "do not optimize engine efficiency after most changes in tractive load 
because the model employs fixed shift points, gear ratios, and axle ratios.'"83

~ And finally, 
CARB expressed that "[f]or the Autonomic modeling, a fixed final drive ratio was utilized and, 
presumably, a fixed shift logic based on the selected transmission."m 

The commenter:s seem to conflate the practice in the analysis of using the same gear sets 
across vehicle configuration with using the same shift maps. As commenters stated, they 
assumed the same maps were applied across vehicle models. However, the shift initializer 
routine was run for every unique Autonomie full vehicle model configuration and generated 
customized shifting maps. The algorithms' optimization was designed to balance minimization 
of energy consumption and vehicle performance.830 This balance was necessary to achieve the 
best fuel efficiency while maintaining customer acceptability by meeting performance neutrality 
requirements [see Performance Neutrality section]. 

While discussing shift logic, commenter:s also expressed concern about the capturing of 
fuel efficiency losses associated with shifting events. Roush stated, ''[t]he 2018 PRIA 
transmission modeling does not accurately capture the losses and FE penalty associated with a 
shift event."837 We disagree with this statement. While losses associated with a shifting event 
are not modeled as a single factor, the mechanisms that cause the loss are appropriately 
incorporated in the Autonomie transmission models. The automatic transmission models have 
an associated torque converter mode1.g3g The torque converter model is designed to simulate the 
inertial and torque loads imposed on an engine because of shift events. Other clutch-based 
transmission models, MTs and DCTs, apply a general loss of efficiency across transmission 
efficiency maps to account for losses due to shift events . 

..,, Comments from Roush Industries, Attachment I, at 14-15. 
m Comments from Roush Industries, Attachment I, at 5. 
•;3 Comments from UCS, Attachment I, NPRM Docket No. NHTSA-:Wl 8-0067-12039, at 23. 
m Comments from K. Go pal Duleep, Attachment l, NPRM Docket No. NHTSA-'.'.01 8-0067-12395, at 4-5. 
"'Coniments from CARB. Attachment 2018-10-'.'.6 FINAL CARB Detailed Comments on SAFE, NPR.'vl Docket 
No. NHTSA-2018-0067-l 1873, at 185. 
''° See [FRM ANL Model Documentation file]. 
m Comments from Roush Industries, Attachment 1, NPRM Docket No. NHTSA-20rn-oo67-11984, at 14-15. 
,;i See [FRM ANL Model Documentation file]. 
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(2) Transmission E_ffective11ess Values 

The NPRM technology effectiveness niodeling results showed that the effectiveness of a 
technology often varies with the type of vehicle and the other technologies that are on 1he 
vehicle. Figure VJ-16 shows the range of effectiveness for each automatic transmission 
technology across the range of vehicle types and technology combinations in the NPRM 
analysis. The data reflect the change in effectiveness for applying each transmission technology 
by itself while all other technologies are held unchanged. The effectiveness improvement range 
is over a 5-speed automatic transmission. 

Figure Vl-16 - Range ofEffectiveness for Transmission Technologies in NPRM Analysis 
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NPRM Transmission Tc-chnQ!qies 

(a) Automatic Transmissions 

Regarding AT effectiveness values, comrnenters pointed out the unusually high level of 
effectiveness displayed by the AT6L2 transmission. ICCT and UCS both specifically expressed 
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concern with the effectiveness of the AT6L2 compared to other advanced transmissions.839·840 

The performance of the AT6L2 was central to ICCT's analysis of the NPRM inputs, which 
highlighted the AT6L2 models' performance, showing the cost versus effectiveness of the 
AT6L2 outperformed more advanced transmission options.841 

Evaluation of the AT6L2 transmission model in response to these comments revealed an 
overestimated efficiency map was developed for the NPRM model. The high level of efficiency 
assigned to the transmission surpassed benchmarked advanced transmissions.842 To address the 
issue, the agencies replaced the effectiveness values of the AT6L2 model for the final rule 
analysis with AT7L2 effectiveness values. 

The updated estimate of effectiveness is supported by values shown in the NAS 2015 
analysis.843 The study estimated the difference in effectiveness between a 6-speed automatic 
transmission and a 7-speed automatic transmission of approximately the same technology level 
to be 0.8 percent. The difference is reduced further when application of high efficiency gear box 
technology ranges of effectiveness is applied. Because the 7-speed automatic transmission and 
the advanced 6-speed automatic transmission technologies are parallel on the technology tree, 
the agencies felt using the same effectiveness value was reasonable and appropriate. 

Commenters also pointed out a lack of skip-shift logic used in the NPRM analysis, and an 
increase in the shift busyness observed for the high gear count transmissions. Roush commented 
on the NPRM analysis "not incorporating the concept of 'Skip shifting' which is important for 
reducing shift busyness and increasing FE especially in vehicles equipped with transmission with 
a large number of ratios (8-1 0)."844 Both CARB and UCS repeated similar concerns.~•; 

After consideration of the comments and re-evaluation of the NPRM results. the agencies 
concurred with the commenters. The lack of skip-shift logic and increased shift busyness can 
result in lower overall efficiency and decreased consumer acceptance. For the final rule analysis, 
a skip-shift logic was applied to the 10 speed automatic transmissions. The logic was based on 

'-'"Comments from International Council on Clean Transponation. Altachmenl 3, NPRM Docket No. NHTSA-2018-
0067-1 1741, al 1-26, 1-64 (""However, lhe impact of adding level 2 transmission efficiency technologies varies 
wild ly and produces absurd results. A 6-speed AT6L2 Is modeled as much more efticienl ( 12.0% improvemenl) 
than a comparable 8-specd AT8L2 (9. I%) and even slightly more efficient than a comparable I 0-speed ATI OL2 
( l l .5%).")%).". 
'"' Comments from Union of Concerned Scientists, Attachmem I, NPRM Docket No. NHTSA-2018-0067-12039, at 
32. ("(l]n the NPRM analysis, 0 percenl of vehicles had an AT6L2 transmission while 52.4 percent adoplcd A T l OL2 
transmissions. even though the laner supplies virtually idenlical modeled efficiency.")". 
8
" Comments from International Council on Clean T ransponation, Anachmem 3, NPRM Docket No. "lHTSA-

2018-0067-1174 I. at 1-64 - 1-65. 
s,~ [Reference to current efficiency benchmark for AT6]. 
s,:, :!O 15 NAS Repon, al page J 89. 
8
" Comments from Roush Industries, Attachment I, al 14-15. 

"'' Comments from CARB, Anachment 2018- 10-26 FINAL CARB Detailed Comments on SAFE. NPRM Docket 
No.NHTSA-20 18-0067-l 1873, at 110-1 13 (""Rogers found that the modeling did not consider 'skip-shifting' where 
a lransmission can upshift or downshift in a non-sequential manner". Comments from UCS, Attachment I, NPRM 
Docket No. NHTSA-2018-006 7-12039, at 23 " inclllding thal ANL 's transmission shift strategy does nol deploy 
gear-skipping").". 
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the baseline 2017 Ford F 150 10-speed transmission benchmarking performed by ANL.8•1> The 
introduction of the skip-shift logic impacted efTectiveness and reduced the number ofshifis by 23 
percent for the 10-speed automatic transmission O\'er the UDDS cycle.8n 

1 n the NPRM analysis. transmission gear spans increased as the number of gears 
increascd.8

-1
8 However. to address further the comments related to optimization. the gear span of 

the AT 1 OL3 was increased m·cr the AT 1 OL2, based on gear span data for the Honda 2018 1 O-
s peed transmission.849 The AT I OU span was increased 10 I 0.10 in the final rule analysis from 
7.34 in the NPRM analysis. However, the efficiency map for the A T l OL3 remained the same for 
the final rule analysis. 8"

0 

Finally, in the agencies· review of1 PRM model inputs, a weight discrepancy for the 
ATI O transmissions was identified. The weight assigned to the AT! 0 transmission in the NPR.\il 
analysis was too high. The weights were corrected for the final rule analysis. The AT I 0 
transmission weights were reduced by 20-45 kg, depending upon vehicle type.851 

The AT effectiveness , alues used for the final rule analysis can be seen in Figure VI- I 7. 
For automatic transmission technologies. the effectiveness improvement range is relative to a 5-
speed automatic transmission. The new effectiveness values are a result of the aforementioned 
changes implemented to address comments. To summarize, the changes included an adjustment 
to the modeled efTectiveness of the AT6L2. the use of skip-shift logic on the IO-speed 
transmissions. and the increase of the A T l OL2 gear span. 

846 NHTSA Benchmarking, "Laborato ry Testing of a WI 7 Ford F-150 3.5 V6 Ecol3oost with a I 0-speed 
transmission." DOT HS 812 520. 
1" See IF'Rr.t A. L Model Documentation file]. This update reduced the number of shifi c,cnts from 231 to 178. 
us See [F'RM ANL r.todel Documentation file]. 
"• Sugino. S .. SAE lnternation Presentation., "ALL-NEW I tONDA I 0-SPEED FWD TR,'\NSMISSION." .. 
November 2017. 
" '.!O 18 Honda Odyssey Press Kit - Overview.".'' lntemct: Honda News. ht~J,rne" ,.c,,m en
I \ rcl.·a,c, .cll l ~-h.,nd.1-,.J""'' -prc"-~it-,n en ie". accessaccessed October 8. 2019. 
'"' See [FRt\1 Al'\L 1-todcl Documentation file). 
151 See [ FR.IA discussion on transmission weights]. 
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Figure VJ-1 7 - Effectiveness of Automatic Transmissions in the Final Rule Analysis. 

Figure Vl-17 shows the automat ic transmission's effectiveness increases progressively in 
a logical order and behaves in an expected manner. Gains in effectiveness can be observed 
increasing as gear count increases, and as HEG levels increase. The effects of d iminishing 
returns can be observed as gear count reaches higher levels, and effectiveness effects for 
increased gear count are reduced. This agrees with observed data reprn1ed by the NAS and 
industry stake holders.852 853 

(b) Conlinuous/y Variable Transmissions 

For CVTs, the agencies also identified a discrepancy with the NPRM CVT weights. The 
weight assigned to the CVT class during the PRM analysis was incorrect. Corrected values 
were assigned for the final rule analysis. The CVT weights were reduced by 9-10 kg based on 
vehic le type.854 

' 5' 2015 NAS Repon. a t 175. 
'" Greimel , H .. , .. ZF CEO - We' re not chasing I 0-speeds," Automotive News. November 13, 2014, 
http://www.autonews.com/article/2014 1123/0EM I 0/3 11 249990/zf-ceo:-were-not-chasing- l 0 -speeds. 
8~4 See [ FR.IA discussion on transmission weights). 
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The CVI effectiveness values used for the final rule analysis can be seen in Figure 
Vl-18, shown as an effectiveness improvement over a 5-speed automatic transmission. The 
effectiveness values were not changed significantly from the values used in the NPRM analysis. 
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Figure VJ- I 8- Effectiveness Of Continuously Variable Transmissions for Final Rule 
Analysis 

(c) Dual Clutch Transmissions 

The OCT effectiveness values used for the final rule analysis can be seen in Figure 
Vl-19, shown as an effectiveness improvement over a 5-speed automatic transmission. The 
effectiveness values were not changed significantly from the values used in the NPRM analysis. 
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Figure Vl-19 - Effectiveness of Dual C'lutch Transmissions for Final Rule Analysis 

(d) Manual Transmission 

The MT effectiveness values used for the final rule analysis can be seen in Figure VI-20, 
sho\\11 as an effectiveness improvement over a 5-speed manual transmission. The effectiveness 
values were not changed significantly 'from the values used in the NPRM analysis. 
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Figure VI-20- Effectiveness of Manual Transmissions for Final Rule Analysis 

o,,o 

,,_,_ __ _ 

-r:.n1 

-003 

e) Transmission Costs 

For the NPRM, the transmission technology costs used as inputs for the CAFE model 
were retail price equivalent costs with learning curves applied. For a complete discussion on 
how the retail price equivalent and learning effects were applied to direct manufacturing costs 
see Sections [how we detennined technology costs], The direct manufacturing costs for the 
transmission technologies used in the NPRM were derived from technical sources and 
manufacturer's CBJ. 855 

Table Vl-52Table VI-52 below shows the relative costs of the transmissions used in the 
NPRM analysis including learning and retail price equivalent. 

Table VI-52 - Summary of Relative Transmission Technology Cost vs. Basic Transmission, 
including Leaming Effects and Retail Price Equivalent 

Name Technolo , Pathway C-2021 C-2025 C-2029 

MTS Manual Transmission $ $ $ $ 

"'[NPRM transmission cost references] 
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MT6 Manual Transmission s 359.92 $ 346.99 $ 338.66 s 333.62 

MT7 Manual Transmission s 760.72 $ 596.88 $ 514.71 s 460.49 

ATS Automatic Transmission $ . s . $ . $ . 

AT6 Automatic Transmission $ (2L20) $ (21.17) $ (21.15) $ (21.15) 

AT6L2 Automatic Transmission $ 496.02 $ 385. 75 s 356.82 $ 343.77 

AT7L2 Automatic Transmission $ 66.67 $ 5!.85 $ 47.96 $ 46.21 

AT8 Automatic Transmission $ (05.7] $ 105.56 s 105.44 $ I 05.42 

AT8L2 Automatic Transmission $ 426.75 $ 331.88 $ 306.99 $ 295.76 

AT8L3 Automatic Transmission $ 673.95 $ 524.13 s 484.83 $ 467.09 

AT9L2 Automatic Transmission $ 230.63 $ 179.36 s 165.91 $ 159.84 

ATJO Automatic Transmission $ 230.63 $ 179.36 $ 165.91 $ 159.84 

ATJ0L2 Automatic Transmission $ 477.83 ' 371.60 $ 343.74 $ 33L17 

CVTL2B Automatic Transmission $ 430.97 $ 411.83 5 398.64 $ 388.43 

DCT6 Sequential Transmission $ .'.!9.37 $ 29.33 $ 29.30 $ 29.29 

DCT8 Sequential Transmission $ 693.34 $ 692.36 $ 691.62 $ 69L47 

CVT CVT $ 246.08 $ 235.16 $ 2::!7.62 $ 221.79 

CVlLZA CVT $ 430.97 $ 411.83 s 398.64 $ 388.43 

(1) Automaric Transmissions 

Several comments were received on technology costs, or·cost effectiveness. Meszler 
Engineering Services noted that ·'ATIOL2 (level 2 ten-speed automatic) transmission technology 
is another example of an end-of-path technology with very poor cost effectiveness relative to 
other transmission options."s56 A cost analysis by lCCT also showed relative costs of 
transmission technologies may not be in line with the modeled effectiveness.857 

The agencies conducted a review of transmission costs in response to the comments. For 
the final rule analysis, adjustments were made to costs of the AT6L2, AT7L2, AT9L2, A Tl OL2, 
and the A TtOL3. The costs were adjusted based on reviewing the recommended relative costs 
discussed in the NAS 2015 report. Table Vl-53 shows the cost for the automatic transmissions 
in the final rule analysis. 

The direct manufacturing cost (DMC) estimate for the AT6 is drawn from Table 5.7 of 
the NAS report given in 2017 dollars and relative to a AT5/AT4. The DMC estimate for the 
AT6L2 is based on the cost of the AT6 with HEG level 2 technology costs applied. This cost 
change is applied in accordance with the effectiveness adjustment made for the AT6L2. 

A DMC estimate for the AT7 was drawn from Table 5.9 of the NAS report and was 
based on the cost ofa system already equipped with HEG technology. The DMC estimate was 

"'" Comments from Meszler Engineering Services, Attach men! 2. NPR!vl Docket No. NHTSA-2018..()067-11723. 
at33. 
"'Comments from International Council on Clean Traru;portation, Attachment 3, NPRM Docket No. NHTSA-
20!8-0067-11741, at 1-64. 
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given in 2007 dollars and relative to an AT5/AT4. The new DMC replaces the DMC from the 
NPRM, which did not account for the HEG technology. 

The DMC for the AT9 technology was drawn from Table 8A.2a of the NAS (2015) 
report and per the NPRM description of the technology made relative to the AT8L2. The AT9 is 
assumed to have at least the !eve! 2 HEG technology applied. The NPR11 analysis assumed the 
AT9 cost was only relative to the ATS and did not account for the cost of the HEG technology. 

The DMC for the ATI0 technologies was drawn from Table 8A.2a of the NAS report and 
per the NPRM description of the technology made relative to the AT8L2. The AT! 0L2 is 
assumed toliave at least the level 2 HEG technology applied. The ATI0L3 has the HEG3 
1echnology applied. The NPR11 analysis assumed the A Tl O costs were only relative to the ATS 
and did not account for the cost of the HEG technology. 

Name 

ATS 

AT6 

AT6L2 
AT7L2 
AT8 
AT8L2 
AT8L3 
AT9L2 
AT10L2 
ATJOL3 

Table Vl-53 - S,ummary of Absolute Automatic Transmission Technology Cost, 
including Leaming Effects and Retail Price Equivalent for the Final Rule Analysis 

Technology Pathway C-2017 C-2021 C-2025 C-2029 

Automatic Transmission $2,085.30 $2,085.30 $2,085.30 $2,085.30 

Automatic Transmission $2,063.19 $ 2.063.19 $2,063.19 $2,063.19 

Automatic Transmissioo $ 2.397.50 $2,323.16 $ 2,303.65 $2,294.85 

Automatic Transmission $2.351.16 $ 2.292.16 $2,276.53 $2,269.53 

Automatic Transmission $2,195.51 $ 2.195.32 $2,195.18 $2,195,15 

Automatic Transmission $ 2.530.24 $1,431.30 $2,405.33 $2,393.61 

Automatic Transmission $2,787.99 $1,631.74 S 2,590.74 S 2,572.25 

Automatic Transmission $2,659.49 $1,531.80 $2,498.29 S 2,483.17 

Automatic Transmission $2,659.49 $ 2,531.80 S 2,498.29 $2,483.17 

Automatic Transmission $2.917.97 $2,737.81 S 2.684.21 $2,662.29 

(2) Continuously Variable Transmissions 

No adju~1ments were made to the NPRM costs of the CVT technologies for the final rule 
analysis. Table VI-54 shows the cost for the CVT's in the final rule analysis. 

Name 

CVT 
CVTL2 

Table Vl-54 - Summary of Absolute Transmission Cost, including Leaming Effects and 
Retail Price Equivalent for the Final Rule Analysis 

Technology 
C-2017 C'-2021 C-2025 C-2029 

Pathwav 
CVT $2,341.87 $ 2,330.48 S 2,322.63 S 2,3165.55 

CVT $2,534.64 $2,514.69 $2,500.94 $2,490.29 
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(3) Dual Clutch Transmissions 

The agencies received one comment on cost learning (reduction) over time for OCT 
technologies. Roush Industries "believes that the [actual] learning factors for such systems are 
significantly better than those estimated by either the 2018 PRIA or the 2016 Draft TAR." They 
supported this position because "eight-speed DCTs (DCT8) are currently in production 
(MY2018), with quantities increasing significantly,"&5

~ but provided no specific supporting data. 

The current learning curve for the OCT technologies was established based on 
recommendations from the NAS 2015 report and on CBI data collected from manufacturers and 
suppliers. Since Roush did not supply any data to support its comment, the agencies decided it 
was reasonable to make no change to the OCT learning curve for the final rule analysis. Table 
Vl-55 shows the cost for the DCTs in the final rule analysis. 

N=< 
DCT6 

DCTS 

Table Vl-55 - Summary of Absolute Transmission Cost, including Learning Effects and 
Retail Price Equivalent for the Final Rule Analysis 

Technology Pathway C-2017 C<W'.!I C-2025 C-20:29 

Sequential Transmission $1,115.92 $ 2.115.88 '$2,115.84 $2,115.84 

Sequential Transmission S 2,654.56 $ 2,65D5 $ '.!,653.15 S2,653.02 

(4) Manual Trammissiom 

No adjustments were made to the NPRM costs of the manual transmission technologies 
for the final rule analysis. Table Vl-56 shows the cost for the MTs in the final rule analysis. 

Name 

MTS 
MT6 

MTI 

Table Vl-56 - Summary of Absolute Transmission Cost, including Leaming Effects and 
Retail Price Equivalent for the Final Rule Analysis 

Technology Pathway C-2017 C-2021 C-2025 C-2029 

Manual Transmission $1,563.97 $1,563.97 $1,563.97 $1,563.97 
Manual Transmission $1,939.24 S 1,925.76 $1,917.08 $1,911.82 
Manual Transmission $2,357.13 S2,186.30 $2,100.64 $2,044.10 

3. Electric paths 

Electrification includes a large set of technologies that share the common element of 
using electrical power for certain vehicle functions that were traditionally powered mechanically 
by engine power. Electrification thus can range from electrification of specific accessories (for 
example, electric power steeririg to reduce engine loads by eliminating parasitic loss) to 
electrification of the entire pqwertrain (as in the case of a battery electric vehicle). 

'-" Comments from Roush lndustries, Attachment 1, NPRM Docket No. NHTSA-2018,0067.-11984, at 14-1 5, 
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Electrified vehicles are considered, for this analysis, lo mean vehicles with a fully or 
partly electrified powertrain. These include several electrified vehicle categories, including: 
battery electric vehicles (BEVs), which have an all-electric powertrain and use only batteries for 
propulsion energy; plug-in hybrid electric vehicles (PHEVs), which have a primarily electric 
powenrain and use a combination of batteries and an engine for propulsion energy; and hybrid 
electric vehicles (HEVs), which use electrical components and a battel)' to manage power flows 
and assist the engine for improved efficiency and/or performance. HEVs are further divided into 
strong hybrids (including P2 and power-split hybrids) that provide strong electrical assist and in 
many cases, can support a limited amoun't of all-electric propulsion, and mild hybrids (such as 
belt integrated starter generator (BISG) hybrids, crankshaft integrated starter generator (CISG) 
hybrids, and 48V mild hybrids) that typically provide only engine on/off with minimum 
electrical assist. 

Fuel cell electric vehicles (FCEVs) are also another form of electrified \'chicle having a 
fully electric powertrain, and are distinguished by the use of a fuel cell system rather than grid 
power as the primary energy source. 

The factors that influence the cost and effectiveness of electrification technologies are 
their components. These include: energy storage components such as battery packs; propulsion 
components such as electric motors; and power electroriics components, such as inverters and 
controllers, that process and rol!te electric power between the energy storage and propulsion 
components. For the purpose of this analysis, these components are divided into battery 
components and non-battery components. 

Battery components have a strong influence on the cost of electrified vehicles.859 

Because developments in battery technology may apply to more than one category of electrified 
vehicles, they are discussed collectively in [Battery Section]. That section details battery-related 
topics that directly affect the specification and costing of batteries for all types of electrified 
vehicles, such as usable capacity, durability, thermal management, and pack topology, among 
others. 

Non-battery components also have an influence on both the cost and effectiveness of 
electrified vehicles. Non-battery technologies are important to understanding the differences in 
architecture among electrified vehicles. Non-battery components largely consist of propulsion 
components and power electronics. 

Propulsion components typically include one or more electric machines (an umb!"ella 
term that includes what are commonly known as motors, generators, and motor/generators). 
Depending on bow they are employed in the design of a vehicle, electric machines commonly act 
as motors to provide propulsion, and/or act as generators to enable regenerative braking and 
conversion of mechanical energy to electrical energy for storage in the battery. 

"" Battery costs are no\ necessarily a strong influence on fuel Cell Electric Vehicles. where the cost of the fuel cell 
technology has a larger influence. 
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The t\vo main types of electric machines currently seen in production electrified vehicles 
are permanent-magnet motors (also known as synchronous motors) and Induction motors (also 
known as asynchronous motors). Although the permanent-magnet motors used in electrified 
vehicles are sometimes called brushless direct-current (DC) motors, these as well as induction 
motors are powered by alternating current (AC), which must be converted from DC battc1y 
current by an inverter. 

In the duty cycles typical of electrified vehicle applications, pennanent-magnet motors 
have certain advantages in energ:,-' efficiency due in part to the presence of integral permanent 
magnets to generate part of the magnetic field necessary for operation. However, these magnets 
add to manufacturing cost, particularly when they contain rare earth elements. fn contrast, 
induction motors use copper windings to generate all.of the magnetic field and can be 
manufactured without rare earth elements. Although the windings are significantly less costly 
than magnets, generation of the field in the windings is subject to-additional winding losses that 
are not present in pennanent magnet motors. 

"Power electronics" refers to the various components that control or route power between 
the battery system and the propulsion component_s, and includes components such as: motor 
controllers, which issue complex commands to control torque and speed of the propulsion 
components precisely; inverters and rectifiers, which convert and manage DC and AC power 
flows between the battery and the propulsion components; onboard battery chargers, for charging 
the BEV or PHEV battery from AC line power; and DC-to-DC converters that are sometimes 
needed to allow DC components of different voltages to work together. 

Controllers are electronic devices that implement control algorithms that contrcil power 
flows through the electrified powertrain. Motor controllers are responsible for issuing the 
complex commands that-precisely control torque and speed of the propulsion motor. A primary 
task of this controller is to determine the exact frequency of alternating current necessary for the 
motor to deliver the demanded speed and torque, and to control the inverter to provide it. A 
supervisory controller is another fom1 of controller that implements higher-level vehicle control 
algorithms, including issuing high-level torque and speed commands to the motor controller. 
Supervisory controllers are not unique to electrified powertrains, and may be functionally 
integrated with other component controllers. Compared to other power electronics components, 
controllers are not typically large consumers of energy, but can benefit from cost reductions 
applicable to other components. 

Inverters are power conditioning devices that manage electrical power flows between the 
battery and propulsion motors. While all batteries are direct current (DC) devices, modem 
traction motors operate on alternating current (AC) and therefore require an inverter capable of 
convening DC to AC of \Videl)' variable frequencies at variable power levers. As implemented 
in an electrified vehicle, the component commonly known as an inverter may also act as a 
rectifier, which converts AC to DC to send energy to the battery. 

Onboard chargers are charging devices permanently installed in electrified vehicles to 
allow charging from grid electrical power. Onboard chargers travel with the vehicle and are 
distinct from stationary charging equipment Level I charging refers to charging powered by a 
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standard household 110- \20V AC power outlet. Level 2 charging refors to charging at 220-
240V AC power. 

Many systems require DC-to-DC converters to allow DC components of different 
voltages to work togeth.er. These converters do not convert between AC and DC, but instead 
step up (or down), the DC voltage between two or more components or subsystems, either 
unidirectional or bi-directionally, One common application of a DC-to-DC converter is to allow 
low-voltage accessories to be powered by energy from the high-voltage battery. Although many 
current production electrified vehicles retain a low-voltage battery to power accessories, a buck 
converter is needed to keep the low-voltage battery charged in the absence of an engine-driven 
alternator, and can supplement power to the accessories. Another purpose of a DC-to-DC 
converter is to allow certain powertrain components to operate at their optimum voltage rather 
than being tied to the voltage of the high voltage battery. 

The agencies included a more extensive overview of charging technology and the state of 
charging infrastructure in the NPRM and PRIA, howe"\-·er, this was purely qualitative because 
charging was not accounted for in any respect in the NPRM analysis. The Alliance commented 
that "[w]hile the.costs of installing chargers and charger convenience were not taken into account 
within the Volpe model., .these factors will continue to have an impact on the overall penetration 
of electrification technologies that the market will be willing to accept."g611 In contrast, the 
National Coalition for Advanced Transportation (NCAT) commented that the qualitative 
discussion overstated the risks and understated the benefits of electric vehicle charging.s61 

Specifically, NCAT took issue with the characterization of potential risks of charging to the 
electric grid, stating that "the PRIA 's focus on worst case hypotheticals does ·not reflect the 
current capabilities of the grid, nor the dynamic nature of EV charging to mitigate any potential 
negative impacts. In both in the short-term and long-tenn, the impact of EVs with respect to the 
electric grid would have a net-positive impact to society, including the EV owners and utility 
customers broadly." NCAT also commented that "[w]hile substantial investments in EV 
infrastructure have and ·will be made, the costs and benefits to consumers must be put into the 
appropriate context." NCAT cited two studies for the proposition that the average lifetime 
distribution electric vehicle infrastructure impact is about $80-$90 per-electric vehicle sold, with 
the adoption of time of use rates and assuming a diversity of charging rates. NCAT also cited 
the California Public Utilities Commission 2016-2017 Electric Vehicle Load Research Repon in 
support of their statement that the additional service and distribution system upgrades due to 
additional plug-in electric vehicle load is minimal, as "of the approximately 275,000 [electric] 
vehicles estimated to be on the road as of October 2017 in the service areas ofCa!ifomia's three 
investor-owned utilities, only 460, or 0.16 percent required a service line or distribution system 
upgrade solely to support the plug-in electric vehicle load at their residential charging 
location."862 

860 NHTSA~201 8,0067-12073. 
••1 NHTSA.2018.0067-11969. 
' 62 Citing Joint JOU Electric Vehicle Load Research Report tPecember29, 2017). pp. 1-2, 12, available at 
http://www.cpuc.ca.gov/zev/ (2016-2017 Load Research Report), 
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The agencies agree that adding electric vehicle infrastructure will require additional costs, 
and information about what that cost is and how it can or should be accounted for in the analysis 
is helpful for comm enters to submit in order to put those considerations in the appropriate 
context. For1his final rule, the agencies did not incorporate any costs related to electric vehicle 
charging infrastructure in the technology compliance analysis because those costs are separate 
from the costs that manufacturers and consumers would directly incur from a manufacturer 
transitioning part of their fleet to plug-in electric vehicles and consumers paying for those 
vehicles, even though local electric ratepayers will in all likelihood pay higher rates to upgrade 
local power grids to accommodate any widespread adoption of electrified vehicles. Accordingly, 
this means that the actual costs associated with electrified vehicles have been underestimated for 
the final rule analysis. The agericies did refine 1he estimates for the value of refueling time for 
electric vehicles, and that topic is discussed in [Section Refueling Time l- The agencies will 
continue to explore whether and how charging infrastructure should be incorporated into the 
analysis fur future actions. 

The following sections discuss Vehicle electrification issues that were accounted for in 
the analysis, including the agencies' characterizations of electric vehicle technology, additional 
electric vehicle configurations added for the final rule analysis per commenters' requests, and the 
sources and methods used to develop battery and non-battery components, which were also 
refined for this final rule. 

a) Electrification Modeling in the CAFE Model 

A set of technologies was chosen to represent the spectrum of electrification methods 
observed in the baseline fleet and that the agencies believed could be applied to vehicles in the 
rulemaking time frame. Each technology was placed in a specific electrification pathway. 
grouping and defining the progression ofrelated technologies. In the NPRM analysis, a total of 
eleven electrification technologies were contained in four electrification pathways. In 
consideration of comments: received, the electrification technologies and associated pathways 
were modified for the final rule analysis, resulting in a total of eighteen variants of electrification 
technologies. Each of these NPRM and final rule technologies, and the electrification pathways 
they belong to, are detailed below. Operatiqnal modes of electrified vehicles are further 
described in the [FRM ANL model documentation]. 

(/) Electr/fication Technologies 

(a) Electric Improvement.~ 

The electrification of power steering (EPS) and other accessories (IACC) have the 
potential of reducing fuel consumption by facilitating power-saving control strategies that avoid 
parasitic loss of engine power. These accessories traditionally are directly coupled to and driven 
by the conventional combustion engine; any time the engine is running some energy is 
continuously consumed by each accessory, even when it is not needed. By decoupling these 
accessories from the engine and instead driving them "on~demand" with electric motors, a more 
energy-efficient control strategy can be employed to reduce fuel consumption. EPS- and JACC 
are discussed in detail in Section [ref Section on Other Technologies]. 
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(b) Micro Hybrid 

12-volt Stop-Start (SSl 2V), sometimes referred to as start-stop, idle-stop or 12-volt 
micro hybrid, is the most basic hybrid system that facilitates idle-stop capability. In this system, 
the integrated starter generator is coupled to the internal combustion {IC) engine. When the 
vehicle comes to an idle-stop the JC engine completely shuts off and, with the help of 12-volt 
battel)', the engine cranks and staris again in response to throttle to move the vehicle, or release 
of the brake pedal. The 12-volt battery used for the start-stop system is an improved unit capable 
of higher power, increased life cycle, and capable of minimizing voltage drop on restart. This 
technology is beneficial to reduce fuel consumption and emissions when the vehicle frequently 
stops, such as in city driving conditions or in stop and go traffic, and can be applied to all vehicle 
technology classes. , 

(c) Mild Hybrids 

The belt integrated starter generator (BlSG) and crank integrated starter generator 
(CISG), sometimes referred to as mild hybrid systems, provide idle-stop capability and use a 
higher voltage battery with increased energy capacity over typical automotive batteries. The 
higher voltage allows the use of a smaller, more powerful and efficient electric motor/generator 
which replaces the standard alternator. In BISG systems, the motor/generator is coupled to the 
engine via belt (similar to a standard alternator), while the CISG integrates it to the crankshaft 
between the engine and transmission; both of these systems allow the engine to be automatically 
turned off as soon as the vehicle comes to a full stop. In addition, these motor/generators can 
recover braking energy while- the vehicle slows down (regenerative braking) and in turn can 
propel the vehicle at the beginning oflaunch, allowing the engine to be restarted later. Some 
limited electric assist is also provided during acceleration to improve engine etliciency. The 
CISG system has a higl1er efficiency. but a!so higher cost than the BJSG. 

The agencies received limited high-level comments on CJSG systems, with CARB stating 
that CISG systems are generally considered more capable and more efficient relative to BISG 
systems because they do not have the same belt-related constraints including maximum torque 
limitations, load restrictions on the front crank to avoid uneven crankshaft bearing wear, and 
mechanical energy transfer losses, CARE also noted that the decision to implement a CISG 
system is typically made early in the design process because doing so often requires an engine 
block casting change. CARB stated that the current high costs and larger dimensions, compared 
to BlSGs, will likely delay major market penetration of CISG systems until beyond the MY 2025 
timeframe.g63 

For the final rule,analysis, the agencies did not include CJSG systems. The effectiveness 
ofCISG systems were similar to the BISG, and the high cost of the CISG caused it to be applied 
very seldomly. Other packaging and integration issues make it difficult for most vehicles-to 
adopt CISG technology. Typically, a manufacturer would have to modify the flywheel housing 
to allow the installation of an electric motor, which must also fit where the system is mounted 
between the transmission and the engine block. Space in that part of the vehicle also comes at a 

"'}fITTSA-2018-0067-119S4. 
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premium because other components such as exhaust systems and piping systems must also be 
housed in the same area. ln the final rule analysis. al! vehicles previously considered to possess 
CISG technology were instead assigned a BISG system. 

(d) Strong Hybrids 

A hybrid vehicle is a vehicle that combines two or more sources of propulsion energy. 
where one uses a consumable fuel (like gasoline), and one is rechargeable (during operation, or 
by another energy source). Hybrids reduce fuel consumption through three major mechanisms_, 
including (1) potential engine downsizing, (2) optimizing the performance of the engine to 
(lperate at the most efficient operating point and under some conditions storing excess energy 
such as by charging the battery, and n) capturing energy during braking and some decelerations 
that might otherwise be lost to the braking system and using the stored energy to provide launch 
assist, coasting, and propulsion during stop and go traffic conditions. The effectiveness of the 
hybrid systems depends on how the above factors are balanced, taking into account 
complementary equipment and vehicle application. For some performance vehicles, the hybrid 
technologies are used for perfonnance improvement without any engine downsizing. 

TI1e NPRM analysis evaluated the following strong hybrid vehicles: hybrids with "P2" 
paral!el drivetrain architecture {SHEVP2),sf>.I and hybrids with power-split architecture 
(SHEVPS). The parallel hybrid drivetrain, although enhanced by the electric portion, remains 
fundamentally similar to a conventional powertrain. In contrast, the power-split hybrid 
drivetrain is novel and consi<;lerably different than a conventional powertrain. Although these 
hybrid architectures are quite different, both types provide start-stop or idle-stop functionality, 
regenerative braking capability, and vehicle launch assist. A SHEVPS has a higher potential for 
fuel economy improvement than a SHEVP2, although its cost is also higher. 

Power-split hybrid (SHEVPS} is a hybrid electric drive system that replaces the 
traditional transmission with a single planetary gear set (a/k/a the power-split device) and a 
motor/generator. This motor/generator uses the engine either to charge the battery or to supply 
additional power to the drive motor. A second, more powerful motor/generator is permanently 
connected to the vehicle's final drive and always rums vJith the wheels. The planetary gear splits 
engine power between the first motor/generator and the drive motor either to charge the battery 
or to supply power to the wheels. During vehicle launch, or when the battery state of charge 
(SOC) is high, the engine, which is not as efficient as the electric drive, is turned off and the 
electric machine propels the vehicle. During normal driving, the engine output is used both to 
propel the vehicle and to generate electricity. The electricity generated can be stored in the 
battery and/or used to drive the electric machine. During heavy acceleration, both the engine and 
electric machine (by consuming battery energy) work together to propel the vehicle. \\-'hen 
braking; the electric machine acts as a generator to convert the kinetic energy of the vehicle into 
electricity to charge the battery. 

'" Depending on the location of electric machine (motor wilh or without inverter), the parallel hybrid technologies 
are classified as P'O-motor located at the primary side of the engine, Pl-motor located at the flywheel side of the 
engine, P2 - motor located between engine and transmission, P3-motw located at the transmission output, and P4-
motor located on the axle. 
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The Autonomie simulations assumed all SHEVPS' used an Atkinson cycle engine (Eng-
26). Therefore, a ll vehicles equipped with SHEVPS technology in the CAFE model simulations 
were assumed to have Atkinson cycle engines. This Atkinson cycle engine with high 
compression ratio is optimized for efficiency, rather than performance. Accordingly, SHEVPS 
technology as mode led in this analysis was not suitable for large vehicles that must handle high 
loads.865 Further discussion of Atkinson engines and their capabilities is discussed in Section 
[Engines]. 

P2 parallel hybrids (SHEVP2) are a type of hybrid vehicle that uses a transmission
integrated electric motor placed between the engine and a gearbox or CVT, with a clutch that 
allows decoupling of the motor/transmission from the engine. Although simi lar to the 
configuration of the CJSG system discussed previously, a P2 hybrid would typically be equipped 
with a larger e lectric machine and battery in comparison to the CISG. Disengaging the clutch 
allows all-electric operation and more efficient brake-energy recovery. Engaging the clutch 
allows efficient coupling of the engine and electric motor and, when combined w ith a 
transmission, reduces gear-h·ain losses relative to power-split or 2-mode hybrid systems. P2 
hybrid systems typically rely on the internal combustion engine to deliver high. sustained power 
levels. Only low and medium power demands are allowed for electric-only mode. Examples of 
SHEVP2's include the MY 2016 Hyundai Sonata Hybrid and MY 2016 Chevrolet Malibu 
Hybrid, among others. 

In the N PRM CAFE modeling, the SHEVP2 system represented a hybrid system paired 
with an existing engine on a given vehicle, while the SHEVPS removed and replaced the 
previous engine w ith an Atkinson cycle engine. The agencies explained that while many 
vehicles may use HCR I engines as part of a hybrid powertrain, HCR I engines may not be 
suitable for all vehicles, especially high performance vehicles, or vehicles designed to carry or 
tow large loads [this is further discussed in the engine section). Many manufacturers may prefer 
turbocharged engines (with high specific power output) for P2 hybrid systems, in order to 
maintain performance. Accordingly, in the NPRM analysis, to satisfy power demands, many 
SHEVP2 systems were paired with non-HCR powertrains. 

bllA-:-ICCT, and Mezler Engineering Services commented that as a result ofNPRM 
CAFE Model constraints, low-cost, HCR engines were too infrequently paired with SHEVP2 
technology. These commenters claimed that frequent pairing ofSHEVP2 with downsized 
turbocharged engines resulted in higher cost and lower effectiveness for these strong hybrids.866· 
R67. 868 

805 Kapad ia. J., Kok. D., Jennings, M .. Kuang, M. e t al.. "Powersplit or Parallel - Selecting the Right I lybrid 
Architecture," SAE Int. J . Alt. Power. 6( I ):68-76, 2017, hnps://doi.org/ 10.427 1/2017-01 - I I 54. 
, .. Reference EPA_comments_04-2S-18 in EPA docket EPA-HQ-OAR-2018-0283: 
http: our.Jou w, otric~ nhba.m, ;\ \'",-100-:\ \'",-130-:\ \ '~-1 ~2 '.'>har~d0 o211Dornmcnt, C \1-f O 02111.1 l 21121-
21l2X" o2f1Rule ,PR~I Anall,i, FOP EP. \ c,1111111~111, O-l-25-
18 Prd iminar, 0 o:!()('rn11rn1..·nh11 e1~0nf" ri20CAFE4' u~0\1,,tk).0 (l::(1--1 25 20 I ~.rajf. 
8•' Meszler Engineering Services, Attachment 2, Docket No. l\!HTSA-20 18-0067-11 723, at 15. 
••• International Council on Clean Transportation, Attachment 3, Docket No. NHTSA-2018-0067-1 174 1. at 1-25. 

382 

Commented [A254]: CIIAl1iGE AS SliO\\ r.: As 
\\ rillen. th.: inclusion uf EPA in 1his statement imrlies thi.;; 
\Ul.S a puh!ic comment: it '"·as noL it \\as part of the 
inter-.tgli!'llC! re\ iii!'\\ docketed b1 EPA under the requiremt!nb 
of Cl\\ 3071d). or i, thissoni< 01her EPA~ 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

In consideration of these comments, the final rule analysis includes additional strong 
hybrids (P2HCR0, P2HCR I, and P2HCR2869

) which use HCR engines in a P2 parallel hybrid 
system. This provides another engine for P2 hybrid alternative. ln contrast, the SHEVP2 
technology allows the engine type to be inherited from the outgoing convention; this is 
unchanged from the NPR.\ •1 and provides a good solution for vehicles which need to undergo 
hybridization but require other engine technologies (such as turbocharging) to meet performance 
requirements. 

(e) Plug-in Hybrids 

Plug-in hybrid electric vehicles (PHEV) are hybrid electric vehicles with the means to 
charge their battery packs from an outside source of electricity (usually the electric grid). These 
vehicles have larger battery packs wi th more energy storage and a greater capability to be 
discharged than other non-plug-in hybrid e lectric vehic les. PHEVs a lso generally use a control 
system that allows the battery pack to be substantially depleted under electric-only or blended 
mechanical/electric operation and batteries that can be cycled in charge-sustaining operation at a 
lower state of charge than is typical of other hybrid electric vehicles. These vehicles general ly 
have a greater all-e lectric range than the typical SHEVs discussed above. In the NPRM analysis, 
PHEVs with two all-electric ranges- a 30 mile and a 50 mile all-electric range (AER)-were 
included as potential technologies. The PHEV30 represented a "blended-type" plug-in hybrid, 
which can operate in all-electric (engine off) mode only at light loads and low speeds, and must 
blend electric machine and engine power together to propel the vehicle at medium or high loads 
and speeds. The PHEV50 represented an extended range electric vehicle (EREV), which is 
capable of travell ing in a ll-electric mode even at higher speeds and loads. 

Unlike other alternative fuel systems that require specific infrastructure for refueling or 
recharging (e.g., hydrogen vehicles or rapidly charged battery e lectric vehicles), PHEV batteries 
can be charged using existing infrastructure, although widespread adoption may require upgrades 
to electrical power distribution systems.870 PHEVs are considerably more expensive than 
conventional vehicles and more expensive than SHEVPS technologies because of larger battery 
packs and charging systems capable of connecting to the electric grid. 

Commenters, such as CARB, stated that in the NPRM analysis the PHEV motors were 
oversized and overpowered, and CARB stated PHEV30s result in excessive battery pack size and 
e lectric range when compared to actual production vehicles.871 In response to such comments, 
the agencies, in collaboration with ANL, conducted further market analysis and determined that 
replacing PHEV30 (with a nominal 30 mile AER) with PHEV20 (with a nominal 20 mile AER) 
would more closely characterize the PHEVs actually in production [reference ANL ppt "NKim 
response on NPRM comments - 181112"]. The agencies therefore elected to replace PHEV30 
with PHEV20 in the final rule. 

869 P2HCR2 was included in simulations used for sensitivity studies, but was excluded in the central analysis 
simulations for reasons surrounding the HCR2 engine. as discussed in the [ref engine section]. 
" 0 See below for a discussion of electrical vehicle infrastructure. 
371 California Air Resources Board. Attachment 2. Docket No. NHTSA-2018-0067-11873. at 150.153. 
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The final rule also includes four additional types of plug-in hybrids; two additional plug
in hybrids were added to allow the use of turbocharged engines (PHEV20T, PHEVS0T), and two 
additional plug-in hybrids were added to provide maximum emciency by utilizing an Atkinson 
cycle engines (PHE\120H, PHE\1501-1). 

In practice, many PHE\ls recently introduced in the marketplace use turbo-charged 
engines in the PHEV system, and this is particularly true for PHEVs produced by European 
manufacturers and for other PHEV perfonnance vehicle applications. However, the Autonomie 
simulations (and thus al l the CAFE model simulations) assumed all PHEVs use a naturally 
aspirated. Atkinson cycle engine. The agencies determined through continued marketplace 
observation 1hat PHEY vehicles should indeed be allowed to adopt or retain turbocharged 
engines. Also. BorgWarner commented that modeling of Pl IE Vs should include turbocharged 
engines, since these engines can be downsized to reduce vehicle mass nnd tit into smaller engine 
compartments, and offer efficiency and performance advantages especially when paired with a 
higher expansion ratio.87~ Thus, in addition 10 the PHEV20 and PHE\130, the final rule analysis 
included PHE\120T and PHEV50T variations 1,hich are, respectively. 20 and SO mile all electric 
range PHE\l's with turbocharged engines. 

This final rule also added PHEY20H and PHEYS0H, although effectively these are not 
used by the model simulations. These plug-in types represent 20 and 50 mile all electric range 
plug-in hybrids that use particularly efficient high-compression, Atkinson cycle engines. These 
were added with the intent to provide PHEVs with a maximum level of fuel economy at a lower 
cosL However, they proved to be too similar to existing plug-in technology choices and were 
thus assigned identical characteristics as the PHE\120 and PHEV50. EITectively then. the 
PHEV20H and PHEVS0H technologies are stil l considered by the CAFE model but they remain 
as "placeholders" for potential incorporation in future analyses. 

(/) Ballery Electric Vehicles 

Electric vehicles (EVs), or batte1y electric vehicles (BE\ls) are equipped with all-electric 
drive and with systems powered by energy-optimized batteries charged primarily from grid 
electricity. The range ofa battery electric vehicle depends on the vehicle·s class and the battery 
pack size. The NPRM analysis included BE\ls with a range of 200 miles. 

Following the NPRM, the agencies conducted continued market analysis of production 
BEV"s, and observed a growing number of vehicles with nominal ranges above 200 miles. 
CARB also commented that certain BEVs modeled as BE\1200 in the PRM in fact had ·•well 
over 200 miles ofrange."873 The agencies thus concluded that a 300-mile-range BE\1300 should 
be included in the final rule to represent better these higher-range electric vehicles as well as a 
potential future range alternative more comparable to IC engines. The agencies still believe that. 
in the rulemaking timeframe, BE\1300 will be the most cost effective extended range BEVs that 
could be available for adoption. Longer-range electric vehicles could have been modeled in the 
analysis, but the compliance simulation would likely not have selected the longer-range vehicle 

~,~ BorgWarner.Attachment 2. Docket No. NHTSA-2018-0067-11873. at 150.153. 
171 California Air Resources Board, Attachment 2. Docket No. NI-ITSA-2018-0067-11 873. at 147. 
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iflower-range vehicles were still available. This is because the CAFE model only applies 
technologies until a manufacturer meets its CAFE or CO2 standard, and the BE\1200 and 
BE\1300 vehicles operate functionally the same in helping a manufacturer towards meeting its 
compliance obligations. The only difference between these vehicles is cost. As discussed 
further in [BEV Adoption Features] below, the agencies used phase-in caps to control expected 
BEV200 and BE\1300 penetration based on the current trend and future assumption that 
consumers will transition towards longer-range electric vehicles. 

(gJ Fuel Cell Vehicles 

Fuel cell electric vehicles (FCEVs or FCVs) utilize a full electric drive platform but 
consume hydrogen fuel to generate electricity in an onboard fuel ce!L Fuel cells arc 
electrochemical devices that directly convert reactants (hydrogen and oxygen via air) into 
electricity, with the potential of achieving more than twice the efficiency of conventional internal 
combustion engines. High preS$UTe gaseous hydrogen storage tanks are used by most 
automakers for FCEVs. These high pressure tanks are similar to those used for compressed gas 
storage in more than IO million 'CNG vehicles worldwide, except that they are designed to 
operate at a higher pressure (350 bar or 700 bar vs. 250 bar for CNG), and to contain the very 
small, and very flmnmable, gaseoµs hydrogen molecule. FCEVs are currently produced in 
limited numbers and are available in limited geographic areas. 

(2) Electrijic:arion Pathways 

The electrification technologies described above were applied in the CAFE model 
through a number of technological pathways. Three main electrification technology pathways 
were modeled: the Electric Improvements Path, the Electrification Path, and the Hybrid/Electric 
Path. These three electrification pathways are evaluated in parallel by the CAFE model; the 
model can consider any of the three right away, and does not need to go "through" one pathway 
in order to begin evaluating another one. Any superseded technology is also disabled whenever 
a succeeding technology is-applied to a vehicle, even if a specific superseded technology was not 
previously utilized on that vehicle. As previously explained, this requirement exists so that the 
modeling system does not downgrade technologies during analysis. 

The Electrics Improvements Path defined in the NPRM and final rule is shown in Figure 
VI-21Figure VI-21 below, which starts with EPS and progresses to TACC. While these two 
electrified-accessory technologies are mutually exclusive, either one can be modularly paired 
with any other technology, including those in the other electrification pathways. 

Elec. lmprv. 
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Figure V\-21 - NPRM and FR!v1 Electrics Improvement Path 

The Electrification Path shown 1n Figure Vl-22Flgure VI-22 allows a conventional 
powertrain to become a microchybrid with SSJ2V, or a mild-hybrid with BISG, or CISG (which 
is no longer available for the final rule analysis, as discussed previously) technologies. All three 
of the Electrification Path technologies are mutually exclusive with respect to all conventional 
powertrain technologies, as well as technologies contained in the Hybrid/Electric path discussed 
below. The model first evaluates SS12V, and then progresses to BISG or CISG (NPRM-only). 
The conventional engine technology CONV is grayed out to indicate that the model uses 
information about the previous conventional (non-electrified) powertrain to map properly to 
simulation results found in the vehicle simulation database. Although the adoption of these 
technologies will classify a vehicle as a micro/mild hybrid (MHEV) and no longer a 
conventional (CONV), the vehicle is allowed to retain the engine and transmis'sion technologies 
possessed before entering the Electrification Path. 

Etec. Path 
Electrification Path 

~ 
""'·~-~ ~ I CISG 

Figure VJ 4 22 - NPRM ·(left) and Final Rule (right) Electrification Pathways 

The Hybrid/Electric Pathways are shown in Figure Vf-23Figure Vl-23Error! Reference 
source not found •. Both the NPRM and final rule Hybrid/Electric paths begin at the "strong 
hybrid" technology types, each of which is mutually exclusive of the others; once one is chosen, 
the other is eliminated from future selection for that vehicle. The paths then progress into plug
in hybrids and then culminate with the mutually exclusive battery electric vehicles or fuel cell 
vehicles. The additional final rule technologies described above can be found in the final rule 
Hybrid/Electric pathway on the right side of Figure Vl-23Figure Vl-23Error! Reference source 
not follnd., in comparison to the NPRM technologies shown on the left side of the figure.~74 The 
hybrid/electric pathways contains multiple "roots," or starting points, which force a vehicle to 
remain within the branches of a chosen root. For example, the final rule hybrid/electric pathway 
has three roots: SHEVP2, SHEVPS, and P2HCR0. lfa vehicle uses SHEVPS, then SHEVP2 
technology and the entire P2HCR0 through PHEVS0H branch will be disabled from further 
consideration. In other words, from one technology in the pathway, a vehicle can only move 
forwatd along any of the indicated arrows, and never in the reverse direction. Also, when using 

870 Note that the NPRM H)·brid/Electric Path (left side ofErrorJ Reference source not found.) refers to a ponion 
of the path containing plug-in hybrids and electric vehicles as the "Advanced Hybrid/Electric Path." For this 
discussion, we wi!I simply refer to the entire ~ollection of these technologies, including the "Advanced" one:;, a5 the 
"Hybrid/Electric Path:' 
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any technology in the Hybrid/Electric pathway, with the exception ofSHEVP2, all engine and 
transmission techj1ol9gies as well as the Electrification Path technologies shown in Figure 
VI-23Figure Vl-23 are prohibited. SHEVP2 is an exception because it allows engine 
technologies previously held by the vehicle to be inherited into the parallel hybrid system. 
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Figure VI-23 - NPRM (left) and Final Rule {right) Hybrid/Electric Pathways 

bj Electrification Analysis Fleet Assignments 

[Text Forthcoming] 

c) Electrification Adoption Features 

In the NPRM and final rule analysis, electrification adoption features were applied in 
multiple ways. First, when an electrification technology is selected, a path logic is applied that 
dictates what other technologies are either superseded or mutually exclusive to the applied 
technology. For a detailed discussion of path logic for the final rule analysis, including 
technology supersessi.on logic and technology mutual exclusivity logic, please see [CAFE model 
documentation S4.5]. Second, application of the more advanced electrification technologies, 
such as the strong hybrids, plug-in hybrids, and full electric, result in major changes-to the whole 
powertrain. The changes to the powertrain include substitution of transmission and engine 
technologies, and accordingly these technologies can only be applied at a vehicle redesign, as 
shown in Table Vl•57Table VI-57 below. Finally, some of electrification technologies are 
restricted from application to certain vehicle classifications. Titese restrictions will be discussed 
under the specific technology sections. 
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The fully-electric technologies, BEV technology and FCV technology, qualify as 
alternative fuel technologies. As a result, these technologies are not considered during portions 
ofthe agencies' analysis. Specifically, the exclusion of alternative fuel technology from 
NHTSA 's analysis of potential fuel economy standards is a result of statutory obligations 
prescribed under EPCA/EISA.875 However, NHTSA performed two fuel economy analyses, a 
standard-setting analysis that constrained the use of the techriologies, and an unconstrained 
analysis that did not exclude the technologies, which provi(jes an estimation of real-world 
environmental impacts used as inputs for the Environmental lmpact Statement (EIS), The 
unconstrained analysis included the alternative fuel technologies, and used the adoption features 
forBEVs and FCVs discussed below. Further, for purposes of analyzing EPA's tailpipe C01 
emissions rulemaking pursuant to the Clean Air Act, consideration of these technologies is 
likewise unconstrained. for a detailed discussion of the analysis versions and statutory 
obligations please referto [Discussion of model runs X]. 

The exclusion of the BEV and FCV technology from the standard-setting analysis 
resulted in a comment from ICCT. ICCT stated. "the agencies prevented their fleet compliance 
model from allowing battery electric vehicles from being applied in their analysis of the Augural 
standards,"876 The agencies believe this reflects a misunderstanding ofNHTSA 's statutory 
obligation under EPCA/EISA and how the agencies ran the analysis. NHTSA did consider 
alternative fueled vehicles in the unconstrained analysis-but is prohibited from considering the 
availability of such technologies when setting maximum teasible standards. 

1' 149 U.S.C. 32902(b)( 1}. A "dedicated aurnmobile" is defined in 49 U.S.C. 32901 ns "an automobile tbat only 
operates on alternative fuel." 
l70 Comments from lCCT, Attachment 3, Appendix, NPRM: Docket No. NHTSA-2018·0067-11741, at 182. 
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Table VI-57 - CAFE Model Electric Technologies 

Technology Application Application Description 

EPS 
IACC 
SS\2V 

BISG 

SHEVP2 

SHEVPS 

P2HCR0 

P2HCRI 

P2HCR2 

PHEV20 

PHEV50 

PHEV20T 

PHEVS0T 

PHEV20H 

PHEV50H 

BEV200 

BEV300 

FCV 

Level Schedule 

Vehicle Refresh/Redesi "• Electric Power Steerin<> 

Vehicle Refresh/Redesign lmnrovcd Accessories 
Vehicle Redesign Only 12V Micro-Hybrid 

(Ston-S1arcJ 
Vehicle Redesign Only Belt Mounted 

lntegrated 
Starter/Generator 

Vehicle Redesign Only P2 Strong 
Hybrid/Electric Vehicle 

Vehicle Redesign Only PQwer Split Strong 
Hybrid/Electric Vehicle 

Vehicle Redesign Only [Special] SHEVP2 with 
HCR0Engine 

Vehicle Redesign Only [Special] SHEVP2 with 
HCRI Engine 

Vehicle Redesign Only [Special] SI-IEVP2 with 
HCR2 Engine 

Vehicle Redesign Only 20-mile Plug-In 
Hybrid/Electric Vehicle 
with HCR Engine 

Vehicle Redesign Only 50-mile Plug-ln 
Hybrid/Electric Vehicle 
with HCR Engine 

Vehicle Redesign Only 20-mile Plug-In 
Hybrid/Electric Vehicle 
with Turbo Engine 

Vehicle Redesign Only 50-mile Plug-In 
Hybrid/Electric Vehicle 
v,ith Turbo Engine 

Vehicle Redesign Only [Special] PHEV20 with 
J-ICR Enl!ine 

Vehicle Redesign Only rspecial] PHEV50 with 
HCREnl!ine 

Vehicle Redesign Only 200-mile Electric 
Vehicle 

Vehicle Redesign Only 300-mile Electric 
Vehicle 

Vehicle Redesign Onlv Fuel Cell Vehicle 

{l) Start Stop} 2V and Belt-Integrated Starter Generator 
Systems 
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For the N PRM and final rnle analys is, the only adoption features for the SS 12V and 
BISG technologies were functions of path logic. The SS 12V and BISG technologies were 
allowed for consideration in any existing vehicle configuration that did not already have a more 
advanced electrification technology applied. Per Table Vl-57Table Vl-57 above, the BlSG 
technology was considered more advanced than the SS 12V technology. 

EDF commented that 48V batteries used in conjunction with 12 volt systems (what are 
referred to in the analysis as BISG systems) are one example ofa "bolt-on" technology that can 
be added to a vehicle during a product refresh without causing production problems or 
significantly increasing costs.877 EDF stated that 48V systems do not require reengineering of 
the engine and can be added at any time during a model's lifespan, as shown by key suppliers 
that are expanding production capacity to meet customer demand for the technology.878 EDF 
a lso pointed to examples of vehicles that utilize 48V systems, including high-volume non-luxury 
vehicles like the Ram pickup truck, Jeep Wrangler, and Ford F- I 50.87Q 

The agencies disagree with ED F's assessment of 48V technology as a "bolt-on" 
technology. Although BISG systems represent a first step in vehicle electrification, and the 
number of components involved is fewer than most other types of hybrid systems, a BISG 
system still requires engineering and packaging of motors. cooling systems, additional wiring 
harnesses from the 48V battery pack to the motors, control systems, and other components 
incorporated into the front engine compa1tment. Further, the addition ofa BISG system requires 
recalibration and validation of numerous engine performance parameters, including emissions 
controls, balancing torque supply to the transmission between the BISG system and engine, and 
noise-vibration-harshness controls. In additional, the examples EDF provided support the 
agencies' designation ofSS 12V and BISG systems as redesign technologies; the BISG system in 
the MY 20 I 9 Ram pickup and in the MY 2018 Jeep Wrangler were introduced during a product 
redesign and not during a mid-cycle product refresh.880

·
881 Although Ford has indicated that the 

F- 150 will include hybrid variants,882 the agencies do not have information about specific plans 
for a 48V system on the F-150. In consideration of this in formation, the agencies maintained the 
redesign schedule for mild hybrids for the fi nal rule analysis. 

877 NHTSA-2018-0067-10653 (citing A.K. Kumawat and A.K. Thakur. A Comprehensii-e S11t,(1· c!(A111011101i1·e 48 1. 
Technolvgy, SSRG ln1ema1ional Journal of /vtechan ical Engineering (SSRG - IJME), Vol. -I (5) (May 2017), 
available at: hnps://jalopnik.com/everything-you-need-to-know-about-the-upcom i ng-48-volt-1 790364465 ( las1 
viewed I 0/23/2018)). 
' 7' NHTSA-2018-0067-10653. 
870 NHTSA-2018-0067-10653. 
" 0 See, e.g., K.C. Colwell, The 20/9 Ram 1500 eTorque Brings Some flrbrid Tech. f/Lillle Pe1:for111011re Goin. to 
Pickups. Car and Driver (Mar. 14, 2019), available at: llll(b: "" ,u:aranddri,er.com re, ie,-, a228 I 5325 211 I 'l-r;un-
150(1-ctllr,iuc-h, hrid-rid.un-dri,c ("Any 2019 Ram 1500--the all-new one, not the Ram Classic tha1 is just a 
cominuation of the previous generation-can be equipped with a motor/generator anached to its engine's crankshaft 
via a belt that is capable of adding torque, cranking the engine in a stop/start event, or making electricity with 
regenerative braking."). 
881 See, e.g .. Tony Quiroga. The 2()/8 Jeep /li·angler Hybrid Prm·ides fJ]ort/ess Thrust. Much lmprored Fuel 
Econom_,.? Car and Driver (Oct. l 5. 2018), available at: https: ",, \\ .~:ar.mddri, 1..·r.1.:0111 r~, ic,,s a~J746~85 ~{) I 8· 
jeer -\\ ra11ckr-11nli111i1cJ-slJ\ -turho-four-c, lindcr-h, hriJ ("Completely redesigned for 1018, the Wrangler is even 
more like a Power Wheels now that it's available with an electric motor."). 
'" [citation forthcoming). 
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{2! Stto11g Hybrids- SHEVP2, SHEVPS. PlHCRO. P2HCRJ, 
P2HCR2 

For the NPRM analysis the Strong Hybrid technologies included path logic, powertrain 
substitution and vehicle class restriction adoption features. For the NPRM analysis technologies 
on the Hybrid/Electric path (SHEVP2 and SHEVPS) are defined as stand-alone and mutually 
exclusive. When the modeling system applies one of those technologies, the other one is 
immediately disabled from future application. Once a strong hybrid technology is applied it also 
supersedes lower technobgies on the electrification path, allowing future application of 
technology to consider only more advanced forms of electrification. 

In the NPRM when the SHEVP2 technology or the SHEVPS technology were applied, 
the transmission technology was superseded. Regardless of the transmission technology present 
when the technology is applied, the transmission technology was replaced by either the AT6 or 
DCT6. The specific transmission technology selected was based on choosing the best cost 
versus effectiveness. 

During the NPRM analysis when the SHEVP2 technology was selected the engine 
technology for the platform was maintained. However, the engine technology was locked at the 
current level and could not be changed. For the SHEVPS technology the-existing engine was 
replaced with an Atkinson cycle engine (Eng-26). 

The SHEVPS also had constraints on vehicle class application in the NPRM. Application 
of the poWer-split powertr,ain architecture was restricted from high performance vehicles and 
vehicles with a required high towing capabi!ity.~K> This restriction was accomplished using a 
vehicle technology class filter, restricting application from the pick-up and performance pick-up 
class of vehicles, as we\! as limiting application from any platform with a base horse power 
rating greater than 400 HP. Additional platforms were also restricted based on an engineering 
analysis ofthe platforms' initial design and intended use. 

Comments from JCCT criticized the manner in which SHEVP2 technology was applied 
to a platform. ICCT states "the benefits oflevel-2 transmission efficiency ahd TURBO2 over 
TURBO! are removed when P2 strong hybrid systems (SHEVP2) are selected on the 
electrification pathway. ,,s&-i 

Additional comments regarding the adoption features of the SHEVP2 technology were 
received from Meszler Engineering and lCCT. Meszler argued that the locking of engine 
technologies when a manufacturer selects the SHEVP2 technology may preclude the selection of 
a more cost-effective engine technology_ss, This concern was echoed by ICCT, who also fo!t the 
engine technology lock-in artificially increased cost for effectiveness on the overall SHEVP2 

"1 Power split or Parallel-selecling the Right Hybrid Architecture: SAE 1017-01-1154. 
'" Comments !Tom JC(T, Attachment 3. Appendix [Insert info]. NPRM Dockel No. NHTSA-2018-0067-! J 741. at 
125. 
885 Comments from Mesiler Engineering Services, Attachment 2, NPRM Docket No. NHTSA-2018-0067-l I 723. at 
15-16. 
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technology packages.886 Both commenters specifically wanted an option for a high compression 
ratio engine technology to be considered in place of any advanced engine technology carried into 
the SHEVP2 technology path\\·ay. 

The agencies agreed with the need for maintaining the benefits of a higher transmission 
technology, and for the final rule analysis a ATSL2 transmission technology replaced the AT6 or 
DCT6 transmissions for all hybrid-electric technologies. The AT8L2 was selected as the optimal 
transmission technology point for HEV systems. The transmission technology point was 
selected based on observed diminishing returns for applying advanced transmission technologies 
to advanced engine/powertrains,887 

The agencies also. reconsidered engine options for SHEVP2 technology, and other strong 
hybrid-electric technologies. The agencies agreed with Meszler and JCCT's observation and 
instituted new P2 engine technology options, as discussed above. For the final rule analysis, 
when a platform considered the SHEVP2 option, the platform also compared maintaining the 
current engine technology, or selecting an HCR technology. If the SHEVP2 system chooses to 
apply a HCR engine. the system divens to the new electrification sub-path of technologies 
including the P2HCRO, P2HCRI, and P2HCR2, 

The P2HCR path introduced in the final rule analysis had similar constraints as the 
SHEVPS. Performance vehicles and vehicles with a high towing requirement were restricted 
from selection of the P2HCR technology. Restrictions that were applied used the same criteria 
described for the SHEVPS. 

(3) Plug-in Hybrids - PHEV20/30. PHEV5n PHEV20T. 
PHEV50T, PHEV20H. PHEV50H 

The plug--in hybrid options in the NPRlvf included PHEV30 and PHEVSO technologies. 
The JJ!ug-in technologies superseded the micro, mild, and strong hybrid electrification 
technologies and could only be replaced by full electric technologies. The path logic also 
allowed a PHEV30 to progress to a PHEVSO. 

In the NPRM, when a platform progressed to the plug-in hybrid technologies the 
powertrain was au1omatically modified. The engine technology was replaced by a high 
compression ratio engine (Eng-26) and the n·ansmission was replaced by the AT6.or DCT6 
technology. 

PHEV30 and PHEVSO were also constrained from application to vehicles with the 
potential for high towing demands.888 This constraint was applied by restricting access to the 

""" Comments from ICCT, Attachment 3, Appendix [Insert info], NPRM Docket No. NHTSA-2018--()067-11741, at 
125-126. 
881 2015 NAS Report - The National Academy ofScience, in their 2015 report. noted that "as engines incorporate 
new technologies to improve fuel consumption, the benefits of increasing transmission rntios or swilching to a CVT 
diminish." 
"' [Text Forthcoming]. 
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pickup truck vehicle technology class. Additional specific vehicle platforms were restricted 
based on engineering judgment. 

Comments were received regarding the options for PHEV battery-electric technology. 
The comments are presented and discussed in [Paragraph i.d.] above, and resulted in the creation 
of additional technology options for plug-in hybrids, as well as a modification of available 
ranges. Comments were also received regarding the engine and transmission options used in the 
electrification technologies, these comments are also presented and discussed above in 
[Paragraph X]. 

For the final ru!e analysis, the plug-in hybrid options included PHEV20, PHEV50, 
PHEV20T, PHEV50T, PHEV20H, and PHEVS0H. As with the NPRM, the plug-in technologies 
superseded the micro, mild, and strong hybrid technologies. For the final rule analysis, plug-in 
hybrid technologies were also mutually exclusive, and the PHEV20 technologies can progress to 
the PHEVS0 technologies. 

When a platform applied plug-in hybrid technologies in the final rule analysis, the engine 
and transmission technologies are superseded. For all plug-in technologies, an AT8L2 
transmission is used. For the PHEV20/50 and PHEV20/50H, the engine is replaced by an 
Atkinson cyc!e based engine (Eng 26). For the PHEV20/50T, the engine is replaced by the 
TURBOl technology engine (Eng-12). 

The PHEV20/30 and PHEV20/50H path also had similar constraints as the SHEVPS in 
the final rule analysis. Perfonnance vehicles and vehicles with a high towing requirement were 
re_stricted from selection of the PHEV20/30 and PHEV70/50H technologies. Restrictions that 
were applied used the same criteria described for the SHEVPS. 

(4) Battery Electric Vehicles 

For the NPR!vl analysis, the BEV100 technology was applied as an end-of-path 
technology. The BEV200 technology was the only battery electric vehicle option. 

For the final ru!e analysis, the BEV300 was added as a technology option beyond the 
BEV200, as discussed in [Paragraph above]. The BEV technology was applied in place of all 
engine and transmission technologies, and was an end of path technology. 

For the final analysis, both the BEV 200 and BEV300 had phase-in cap limitations 
applied based on an analysis of the mafket availability and cost ofbatteries.8x9 The BEV200 was 
limited to a greater extent than the BEV300, accounting for expected limits in market demand for 
the shorter-range BEV.890 The values for the phase-in capacity numbers were determined based 
on the results of the analysis of the National Energy Model System (NEMS) discussed in 
[Paragraph X]. 

"' (hltps://'1.'\\W.digitaltrends.com/cars/mit-study-finds-ev-market-will-stall-in-the-2020s/]. 
""" [http://energy .mit.edulresearch/mDbilityDfthefulure,]. 
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!5) Fuel Cell Vehicle 

For the NPRM analysis, FCV technology was also applied as an end of path technology. 
The FCV technology was also applied as end of path technology in the final rule analysis. 

For the final rule analysis, a phase-in cap was assigned to FCV technology. The phase-in 
cap was assigned based on existing market share as well as an analysis of expected infrastructure 
availability during the time fraine of regulation. &

91. NQJ 

d) Electrj/ication Effectiveness Modeling and Resulting Effectiveness 
Valz1es 

[Text Forthcomlngl 

e) Electr/ficalion Costs 

[Text Forthcoming] 

4. Mass Reduction 

Mass Reduction is a relatively cost-effective means of improving fuel economy and 
reducing CO2 emissions, and is one ofthe key methods by which vehicle manufacturers are 
expected to apply to meet fuel economy and CO2 standards. Reducing vehicle mass can be 
accomplished through several different techniques, such as modifying and optimizing vehicle 
component and system designs, part consolidation, and adopting lighter weight materials 
(advanced high strength steel, aluminum, magnesium, and plastics including carbon fiber 
reinforced plastics). The cost for mass redu_ction depends on the type and amount of materials 
used, the manufacturing and assembly processes required, and the degree to which changes to 
plants and new manufacturing and assembly equipment is needed. In addition, manufacturers 
may develop expertise and invest in certain mass reduction strategies that may affect the 
approaches for mass reduction they consider and the associated costs. Manufacturers may also 
consider vehicle attributes like noise-vibration-harshness (NVH), ride quality, handling, and 
various acceleration metrics when considering how to implement any mass reduction strategy 
(see Section [maintaining vehicle attributes] for more details). 

The automotive industry uses different metrics to measure vehicle weight. Some 
commonly used measuremen1s are vehicle curb weight,SqJ gross vehicle \i;eight (GVW), ~94 gross 

1"1 [[rends report-market 8hare ofFuel Cell technolog)']. 
""' [http://energy.mit.edu/research/mobilityofihefucure,J. 
119, This is the weigh! of the vehicle \\ith all fluids and componenls butwichout the drivers, passengers, and cargo. 
094 This weight includes all cargo, extra added equipment, and passengers aboard. 
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vehicle weight rating (GVV/R),895 gross combined weight (GCVW), 3%,and equivalent test 
weight (ETW),&97 among others. 

The vehicle curb weight is the most commonly used measurement when comparing 
vehicles. A vehicle's curb weight is the weight of the vehicle including fluids, but without a 
driver, passengers, and cargo. It is important to compare curb weight in the same vehicle class to 
understand if one particular vehicle make and model is lighter than the others. 

A vehicle's glider weight, which is vehicle curb weight minus the powertrain weight, is 
used to track the potential opportunities for weight reduction not including the powertrain. A 
glider's subsystems may consist of the vehicle body, chassis, interior, steering, electrical 
accessory, brake, and wheels systems. However, as noted in the PRIA, the definition of a glider 
may vary from study to study (or even simulation to simulation). 

Each of the subsystems presents an opportunity for weight reduction; however, some 
weight reduction is dependent on the weight reduction of other subsystems. The agencies 
characterize mass reduction as either primary mass reduction or secondary mass reduction. 
Primary mass reduction involves reducing mass of components that can occur independent from 
the mass of other components. For example, the mass of a hood (e.g., replacing a steel hood 
with an aluminum hood) or reducing the mass of a seat are examples of primary mass reduction 
because each can be implemented independently. Other components and systems that may 
contribute to primary mass reduction include the vehicle body, chassis, and interior components. 

When significant primary mass reduction occurs. other components designed based on 
the mass of primary components may be redesigned as well. An example of a subsystem where 
secondary mass reduction can be applied is the brake system. lf the mass of primary components 
is reduced sufficiently, the resulting lighter weight vehicle could safely maintain braking 
performance and attributes with a lighter weight brake system. Other examples of components 
where secondary mass reduction can be applied are wheels and tires. 

For this analysis, the agencies consider mass reduction opportunities from the glider 
subsystems of a ·vehicle first, and then consider associated opportunities to downsize the 
powertrain, which are accounted for separate!y.898 As explained later, in the Autonomie 
simulations, the glider system includes both primary and secondary systems from which a 
percentage of mass is reduced for different glider weight reduction levels; specifically, the glider 
includes the body, chassis, interior, electrical accessories, steering, brakes and wheels, The 

i'J! This is the maximum total weight of the vehicle, passengers, and cargo lo avoid damaging the vehicle or 
compromising safely. 
""" This weigh! includes the vehicle and a trailer attached to the vehicle, if used. 
""' For the EPA 2 cycle regulatory test on a dynamometer, additional weight of300 lbs, is added to the vehicle curb 
weight. This additional 300 lbs. represents the weight of driver, passenger, and luggage. Depending on the final test 
weight of the vehicle (vehicle cu,-b weight plus 300 lbs.), a test weight category is identified using the table 
published by EPA according to 40 CFR * 1066.805. This test weight category is called "Equivalent Test \\'eig_ht" 
(ETW). 
391 When the mass of the vehicle is l'!'duced by an appropriate amount, the engine ma~· be downsized to mainrnin 
performance. See Section (maintaining vehicle attributes] and Section [performance neutrality] for more details. 
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model sizes the powertrain based on the glider weight and the mass of some of the powertrain 
components in an iterative process. The mass of the powertrain depends on the powertrain-size. 
Therefore, the weight of the glider impacts the weight of the powertrain_sw See Section [How 
we build vehicle models for Autonomie] and Section [How Autonomie Sizes Powertrains for 
Full Vehicle Simulation] for more details. 

The agencies use glider weight to apply non-powertrain mass reduction technology, and 
use Autonomie simulations to detennine the size of the powertrain and corresponding powe1train 
weight for the respective glider weight. The combination of glider weight (after mass reduction) 
and re-sizetj powertrain weight equal the vehicle curb weight. See Section [glider mass and mass 
reduction subsection below] for more detail on glider mass and glider mass reduction. 

a) Mass Reduction in the CAFE Model 

Several studies have explored the amount of vehicle mass reduction that is feasible ln the 
rule making time frame and the cost for that mass reduction.911o,<ioi.9n~-9o3 Those studies were 
sponsored by the agencies, CARB, !CCT, the automotive industry, and material manufacturers; 
and are discussed in Section VI .C.4.e)(l ), below. All of the studies showed that the masximum 
feasible amount of mass reduction that can be applied in the rulemaking timeframe is around 20 
percent of a baseline vehicle's curb weight. The National Academies of Sciences similarly 
concluded, based on some of these same studies along with other infonnation, that it is feasible 
to reduce up to 20 percent-of the mass of the vehicle.904 

As discussed in Section VLC.4.e), the mass reduction studies show that the cost for mass 
reduction increases progressively as the amount of mass reduction increases. In other words, 
lower levels of mass reduction are more cost effective than higher levels of mass reduction. As 
in past rulemakings, the agencies have considered multiple levels of mass reduction to provide 
options similar to what manufacturers could consider at vehicle redesigns. 

For the NPRM, the agencies included five levels of mass reduction with a maximum of 
20 percent glider mass reduction, corresponding to 10 percent curb mass reduction, using the 
assumption that the glider was 50 percent of curb weight. 

810 Since powertrains are sized based on the glider weight for the analysis, glider weight reduction beyond a 
threshold amount during a redesignwill lead to re-sizingofthe powertrain. For the analysis, the glider was u,ed as a 
base for the application of any type ofp,owertrain, A conventional powcrtrain consists ofan engine. transmission, 
exhaust system, fuel tank, radiator and associated components. A hybrid powertrain also includ~'S a battery pack, 
electric motor{s), generator, high voltage wiring harness, high voltage connectors, inverter, battery management 
system(s). battery pack thermal system, and electric motor thermal system. 
'"° DOT HS 811 692: Investigation of Opportunities for Lightweight Vehicles Using Advanced Plastics and 
Composites 
901 A Review of the Safety of Reduced Weight Passenger Cars and Light Duty Trucks by Michigan Manufacturing 
Technology Center, October 2018 
"""'ATG Silverndo Body Light weighting Study, Aluminum Technology Group, Janllary 2017 
903 2013 NanoSteel lntensive Body-In-White, EDAG and NanoSteel Company Inc 
9(1.1 [Text Forthcoming], 
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Table Vl-58 - NPRM Mass Reduction Technology Level a_nd Associated Glider and Curb 
Mass Reduction (Passenger Cars and Light Trucks) 

MR 
Approximate 

% 
Percentage 

MR 
(50% 

Mass 
Level Reduction at 

Glider 
Curb Weight 

Share) 
Level 

MRO 0% 0.()% 

MRI 5% 2,5% 
MR2 7.5% 3.8% 
MR3 10% 5.0% 
MR4 15% 7.5% 
MRS 20% ro.0% 

The agencies received a number of comments suggesting that the amount of mass 
reduction allowed should be 20 percent of curb weight, as well as the assumption that glider 
share represents 75 percent of curb weight. These comments are addressed in more detail in 
[MR Technology Effectiveness Section] below, but some understanding of how the glider share. 
assumption affects the maximum amount of mass reduction allowed in the CAFE Model is 
required here. 

Several comm enters stated that the agencies should allow further levels of mass reduction 
technology improvements in the CAFE model. For example, ICCT commented that the agencies 
must revise their treatment of mass reduction, because studies have demonstrated that at least 
20¾ mass reduction of curb weight is available for adoption across vehicle classes by 2025.9115 

ICCT stated that based on these studies, the agencies must increase the maximum available mass 
reduction potential levels to include up to 20% and 25% mass reduction of curb weight, as the 
industry "will cost-effectively deploy at least 15% vehicle curb mass reduction in the 2025 
time frame at net zero cost." JCCT caveated that amount of mass reduction seems less likely in 
smaller cars, which typically employ lower levels of mass reduction, so a constraint of7.5 
percent mass reduction as was applied in the Draft TAR would be appropriate for those vehicles. 

ICCT also commented that there were numerous material improvements in development 
that were not considered in the rule, including but not limited to higher strength aluminum, 
improved joining techniques for mixed materials, third-generation steels with higher strength and 
enhanced ductility, a new generation of ultra-high strength steel cast components, and 
metal/plastichybri.d components, among other technologies mentioned in JCCT's working paper 
on light-weighting.906 

In assessing these comments, the agencies reconsidered the mass reduction studies and 
available reports and agree that greater that 10 percent mass reduction should be available for the 

""1 ICCT also alleged that the agencies intentionally disregarded the studies that presented this result; those 
cr,mments are discussed in [Mass Reduction Costs Section], below. 
""1 NHTSA-2018-0067-11741. 
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final rule analysis. In response to comments, the agencies made two adjustments to allow higher 
levels. First, as explained in Section [glider mass and mass reduction], below, the agencies 
increased the glider percentage of vehicle curb weight used for the analysis from 50 percent to 71 
percent. As explained in that section, increasing the glider percentage also increases the amount 
of curb weight reduction for all levels of mass reduction. Second. the agencies created another 
level of mass reduction (MR6) in the CAFE model, which represents a significant application of 
carbon fiber in the vehicle to achieve nearly 30 percent reduction in glider weight (which 

approximately translates to 20 percent reduction in-vehicle curb weight. For example, by 
incorporating a carbon fiber tub,907 or a carbon fiber monocoque with aluminum sub frame in the 
front and back,903 or a carbon fiber splitter and carbon fiber wheels, 909 allows for greater level of 
mass reduction, albeit, at a very high cost. These technologies are not ready for high volume 
production vehicles. 

Table VI-59Table Vl-59 shows the l_evels of mass reduction technology available for 
application in the final rule analysis, with the associated glider weight percentage reduction and 
the percentage curb weight reductions for passenger cars and light trucks. As discussed in [MR 
Adoption Features section] below, the agencies declined to place a.constraint on the amount of 
mass reduction technology that smaller cars could adopt. 

Table VJ-59 - Final Rule Mass Reduction Technology Level and Associated Glider and 
Cu_rb Mass Reduction 

Percent Percent 

Percent 
Vehicle Vehicle 

MR 
Glider 

Curb Curb 
Level 

Weight 
Weight Weight 

(Passenger {Light 
Carsi Trucks' 

MR0 0% 0.00% 0.00% 
MRl 5% 3.55% 3.55% 

MR' 7.5% 5.33.% 5.33% 
MR3 JO% 7.10% 7.10% 
MR4 15% 10.65% 10.65% 
MRS 20% 14.20% 14.20% 
MR6 28% 20.00% 20.00% 

The agencies continue to belie,'e the maximum feasible mass reduction levels identified 
in comprehensive design studies, such as those-discussed in Section J.E., are the most reliable for 
projecting the maximum amount of mass reduction in the rulemaking timeframe, and therefore 
have determined MR6 is the highest level that should be used for the final rule analysis. While 
the information provided by ICCT on newer materials and manufacturing and assembly 

911 The BMW i3 and BMW-i8, which are ab<>UI 20 percent lighter 1han an average MY 2017 vehicle, use a carbon 
fiber tub 
"''8 The Alfa Romeo 4c/4c Spider, which is about 20 percent lighter than an average MY 2017 vehicle, uses this 
design 
""' The ford Shelby GT350R which is about 20 percent lighter than an average MY 2017 vehicle, us6 this design 
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methodology is interesting and relevant, this infonnation, by itselt~ is insufficient IO assess the 
amount of mass reduction that is feasible ahd the cos! for the mass reduction. JCCT did not 
provide a comprehensive analysis showing a design concept that maintains vehicle attributes and 
performance, such as noise, vibration and harshness, stiffness. handling, compliance with 
NHTSA safety standards,_good performance under NHTSA NCAP and IIHS rating systems, and 
other ci'iteria. The various studies in Section I.E. considered those factors to varying degrees. 
Without that rigorous analysis, the actual amount of mass reduction that could be enabled 
through the use of those materials and methods described by ICCT, and the cost of achieving that 
mass reduction, would be highly speculative. As explained in Section I.E below, the agencies 
detennined the NHTSA sponsored design studies remain a reasonable basis for estimating the 
feasible amount of mass reduction and the cost for mass reduction in the rulemaking timeframe, 
because those studies considered a wide range of materials (including advanced materials) and 
design solutions. 

bJ Analy.~is Fleet Mass Reduction Assignments 

The agencies included an estimated level of mass reduction technology for each vehicle 
model in the MY 2016 analysis fleet for the NPRM, and have updated the estimates for the MY 
2017 analysis fleet for the final rule analysis. The methodology used to provide each vehicle 
model an appropriate initial mass reduction technology level for further improvements was 
described in detail in the PRIA accompanying the NPR.M, and is reproduced here, in part, to 
provide additional context to the agencies' responses to comments on analysis fleet mass 
reduction assignments. The methodology used in this final rule was unchanged from the NPRM. 

As an overview, the agencies developed regression models to estimate curb weights 
based on other observable attributes. With regression outputs in hand, the agencies evaluated the 
distribution of vehicles in the analysis fleet. In addition, vehicle platforms were evaluated based 
on the sales-weighted residual of actual vehicle curb weights versus predicted vehide curb 
weights. Based on the actual curb weights relative to predicted curb weights, platfo1ms (and the 
subsequent vehicles) were -assigned a baseline mass reduction level (MR0 through MR6). For 
the NPRM and final rule analysis, the agencies followed a similar procedure for the MY 2016 
and MY 2017 analysis fleets. 

To develop the curb weight regressions, the agencies grouped vehicles into three separate 
body design categories for analysis: 3-Box. 2-Box, and Pick-up, 

Table VI-60- Mass Reduction Body Styles Sets 

3-Box 2-Box Pick-up 

Coupe Hatchback Pick-up 

Sedan Wagon 
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Convertible Sport Utility 

Minivan 

Van 

For the NPRM and final rule analysis, the agencies retained the MY 2015 regressions for 
3-Box and 2-Box vehicles, however the pickup category regression was updated in response to 
comments on the Draft TAR. The agencies trained a new regression with EPA MY 2014 data 
and added pick-up bed length as an independent variable. As a result of stepping back to MY 
2014 data for the pick-up regression, the training data did i1ot include the all-aluminum body 
Ford F-150 in the calculation of the baseline. The advanced F-150 in the MY 2015 pick-up 
regression meaningfully affected Draft TAR regression statistics because the F-150 accounted 
for a large portion of observations in the analysis fleet, and the F-150 included advanced ,yeight 
savings technology. 

The agencies leveraged many documented variables ln the analysis fleet as independent 
variables in the regressions. Continuous independent variables included footprint (wheelbase x 
track width) and powertrain peak power. Binary independent variables included strong HEY 
(yes or no), PHEV (yes orno), BEV or FCV (yes or no'), all-wheel dri,,e (yes or no), rear-wheel 
drive (yes or no), and convertible (yes or no). In addition, for PHEV and BEV /FCV vehicles, the 
capacity of the battery pack was included in the regression as a continuous independent variable. 
In some body design categories, the analysis fleet did not cover the full spectrum of independent 
variables. For instance, in the pickup body style regression, there were no front-wheel drive 
vehicles in the analysis fleet, so the regression defaulted to all-wheel drive and left an 
independent variable for rear-wheel drive. 

Furthermore, the agencies evaluated alternative regression variables in response to 
comments from vehicle manufacturers on the NHTSA/Volpe analysis in Draft TAR. 91 t

1 The 
agericies evaluated regressions including overall dimensions of vehicles, such as height, width, 
and length, instead of and in addition to just wheelbase and track width. The experimental 
regression variables only marginally changed predicted curb weight residuals as a percentage of 
predicted curb weight, at an industry level and for most manufacturers. The results were not 
significantly different, and therefore the agencies opted not to add these variables to regressions 
or replace independent variables presented in Draft TAR with new variables. 

Table VI-61 - Regression Statistics for Curb Weight (lbs.) 

[table forthcoming] 

Each of the three regressions produced outputs effective for identifying vehicles with a 
significant amount of mass reduction technology in the MY 2016 analysis fleet. Many 
coefficients for independent variables provided clear insight into the average weight penalty for 

•LO [Cite comments]. 
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the utility feature. In some cases, like battery size, the relatively small sub-sample size and high 
collinearity with other variables confounded coefficients. 

By design, no independent variable directly accounted for the degree of weight savings 
technology appt'led to the vehicle. Residuals of the-regression captured \vcight reduction efforts 
and noise fro,m other sources. 

The agencies received many comments on the Draft TAR encouraging the use of 
observed technologies in each vehicle, and in each vehicle subsystem to a~sign levels of mass 
reduction technology. As a practical matter, the agencies cannot conduct a tear down study and 
detailed cost assessment for eve!)' vehicle in every model year. However, upon review of many 
vehicles and their subsystems, the agencies recognized a few vehicles with MR0 or MRI 
assignments in Nl-iTSA 's analysis of the Draft TAR that contained some advanced weight 
savings technologies, yet these vehicles and their platforms still produced ordinary residuals. 
Engineers from industry confirmed important factors other than glider weight savings and the 
independent variables considered in the regressions may factor into the use oflightweight 
technologies. Such factors included the desire to lower the center of gravity of a vehicle, 
improve the vehicle weight distribution for ham;lling, optimize noise-vibration-and-harshness, 
increase torsional rigidity of the platform, offset increased vehicle content, and many other 
factors. In addition, engineers highlighted the importance 'of sizing shared components for the 
most demanding applications on the vehicle platform; optimum weight savings for one platform 
application may not be suitable for all platform applications. For future analysis, the agencies 
will look for practical ways to improve the assessment of mass reduction content-and the forecast 
of incremental mass reduction costs for each vehicle. 

Figure VI-24 below shows results from the pickup truck regression on predicted curb 
weight versus actual curb weight. Points above the solid regression line represent vehicles 
heavier than predicted (with lower mass redUction technology levels); points below the solid 
regression line represent vehicles lighter than predicted (with higher mass reducl!on technology 
levels). The dashed lines in the Figure Vl-24 show the thresholds (5, 7.5, 10, 15, 20 and 28 
percent of glider weight). Fi'nal rule glider weight assumption is 71 percent of vehicle curb 
weight. 
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Figure VI-24 - Observed Curb Weight vs. Actual Curb Weight for the MY 2017 Analysis 
Fleet, and Glider Mass Reduction Technology Thresholds for 71 Percent Glider Share of 
Curb Weight 

For points with actual curb weight below the predicted curb weight, the agencies used the 
residual as a ·percent of predicted weight to get a sense for the !eve! current mass reduction 
technology used in the vehicle. Notably, vehicles approaching-20% curb weight widely use 
advanced composites throughout major vehicle systems, and a few examples exist in the MY 
2016 fleet.911 

Generally, residuals ofregressions as a percent of predicted weight appropriately 
stratified vehicles by mass reduction level. Most vehicles showed near zero residuals or had 
actual curb weights close to the predicted curb weight. Few vehicles in the analysis fleet were 
identified with the highest levels of mass reduction. Most vehicles with the largest negative 
residuals have demonstrably adopted advanced weight savings technologies at the most 
expensive end of the cost curve. 

To validate the residuals. the agencies estimated the mass reduction technology level for 
several vehicle models in the analysis fleet and compared those estimates to the numerical results 
from the regression analysis. To estimate the mass reduction technology level for the selected 
vehicles, the agencies conducted an iti.-dep'th review of available information on the materials, 

"' This evidence suggesl~ that achieving a 20% curb weight reduction for a production vehicle with a baseline 
defined with this methodolog.y is extremely challenging. and requires very advanced materials and disciplined 
design. 
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design, and last redesign year for those vehicle models, and compared that infonnation with the 
designs and materials used in the mass reduction feasibility and cost studies summarized in 
Section [MR Costs], below. That comparison showed good agreement with the technology 
levels from the regression analysis. 

The agencies believe the regression methodology is a technically sound methodology for 
estimating mass reduction levels in the analysis fleet. 

As part of their comments stating the NPRM modeling reflected reality better than the 
Draft TAR and Proposed Determination analyses, Toyota commented broadly that the MY 2016 
baseline fleet used in the NPRM encompassed powertrain and tractive energy (including mass 
reduction) improvements more representative of vehicles on the road today.912 Toyota noted that 
the 2016 baseline fleet generally contained higher levels of technology compared to the MY 
2014 and MY 2015 baseline fleets, and. included a comparison of its initial fleet mass reduction 
assignments in the Draft TAR and the NPRM. Toyota showed how moving further up the 
technology tree {e.g., starting with a baseline that includes higher levels of technology) for 
ce1tain pathways such as mass reduction increased costs exponentially. Toyota stated that the 
NPRM underestimated mass reduction cost values. 

V/hile a more specific discussion of costs is located in Section [MR Costs Section], the 
agencies agree with Toyota's assessment that the costs for mass reduction technology increase 
exponentially as progressively higher levels of mass reduction are incorporated. Having an 
accurate assessment of baseline technology levels ensures that the subsequent application of 
technology and its associated costs is correctly accounted for. 

C.A.R generally agreed with the regression methodology of using observed vehicle 
attributes for estimating mass reduction levels, as opposed to comparing vehicle curb weight 
from a newer model year to a previous generation of the same vehicle. Commenters pointed to 
several of the limitations discussed above.913 

Both ICCT and H-D Systems commented on the methodology for identifying mass 
'reduction technology levels in the analysis fleet, with ICCT broadly stating that by placing 
additional mass reduction technology in the baseline, the agencies artificially removed "the most 
cost-effective lightweighting from future use, which incorrectly increases the costs of all 
subsequent mass-reduction in the compliance modeling."<114 

ICCT claimed that the agencies unjustifiably increased the amount of vehicle mass 
reduction technology present in the 2016 baseline fleet from the 2015 baseline used in t_he Draft 
TAR, stating that the 2015 Draft TAR fleet had 26 percent of vehicles sold with some level of 
mass reduction applied (MRI or a higher !eve!), whereas the 2016 NPRM fleet had 47 percent of 
vehicles sold with some level mass reduction applied. In addition to faulting the agencies for not 
acknowledging the change and not attempting to justify it, lCCT stated that the 2016 analysis 
fleet mass reduction assignments were overstated, as "it appears that the agencies have applied 

0
" NHTSA-201 8-0067-12098. 
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mass reduction technology to vehicles in the model that did not have mass reduction applied in 
the real world," ICCT stated that the effect of this change was to "render[] unavailable mass 
reduction technologies for these vehicles in the model," causing the model to select less cost
effective technologies instead and driving the modeled compliance costs higher. 

lCCT argued that to substantiate the changes made to the baseline fleet mass reduction 
assignments, the agencies must show data on how these improvements are evident in the fleet 
and to quantify and include-their realized benefits in the analysis, including a detailed and 
justified explanation of al! mass reduction technologies deemed already to have been applied to 
the MY 2016 analysis fleet. More specifically, rq::r stated that the agencies "must clearly and 
precisely share their estimated percent (and absolute pounds) mass reduction amount for each 
vehicle make and model in the baseline fleet (rather than simply showing binned categories), and 
their technical justification for each value," and "[t]o not do so obscures the agencies' new 
methods and data sources from public view, rendering their lightweighting calculations a black 
box." 

In addition, ICCT recommended that the agencies_ conduct two sensitivity analyses, one 
assuming that every-baseline make and model has not yet applied any lightweighting (setting the 
baseline to 0'% mass reduction), and one assuming that each vehicle model has applied Draft 
TAR baseline mass reduction assignments, to demonstrate how much the agencies' decision to 
load up more baseline technology affects the compliance scenarios. 

ICCT concluded that because the changes in baseline mass reduction assignments from 
prior analyses to the ,NPRM "are opaquely buried in the agencies' datafiles and unexplained, we 
believe the agencies have to reissue a new regulatory analysis arid allow an additional comment 
period for review of their methods and analysis." 

To address ICCT's comment, it is important to understand the mass reduction baseline 
technology assignment methodology previously used by EPA in the Draft TAR and Proposed 
Determination.915 As stated in the Draft TAR, the curb weight of each vehicle model in the MY 
2008 analysis fleet (used for the 2012 rule making to establish MYs 2017-2025 standards) was 
assumed to be at a baseline !vlR0 level. The mass reduction technology level in the MY 2014 
analysis fleet was determined by comparing the curb weight of the l\fY 2014 vehicle to the most 
similar vehicle in the MY 2008 analysis fleet.() 16 The curb weight of the newer model year 
vehicle was adjusted to account for changes in the vehicle footprint and changes in mass due to 
added safety technology. lfa vehicle did not have-a previous generation vehicle, then the sales 
weighted average percent mass reduction over the manufacturer's name plate product line was 
used to represent the expectation of mass reduction technology available within the vehicle. 

EPA listed some limitations to this methodology in the Draft TAR, 917 and others are also 
addressed here. First, assuming that eve!}' vehicle started with MR0 technology did not account 
for the actual varying levels of mass reduction technology that existed in the MY 2008 fleet. 

915 Citing requirM 
"ti Drat TAR at 5-395 
SF Draft TAR at 5-395. 
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Second, for each vehicle model, there was no,accounting for the mass associated with different 
powertrain configurations. This was particularly problematic because the method did not 
account for light weight technology already available in the vehicle structure to counter the 
increased mass assodated with more advanced powertrains, such as HEV, PHEV, and EV 
technologies.q1s Third, there was no sales-weight accounting for the various configurations in 
estimating the vehicle model mass reduction technology level, meaning that if a high-sa!es
volume vehicle employed significant mass reduction technology, that vehicle was not credited as 
such in the analysis fleet. Fourth, there was no accounting for mass increases due to the addition 
of future regulato1y requirements like potential safety regulations, Fifth, there was no 
accounting for mass associated with changes in vehicle attributes and utility, such as the addition 
of infotainment systems and crash avoidance technologies. These limitations al! individually had 
the effect of overestimating mass reduction technology effectiveness and undercouming mass 
reduction technology costs across the fleet, and accordingly their combined effect was 
significant. The lack of controls for these items introduced errors int() the mass reduction 
technology level effectiveness estimates. 

After considering the comments, the agencies determined the use of the regression 
method, based on observable attributes, is the best available methodology to provide a 
reasonable estimate of mass reduction technology for the analysis fleet. The agencies believe 
that, contrary to JCCT's assertion, the regression methoi;lology used in the NHTSA Draft TAR, 
NPRM, and final rule analyses provides a more transparent method for calculating baseline mass 
reduction technology assignments. The methodology was fully explained in the Draft TAR and 
PRIA, and avoided the limitations identified by EPA by using data from the analysis fleet, and 
not requiring the use of or assumptions about the exact mass reduction levels of vehicles in a 
,prior mode! year fleet. ln addition, the regression accounted for differences in powertrains 
between trim levels, including non-JCE powertrains by accounting for these factors in the 
regression analysis. 

Also, because manufacturers generally apply mass reduction technology at a vehicle 
platform level (i.e. using the same cornpo'nents across multiple vehicle models that share a 
common platform) to leverage economies of scale and to manage component and manufacturing 
complexity, conducting the regression analysis at the platform level leads to more accurate 
estiffiates for the real-world vehicle platform mass reduction levels. The platform approach also 
addresses the impact of potential weight variations that might exist for specific vehicle models, 
as all of the individual vehicle models are aggregated into the platform group, and are effectively 
averaged using sales weighting, which minimizes the impact of any outlier vehicle 
configurations. 

The agencies also disagree that the changes in baseline mass reduction assignments were 
unexplained. The PRIA discussed reasons that baseline mass reduction assignments differed 
from prior analyses, including that. "[s]ince the Draft TAR, many platforms have not been 
redesigned, but in some cases the sales-weighted residuals for carryover platforrns have moved. 
In the case of2-Box and 3-Box vehicles, the analysis attributes such changes to differences in 

0
" PRIAatpage413 
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sales mix year-over-year and other updates to reported curb ·weights and platfom1 designations. 
In the case of platforms with pick-up trucks, the analysis updated the pick-up regression since the 
Draft TAR, so that may be a contributing factor,"111

g 

To the extent that the NPRM glider weight assumption impacted the NPRJ\..1 MY 2016 
analysis fleet baseline mass reduction assignment \'alues, the agencies presented a table in the 
PRIA showing how different glider weight assumptions impacted mass reduction technology 
levels for the analysis fleet.q20 The following Table VI-62Table VI-62 recreates that table in 
part, with updates based on the glider weight values used for the final rule. 

For example, from the regression analysis, the Ford F-150 has a predicted curb weight 
(residual) of 12.4 percent of the actual curb weight If the glider weight assumption is 50 percent 
of the ·vehicle curb weight (like in NPRM), then the agencies would assign MR5 as an initial 
mass reduction assignment in the analysis fleet. With this high level of mass reduction 
technology already applied, the opportunity for further mass reduction would be limited. 
However. if the glider weight is assumed to be 71 percent of the vehicle curb weight, then Ford 
F-150 would be assigned MR4, and would have an opportunity to apply another level of mass 
reduction albeit at higher cost. 

Table VI-62 - Mass Reduction Technology Levels for the MY 2017 A11alysis Fleet for 
50% and 71% Glider Share ofC'urb Weight 

CAFE Model 
Platform Code 

Li8 

Lamborghini-A 

Alfa 

Li8 

Omega 

Y-CAR/YIXX 

T3 

RamVan 

Lamborghini-A 

Global EpsilonfE2XX 

NBC(2) 

SKYACTIVR 

MODELS 

"'" PRJA at 424. 
92" PRIA at 422. 

Mass 

Example Code 
Reduction 
Residual 

(%) 

BMWi8 -23.0% 

Aventador -17.4% 
Alfa Romeo 4C -23.2% 

BMWi394Rl9 -18.4% 

Cadillac CT6 -14.4% 

Chevrolet Corvette -12.5% 

FordF-150 -12.4% 

Ram ProMaster -12.0% 

Huracan -11.7% 

Chevrolet Malibu -11.2% 

Toyota Prius C -15.5% 

Maz.da MX-5 -14.4% 

Tesla Model S -11.3% 

Mass Mass 
Reduction Re(j.uction 
Level for Level for 

71% Glider 50%Glider 
Weight Weight 

(Final Rule) CNPRM) 

MR6 MRS 

MR6 MRS 
MR6 MRS 

MR5 MR5 

MR4 MRS 

MR4 MRS 
MR4 MRS 

MR4 MRS 

MR-I MR5 

MR-I MRS 

MR3 MRS 

MR3 MRS 

MR3 MR5 
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V Nissan Versa -10.8% MRJ MR5 

II Honda Civic -10.6% MRJ MR5 

Basic(K-Basicl) Kia Soul -10.0% MR3 MR5 

The agencies also disagree that the amount of'•ehicle mass reduction technology present 
in the 2016 baseline fleet was "unjustifiably increased" from the 2015 baseline used in the Draft 
TAR. Table VJ-63Table VI-63 shows the percent mass reduction technology used in Draft TAR, 
NPRM, and in final rule. lt is clear from the table below that total percentage of MY 2016 
vehicle -fleet used in the NPRM had nearly the same level of some mass reduction technology 
applied compared to the Draft TAR. Similar to ICCT's observations, 28 percent of the MY 2015 
vehicle fleet used in the Draft TAR had some level of mass reduction technology (MRI to MR5) 
and 26 percent of MY 2016 vehicle fleet had some mass reduction technology applied. Since the 
agencies assumed a reduced glider share in the NPRM, the percentage of vehicles assigned a 
MR4 or MRS technology level increased compared to Draft TAR. ln addition, for this final mle, 
the agencies observed that many of the vehicles in the MY 2017 fleet had been redesigned, 
which provided the opportunity to incorporate additional mass reduction technologies. 

Table Vl-63 - Mass Reduction Assignment 

Draft TAR NPRM Final Rule 

Percentage 
glider weight 75% Percent 50 percent 71 percent 
reduction <'lider <'lider .;"der 

MRO 0% 72.00% 73.01% 57.18% 

MRI 5% 11.93% 7.68% 15.62% 

MR2 7.5% 8.35% 3.30% 7.66% 

MR3 10% 6.91% 5.88% 7.79% 

MR4 15% 0.56% 5.34% 11.42% 

MRS 20% 0.25% 4.80% 0.10% 

MR6 28% 0.00% 0.00% 0.03% 

The agencies also declined to conduct sensitivity analyses assuming each vehicle's 
baseline is set to 0% mass reduction and assuming each vehicle model has applied the Draft TAR 
baseline mass reduction assignments. First, MY 2017 production vehicles clearly employed 
varying levels of mass reduction 1echnologies. Assuming every vehicle in the analysis fleet is set 
to O percent mass reduction improvement would not demonstrate how the agencies' decision to 
assign technology levels in the analysis fleet affected the compliance scenarios. Allowing 
yehicles in the analysis -fleet artificially to achieve more mass reduction improvements than 
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could actually be achieved in the real world would result in artificia!ly overstated effectiveness 
improvements and understated costs to achieve higher stringency levels. 

Second, as discussed above, EPA's Draft TAR baseline mass reduction assignments had 
identified limitations that the regression methodology has addressed. Moreover, as discussed 
above, the regression methodology was updated from the Draft TAR to-characterize data better 
on pickup trucks. The agencies do not believe that conducting sensitivity analyses using these 
outdated or limited assumptions would be useful for this final rule. 

More narrowly, H-D Systems commented that while the regression coefficients between 
2-box and 3-box vehicles for footprint seemed consistent, the regression coefficients for 
horsepower between the 2-box and 3-box vehii;les seemed incorrect because both types of 
vehicles use similar engines.9~1 HOS stated that "[cjollinearity between footprint and HP or 
other effects caused by having electric vehicles (with electric motor HP ratings) in the regression 
data is the probable cause of these inconsistent coefficients for HP, but this cannot be confirmed 
without access to the same database used by NHTSA." HOS concluded that "[r)evisions to the 
regression could have a significant effect on the baseline assignment of vehicles, as the current 
assignment for yehicles like the 2016 Mazda MXS as having the highest level of weight 
reduction technology (MR5) and the 2016 Chevy Malibu as having MR4 technology appear 
incorrect as their curb weights are comparable to other similar MY 2016 vehicles in their 
fespective class." 

While many of the vehicles share same the same powe1train for passenger cars and SUVs 
or for cars and pickup trucks, the utility and functionality of the vehicle in SUVs an(l pickup 
trucks (2-box) is different than passenger cars (3-box). The presence of additional structure for 
towing or higher capacity towing, rear cross member, higher capacity suspension, and other 
differences, enable SUVs and Pickup trucks to have towing and heavier payload capability. For 
exainple, Ford uses the Ii.early similar displacement and horsepower engines in Mustang 
Ecpboost Coupe and in FIS0 2WD XL, Regular Cab, Long Box. However, the curb weight for 
the pickup truck is higher than the Mustang. Directionally, this supports that'the 2-box weight 
per horsepower coefficient should be greater than the 3-box coefficient, just as it is in the for the 
regression. The coefficient for passenger cars and SUVs has not changed since the Draft TAR 
(based on MY2015 vehicle fleet). Based on the comments to Draft TAR, for the NPRM, a new 
set of coefficients were generated for pickups using the MY 2014 vehicle fleet. This was done 
so that-coefficients are not skewed due to presence of the aluminum intensive Ford Fl50 pickup 
truck. Hence, the agencies believe the coefficients used in the regression analysis are 
directionally correct and disagree with HDS's assertion. We further note that HOS did not 
suggest any altemate'methodology or specific coefficients to use in the regression analysis. 

c) Mass Reduction Technology Adoption Fearures 

The agencies described in the NPRM that given the degree of commonality among the 
vehicle models built on a single platform, manufacturers do not have complete freedom to apply 
unique technologies to each vehicle that shares the platform: while some technologies (e.g. low 

Oll NJ-ITSA-2018-0067-11985 (HD Systems). 
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rolling resistance Tires) are very nearly "bolt-on" technologies, others involve substantial changes 
to the structure and design of the vehicle, and therefore often necessarily affect a!! of the vehicle 
models that share that platform. In most cases, mass reduction technologies are applied to 
platform level components and therefore the same design and components are used on all of the 
vehicle models that share the platform. 

As discussed in Section [CAFE model logic section], above, each vehicle in the analysis 
fleet is associated with a specific platform. Similar to the application of engine and transmission 
technologies, the CAFE model defines a platform "leader" as the vehicle variant of a given 
platform that has the highest level of obserwd mass reduction present in the analysis fleet lf 
there is a tie, the CAFE model begi_ns mass reduction technology on the vehicle with the highest 
sales in model year 2017. If there' remains a tie, the model begins by choosing the vehicle with 
the highest Manufacturer Suggested Retail Price (MSRP) in MY 2017. As the model applies 
technologies, it effectively levels up all variants on a platfonn-to the highest level of mass 
reduction technology on the platform. So, if the platform leader is already at MR3 in MY 2017, 
and a "follower" starts at MR0 in MY 2017, the follower will get MR3 at its next redesign 
(unless the leader is redesigned again before that time, and further increases the mass reduction 
level associated with that platform, then the follower would receive the new mass reduction 
level). 

Important for analysis fleet mass reduction assignments (discussed above), and for 
understanding adoption teatures as well, is the agencies' handling of\·ehicles that traditionally 
operated on the same platform but had a mix of old and new platforms in production when the 
analysis fleet was created. As described in the PRIA, the Honda Civic and Honda CR-V 
traditionally share The same platform. In MY 2016, Honda redesigned the Civic and the updated 
platform, which included many mass reduction technologies. Also in MY 2016, Honda 
continued to build the CR-Von the previous generation platform - a platform that did not 
include many of the mass reduction technologies on the all new MY 2016 Civic. In MY 2017, 
Honda launched the new CR-V that incorporated changes to the Civic platform, and the Civic 
and CR-V again shared the 'same platform with common mass reduction technologies. The 
NPRM and final rule analyses treat the old and new platforms separately to' assign technology 
levels in the baseline, and the CAFE model brings vehicles on the old platform up to the level of 
ma% reduction technology on the new shared platform at the first available redesign year. 

Furthermore, as stated in the NPRM and PRIA, unlike the analysis presented in the Draft 
TAR that restricted high levels of mass reduction for cars to show a safety neutral pathway to 
compliance, the NPRM analysis did not artificially restrict mass reduction to achieve a safety 
neutral outcome.922 The NPRM CAFE model considered MR0 through MRS for all vehicles at 
redesign, and similarly for the final rule, the CAFE model considers MR0 through MR6 for all 
vehicles at redesign. 

Ford commented in support of the removal of"previously applied modeling rules that 
disallowed the mass reduction technology pathway for certain vehicle classes since this 

°'1 PRlA at 494. 
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restriction was not supported by an adequate technical justification.'"'"J JCCT commented that a 
constraint of7 .5 percent mass reduction to smaller cars, as was applied in the Draft TAR, would 
be appropriate for those vehicles. 

The agencies considered ICCT's comment that mass reduction on small passenger cars 
should be limited to 7.5 percent, and Ford's comment supporting the removal of"previously 
applied modeling rules that disallowed the mass reduction technology pathway for certain 
vehicle classes." Neither CAFE standards nor this analysis mandate mass reduction, or mandate 
that mass ~eduction occur in any specific manner. The mass reduction cost subsection below 
shows mass reduction is a cost-effective technology for improving fuel economy and col 
emissions. The steel, aluminum, plastics, composite, and other material industries are 
developing new materials and manufacturing equipment and facilities to produce those materials. 
In addition, suppliers and manufacturers are optimizing designs to maintain or improve 
functional performance with lower mass. Manufacturers have stated that they will continue to 
reduce vehicle mass to meet more stringent standards, and therefore, this expectation is 
incorporated into the modeling analysis supporting the standards to: (1) detennine capabilities of 
manufacturers; and (2) predict costs and fuel consumption effects of CAFE standards. The 
CAFE and CO2 rulemakings in 2012, and the Draft TAR and EPA Proposed Detennination, 
imposed an artificial constraint that limited vehicle mass reduction in some small vehicles to 
achieve a desired safety-neutral outcome. For the current rulemaking, this artificial constraint is 
eliminated so the analysis reflects manufacturers' applying the most cost effective technologies 
to achieve compliance with the regulatory alternatives and the final standards; this approach 
allows mass reduction to be applied across the fleet. TI1is approach is consistent with industry 
trends. To the extent that mass reduction is only cost-effective for the heaviest vehicles, the 
CAFE model would create the outcome predicted by commenters. In realit)', however, mass 
reduction is a cost-effective means of improving fuel economy and does take place across 
vehicles of all sizes and weights. Accordingly, the model reflects that manufacturers may reduce 
vehicle mass--regardless of vehicle class-when doing so is cost effective. 

The agencies have included one additional mass re'duction level for the final rule in 
response to comments by ICCT and others, and to account for carbon fiber use in vehicles. for 
the NPRM, the maximum level of mass reduction was limited to 10 percent ofa vehicle's curb 
weight, arid that amount of mass reduction could be applied during the rulemaking timeframe. 
For the final rule, based on the current state of mass reduction technology and the application 
rate of different levels of mass reduction technologies, the agencies applied phase-in caps for 
MRS and MR6 (15 percent and 20 percent reduction of a vehicle's curb weight, respectively). 
The agencies applied a phase-in cap for MRS level technology so that 15 percent of-the vehicle 
fleet starting in 2016 employed the technology, and the technology could be applied to 100 
percent of the fleet by MY 2022. This cap is consiStent witl1 the NHTSA lightweighting study 
that found that a 15 percent curb: weight reduction for the fleet is possible within the rulemaking 
timeframe_n~ The agencies also applied a phase in cap for MR6 technology so that one percent 
of the vehicle fleet starting in MY2016 eTTlployed the technology, and the technology could be 
applied to 13 percent of the fleet by MY2025. The agencies. believe that this phase-in cap 

"' NHTSA-2018-0067-l 1928 
'" DOT HS 81 I 666: Mass Reduction for Light Duty Vehicles for Model Years 2017-2025: Figure 397 at page 356. 
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appropriately functions as a proxy for the cost and complexity currently required {and that likely 
will continue to be required until manufacturing process evolve) to produce carbon fiber 
components. Again, MR6 technology in this analysis reflects the use of a significant share of 
carbon fiber content, as seen through the BMW i3 and Alfa Romeo 4c as discussed above. 

d) ,Hass Reduction Technology ~ffectiveness 

As discussed in Section [Overview Technology Effectiveness], A.NL developed a 
database of vehicle attributes and characteristics for each vehicle technology class that included 
over I 00 different attributes like frontal area, drag coefficient, fuel tank weight, transmission 
housing weight, transmission clutch weight, hybrid vehicle component weights, and weights for 
components that comprise engines and electric machines, tire rolling resistance. transmission 
gear ratios, and final drive ratio. ANL used these attributes to "build" each vehicle that it used 
for the effectiveness modeling and simulation. Important for precisely estimating the 
effectiveness of different levels of mass reduction is an accurate lisrofinitial component weights 
that make up each vehicle subsystem, from which Autonornie considered potential mass 
reduction opportunities. 

As stated above, glider weight, or the vehicle curb weight minus the powertrain weight, is 
used to determine the potential opportunities for weight reduction irrespective of the type of 
powertrain.9"5 This is because weight reduction can vary depending on the type of powertrain. 
For example, an 8-speed transmission may weigh more tlian a 6-speed transmission, and a basic 
engine without variable valve timing may weigh more than an advanced engine with variable 
valve timing. Autonomie simulations account for the weight of the powertrain system inherently 
as part of the analysis, and the powertrain mass accounting is separate from the application and 
accounting for mass reduction technology levels (MR0-MR6) that are applied to the glider in the 
simulations. Similarly, Autonomie also accounts for battery and motor mass used in hybrid and 
electric vehicle's separately. This secondary mass reduction is discussed further, below. 

Accotdingly, in the Autonomie simulation, mass reduction technology is simulated as a 
percentage of mass removed from the specific subsystems that make up the glider, as defined for 
that set of simulations (including the non-powertrain secondary mass systems such as the brake 
system). 

(1) Glider Mass and Mass Reduction 

Autonomie accounts for the mass of each subsystem that comprises the glider. For the 
NPRM, the glider subsystems included the vehicle body and the chassis, but did not include 
mass from subsystems such as the interior system, brake system, electrical accessory system, and 
steering and wheel systems. The agencies described in the PRIA that based on advances in 
active and passive safety technologies that add some mass to the interior system, certain 
subsystems were not considered for potential light-weighting to maintain safety performance.926 

"' Depending on the powertrain combination. the total curb weight oft he vehicle includes glider, engine, 
tran,m]ssion and/or battery pack and m"tor(s), 
°'6 PRIA at 411-412 
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For the NPRM, the A:1Mac I database was used to estiinate the average mass of each subsystem 
considered as part of the glider based on the subsystem assumptions, and to compute the average 
glider share of vehicle curb weight.9='7 That analysis showed the glider accounted for 50 percent 
of the vehicle curb weight. The agencies solicited comment on whether systems or components 
beyond the vehicle body and chassis should be included as part of the glider, and also indicated 
that the glider weight assumption might increase for 1he final rule based on further research. 

The agencies received several comments on the NPRM glider weight assumptions, with 
the overarching theme of the comments being that the NPRJ'Vl did nOt include all systems and 
components that should be include,d, and ifthose systems and components were included, the 
glider share would be higher. Commenters also stated that the 50 percent glider share value used 
for the NPRM reduced the am,ount of mass reduction that could be applied to vehicles in the 
analysis. 

UCS stated that representing the glider as a reduce<) fraction of the curb weight caused 
the agencies significantly to underestimate the potential for mass reduction. UCS noted that 
because mass reduction is applied at the glider level, reducing the share of the glider inherently 
caps the potential reduction in the curb weight, and this single change cut the potential 
improvement from mass reduction by one-third. Similarly, CARB stated that the updated glider 
weight assumption severely limited the effectiveness of mass reduction, as the most aggressive 
mass reduction category of 15 to 20 percent mass reduction can only reduce the vel1icle curb 
weight by IO percent. 

UCS cited previous agency analyses and analyses from other organizations that stated the 
total potential for mass reduction by 2025 is between 15.8 and 32 percent of curb weight, 
contrasted to the NPRM assumption of a maximum 10 percent reduction.9: 8 UCS also cited 
industry data which showed that the glider represented a higher share of vehicle curb weight than 
was assumed in the Draft TAR analysis, and both UCS and CARB cited to industry data from 
vehicles like the Ford F-150,, which UCS stated was able to achieve the NPR.M maximum 
achievable mass reduction through the deployment of aluminumalone.9J9 UCS concluded that 
by capping the total potential for mass reduction at such a low level. the agencies artificially 
reduced the potential for the cost-effective technology, ,vhich increased the use of more 
expenSive and more advanced technologies. CARB concluded that the agencies' IO percent 
restriction means that real-world improvements that have already happened on production 
vehicles were not considered feasible in the NPRM analysis. 

Several comm enters also stated that the 50 percent glider weight assumption was 
unexplained and unjustified, and argued that the agencies' own studies showed that the glider 
weight percentage should range from 75-80 percent.930 UCS stated that both the NHTSA-

°'1 The A2Macl database was used and this analysis was presented in ANL report docketed here: NITTSA-2018-
0067-1490. The mass data in the database were obtained from actual teardown of vehicles. 
"" NHTSA-2018-0067-l 2039 (citing Caffrey et al. 2013. Caffrey et al. 201 5. Lotus 2012, NAS 2015. Singh et al. 
2012, Singh et al. 2016, Singh et al. 2018). 
9' 0NHTSA-2018-0067-12039. See also NHTSA-2018-0067-11873 
030 NHTSA-20!8-0067-119!!5; l-<HTSA-2018-0067-12039; NHTSA-2018-0067-11873. 
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sponsored 2011 Honda Accord study, which showed the glider making up 79 percent of the 
vehicle, and the NHTSA-sponsored 20'14 Chevrolet Silverado study, which showed the glider 
making up 73.6 percent, showed values substantially higher than the 50 percent value, and were 
in line with the agencies' prior analyses.9' 1 As part of its comments that key assumptions about 
mass reduction changed from the Draft TAR without any supporting rationale, CARB stated that 
EPA had previously relied on four studies [two contracted for by EPA and two contracted for by 
NHTSA), and for the NPRM analysis the agencies only cited two of those studies.932 Moreover, 
ICCT commented that the agencies' previous studies showed,a glider fraction greater than 75 
percent even with numerous safety features considen<d. Accordingly, JCCT stated that the 
agencies must specifically identify the "safoty components" referred to in the NPRM and justify 
the limitations placed on light weighting in response. lCCT affirmatively concluded that the 
agencies must re-adopt the Draft TAR methodology in which glider mass is assumed to be 75 
percent of vehicle mass, or provide detailed justification and evidence supporting the new value 
of 50 percent.933 

The agencies carefully considered these comments and reexamined available data and 
information. The agencies agree it is appropriate to reconsider the glider share for the final rule 
analysis. The NHTSA-sponsored passenger car light weighting study showed a glider mass of 
79 percent, and the NHTSA-sponsored light duty truck light weighting study showed a glider 
mass of73.6 percent. Also, the 75 percent glider weight used for the Draft TAR was a value 
between the values from these two studies. As these are just two vehicle models in the overall 
fleet of over 2900 vehicle models, the agencies determined it would be more rigorous to consider 
data from a broader array of vehicles with various powertrain combinations and trim levels, to 
assess the glider share foi- the final rule. 

The agencies examined glider weight data available in the A2Mac l database.934 The 
A2Macl database tool is widely used by industry and academia to determine the bill of materials 
and mass of each component in the vehicle system.935 The A2Mac I database has been used by 
the agencies to inform past CAFE and CO:i rulemakings. We analyzed a-total of 147 MY 2014 
to 2016 vehicles, covering 35 vehicle brands ,vith different powertrain options representing a 
wide array of vehicle classes to determine the glider weight for the final rule analysis.93 ~ 

The agencies also considered that the NHTSA passenger car and light truck light
weighting srudies examined mass reduction in the body, chassis, interior, brakes, steering, 
electrical accessory. and wheels subsystems and had developed costs for light weighted 
components in those subsystems. As a result, the agencies determined it is appropriate to include 
all of those subsystems as available for mass reduction as part of the glider. Therefore all of 
these systems were included for the analysis of glider weight using the A2Mac 1 database. Table 

OJI NHTSA-2018-0067-12039 
OJl NHTSA-2018-0067-11873 
"'NHTSA-2018-0!Xi7-l l 74l 
'" A2Macl: Automotive Benchmarking. (n.d.). Retrieved from https:l/a2macl.com 
'" Bill of material (.BOMJ is a list of the raw materials, sub-assemblies, parts and quantities needed to manufuch,re 
an end product. 
' 36 [Re for to ANL report posted in the docket NHTSA-2018-0067-1490 for distribution ofgliderweighr for 
ditferent vehicle class which supports glider weight range from 66% to 73% of vehicle curb weight] 
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Vl-64Table VI-64 shows the average mass for each subsystem and the glider share for each of 
the vehicle classes for all powertrain combinations. 

Vehicle 
Class 

Compact 
Non-
Perfonnance 
Compact 
Perfonnance 
Midsize Non-
Perfonnance 
Midsize 
Perfonnance 
Small SUV 
Non-
Perfonnance 
Small SUV 
Performance 
Midsize SW 
Non-
Perfonnance 
Midsize SUV 
Perfonnance 
Pickup Non· 
Perfonnance 
Pickup 
Perfommnce 

Table VI~64- Glider mass share assessment for the final rule analysis using A2Macl 
data 

I 2 3 4 5 6 7 8 9 

Avg. 
Avg. 

Avg. Avg. Avg. Avg. Avg. 
Ekctrkal 

Avg. Glider Avg. 
Body Chassis Interior Brakes Steering Accessory 

Wheels Mass Curb 
Mass Mass Mass Mass Mass 

Mass 
Mass (Sum of Weight 

I to 7) 

525.00 160.00 150.00 50.13 20.00 30.26 42Jl0 977.40 1338.7] 

525.00 160.00 200.00 55.12 22.00 )5.25 45.00 1042.37 1455.85 

650.00 200.00 175.00 60.13 25.00 30.26 54.00 I 194.40 16JU4 

650.00 200.00 200.00 65.12 28.00 4-0.25 57.00 1240.37 1734.89 

650.00 200.00 180.00 60.13 25.00 30.26 60.00 1205.40 1651.09 

650.00 200.00 220,00 75.12 28.00 40.25 66.00 1279.37 1792.46 

' 650.00 200.00 I 200.00 70.13 30.00 30.26 66.00 1246.40 1754.57 

750.00 225.00 240.00 75.12 30.00 50.25 78.00 1448.37 2045.42 

650.00 300.00 160.00 90.12 30.00 80.47 78.00 1388.58 2020.13 

800.00 350.00 200.00 95.11 30.00 100.44 90.00 1665.55 2345.18 

Average 

This data was also compared with the glider weight measured in the NHTSA MY 2014 
Chevrolet Silverado light weighting study,937 and the glider weight data range was similar to the 
analysis results. Based on the comments and the agencies' updated assessment, we have 
increased the glider weight assumption to 71 percent of the vehicle curb weight for the final rule. 

As stated above, for the NPRM, the interior, brake system, electrical accessory system, 
and steering and wheel systems were not included as part of the glider. The decision not to 
include the interior system was based on an assumption at that time that interior system mass 
reduction might adversely impact safety. In addition, the decision not to include the brake-

m DOT HS 812 487: Mass Reduction for Light-Duty Vehicles for Model Years 2017-2025 

JO 

% 
Glider 
Sh= 

73.01% 

71.60% 

74.13% 

71.50% 

73.01% 

71.38% 

71.04% 

70.81% 

68.74% 

71.02% 

71.62% 
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system was based on an assumption at that time that there would be little or no opportunity for 
downsizing and reducing mass based on the reduced weight from body :ind chassis only. As a 
result, brake systems were not considered as part of the glider in the NPRM. For the final nile, 
we included the interior system based on market observations that light-weighted seats, side door 
trim, frontal dash, and others interior components have been incorporated on production Yehicles 
that meet FMVSS standards and perform well on voluntary NCAP and HHS safety tests. The 
agencies also considered that interior, brakes, steering, wheel and electrical subsystems were 
included in the NHTSA light weighting studies. By adding the interior, steering, wheel 
subsystems and electrical subsystems as part of glider, the agencies believe light weighting the 
glider increases the opportunity for brake system optimization and mass reduction. Similarly, 
there is increased opportunity for mass reduction for wheels using gauge optimization, resulting 
from including more subsystems in the glider. 

By including the interior, brake, steering, electrical accessory, and wheel subsystems In 
addition to the body and chassis subsystems in the definition of what subsystems C(}mprise the 
glider, we increased the glider weight from 50 percent of the vehicle curb weight to 71 percent of 
the vehicle curb weight. This increase in tum means that the potential for vehicle mass reduction 
was increased from IO percent of the vehicle curb weight to 20 percent of1he vehicle curb 
weight. Table VI-65Table Vl-65 shows the percent oflight tnick glider weight reduction and the 
corresponding vehicle curb weight reduction for each level of mass reduction for the glider 
shares used in the Draft TAR (75 percent), NPRM (50 percent), and final rule (7l percent) 
analyses. 938 

MRO 
MRI 
MR2 
MR3 
MR4 
MRS 
MR6 

Table VJ-65 - Light Truck Glider Weight and Curb Weight Comparison for the Draft 
TAR, NPRM and Final Ru!e 

Percent of Curb Weight for Light Trucks 

Glider Weight 
Percentages by MR 

Draft TAR NPRM Final Rule 
Level 

75% glider share 50% glider share 71%glidershare 

0.0% 0.00% 0.00% 0.00% 
5.0% 3.75% 2.50% 3.55% 
7.5% 5.63% 3.75% 5.33% 

10.0% 7.50% 5.00% 7.10% 
15.0% 11.25% 7.50% 10.65% 
20.0% 15.00% 10.00% 14.20% 
28.2% 21.15% 20.00% 

OJ! Table 6-57 in PRIA showed the vehicle curb weight changes for different glider weight assumptions. 
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(2) Powertrain Mass Reduction 

As explained above, any mass reduction due to powertrain improvements is accounted 
for separately from glider mass reduction. Autonomie considers several components for 
powertrain mass reduction, including engine downsizing, and transmission, fuel tank, exhaust 
systems, and cooling system lightweighting. 

The 2015 NAS report suggested an engine downsizing opportunity exists when the glider 
mass is lightweighted by at least l 0%. The 2015 NAS report also suggested that 10% 
lightweighting of the glider mass alone would boost fuel economy by 3% and any engine 
downsizing following the 10% glider mass reduction would provide an additional 3% increase in 
fuel economy.93

g The agencies' lightweighting stu<!ies applied engine downsizing (for some 
vehicle types but not all) when the glider weight was reduced by 10 percent. Accordingly, the 
NPRM analysis limited engine resizing to several specific incremental technology steps;~•o 
important for this discussion, engines in the analysis were only resized·when mass reduction of 
10% or greater was applied to the glider mass, or when one powertrain architecture was replaced 
with another architecture. 

ANL performed a regression analysis of eiigine peak power versus weight for the NPRM 
based on attribute data taken from the A2Macl benchmarking database, to account for the 
difference in weight for different engine types. For example, to account for weight of different 
engine sizes like 4-cylinder versus 8-cylin,der, ANL developed a relationship curve bet\veen peak 
power and engine weight based on the A2Macl benchmarking data. For the NPRM analysis, 
this relationship was used to estimate mass for all engine types regardless of technology type 
(e.g., variable valve lift and direct injection). Weight associated with changes in engine 
technology was applied by using this linear relationship between engine power and engine 
weight from the A2Macl benchmarking database. When a vehicle in the analysis fleet with an 
8-cylinder engine adopted a more fuel efficient 6-cylinder engine, the total vehicle weight w,ould 
reflect the updated engine weight with two less cylinders based on the peak power versus engine 
weight relationship. 

When Autonomie selects a powertrain combination for a lightweighted glider, the engine 
and transmission are selected such that there is no degradation in the perfonnance of the vehicle 
relative to the baseline vehicle. The resulting curb weight is a co_mbination of the lightweighted 
glider with the resized and potentially new engine and transmission. This methorlology also 
helps in accurately accounting for the cost of the glider and cost of the engine and transmission 
in the CAFE model. This is one -of the fundamental differences between the analysis for this 
rulemaking the analysis for the Proposed Determination. For the Proposed Determination, the 
cost for mass reduction included mass reduction and cost reduction for one specific engine 
downsizing, and applied it to all vehicle classes without regard for performance and utility. 

"" National Research Council. 2015. Cost,,Eff«tiveness, and Deployment ofFuel Economy Technologies for 
Light• Duty Vehicles. Washington, D.C. - The National Academies Press. https:l/doi.orgfl0.17226121744 
s,o 83 FR 43027. 

416 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

There also was no accounting for the mass of other applied powertrains and the associated 
effectiveness impacts. 

As explained in the introduction, secondary mass reduction is possible from some of the 
components in the glider after ma'ss reduction has been incorporated in primary subsystems 
(body, chassis, and interior). Similarly, engine downsizing and powertrain secondary mass 
reduction is possible after certain level of mass reduction is incorporated in the glider. For the 
analysis, we include both primary mass reduction, and when there is sufficient primary mass 
reduction, additional secondaI)· mass reduction. The Autonomic simulations account for the 
aggregate of both primary and secondary glider mass reduction, and separately for powertrain 
mass. 

The agencies received several comments about secondary mass reduction and powertrain 
mass reduction. Broadly, ·CARB conimented that the agencies did nof include powertrain 
downsizing and associated secondary mass reduction, which was a departure from the analysis 
done by EPA for the Draft T AR.941 CARB stated that the agencies "inexplicably" did not 
consider secondary mass reduction opportunities "iiicluding but not liniited to drive axles, 
suspension, and braking components (as a result of the overall vehicle being lighte,r); fuel tank 
(and corresponding weight offuel during certification testing); powertrain (lighter engine and 
transmission needed to power the lighter vehicle); and thermal systems." CARB cited both EPA 
and NHTSA light weighting studies for the proposition that there are significant opportunities for 
secondary mass reduction that lead to additional cost savings. As a result, CARB stated that the 
agencies inflated the cost of mass reduction as well as the amount of mass reduction that is 
feasible and cost-effective, leading to an over estimate in the technology costs to meet the 
existing standards. 

As CARB correctly noted, the NHTSA-sponsored studies have taken into consideration 
secondary mass reduction benefits such as radiator engine support, and optimized engine cradles, 
wheels, and suspension systems. As discussed above, in response to comments, the agencies 
have included additional subsystems such as brakes, wheels, steering, electrical, and interior 
systems to the glider for the final rule analysis, thereby accounting for mass reduction 
opportunities for these systems. 

Also, as discussed further in [Section Mass Reduction Costs], below, secondary mass 
reduction is integrated into the mass reduction cost curves. Specifically, the NHTSA studies, 
upon which the cost curves were built, first generated costs for lightweighting the vehicle body, 
chassis, interior, and other primary components, and then calculated costs for lightweighting· 
secondary components. Accordingly, the cost curves reflect that, for example, secondary mass 
reduction for the brake system is only applied after there has been sufficient primary mass 
reduction to allow the smaller brake system to provide safe braking perfonnance and to maintain 
mechanical functionality. 

CARB appears to have misunderstood how the analysis accounts for powertrain mass 
reduction. The agencies described in the PRIA that the Autonomic simulations recognize that 

"" NHTSA-2018-0067-11873. 
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many powertrain packages have different weights for each vel1icle class; for example, an eight
speed transmission may weigh more than a six-speed transmission, and a basic engine with 
variable valve timing may weigh more than a basic engine without variable valve timing.94" 

Autonomie varies the weight of these powertrain systems as part of the analysis, and these 
changes are done separately from the glider mass reduction technology levels (MRO to MR6) in 
the simulations. Accordingly, accounting for powertrain mass reduction as part of the mass 
reduction technology analysis would double count impacts. The use of separate accounting 
assures that the analysis accounts for mass associated with secondary mass reduction, and engine 
downsizing, as well as mass associated with each individual engine, transmission, and 
electrification technology. These mass changes were not accounted for in the Draft TAR and 
Proposed Determination analyses. Moreover, these are accounted for separately in the cost 
accounting, which is discussed further in the [Mass Reduction Costs] section, below. 

HOS commented that some assumptions in the Autonomie modeling related to engine 
weight appeared incorrect, such as the assumption that a turbocharged 4-cy!inder engine \Veighed 
the same as a DOHV V6 engine with 1.5 times the 4-cylinder's displacement, when in fact that 
engine is often 75 to 100 lbs. lighter.94

·
1 

HOS alsq noted that "mass-reduction assumes no reduction ofpowcrtrain weight for mass 
reduction levels of2.5% and 5%. Mass reduction effectiveness therefore are somewhat more 
appropriate for reductions over 5% which apparently include some powertrain weight reduction. 
More transparency in the PRIA regarding powertrain weight changes will allow more detailed 
comment on engine weight assumptions used." 

We agree with the comment that certain advanced engines could be lighter than a basic 
engine. For the final rule, the estimated mass levels for engines were updated, as discussed in 
Section [Tech Effectiveness and Modeling], based on the A2Macl database and other sources 
that provided-more precise mass data for powertrain tedmologies. Also, we improved upon the 
precision of estimated engine weights by creating two curves to represent separately naturally 
aspirated engine designs and turbocharged engine designs.'144 This update resulted in two 
benefits, First, small naturally aspirated 4-cylinder engines that adopted turbocharging 
technology reflected the increased weight of associated components like ducting, clamps, the 
turbocharger itself, a charged air cooler, wiring, fasteners, and a modified exhaust manifold. 
Second, larger cylinder count engines like naturally aspirated 8-cylinder and 6-cylinder engines 
that adopted turbocharging and downsized technologies would have lower weight due to having 
fewer engine cylinders. For the final rule analysis, a naturally aspirated 8-cylinder engine that 
adopts turbocharging technology and is downsized to a 6-cylinder turbocharged engine 
appropriately reflects the added weight of the turbocharging components, and the lower weight 
offewer cylinders. These refinements address the issues identified in HDS's comments. 

'"PRJAat418. 
"" NHTSA-2018-0067-J 1985. 
"" [ANL Final Model Documentation for final rule analysis Chapter 5.2.9 Engine Weigh! Detem,jnatlon.J 
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Regarding HDS's second comment. as discussed in the NPRJvl, to address product 
complexity and economies of scale, engine resizing is limited to specific incremental technology 
changes that would typically be associated with a major vehicle or engine redesign.945 As 
discussed further in [Section Performance Neutrality], the NPRM also referred to the 2015 NAS 
report conclu,sion that "[f]or small (under 5 percent [of curb weight]) changes in mass, resizing 
the engine may not be justified, but as the reduction in mass increases (greater than IO percent 
[of curb weight]), it becomes more impo1tant for certain vehicles to resize-the engine and seek 
secondary mass reduction opportunities."~6 In consideration of both the NAS report and 
comments received from manufacturers, the agencies determined it would be reasonable to al!ow 
allows engine resizing upon adoption of7.1%, 10.7%, 14.2%, and 20% curb weight reduction, 
but not at 3.6% and 5.3%.947 Resizing is also allowed upon changes in po;venrain type or the 
inheritance of a powertrain from another vehicle in the same platform. The increments of these 
higher levels of mass reduction, or complete powertrain changes, more appropriately match the 
typical engine displacement increments that are available in a manufacturer's engine portfolio. 

0) Summary of Final Rule Mass Reduction Technology 
Effectiveness 

Figure VI-25Figure VJ-25 below shows the effectiveness (fuel economy improvements) 
when glider is light weighted by I 0% and no engine-downsizing for different class of vehicles 
across al! powenrain combinations. 

Figure Vl-25 - PLACE HOLDER FOR BAR CHART 

Figure Vl-26Figure Vl-26 shows effectiveness (fuel economy improvements) when 
glider is light weighted by I 0% with engine is downsizing for different class of vehicles across 
all powertrain combinations. 

Figure Vl-26 

[Text Forthcoming] 

e) Afass Reduction Costs 

The PRTA described the decision to use NHTSA's passenger car light weighting study 
based on a MY 2011 Honda Accord and ~HTSA's full-size pickup truck light weighting study 
based on a MY 2014 Chevrolet Silverado to derive the estimated cost for each of the mass 
reduction technology levels.948 The agencies relied on the results of those studies because they 
considered an extensive range of material types, material gauge, and component redesign while 

'14i Sw83 FR43027 (Aug.24, 2018). 
"'"National Research Council. 2011. Assessment of Fuel Economy Technologies for Light-Duty Vehicles. 
Washington, D.C. - The National Academies Press. http:i-J,ap.edui/2924. 
947 These curb weight reductions equate to the following levels of mass reduction as defined in the analysis: l\1R3, 
MR4, MR5 and MR6,, but not MRI and MR.2; additional discll5sion of engine resizing for mass reduction can he 
found in Section LX.X]. 
94' PRIA at 39!; Table 6-38 and Table 6-41 in PRJA 
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taking into account real world constraints such as manufacturing and assembly methods and 
complexity, platform-sharing, and maintaining vehicle utility, functionality and attributes, 
including safety, performance, payload capacity, towing capacity, handling, NVH, and other 
.characteristics. In addition, the agencies described that the baseline vehicles assessed in the 
NHTSA-sponsored studies were reasonably representative of baseline vehicles in the MY 2016 
analysis fleet.~~9 The agencies also noted they made the decision to rely on these studies after 
reviewing other agency, CARE, ICCT and industry studies.950 The other studies often did not 
consider important factors, made unrealistic assumptions about key vehicle systems, and/or 
applied secondary mass reduction inappropriately, resulting in unrealistically low cos1s. The 
PRIA also described how the cost estimates derived•from the NHTSA lightweighting studies 
were adjusted to reflect the NPRM glider share asswnption.951 

Furthennore, the agencies changed the cost of mass reduction accounting from a curb 
weight basis in the Draft TAR to glider weight basis in the NPRM_gsz Because the mass 
reduction studies provide mass reduction costs for the glider, this change enabled more direct use 
of cost curve d;i.ta from the studies in the CAFE model. This change also allowed independent 
accounting for powertrain mass, which enabled the CAFE model to account more accurately for 
the unique mass of each of the powertrains that are available in each ,,ehicle model. The cost of 
the engine, transmission, and electrification are accounted for separately from the glider in the 
CAFE model. 

The agencies received several comments on the mass reduction costs used in the NPRM, 
FCA commented that the costs and benefits used the CAFE model were overly optimistic, stating 
that although its Ram 1500 pickup truck achieved several hundred pounds of weight reduction, 
the cost of achieving that weight reduction was greater than that used in the CAFE model. 953 

Similarly, as mentioned above, Toyota commented that mass reduction cost values were 
underestimated.954 Conversely, CARB, UCS, and the City of Oakland in California commented 
that the costs used for mass reduction in the NPRM overstated the cost of mass reduction. The 
agencies also received several comments relating to the studies used to develop the mass 
reduction cost curves, how the values from those curves were applied in the CAFE model, and 
cqsts for secondary mass reduction; those comments are discussed in turn. 

"' PRIA at 403. 
9'1 As described in the PRIA at 390-91. studies by EPA, CARB, Transport Canada, the American Iron and Steel 
Institute (AJSI), the Aluminum Association, and the American Chemfsny Council were all re,·iewed for potential 
incorporation into the analysis. 
"" See PRIA at 396, Tables 6-38 and 6-39: PRIA at 401, Tables 6-41 and 6-4'.!. See also PRJA at 391 ( .. While the 
definitions of glider may vary from study to study (or even simulation to simulation), the agencies referenced the 
same dollar per pound of curb weight lo develop costs·for different glider definitions. In translating th('.Se values, the 
agencies took care to track units ($/kg vs. $/lb.) and the reference for percentage improvements (glider vs. curb 
weight).''). 
m In the Draft TAR, the agencies proscntC<:I the cost estimates from mass reduction studies sponsored by both 
NIITSA and EPA. EPA presented the cost of mass reduction 35 function of vehicle curb weight. To harmonize the 
cosrestimates wilh EPA, NHTSA also presented the cost of mass reduction 35 a function of vehicle curb weight. 
91> NHTSA-2018-0067-11943. 
" 5' NHTSA-2018-0067-12098. 
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(1) Studies Used to Develop Mass Reduction Cost Cw-ves 

The agencies described in the PRJA that since the 2012 final rule, both agencies 
conducted lightweighting studies to assess the technical feasibility and cost of mass reduction.955 

The agencies also stayed apprised of studies performed by other agencies, manufacturers, and 
industry trade associations, and reviewed them in development oflightweighting assumptions 
used in the NPRM and final rule analysis.956 Among the several lightweighting studies, the 
agencies used NHTSA's passenger car lightweighting study, based on a MY 2011 Honda 
Accord, and NHTSA 's full-size pickup truck lightweighting study, based on a MY 2014 
Chevrolet Silverado, to derive the cost estimates to achieve different levels of mass reduction for 
the NPRM and final rule. 

The agencies described that the decision to rely on those studies included that those 
studies considered materials, manufacturing, platform-sharing, functional attribute, performance, 
and noise-vibration- and harshness (NVH), ,among other constraints pertaining lo cost, 
effectiveness, and safety considerations, in addition to that these vehicles were a reasonable 
representation of the baseline vehicles in the MY 2016 compliance simu!ation.g57 Specifically in 
regards to safety, the agencies described a preference to use studies that considered small overlap 
impact tests conducted by the Insurance Institute for Highway Safety (HHS) and not all studies 
took that Jest into account. In regards to maintaining vehicle functionality, the agencies 
described that the NHTSA pickup truck study accounted for vehicle functional performance for 
attributes including towing, noise and vibration, and gradeability, in addition to considering 
platform sharing constraints. 

In contrast, the agencies explained that the other studies often did not consider many 
important factors, or those studies made unrealistic assumptions about key vehicle systems 
through secondary downsizing, resulting in unrealistically low costs. Specifically, the agencies 
referenced EPA 's past analysis of a MY 2010 Toyota Venzaas an example of a study that 
employed overly aggressive secondary mass reduction, which translated into cost savings for the 
initial 10% mass reduction.95

& 

The agencies received several comments on the studies used to generate the mass 
reduction cost curves. Ford commented in support of the agencies' deciSion tb exclude,mass 
reduction studies that were misaligned with tear-down studies.9

'
9 Ford cited the MY 2010 

Toyota Venza Phase II study used to establish the mass reduction cost values used for the Draft 
TAR and Proposed Determination that suggested the first 7-10% of mass reduction could be 
accomplished with zero or reduced co_st, 960 which Ford characterized as "a gross underestimation 
of industry investment and material costs associated with any weight reduction." 

"" PRIA at 390. 
"" PRIA at 403. 
"'7 PR1Aat403. 
"'PR!Aat39l. 
'" NHTSA-2018-0067-l 1928 
""° EPA-420-R-16-021: Proposed Determination Technical Support Document at2-1S8, November 2016 
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JCCT commented that The National Academies of Science "specifically endorsed tear
dov..11 studies as the most appropriate way to get at vehicle technology costs, [as those] studies 
are typically more accurate and far more transparent than the older method of surveying 
manufacturers, and such whole-vehicle studies are key to capturing holistic vehicle level mass
reductioh technology costs." lCCT noted that there are many peer-reviewed tear-down studies 
that demonstrate th.it at least 20 percent mass reduction is available for adoption across vehicle 
classes by 2025, including studies by EDAG, FEV, Ford, and Lotus Engineering; however,. ICCT 
alleged that the agencies "have either incorrectly interpreted or invalidly nullified t_he most 
relevant detailed engineering teardown studies on mass-reduction technology." ICCT noted !hat 
the agencies were "well aware" of these studies, as they were performed by CARE in 
conjunction with the agencies, however, ICCT alleged that the agencies ''reinterpreted the results 
of the main study relied upon in the TAR in order to inflate costs," and that the "technical 
assessment by the agencies has a clear technical bias to'wards reducing CAFE and [CQ3] 
standards." JCCT concluded that "[e]xcluding these studies amounted to intentionally 
disregarding the most pertinent and rigorous engineering studies that are applicable to the 
rulemaking timeframe." , 

ICCT recommended the agencies adjust their technology cost inputs to reflect the "best
available technology studies." ICCT stated that the correct cost assumption from these studies is 
that "a 5-10% mass reduction by 2025 reduces vehicle cost, and the auto industry will cost
effectively deploy at least 15% vehicle curb mass reduction in the 2025 timeframe at near zero 
net cost (and consistently less 1han $500)." 

CARB asserted that the agencies inflated the costs of mass reduction in the NPRM 
analysis by only considering NHTSA-sponsored studies and improperly excluding the effects of 
secondary mass reduction as documented in those studies.%1 CARB provided a table of studies 
that largely mirrored the tables of stuclies the agencies considered in the Draft TAR and PRfA,%2 

and also included the associated mass reduction costs in $/kg included in each study, noting that 
for all excluded studies cited in the table, all mass reduction costs were substantially lower than 
the values used in the agencies' analysis.963 Similarly, UCS commented that while the PRIA did 
state that additional studies "often did not consider many important factors or ... made unrealistic 
assumptions about key vehicle systems," the agencies did not specifica1ly identify the factors and 
assumptions that merited disregarding those studies, which were included previously in agency 
analysis as part of the record when deriving previous estimates for the costs of mass reduction.''M 

The agencies agree with JCCT that peer-reviewed tear-down studies present an 
appropriate method to capture holistic vehicle-level mass reduction technology costs. The 
agencies also agree with ICCT that the agencies were well aware of studies conducted by EDAG, 
FEY, Ford, and Lotus Engineering; in fact, the agencies presented a table listing several of those 
studies in the PRIA with the qualification that those studies were reviewed in developing 
lightweight assumptions for the analysis, but those studies did not consider important factors, or 

""' NHTSA-2018-0067-l I 873 
""'Draft TAR at 5-168; PRJA at404-05. 
""'NITTSA-2018-0067°11873 
""'NITTSA-2018-0067-12039. 
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those studies made unreal istic assumptions about key vehicle systems through secondary 
downsizing, resulting in unrealistically low costs. 

The agencies also agree with UCS' comment that we could have been more specific 
about identifying the factors and assumptions that merited disregarding studies that were 
previously included as part of the record when deriving previous estimates for the costs of mass 
reduction. The fol lowing discussion briefly summarizes the record since the Draft TAR and 

differences between NHTSA's and other lightweighting studies ' approach to factors listed in the 
PRIA. Important for this discussion is an understanding of primary versus secondary mass 
reduction; as described above, when there is sufficient primary mass reduction, other 
components that are designed based on the mass of primary components may be redesigned and 
have lower mass. Recall the braking system example used throughout this section; mass 
reduction in the braking system is secondary mass reduction because it requires primary mass 
reduction before it can be incorporated. If the mass of primary components is reduced 
sufficiently, the resulting lighter weight vehicle could maintain braking performance, attributes, 
and safety with a lighter weight brake system. 

Several studies were referenced in the Draft TAR that either used tear-down analyses and 
computer-aided eng ineering (CAE) to produce a future engineered lightweight vehicle, or 
considered future technologies and processes for lightweighting vehicle components.965 

EPA developed cost curves for cars and CU Vs based on the MY 20 IO Toyota Venza 
study, and pickup truck cost curves based on the MY 201 I Chevrolet Silverado study.%6 The 
other studies were considered by EPA. but not used to develop the Draft TAR, Proposed 
Detennination and Final Determination cost curves. In brief, EPA described that the Toyota 
Venza Phase I was a mass reduction opportunity study only, and the Phase II study was a holistic 
vehicle study that examined nearly every component in the vehicle for mass reduction potential 
and calculated a related cost and mass saved for each. For the cost curve, EPA applied the 
individual components in sequence from largest cost per kilogram savings to largest cost per 
ki logram increase. For example, the cost curve for the Draft TAR and Proposed Determination 
applied engine downsizing and transmission system mass reduction first, and before 
lightweighting the body, chassis, doors and other components.967 EPA stated this methodology 
was chosen based on the understanding that OEMs will choose the cost saving technologies first 
and that some cost mass reduction technologies will be paid for by the cost save mass reduction 
technologies, citing a 2016 publication by CAR and a GM presentation that stated over 
$2,000,000,000 was saved in material costs through various lightweighting approaches."68 

96
' Draft TAR at 5-158 through 5- l 97. 

966 Draft TAR at 5-367. 
967 EPA-420-R- t6-021: Proposed Determination Technical Support Document at 2-1 61 and 2- 162 
90s Draft TAR at 5-1 T2. (citing "Identifying Real world Barriers to lmplcmeming Lightweighting Technologies and 
Chal lenges in Estimating the Increase in Costs." Center for Automotive Research, Jay Baron, PhD, January 2016 
http: """ .car~roup.on, ·.>module- Puhlication,&c, ent \'ie,h\:publ I) I 28.: General Motors, "General Motors 201 S 
Global Business Conference,'' Presentation. October l. 2015. Slides 43-45 in document. 
https: \\ "''-L!m.com content dam em e\enb do1,,:~ 5 I lJ• 074-="9hl 55-Ch:1r1,d-l 0- I -~O I).}. 
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The NHTSA cost curves were developed by reanw,ging the lightweighted components 
from the MY 201 l Honda Accord and MY 2014 Chevrolet Silverado studies based on cost 
effectiveness, assuming the vehicle body, chassis, interior, and other primary components were 
lightweighted first, followed then by lightweighting powerrrain components and o ther secondary 
systems.%9 The cost curves based on the NHTSA studies reflect that, returning to this example, 
secondary mass reduction for the brake system is only applied after there has been sufficient 
primary mass reduction to allow the smaller brake system to provide safe braking performance 

and to maintain mechanical functionality.9711 

Tl,~ IP\ and '-dl J<.,A ,tu,lic 1 .. .,1. l1111d.111,,111.,II: d1lk•c:111 •11'1'""'"1,c: 1 .. ''"' 1111111; 1 .. 1 

the: u• t HI lll<t, 1 cdut:l1t111 lc"dm, It•,::,. c111d dc'u•rtl111.,-I:,. I I'\ lltc"tlcd tt1 11-.111 idle Ilic u• I d l l'I <', 

lrnm 1he ~-1+'-.-\-..tth.+tt",,-f,+W•t'~t-•+n,l,tt tHt•+lwtlT.J,.~: " the,, I cLlf'\c 11> in 11« 11' \ 
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For the N PRM and final rule, the agencies simply used the original ordered list of 
components from the MY 20 11 Honda Accord study and MY 2014 Chevrolet Silverado study, 
arranged sequentially for cost effectiveness based on primary then secondary mass reduction 
opportunities, to generate the cost curves for passenger cars and light trucks. Accordingly. the 
agencies did not "reinterpret" the results of studies used in the Draft TAR in the NPRM, as JCCT 
alleged, but rather appropriately represented how primary and secondary mass reduction 
opportunities are implemented in the real world ( to the extent that JCCT is referring to the 
trans lation of the study costs to the NPRM glider weight assumptions, that is discussed in 
[Section How the Cost Curves Are Implemented in the CAFE Model], below). To maintain 
utility and performance in the real world, primary components must be lightweighted first before 
the engine and transmission can be resized. Moreover, as described in the Draft TAR, NHTSA 's 
mass reduction studies did not "improperly exclude" the effects of mass reduction, rather those 
effects were appropriately accounted for after primary components achieved certain levels of 
mass reduction. As discussed in (Sect ion Performance Neutrality), this approach aligned with 
the NAS approach to consider powertrain downsizing only after the vehicle structural 
components achieved I O percent mass reduction. 

••• Draft TAR a t 5-421 ("The powertrain components which include engine. transm ission, and fuel systems such as 
fuel filler pipe. fuel tank. fuel pump. etc., exhaust systems and cooling systems were not considered for application 
of primary mass reduction but benefits of secondary mass reduction were accounted for. These powcrtrain 
components are assumed to be downsized only after the primary vehicle structural components (Body- In- White) 
achieve certain level of mass reduction.''). 
9 70 Draft TAR at 5-422. 
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OEMs have also disagreed with the conclusion that mass reduction could come at a cost 
savings. For instance, Ford characterized the Toyota Venza studies, which concluded the first 7-
10% of mass reduction could come at a negative .cost as "a gross underestimation of industry 
investment and material costs associated with any weight reduction.'' The agencies belie\'e that 
the approach to secondary mass reduction followed in the NHTSA passenger car and pickup 
truck lightweighting studies appropriately incorporated both the costs and real-world constraints 
associated with employing primary and secondary mass reduction technologies. 

Aside from the differences in how studies treated secondary mass reduction, the agencies 
opted not to use, or could not use, other studies either previously considered in the rulemaking 
record or mentioned by commenters for several reasons: 

Studies were not comprehensive. and therefore could 1101 be used to develop a 
comprehensive cost curve: Some studies narrowly assessed Iightweighting of a portion of 
vehicle, stich as the body in white subsystem, or as stated in the PRIA,972 were limited to 
material substitution of the vehicle components, such as replacing steel with aluminum or 
replacing mild steel with AHSS or replacing mild steel with CFRP in selective components, 
Factors important to vehicle functionality, like material joiµing techniques and the feasibility Of 
manufacturing processes or necessary retooling requirements were not considered, and therefore 
could not be used to develop a comprehensive cost curve representative of the costs required to 
reduce mass in a vehicle 973• 

Cost curves were not developed or no cost ona(rsis was pe,jormed: For the CARB 
Holistic Vehicle Mass Reduction/Cost Study, a cost curve was not developed, and the resulting 
cost per kilogram data points were point estimates. The calculated cost per kilogram was used as 
one data point of several to indicate the direction for mass reduction beyond EPA 's original 
passenger car/CUV curve.974 Or, as in the case of the DOE/ford/Magna Multi Material 
Lightweight Vehicle (MML V) project, no cost analysis was performed for the initial project, and 
later projects concluded that the demonstrated mass reduction was only possible "if carbon fiber 
composite materials and manufacturing processes are available and if customers will accept a 
reduction in vehicle features and content.'""75 

Engineered vehicles did not meet functional design or mam1fac111ring requirements: As 
noted in the update to EPA's Light~Duty Vehicle Mass Reduction and Cost Analysis for the 
Toyota Venza, the Phase l engineered Venza did not meet the design target ofno expected NVH 
degradation.976 The Phase II (high Development) study assumed significant cost savings from 

070 PRIA at391. 
"'An Assessment of Mass Reduction Opportunities for a 2017·2020 Model Year Vehide Program, March 2010, 
Lotus Engineering at Page 6 
"14 Draft TAR at 5-185. 
975 Draft TAR at 5-194. 
916 Light-Duty Vehicle Mass Reduction and Cost Analysis~ Midsize Crossover Utility Vehicle, EPA-~20-R-12-026 
(August 2012). 

425 



*** EO 12866 Review Draft Do Not Cite, Quote -or Release During Review*** 

reduced parts manufacturing, but did not appropriately explain the methodology used to 
conclude that the part count reduction was feasible.077 

In addition, the agencies qualified in the PRIA a preference to use studies that considered 
the small overlap impact test conducted by HHS, and not all studies took that test into account.978 

NHTSA's "Update to Future Midsize Lightweight Vehicle Findings in Response to 
Manufacturer Review and IIHS Small-Overlap Testing" based on the MY 2011 Honda Accord 
presented results incorporating suggestions from Honda regarding NVH and durability, and 
updating the engineered vehicle to achieve a "good" rating in seven crash safety tests.070 EPA 
studies also accounted for JJHS small overlap test through an ad hoc estimate of mass and cost, 
unlike the NHTSA update, which explicitly modeled to account for NVH performance and to 
comply with the HHS small overlap test. 

The agencies continue to believe that the MY 2011 Honda Accord and MY 2014 
Chevrolet Silverado lightweighting studies are the best studies upon which to estimate the,costs 
of mass reduction in the rulemaking time frame. 

(2) How /he Cost Curves Are Applied in the Model 

Commenters also submitted comments on how the cost curves were applied in the model, 
including that the studies, the agencies relied upon to generate cost curves, discussed above, did 
not support the 50 percent glider share assumption used in the NPRM:, and the agencies did not 
correctly scale the costs to match the glider share assumption. 

UCS commented that the agencies based the costs for mass reduction on glider weight 
reduction, however, the need for more expensive materials and more advanced engineering and 
design strategies only results from the need for greater levels of absolute mass reduction on the 
vehicle.980 UCS stated that the cost curves had effectively been derived from the assumption of 
reductions as great as 16.8 percent reduction in curb weight ih the case of the Silverado (Singh et 
al. 2018) and as great as 18 percent reduction ill curb weight in the case of the Honda Accord 
(Singh et al. 2016), but applied to curb weight reductions approximately two-thirds that 
magnitude. UCS stated that approach was "completely invalid and significantly overstates the 
cos\s for mass reduction." UCS also commented that the agencies incorrectly scaled the cost 
curves based on the agencies' mass reduction studies, which refer to direct manufacturing costs 
as a function of vehicle curb weight, not just glider weight. UCS stated this incorrectly yielded 
the same costs for two-thirds the amount of mass reduction. 

•nsee,J'eer Review of Demonstrating the Safety and Crashworthiness ofa 2020 Model-Year, Mass-Reduced 
Crossover Vehicle (Lotus Phase 2 Report), EPA-420-R-12-028 (September 2612). 
973 PRIAat391 . 
..,. Singh, H., Kan, C-O., Marzougui, D., & Quoog, S. (2016, Februai"y). Update to future midsize lightweight 
vehicle findings in response to manufacturer review and HHS small-overlap testing(Report No. DOT HS 812 237). 
Washington, DC: National Highwa~' Traffic Safety Administration. 
°'" NHTSA-2018-0067-12039. 
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CARB similarly commented that the mass reduction costs assigned to both passenger cars 
and light trucks in the CAFE model were inappropriately inflated based on incorrect scaling from 
the glider share assumptions used in the Honda Accord and Chevy Silverado studie;; 10 the 
NPRM glider share value.n1 CARB analyzed two tables in the PRTA that showed the agencies' 
translation of cost numbers derived from the two studies to tlie cost numbers used in the CAFE 
model,,and asserted that the agencies improperly used costs from the upper end of the mass 
reduction range rather than the midpoint of the range, leading to cost overestimation. 

Similarly, HOS commented that the PRIA passenger car cost curves used data that were 
not in agreement with the study that they were based upon, noting that the Honda Accord study 
showed the glider accounting for 78% of curb weight, and this limited absolute weight 
reduction.9s" HDS noted that the truck weight reduction cost data were closer to those cited in 
the-Chevy Silverado teardown study, although the glider share for that study was also 73.6% of 
vehicle curb weight 

HOS also commented that although the agencies relied on the same Honda Accord study 
that was used in the Draft TAR, "the costs have been changed significantly [from the Draft TAR] 
for unexplained reasons,"983 HOS stated that the PR/A showed average costs,for mass reduction, 
whereas earlier studies showed the cost increment for each 5% mass reduction, noting that with 
increasii:tg incremental cost with increased mass reduction, average cost will ah~ays be lower 
than incremental cost. HOS claimed that it was "unusual" for the Draft TAR incremental costs 
to decrease between 11 % and 19% mass reduction but increase elsewhere, but also noted the 
unexplained increase in cost, specifically a $536 cost for 175kg weight reduction, sho\\11 in the 
PRIA. 

HDS also compared manufacturing costs from the Draft TAR to the PRIA analysis, 
noting that the direct manufacturing cost was found to be negative (i.e., a cost saving) in the 
Draft TAR analysis for mass reduction up to 15 percent,, but EPA assumed the indirect costs 
were positive so that the total cost was a sum of positive and negative costs-meaning the total 
cost could be positive or negative. In contrast, HOS noted there were no negative costs in the 
cost curves used for the PRIA analysi's, resulting in a very large differential between the costs of 
mass reduction. with the 2018 average cost being higher than even the 2016 marginal costs. 

Three notable changes from the NHTSA Draft TAR to NPRM and final rule analysis 
impacted how the cost curves for mass reduction are applied in the CAFE Model. 

First, the Draft TAR considered mass reduction in the glider and powertrain together, and 
calculated the percentage mass reduction on a vehicle curb weight basis. In the Draft TAR, only 
one engine and transmission combination were considered to account for the mass change 
associated with downsizing the engine, and the cost estimates for mass reduction for this one 
powertrain combination was applied to all powertrain combinations. This approach did not 
account for the mass changes associated with the application ofpowertrain technologies (engine, 

0
" NHTSA-2018-0067-11873. 

•~ NHTSA-2018-0067-11985. 
9113 :NHTSA-2018-0067-11985. 
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transmission and electrification) technologies, and did not account for the corresponding change 
in glider mass needed to offset the powertrain mass change and to achieve the specified curb 
weight 111ass reduction level. This approach did not reflect the real world, where there are many 
vehicles with different body styles and powertrain combinations, and therefore did not account 
for differences in mass for different engines, transmissions, or electrification. 

Accordingly, for the NPRM and final rule, the cost of mass reduction was calculated on a 
glider weight basis so that the weight of each powertrain configuration could be directly and 
separately accounted for. This approach provides the true cost of mass reduction without 
conflating the mass Change and costs associated with downsizing a powertrain or adding 
additional advanced powertrain technologies. Hence, the mass reduction costs in the NPRM 
reflect the cost of mass reduction in the glider and do not include the mass reduction associated 
with engine downsizing, and therefore appear to be higher than the cost estimate_s in the Draft 
TAR. 

Second, the glider share of curb weight changes from the Draft TAR to NPRM and from 
the NPRM to the final rule analysis also affected the absolute amourit of curb weight reduction 
that was applied. and therefore for cost per pound for the mass reduction changes with the 
change in the glider share. The cost for removing 20 percent of the glider weight when the glider 
represents 75% of a vehicle's curb weight is not the same as the cost for removing 20 percent of 
the glider weight when the glider represents 50% of the vehicle's curb weight. For example, the 
glider share of 79 percent of a 3,000-pound curb weight vehicle is 2,370 pounds, while the glider 
share of 50 percent of a 3,000-pound curb weight vehicle is 1,500 pounds, and the glider share of 
71 percent of a 3,000-pound curb weight vehicle is 2,130 pounds. The mass change associated· 
with 20 percent mass reduction is 474 pounds for 79 percent glider share (=[J,000 pounds x 79% 
x 20%]), 300 pounds for 50 percent glider share (=L3,000 pounds x 50% x 20%]), and 426 
pounds for 71 percent glider share (=[3,000 pounds x 71% x 20%]). The mass reduction cost 
studies show that the cost for mass reduction varies with the amount of mass reduction. 
TI1erefore, for a fixed glider mass reduction percentage, different glider share assumptions will 
have different costs. 

To further illustrate, Table Vl-66Table VI-66 below shows the associated curb weight 
percentage mass reduction and the associated average cost per pound for different glider weight 
assumptions for each glider mass reduction technology level used in the final rule analysis. For 
reference, the costs from the passenger car light weighting study are presented.984 These costs 
were the basis for deriving the costs for each mass reduction technology level in the Draft TAR, 
NPRM, and final rule analyses, using the unique glider share values for each of those analyses. 
In the light weighting study, NHTSA applied the mass reduction·technologies identified for the 
exemplar vehicle on other vehicle(s) and vehicle types to understand the level of mass reduction 
that could be achieved. In the case of passenger cars, the maximum level of mass reduction was 
around 15% of the vehicle curb weight if all the mass reduction technologies are applied. ln 
other words, acl1ieving mass reduction greater than 10% of the-curb weight for passenger cars 

"" Table 6-39 in PRIA 
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will require extensive use of advanced materials such as high strength aluminum and carbon 
fiber composite material. 

Table Vl-66 - Mass Reduction RPE Costs per Pound for MY 20 I 7 as a Function of 
Percentage Curb Weight Reduction for 79%, 50%, and 71 % Glider Shares for Passenger Car 
(2018$) 

MR 
Lcyel 

~!RU 

MRI 

MR2 

MRJ 

MR4 

MR3 

MR6 

MR 
Level 

:\!RO 

MR) 

MR2 

MR3 

MR4 

MR5 

MR6 

Fi11al Rule NPRM Dr,,ft TAR NHTSA Light 

71%GliderWcight 50% Glider Weight 75% Glider Weight Weighting StudJ 
79% Glider Weight 

Curb Curb Curb Curb 
Weight' RPE Weight RPE Weight RPE Weight RPE 

Reduction Reduction Reduction Reduction 

0,00% Si!.\11; 0.00% $0.00 0.00% $0.00 0.00% $0.00 

3.55% $0.51 2.50% $0.44 3.75% so:s1 3.94% $0.60 

5.33% S0.95 3.80% $0.53 5.63% Sl.06 5.90"./4 $1.14 

7.10% $L31 5.00% $0.81 7.50% $1.44 7.87% $1.50 

J0.65% $1.87 7.50% $1.50 11.25% $2.08 1L8l% $2.]8 

14.20% $7.54 10.00% $2.73 IS.Op% $9.33 15.74"1o $11.00 

20.00% $17.74 

Table VI-9 - Mass Reduction RPE Costs per Pound for MY 2017 as a Function of 
Percentage Curb Weight Reduction for 79%, 50%, and 71 % Glider Shares for Light 

Trucks (2018$) 

Final Rule NPRM Draft TAR 
NHTSA Light 

71% Glider Weight 50% Glider Weight 75% Glider Weight 
Weighting Study 

79% Glider Weight 

Curb Weight Curb Curb Curb 
Ri>E W~ight RPE Weight RPE Weight RPE Reduction 

Reduction Reduction Reduction 

0% ~(I,()() 0.00% $0.00 0.00"/4 $(LOO 0.00% $0.00 

4% $0.33 2.50% $0.26 3.75% $0.37 3.68% $0.36 

5% $0.77 3.80% $0.36 5.63% $0,89 5.52% $0.85 

7% $1.34 5.00% $0.62 7.50% $1.51 7.36% $1.48 

11% $2.00 7.50% $1.43 1l.Z5% $2.69 11.04% $2.19 

14% $9.75 J0.00% $2.54 15.00% $11.36 14.72% $] 1.00 

20% $17.79 

Fmally, as explained earlier, to detennme the mass reductron technology levels 
for the NPRM 2016 analysis fleet, a distribution of the residuals from the regression 
using 50 percent glider weight generally showed a greater percentage of vehicles 
achieving higher levels of mass reduction. With this high level of mass reduction already 
achieved, the opportunities for further mass reduction would be limited and have higher 
costs. For the final rule, since we updated the glider share to 71 percent of the vehicle 
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curb weight, the distribution of residuals from the regression shifted some vehicles to 
lower baseline mass reduction technology levels, providing more op))Ortunity for further 
mass reduction, on average. Even as some of the vehicles start further up on the mass 
reduction cost curve due to higher levels of mass reduction technology (Iv!R3, MR4) 
already present in the vehicles, there are additional opportunities for further mass 
reduction to achieve MRS and above. 

Table J-8 and Table I-9 show that for the final rule, cost estimates with the-71 percent 
glider share come closer to the cost estimates used in Draft TAR, which assumed a 79 percent 
glider share. 

(3) Secondrny Mass Reduction Costs 

As discussed above, the agencies changed the cost of mass reduction calculation from a 
curb weight basis in the Draft TAR to a glider weight basis in the NPRM.985 This change 
allowed us to estimate the cost of mass reduction independently of the cost associated with 
downsized advanced engines and advanced transmissions, as the cost of downsized advanced 
engines-and transmissions are accounted for separately in the CAFE model. 

The MY 2011 Honda Accord and MY 2014 Chevy Silverado studies used to develop the 
NPRM and final rule cost curves for mass reduction technologies include some non-powertrain 
secondary mass reduction technologies such as brakes and wheels·. The agencies presented the 
list of mass reduction technologies in NPRM.986 Following the publication ofNHTSA 's light 
weighting studies, peer reviewers and manufacturers commented that many components such as 
drive axles, engine cradles, and radiator engine support that are considered to be non-powertrain 
secondary mass reduction opportunities cannot be downsized as the same components are used 
across many vehicles with different powertrain options. As a result, the agencies did not 
consider these components for either primary or secondary mass reduction opportunities. 

Commenters faulted the agencies for a perceived lack of accounting for the cost 
decreases from secondary mass reduction. ICCT commented although the agencies relfed on the 
Honda Accord study, which considered cost savings from downsizing the powertrain, in the 
NPRM only glider weight reduction was ever considered without the cost-offsetting engine 
downsizing.qi-, ICCT stated that this omission had two effects, first that accounting for 
associated powertrain weight reductions would have allowed for more mass reduction, thus 
allowing for greater efficiency benefits at a lower cost, and second, that vehicle performance was 
erroneously improved, contrary to the agencies' assertion that the analysis assumed a level of 
performance neutrality. ICCT concluded that it was unclear if and how costs were reduced for 
powertrain downsizing, as well as the precise changes lo fuel efficiency. 

981 In the Draft TAR, the agencies presented the cost estimates from mass reduction studies sponsored by both 
NHTSA and EPA. EPA presented the cost of mass reduction as function of vehicle curb weight. To hannonize the 
cost estimates with EPA. NHTSA also presented the cost of mass reduction as a function ofvehide curb weight. 
0
"" Table 6-37 and Table 6-40 in PRIA. 

981 NHTSA-2018-0067-11741. 
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CARB faulted the agencies for not including secondary mass reduction in the NPRM 
analysis, and stated that by failing to account for secondary mass reduction as was done in the 
Draft TAR, the agencies inflated the costs for mass reduction as well as the amount of mass 
reduction that is feasible and cost-effective leading to an overestimate in the technology costs 
needed to meet the existing standards. 

The agencies note that the cost curves used for the NPRJ\,1 and this final rule do in fact 
include secondary mass reduction, The cost curves reflect secondary mass reduction applied 
when there is sufficient primary mass reduction to implement secondary mass reduction without 
degrading function a:nd safety. Specifically, the NHTSA studies, upon which the cost curves 
were built, first generated costs for lightweighting the vehicle body, chassis, interior, and other 
primary components, and then calculated costs for lightweighting secondary components. 
Accordingly, the cost curves reflect that, for example, secondary mass reduction for the brake 
system is only applied after there has been sufficient primary mass reduction to allow the smaller 
brake system to provide s::ife braking performance and to maintain mechanical functionality. 

In addition, CARB stated that the 2011 Honda Accord and the 2014 Chevrolet Silverado 
studies had "markedly'' lower costs than the proposal when secondary mass reduction is 
included. Again, the agencies believe these comments resulted from a lack of understanding 
about how the analysts considers primary and secondary mass reduction, even though we 
explicitly stated how costs are accounted for separately in the NPRM and PRIA.g88 Also, as 
discussed above, engine mass reduction enabled by mass reduction in the glider is accounted for 
separately and therefore not included as part of glider mass reduction teclmology, as d0ing so 
would result in double counting the impacts. 

(4) Summary qf Final Rule Mass Red11Ction Costs 

For the final rule, the agencies continue to use niultiple mass r,eduction technology levels 
and costs based on the lightweighting studies that were presented in PRIA.989 Since the agencies 
have changed the glider share of curb weight assumption from 50 percent in NPRM to 71 percent 
in the final rule, the mass reduction costs reflect the updated glider share. Table VI-67Table 
VI-67 and Table VI-68Table Vl-68 show mass reduction costs used in the CAFE model for 
passenger car and light trucks. 

Table VI-67 - Mass Reduction Costs in CAFE model for Passenger Cars in Final Rule 

[Table Forthcoming] 

Table Vl-68 - Mass Reduction Costs in CAFE model for Light Trucks in Final Rule 

[Table Forthcoming] 

"'" [cite forthcoming] 
'"' Table 6-37 and 6-40 in PRlA. 
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5. Aerodynamics 

The energy required to overcome aerodynamic drag accounts for a significant portion of 
the energy consumed by a vehicle, and can become the dominant factor for a vehicle's energy 
consumption at high speeds. Reducing aerodynamic drag can, therefore, be an effective way to 
reduce fuel consumption and emissions. 

Aerodynamic drag is proportional to the frontal area (A) of the vehicle and coefficient of 
drag (Cd), such that aerodynamic performance is often expressed as the product of the two 
values, C0A, which is also known as the drag area of a vehicle. The coefficient of drag (Cd) is a 
dimensionless value that essentially represents the aerodynamic efficiency of the vehicle shape. 
The frontal area (A) is the cross-sectional area of the vehicle as viewed from the front. It acts 
with the coefficient of drag as a sort of scaling,factor, representing the relative size of the vehicle 
shape that the coefficient of drag describes. The force imposed by aerodynamic drag increases 
with the square of vehicle velocity, accounting for the largest contribution to road loads' higher 
speeds. 

Aerodynamic drag reduction can be achieved via two approaches, either by reducing the 
drag coefficient or reducing vehicle frontal area, with two diflererit categories of technologies, 
passive and active aerodynamic technologies. Passive aerodynamics refers to aerodynamic 
attributes that are inherent to the shape and size of the vehicle, including any components of a 
fixed nature. Active aerodynamics refers to technologies that variably deploy in response to 
driving conditions. These include technologies such as active grille shutters, active air dams, and 
active ride height adjustment, It is important to note that manufacturers may employ both 
passive and active aerodynamic technologies to achieve aerodynamic drag values. 

The greatest opportunity for improving aerodynamic perfomiance is during a vehicle 
redesign·cycle when significant changes to the shape and size of the vehicle can be made_. 
rncremental improvements may also be achieved during mid-cyck vehicle refresh using restyled 
exterior components and add-on devices. Some examples of potential technologies applied 
during mid-cycle refresh are restyled front and rear fascia, modified front air dams and rear 
valances, addition of rear deck lips and underbody panels, and low-drag exterior mirrors. While 
manufacturers may nudge the frontal area of the vehicle during redesigns, large changes in 
frontal area are typically not possible without impacting the utility and interior space of the 
vehicle. Similarly, manufacturers may improve Ca by changing the frontal shape of the vehicle 
or lowering the height of the vehicle, among other approaches, but the form drag of certain body 
styles and airflow needs for engine cooling often limit how much Cd may be improved. 

During the vehicle development process, manufacturers use various tools such as 
Computational Fluid Dynamics (CFD), scaled clay models, and full size physical prototypes for 
wind tunnel testing and measureinents to determine aerodynamic drag values and to evaluate 
alternate vehicle designs to improve those values. 

The agencies presented a table in the PRIA showing aerodynamic drag improvements 
from individual technologies based on wind-tunnel testing for a study commissioned by 
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Transport Canada, which is reproduced in Table Vl-69Table V[-69 below.9911 The individual 
technologies are present in many of the 2016 and 2017 vehicles in the fleet. Table VI-69Table 
Vl-69shows the list of aerodyn3.mic technologies and corresponding aero drag improvements. 

Table Vl-69-Aerodynamic Technologies and Aero Drag Improvements 

[Table Forthcoming] 

As discussed in the PRJA and further below, the agencies made several notable changes 
for modeling aerodynamic improvemenrtechnologies from the Draft TAR to the NPRM. First, 
the agencies revised the aerodynamic improvements from two levels in the Draft TAR ( I 0% and 
20% improvement over the baseline) to four levels (5%, 10%, 15% and 20% aerodynamic drag 
improvement values over the baseline). This change provided the improved granularity to bin 
the vehicles with different aerodynamic improvements more appropriately. Next, the agencies 
assigned levels of aerodynamic1echnology to the MY 2016 fleet on a relative basis based on 
confidential business information submitted by the manufacturers, taking steps to verif)• 
infonnation submitted by manufactures with other sources, and making changes particularly for 
vehicles that showed large improvements over baseline values. Third, the agencies limited the 
maximum level of aerodynamic improvements that ce1tain body styles (pickup trucks, minivans) 
cou_ld achieve and limited the maximum level of improvements that cars and SUVs with more 
than 405 horsepower could achieve based on the agencies' assessment of industiy comments. 
Finally, the agencies updated the cost for aerodynamic improvements based on the assess_ment of 
comments that the National Academy of Sciences (NAS) cost estimates used in the Draft TAR 
underestimated the cost for aerodynamic itnprovements. 

Broadly, Ford coinmented in support of the approach to aerodynamic improvement 
modeling in the NPRM, stating that the rule recognized potential constraints like consumer needs 
and preferences regarding vehicle styling, vehicle utility, and interior space, by among_ other 
things, recognizing that the potential for aerodynamic drag differs among_ different vehicle body 
styles and vehicle classes.991 Ford stated that these are major fuctors considered by customers 
when comparing competing vehicles, and the failure of a manufacturer to deliver in these areas 
can lead to the production of non-competitive, poor-selling vehicles. 

On the other hand, ICCT claimed that the agencies greatly limited the availability of 
many load reduction technologies (i.e., mass reduction improvements, aerodynamic 
improvements, and rolling resistance improvements) by pushing very large amounts of these 
technologies into the 2016 model year baseliile fleet, thereby making the technologies 
unavailable for use in future years.991 ICCT commented that these improvements in the analysis 
fleet would ostensibly amount to massive efficiency improvements, however, these assumed 
changes were not substantiated as resulting in any test-cycle efficiency improvements in the 

s,a Table 6-63 in PRIA. 
SOI NHTSA-2018-0067-l 1928. 
snNHTSA-2018-0067-11741 full comments. 
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model year 2016 fleet versus the 2015 fleet. ICCT concluded that the adjusted baseline had been 
developed and presented opaquely, apparently based primarily upon estimations from 
automaker-supplied data, without critical analysis, vetting, or sharing of the necessary data to 
substantiate the changes and real-world benefits by the agencies. 

As discussed further in Section [Aero analysis fleet section] below, the agencies believe 
the updated analysis fleet aerodynamic 1echnology level assignments in the NPRM analysis 
represent an improvement over the MY'2015 assignments in the Draft TAR, as the updated 
assignments are based on precise values, not estimated from road load coefficients. and have 
been corroborated by observed improvements on actual production vehicles. Accordingly, the 
agencies carried over the NPRJ.1 approach for determining the aerodynamic technology levels 
for the analysis fleet to the final rule. 

a) Aerodynamics Drag Reduction Modeling in the CAFE Model 

The agencies summarized in the PRIA that the Draft TAR aerodynamic improvement 
levels were binned into two groups, AERO\ and AERO2. However, market observations 
showed that many vehicles had aero improvements from 0% to 10%, and some vehicles showed 
improvements from 10% to 20%.993 Based on industry feedback and market observations, the 
agencies revised the aerodynamic improvements from two levels in the Draft TAR (10% and 
20% improvement over the baseline) to four levels (5%, 10%, 15% and 20% aerodynamic drag 
improvement values over the baseline). This revision provided the necessary granularity to bin 
the vehicles with different aerodynamic improvements appropriately. Table VI-70Table VI-70 
shows aerodynamic improvement levels in the NPRM and final rule. 

Table VI-70- Aerodynamic Technology Levels in the NPRM and Final Rule 

[Table Forthcoming] 

ICCT commented that to model appropriately the baseline standards, the agencies would 
need to include increasing use of aerodynamic off-cycle technology credits across all companies 
through 2025. ICCT stated that it appeared that the agencies did not use EPA 's engineering 
expertise or compliance dafa, where EPA would be able to advise better based on their 
certification data from the off-cycle program. 

As discussed further in Section [AC and off-cycle], the NPR!vf analysis carried forward 
manufacturers: off-cycle fuel consumption improvement values (FClVs) at MY 2016 levels 
unless an explicitly simulated off-cycle technology, like start-stop systems, was added to a 
vehicle in the simulation modeling. Specific to aerodynamic improvements, active grille shutters 
were-assumed to be applied at the 20 percent aerodynamic improvement (AERO20) !evel. For 
the final rule analysis, based on the assessment of comments that the application of off-cycle 
technologies in the analysis was too conservative, the agencies agreed and increased each 

" 1 PRJA at 437. 
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manufacturers· application of off-cycle technologies so that IO g/mi of technology was applied 
·by 2023, using an extrapolated increase in levels in MYs 2017-2023 based on EPA compliance 
data.994 This approach did not assume any specific mix of off-cycle technologies that would be 
used by manufacturers to achieve the 10 g/mi off-cycle improvement, because manufactures 
currently use a variety of technologies, and different manufacturers likely would implement 
unique combinations of technologies. It is expected that aerodynamic off-cycle technologies 
would be included in the mix of off-cycle technologies. 

Table VJ-71Table vr-71 and Table VI-72Table Vl-72 show aerodynamic technologies 
that could be used to achieve 5%, 10%, 15% and 20% aero improvements in passenger cars, 
SUVs, and pickup trucks.9q5 The agencies developed these potential combinations of 
technologies using aerodynamic data from [NRC of Canada] sponsored wind tunnel testing, 
extensive review of production vehicles utilizing these technologies, and industry comment.. 
These technology combinations are intended to show apotellfial way for a manufacturer to 
achieve each aerodynamic improvement level; however, in the real world, manufacturers may 
implement different combinations of aerodynamic technologies to achieve a percentage 
improvement over their baseline vehicles. 

Table VJ-7t - Combinations ofTechnologies That Could Achieve Aerodynamic 
Improvements Used in the NPRM and Final Rule Analyses for Passenger Cars and SU Vs 

Ae_i:odynainic Improve·ments for Passenger Cars am1-Suvs . 

Aero 
Improv.emei:it -· Coin~nents Effectiveness ("/4). 
Level' . 

Front Styling 2.0% 

Roof Linc raised at forward ofB-pillar 0.5% 
AEROS 

Faster A pillar rake angle 0.5% 

Shorter C pillar 1.0% 

Low drag wheels 1.0% 

Rear Spoiler 1.0% 

Wheel Deflector I Air outlet inside wheel housing 1.0% 
AERO10 

Bumper Lip 1.0% 

Rear Diffuser 2.0% 

Underbody Cover Incl. Rear axle cladding) 3.0% 
AEROIS 

Lowering.ride he,ight by 10mm 2.0% 

Active Grill Shuners 3.0% 
AER020 Extend Air dam 2.0% 

9\14 The 2018 EPA Automotive Trends Report. https://www.epa.gov/fuel-economy-trendsldownload-report-co2-and
fuel-econom;·-trends. 
005 Table 6-67 and Table 6-68 in PRIA. 
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Table VI-72- Combinations of Technologies That Could Achieve Aerodynamic 
Improvement's Used in the NPRM and Final Rule Analyses for Pickup Trucks 

Components Effectiveness(%) 
lmorovements 
AERO5 Whole Body Styling (Shape Optimization) 1.5.0% 

Faster A pillar rake angle 0.5% 

Rear Spoiler 1.0% 

Wheel Deflector I Air outlet inside wheel housing 1.0% 

Bumper Lip 1.0% 

AERO10 Rear Diffuser 2.0% 

UnderhOOy Cover lncl. Rear axle <:ladding) 3.0% 

AERO15 Active Grill Shutters 3.0% 

Extend Air dam 2.0% 

b) Aerodynamic Drag Reduction Analysis Fleet Assignments 

The agencies described in the PRIA that for the 2015 analysis fleet used in the Draft 
TAR, the ag_encies received Cd values for the MY 2015 vehicles' baseline assignments from 
manufacturers, or used estimated Cd values. In response, the industry commented that Cd values 
often varied by measurement approach and, therefore, it was important to account for differences 
in the methodologies used to estimate those values. For instance, aerodynamic drag coefficients 
for the same vehicle often vary significantly from wind-tunnel tQ wind-tunnel, complicating 
cross-comparison and cross-referencing.996 The industry commented that, on average, the 
manufacturer-reported Cd values are nine percent lower than the values reported by USCAR.M 
For reference, USC.AR follows the SAE J288 l test procedure. However, because Cd values are 
not required to be reported for complianc.e, manufacturers can and do choose different methods 
to estimate the Cd values. Therefore, the industry commented that assigning baseline 
aerodynamic improvement levels should not simply be comparing the lowest reported Cd value in 
a vehicle segment to other reported Cd values. The industry commented that such a comparison 
would not reflect the plausible amount of aerodynamic drag improvement that could be achieved. 
Accordingly, the industry suggested that the analysis should normalize manufacturer-reported Ca 
values using SAE J288 J. 

The commenters stated manufacturers have the option to use other methods (apart from 
coast down testing) to estimate the Cd values such as wind tunnel testing, cross referencing the 
Cd value from other vehicles with similar frontal design and aero teclmologies deployed. Since 
manufacturers do not have to specif)' the methodology used to estimate the Cd value, the agencies 
have limited capability to make accurate comparisons of the Cd value estimates from different 
testing methods. As a result, the agencies determined using average(s) of the fleet provide a 

"" PRIA at 435. 
997 Footnote in PRIA at 435: FCA Draft TAR comments. Docket ID: NHTSA-2016,0068-0082. 
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better estimate of Cu levels than using the lowest CJ value in the fleet to assign aerodynamic 
improvement levels. The agencies determined it is appropriate to continue to use the NPRM: 
approach for the final rule. 

The NPRM and final rule analysis used a relative performance approach to assign the 
current aerodynamic technology level to a vehicle. Different body styles offer different utility 
and have \"arying levels of baseline form drag. Jn addition, frontal area is a major factor in 
aerodynamic forces, and the frontal area varies by vehicle. This analysis considered both frontal 
area and body style as utility factors affecting aerodynamic forces; therefore, the analysis 
assumed all reduction in aerodynamic drag forces come from improvement in the Cd. Per the 
process outlined in NHTSA 's section of the Draft TAR, the agencies computed an average Cd for 
each body style segment in the MY 2015 analysis fleet from drag coefficients published by 
manufacturers. By comparing the Cd among vehicles sharing body styles, this allowed the 
agencies to estimate the level of aerodynamic improvement present on specific vehicles. 

While some small differences existed between the aggregate MY 2015 and MY 20!6 
data, the agencies retained the NHTSA-calculated MY 2015 average Cd as the baseline drag 
coefficient for nearly all body styles. For pickup trucks, the agencies assigned a baseline drag 
coefficient of0'.42, considering that a large portion ofthe pickups sold in MY 2015 already 
included aerodynamic features assumed for advanced levels of aero. The agencies hannonized 
the Autonomie simulation baselines with the analysis fleet assignment baselines to the fullest 
extent possible.Q98 

The agencies assigned levels of aerodynamic technology to the MY 2016 fleet based on 
confidential business information submitted by manufacturers on aerodynamic drag coefficients, 
and from other infonnation sources such as in p_roduct release information. The analysis 
referenced manufacturer-submitted data (if that data was supplied), and the agencies took 
industry comments to Draft TAR into account and closely reviewed the manufacturer-submitted 
Cd data. In the few cases that manufacturers did not submit Cd values as confidential business 
information. the agencies estimated the Cd based vehicle attributes, design, and aero technologies 
applied to that vehicle. The agencies noted that the Cd values reported by some manufacturers 
showed high levels of improvement relative to the previous model year or previous generation. 
In some cases. the agencies contacted·the manufacturers to further discuss differences in Cd 
estimation methodologies. Where appropriate, the agencies adjusted MY 2016 fleet Cd values 
after consultation with the manufacturers and used these values to assign baseline technology 
levels for each vehicle in the NPRM CAFE model simulation. 

The Alliance commented that the NPRM analysis fleet had more appropriately assigned 
aerodynamic technology levels, and the assignments were more accurate than the Draft TAR, 
where vehicles were generally considered to have little aerodynamic improvement technology, 
and the CAFE model would add aerodynamic improvement despite the fact that manufacturers 
had already made significant improvements and there was little opportunity remaining for more. 

m Oflen, vehicles assigned to technology classes do not perfec!ly match up wilh simulated vehicle>, but in most 
cases this analysis assumed the aerodynamic effecLs and other specifications were comparable and appl"?priate for 
use as proxies. 
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The Alliance concluded that the Draft TAR approach ultimately led the CAFE model to under
predict how much powertrain technology was required for compliance. The Alliance also 
commented that it is possible to estimate aerodynamic features of a vehicle using road load 
c6efficients, but the process requires various assumptions and is not very accurate. The Alliance 
concluded that the agencies' use of CB! to assign initial aerodynamic improvement values is an 
accurate and practical solution to support correct baseline assignments. Ford commented that the 
use of actual data, like manufacturer confidential information or other sources, to characterize 
better the aerodynamic improvements already incorporated into the baseline fleet is a substantial 
improvement over previous analyses that either assumed no aero improYement due to insufficient 
data, or attempted to. infer C~ from the road load coefficients.q<w Ford·stated that atte;mpting to 
infer Cd from road load coefficients is not sufficiently accurate for a vehicle"level determination 
since the aerodynamic component of the road load coefficients is inextricably confounded with 
tire, transmission, and other parasitic losses. As part ofits comments that the proposed rule 
analysis recognized constraints like consumer needs and preferences regarding vehicle styling 
and utility, Ford stated that the baseline Cd for pickup trucks properly recognized that these 
vehicles already include many advanced-level aerodynamic technologies. Ford concluded that 
an accurate assessment of the current technological state of the baseline fleet is critical to 
ensuring that the benefits of technological improvements are not "double~counted" in the 
modeling. 

On the other hand, ICCT commented that the agencies artificially limited the availability 
of aerodynamic technologies in the CAFE model in future years by assigning approximately 
three times as many aerodynamic technology packages in the 2016 analysis fleet as they did in 
the 2015 baseline fleet used in the Draft TAK 1000 ICCT noted that the 2015 Draft TAR fleet had 
about 8 percent vehicles sold with' one of the aerodynamic packages, whereas the NPR!vl's 2016 
fleet had about 53 percent, and argued that the agencies did not justify the increase with data to 
show that automakers actually deployed the technology. ICCT pointed to the agencies' 
introduction of intermediate aerodynamic improvement steps as the justification for the change, 
which ICCT argued "redistributes the baseline fleet into more advanced aerodynamic levels 
without observing or verifying real-world aerodynamic improvements:' 

ICCT argued that ifan improvement of this magnitude were true, it would be evident in 
fleet level miles-per-gallon and CO2 levels (e.g., in EPA's Trends and Manufact11rer 
Performance reports), but none of the quantifiable mpg or CO" benefits that would be associated 
with these additional aerodynamic improvements were reflected in any real-world evidence in 
the model year 2016 fleet. 

ICCT stated that, to show the automakers deployed this level of aerodynamic 
'improvements, the agencies needed to show data-on how these improvements are evident in the 
fleet and delivering benefits. Specifically, JCCT stated that the agencies must share the basis for 
any aerodynamic calculation an'd exact estimated percent improwment (rather than binned 
percentage categories) for each vehicle make and model in the baseline and future modeled fleet, 
and their technical justification for each value, arguing that not doing so would obscure the 

'l'J?NHTSA<'.018-0067-11928. 
"""'NHTSA-2018-0067-11741 full comments. 
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agencies' methods. In addition, ICCT stated that the agencies must conduct two sensitivity 
analysis cases that assume that every baseline make and model is set to 0 percent aerodynamic 
improvement and set to the previous baseline aerodynamic levels (i.e., from TAR) to 
demonstrate how much the agencies' decision to load up more baseline technology affects the 
compliance scenarios. ICCT concluded that because changes in aerodynamic improvement 
assumptions "are opaquely buried in the agencies' datafiles and unexplained," the agencies must 
issue a new regulatory analysis and allow an additional comment period for review of the 
methods and analysis. 

ACEEE asserted, as part of its comments that the MY 2016 analysis fleet assignments 
appeared to contain errors, that the assignment of AERO IO for the MY 2016 Toyota Tundra 
pickup truck was in error. 10111 ACEEE stated that Tundra pickup trucks have had similar specs 
from MY 2011 to today, and the Cu for all Tundra models has been 0.37 or 0.38 for2WD and 
4WD, respectively, since MY 201 l. ACEEE noted that this is higher than the AERO!O CJ cut 
off value of0.355 for pickups, as shown in the 2016 Draft TAR and referenced in the PRIA. 

As described above, the agencies assigned levels of aerodynamic technology to the 
NPRM MY 2016 analysis fleet on a relative basis based on confidential business information 
submitted by the manufacturers on aerodynamic drag coefficients and other information sources 
such as in product release information. In addition, based on the Draft TAR comments, the 
agencies verified wherever possible the information submitted by manufactures with other 
sources (product release in.l:Onnation and cross referencing with vehicles with similar design 
features and aero technologies), and made changes particularly for vehicles which showed large 
improvements over baseline values. Figure 6-175 in PRIA presented the distribution of different 
levels of aerodynamic drag improvements in MY 2016 vehicle fleet in NPRM relative to MY 
2015 vehicle fleet used in Draft TAR. The diStributionshows that 46 percent of the MY 2016 
vehicle fleet was assigned AERO0 (0 percent improvement), 31 percent of the fleet was assigned 
AERO5 (5% improvement), and 15 percent of the vehicle fleet was assigned AERO] 0 (10 
percent improvement). This distribution clearly shows that there is substantial opportunity for 
additional aerodynamic drag improvements in the vehicle fleet. 

Regarding comments by ACEEE on Toyota Tundra pickup trucks, as just stated, the 
agencies used manufacturer submitted information and other available information to assign 
aerodynamic technology levels and the agencies applied the same process for all of the 
manufacturers for the NPRM and for the final rule. The agencies did assign AERO! 0 for some 
Toyota Tundra pickups, but not for all as asserted by ACEEE. Some ofthe Toyota Tundra 
pickups with 2WD and short bed and crew cab or double cab were assigned AEROS and other 
configurations were a'ssigned AERl 0. 1002 For reference, the baseline CJ value used in the NPRM 
for pickups is 0.395; a 5 percent improvement in Cd value is 0.375 and JO percent improvement 
in Cd value is 0.355., The agencies considered the ACEEE comment and available information 

LOOI NIITSA-'.!018-0067-1'.!122, at 6. 
10" The variations,could be from cqast down testing \\ith different powertrains and with different pickup bed length 
and crew cab configurations. 
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and determined the aerodynamic a~signments for the Toyota Tundra were reasonable for the 
final rule analysis. 

Table VI-73Table VI-73 below shows the percentage aerodynamic drag improvement 
assigned to the MY 2015 (Draft TAR), MY 2016 (NPRM) and MY 2017 (final rule) analysis 
fleets. It is clear from this table that there is nan1ral progression of aero technologies being 
adopted and the vast majority of the MY 2017 vehicle fleet is at or below AERO 10 (Slpercent). 

Table Vl-73-Aerodynamic Technol0t,')' Assignments in MY2017, MY 2016 and MY 
2015 Vehicle Fleet 

AEROLewls Final Rule "'™ Draft TAR 

AERO0 41% 46% 92% 

AERO5 40% 31% 

AEROI0 !3% 15% 6% 

AER015 5% 7% 

AER020 1% 1% 2% 

Moreover, notable aerodynamic improvements have actually been observed on 
production vehicles. As described in PRJA, EPA observed 76 vehicles at the 2015 North 
American International Auto Show in Detroit (2015 NAIAS). 1003 EPA 's obseryations showed 
that manufacturers have widely deployed both actiYe and passive aerodynamic drag reduction 
technologies with significant opportunity remaining to apply aero technologies further in more 
optimized fashion as vehicles enter redesign cycles in the future. 1004 Although EPA did not 
identify the aerodynamic drag coefficient values for these vehicles, Figure 6-167 in PRIA 
showed the distribution of some aero technologies identified by EPA during this informal survey. 

The survey showed that wheel dams and underbody panels are the most widely used aero 
technologies, followed by front bumper air dams and active grill shutters. Since this survey, 
many pickup trucks and passenger cars have active grill shutters installed to improve 
aerodynamic drag, and to get off-cycle credit. Table 6-67 in PRIA shows the "active grill 
shutter" by itself will improve aerodynamic drag reduction improvement by 3 percent. 
Combined with other aero technologies, this can improve the aerodynamic drag reduction values 
significantly in pickup trucks and SUVs. As a result, there has been overall fleet wide 
aerodynamic drag reduction improvement; however, the above Table Vl-73Table V!-73 shows 
that only 19 percent (13 percent from AERO IO. 5 percent from AERO15 and I percent from 
AERO20) of the MY 2017 vehicle fleet have aerodynamic drag reduction improvement greater 
than 10 percent. This shows that there is significant opportunity for the vehicle fleet to improve 
aero technologies by MY 2025. 

'""-' PRIA al 432. See a/.w Docket No. EPA-HQ-OAR-2015-0827. 
'"°' Draft TAR 5.3.4.4 Aerodynamics: Data and Assumptions for this Assessment. 
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The agencies also described examples ofhow production vehicles in different technology 
classes improved aerodynamic drag reduction values relative to their previous generation mode! 
since the 2012 final rule. 111115 Regarding ICCT's comment that, if an improvement in baseline 
aerodynamic improvements were true, it would be evident, as seen through real-world evidence 
in the model year 2016 fleet. For example, MY 2015 ford F150 has the passive and active 
aerodynamic technologies as shown in Table Vf-74Tab!e Vl-74. 

The air curtain technology in the MY 20 I 5 Fl 50 guides the air flow across the front 
wheels to reduce wind turbulence. rnu5 For reference, the wind tunnel testing by NRC of the MY 
2015 Ford Fl 50 showed a drag coefficient value of 0.37 while the coast down testing by EPA 
pegged the drag coe_fficient value between 0.35 to OAO depending on the type ofpowertrain, cab 
and cargo box combination. The prior generation Fl-50 was released in 2008 as a MY 2009 and 
this vehicle had very few aerodynamic technologies applied. The agencies do not ha,'e the MY 
2009 Cd value to estimate the percentage improvement. Since, F150 also included significant 
light weighting and powertrain improvements including a down sized turbocharged engine, the 
effectiveness improvement attributable to aerodynamic technologies is uncertain. 

Table VI-74-Aerodynamic Technologies on the MY 2015 Ford F\50 

Aero Active grill shutters 
Technologies 

Underbody Cover 

Front comers and head lamps canted back for smooth air f!o,~ 

Rear spoiler integrated with the Tail gate (Air from the roof lands on the spoiler before 
trailing off thereby reducing turbulence behind the truck 

Cargo box narrower than the cab and trim piece between the cab and pickup box 

Rear tail lamps shaped for smooth air flow tailing off and reducing turbulence 

Duct under head lamp channels air to the wheel house thereby reducing wake generate<l 
by thew heel, Cross sectional area slightly larger than previous gen which resulted ln 
some loss of benefits. More infonnation is provided by Ford at the following link 

ioo, PRJA at 433. 
""" https;//me<lia.ford.com/contenvfordmedia1fna/us{en1news/2015/07/ 15/how-,iir-curtains-on-f-150-help-reduce
aerodynamic-drag.html, 
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The Nissan Murano is an example ofa mid-size SllV with greater than fifteen (15) 

percent improvement in aerodynamic drag values compared to the previous generation. The 

SAE paper published in 2015 outlines the specifics of aerodynamics in the Nissan Murano, Hirn 

and they include those listed in Table VI-75Table Yl-75 below. 

The exterior of this vehicle was completely redesigned from the MY 2013-2014 
generation with the goal of minimizing aerodynamic drag by combining passive aerodynamic 

devices with an optimized vehicle shape. The primary passi\"e devices employed include 
optimization ofthe rear end shape to reduce rear end drag, -und addition of a large front spoiler to 
reduce underbody air flow and redirect it toward the roof of the vehicle, thus augmenting the rear 
end drag improvements. Other passive improvements include plastic fillet moldings at the wheel 
arches, raising the rear edge of the hood, shaping the windshield molding and front pillars, 
engine under-cover and floor co Yer, and air deflectors at the rear whee! wells. An active lower 
grille shutter also redirects air over the body when closed. Together, these measures for the MY 
2015 mode!, achieved a drag coefficient of0.31, representing a 16 to 17 percent impfovement 
over the 0.37 Cd of the previous model. 

Table Vl-75 - Aerodynamic Technologies on MY 2015 Nissan Murano 

DesiP-n I Detail 
Ideal Flow Features 

Minimum airtlow into engine 
Reduces resistance Uust enough to cool) comnanment 

Airflow under front bumper toward Reduce as much flow as possible underbody to reduce resistance 
underbodv minimized caused bv the l!neven floor 
Flow around ends of front bumper 

Reduce drag, covers front of front tires 
toward bodv sides 
Airflow at front wheel arches is routed 

Reduce resistance that occurs at the front surfaces of the tires alonl!side surfaces of front tires 

Separation angle at rear of hood is large 
Minimize resistance by reducing pressure at low end of windshield, 
'hide' windshield winers and reduce rain droolets in area of air flow 

Smooth area at front pillars toward body 
Venical vortices are minimized to reduce drag 

sides 
Assure clean separation of airflow from rear to minimize drag, and 

Optimize of the rear end shape equate velocity of airflow from over roof and along body sides as 
much as oossible to minimize vortices., 
Reduces airflow toward underbody, route airflow toward vehicle rear 
in straight path to minimize flow resistance caused by the uneven 

Floor -lower bottom edge of front floor. 
bumper Airflow at front of wheelhouses is minimized and wheelhouse design 

is optimized to direct the air trapped inside rearward - all to reduce 
resistance at the back of the wheel arches. 

Conmutational Fluid •tvnamics (CFD) Simulatiolis (80 simulations) 

""'' SAE Paper 2015-0 1-1542. 
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Redirects air over the body when c losed 

Active Lo\\'er gri lie shutter at lower 
Higher opening allows sufficiem air when grill shutter closed 
Duct type structure is used to provide direction to the airflow to the 

opening heat exchanger and minimize entry into engine compartment 
elsewhere 
Reduces underbody airflow and redirect toward roof of the vehicle 

Large front spoi ler beneath front bumper 
Bottom edge is provided with a lip to increase the flow separation 
angle to reduce airflow further under the body (similar impact as a 
further lowerinl! the bottom edc:e of the front sooiler) 

Plastic fillet moldings at the wheel To assure a ir flows a long the side surfaces of the front tires (avoid 
arches adiusting design o f front bumoer ends) 

Optimize shape of rear edge of hood 
To promote separation by inc reasing tlow separation angle. distance 
windsh ield w ioers from airflow. reduce col lection of water droolets 

Ootimize windshield molding shaoe To smooth for wind. llo" 

Outside mirrors optimized for placement 
Avoid airflow coming over rear edge of hood and lower edge of front 
nillar 
Shape of rear spoi ler, rear combination lamps and rear bumper 

Optimize shape of vehicle rear end 
optimization. 
Secure larger roof approach resulted in increased pressure recovery 
and reduced drag bv wake flow. 

Overall vehicle shape and eoual a irflow Balance roof flow and bodv side flow to reduce rnrtices 
Design optimization to increase a irflow 

Reduces rear drag caused by wake flow 
to roof 
Rear Spoiler pan ofroofaonroach Tapered toward vehicle rear 

Covers beneath front bumper and 0\'Cr suspension links and muffler 
Engine under-cover and floor cover piping. raise fue l tank. resulting in smooth underbody fl ow of air (not 

fu ll cover) 
Large front spoiler extends as far as the front of the wheelhouses and 

Reduce airflow into wheelhouses 
detlectors (optima lly shaped) in front of the rear t ires, bottom of front 
spoiler lowered on both sides as capable (governed by ground 
clearance) 

Smoother fenders Reduce 12aos between closure oanels 
Small vortex-creators Put vortices in desired olaces to minimize drag 

A combination of a slightly lighter MY 2015 N issan Murano (on average lighter by 94 
lbs. cons idering all tr im levels), relative to previous generat ion, a nd combination of engine 
improvements (comparing 3.SL Y6 in MY 2014 to 3.SL V6), and improvements in transmission 
resulted in overall improvement in fuel economy.1008 S imilar to MY 2015 Fl 50, the real-world 
fuel economy improvement directly attributable to aerodynamic technologies is uncertain. 

Consequently, the agencies disagree w ith ICCT that the availability of aerodynamic 
technologies was artificially limited by assigning higher baseline levels in the analysis fleet. The 

ioos https: \\\\ ,, .ft.11:kl..'.lmom, .~l)\ ll'.!.! I· ind.dn'~action- :-.h~& itl= J~-l5 7<.\:iJ= )7 J 9:,.: ( last visited 12.12.20 19) shows 20 
mpg (combined) in l\1"Y2014 Nissan Murano (3.5L VQ35DE \16 with Variable gear ratio transmission) and 24 mpg 
(combined in MY2015 Nissan Murano (3.SL VQ35DE \16 with Automatic AV S7 transmission)). 
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agencies also decl ined to conduct the rwo sensitivity cases that ICCT recommended. First, as 
d iscussed above, vehicles in production are clearly employing varying levels of aerodynamic 
improvements. Assuming every vehicle in the analys is fleet is set to 0 percent aerodynamic 
improvement would not demonstrate how the agencies' decis ion to assign technology levels in 
the analysis fleet affected the compliance scenarios. Allowing vehicles in the analysis fleet to 
artificial ly achieve more aerodynamic reduction improvements than are actually available in the 
real world would result in an artificial overstated effectiveness improvements and understated 
costs to achieve higher stringency levels. 

Second, as discussed above, base line aerodynamic levels in the Draft TAR were based on 
road load coefficients, which requi red the agencies to make assumptions, leading to baseline 
assignments that were not accurate. In the NPRM. the agencies discussed in the tradeoffs 
between building the analysis fleet using confidential information from manufacturers and 
publicly available data on the vehicles. 10

0'> In the case of drag coefficient values, which cam1ot 
be gleaned from publicly avai lable information, except in cases where a manufacturer chooses to 
publicly release that data, or by s imply observing a vehicle, the agencies decided that the 
improved accuracy associated with using manufacturer-provided Cd values outweighed the 
benefits for using publicly releasable Cd estimates based on road load coefficients, especially as 
manufacturer-provided Cd values are only used to assign initial aerodynamic improvement levels 
relative to Cd values for each body style segment in the MY 20 I 5 fleet. In addition, as detailed 
above, manufacturers had submitted comments that the Draft TAR approach to baseline fleet 
assignments had underestimated technology already present on vehic les, leading the analysis to 
apply more aerodynamic drag reduction technology than could be applied in the real world. 

This also relates to JCCT's comment that the agencies must share the basis for any 
aerodynamic calculation and exact estimated percent improvement (rather than binned 
percentage categories) for each vehicle make and model in the baseline and future modeled fleet, 
and the ir technical justification for each value. As discussed above, the agencies shared the 
relative performance approach methodology for assigning baseline aerodynamic levels to 
vehicles in the analysis fleet in detai l in the PRIA, ioi o and this approach was the basis for the 
aerodynamic calculation performed for every vehicle make and model in the analys is fleet. The 
agencies provided the summary of aerodynamic drag coefficients (including averages for MY 
2016 vehicles) by vehicle body style,10 11 and the baseline aerodynamic improvement 
assignments for each vehic le model were included in the NPRM Market Data File. In addition, 
because aerodynamic drag information from manufacturers is provided as confidential business 
information, the agencies are unable to disclose that specific infonnat ion. However, as discussed 
above, the agencies are closely examining the data provided a nd comparing it to other available 
information to assess the best estimate for aerodynamic technology for each vehicle in the 
analysis fleet. 

,ooo 83 FR 43004. 
1010 PRIA at 441. 
" " 

1 PRIA at 443. 
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For these reasons, the agencies continued to use the NPRM methodology to assign 
aerodynamic drag reduction improvements for the MY 2017 vehicle fleet for this final rule. 

cJ Aerodynamic Drag Technology Adoption Features 

As discussed above, the agencies used a relative aerodynamic drag reduction 
perfonnance approach to assign current aerodynamic technology level to a vehicle. wic For some 
body styles with different utility, such as pickup trucks, SUVs and minivans, frontal area tan 
vary, and this can affect the overall aerodynamic drag,forces. In order to maintain vehicle utility 
and functionality related to passenger space and cargo space, the agencies assumed all 
technologies that improve aerodynamic drag forces would do so through reducing the Cd while 
maintaining frontal area. 

In the NPRJV1, the agencies noted that the Proposed Determination analysis assumed that 
some vehicles from all body styles could (and would) reduce aerodynamic forces by 20 percent, 
which in some cases led to future pickup trucks having aerodynamic drag coefficients better than 
some of today's typical cars, if frontal area were held constant in order to preserve interior space 
and cargo space. The agencies further noted that for some vehicle types, there was limited 
practical capability to significantly improve aerodyhamic drag coefficients over baseline levels. 
In those cases, the agencies deemed the most advanced levels of aerodynamic drag simulated as 
not technically practicable given the need to maintain vehicle functionality and utility, such as 
interior volume, cargo area, and ground clearance. 

The indust!}' had also commented in response to EPA's Proposed Detennination on the 
difficulty t•' achieve AERO20 improvements for certain body styles. Jn the NPRM, the agencies 
considered the industry comments along with the observations made in the MY 2016 fleet, and 
tentatively detennined the maximum feasible improvement in CJ that could be achieved for 
pickup trucks is AERO 15 level. 1013 Similarly, the agencies determined the maximum feasible 
improvement in Cd that could be achieved for minivans is AERO I 0. Next, the NPRM analysis 
did not apply 15 percent or 20 percent aerodynamic drag coefficient reduction to cars and SUVs 
with more than 405 horsepower. The agencies noted that many high-performance vehicles 
already include advanced aerodynamic features despite middling aerodynamic drag coefficients. 
In these high-performance vehicle cases, the agencies recognized that manufacturers tune 
aerodynamic features to provide desirable downforce at high speeds and to provide sufficient 
cooling for the powertrain, and, therefore, manufacturers may have limited ability to improve 
aerodynamic drag coefficients for high performance vehicles with internal combustion engines 
without reducing horsepower. Accordingly, the agencies did not allow application of AERO IS 
and AERO20 technology for all vehicles with more than 405 HP. Approximately 400,000 units 
of volume in the MY 2016 market datafile included limited application of aerodynamic 

'°1' Cd,1,_ (Aerodynamic Drag Forces)= Coefficient of Drag X Frontal Area. 
""' The agencies noted in the NPRM that, although ANL created full-vehicle simulations for trucks with 20 percent 
drag reduction, those simulations were not used in !he CAFE modeling. The agencies concluded that level of drag 
reduction was likely not technologically feasible with today's technology, and the analysis accordingly restricted the 
application of advanced levels of aerodynamics in some instances., such as in that case, due to bodystyle form drag 
limitations. 
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technologies because of vehicle perfonnance. The agencies sought comment on limiting the Cd 
improvement in these,circumstances. 

Ford commented in support of the agencies' decision to limit the application of AERO20 
on pickup trucks, noting that limiting AERO20 on pickups is appropriate given the high inherent 
fonn drag associated with pickups' aerodynamic profiJe.H114 

CARB commented that the agencies excluded AERO20 inconsistently across the fleet, 
noting that while some of the restrictions may be valid, the broad rule the agencies used resulted 
in technology being inappropriately excluded from too many vehicles.10i:< Specifically, CARB 
took issue with the majority of luxury sedans and SUVs being excluded from AERO20 because 
they had high horsepower engines, while the agencies did assign AERO20 to vehicles like the 
Tesla Model Sand Model X SUVs, which have horsepower in excess of 405, CARB stated that 
while electrification provides a higher motivation to minimize road !oad through technologies 
such as aerodynamic reductions, implementing AERO20 reductions on high horsepower sedans 
an9 SUVs is clearly feasible and should not be artificially restricted in the CAFE model. 

In addressing these comments, the agencies considered the relative cooling requirements 
for all electric powertrains and for high performance internal combustion engine powertrains 
since airflow diverted for cooling adversely impacts a vehicle's Cd. The peak heat rejection and 
engine cooling needs for high perfommnce internal combustion engines is significantly higher 
than for all electric powertrains. Internal combustion engines conVert a lower percentage of 
energy contained in gasoline into mechanical work (and other useful work, such as lighting and 
sound), and the energy not converted into mechanical work (or other useful work) is converted 
into heat. A significant amount of the wliste heat must be handled by the cooling systems. 
Battery electric vehicles convert most of the electrical energy stored in the battery into 
mechanical work and other_ useful work, and,therefore convert less energy into heat that must be 
handled by the cooling system. Also. electric powertrains can provide-a degree of electric 
braking, whereas internal combustion engines exclusively use friction braking, which generates 
heat and requires greater cooling, particularly on vehicles with substantial braking perfonnance 
capabilities. The agencies believe it is appropriate to account for these differences in considering 
the amount Of aerodynamic improvement that can be implemented, and det,ennined there are 
valid technical reasons for not applying AERO IS and AERO20 levels for vehicles with more 
than 405 HP in the final rule, just as was done for the NPRM. 

d) Aerodynamic Drag Technology Effectiveness 

The NPRJvl analysis included four levels of aerodynamic improvements, AERO5, 
AERO 10, AERO! 5, and AERO20, representing 5, 1 0, 15, and 20 percent Cd improvements, 
respectively. Notably, the NPRM analysis assumed that aerodynamic drag reduction could only 
come from reduction in the aerodynamic drag coefficient and not from reduction of frontal area, 

WI-I NHTSA-2018-0067-l 19:!8. 
1<".1 NHTSA-2018-0067-11873, 
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to maintain vehicle functionality and utility, such as passenger space. ingress/egress ergonomics. 
and and cargo space. JOJO 

Ford commented in support oft he agencies' decision to consider the frontal area and 
body style as "Utility factors" and requiring that aerodynamic improvements come from 
reductions in Coefficient of Drag (Cd) and not from reductions in frontal area.w17 

CBD commented that EPA staff had critiqued NHTSA 's characterization ofresearch on 
aerodynamic drag coefficients and the NPRM did not appear to incorporate or respond to this 
input, tv18 citing prepublication materials docketed pursuant to Section [X] oft he C'lean Air 
Aci.11119 Specifically, CBD stated that EPA staff had commented in response to the 
characterization that "(f]or some bodystyles, the agencies have no evidence that manufacturers 
may be able to achieve 15 percent or 20 percent aerodynamic drag coefficient reduction relative 
to baseline (for instance, with pickup trucks" and noted that "[i]n the past, EPA has assigned aero 
tech in the baseline relative to a "Null" and then applied drag reduction level against that Null in 
order to ensure that the maximum aero level (i.e., 15 or 20 percent) would always be achievable 
for all body styles." This comment reflects deliberative, in-process input from EPA staff In 
fact, the NPRM text was developed by the agencies with the benefit of this and other input from 
EPA staft; and the NPRM clarified that reducing frontal area would likely degrade other utility' 
features like interior volume or ingress/egress. 

CA.RB commented, as part of its broader comments, that the agencies' effectiveness 
values were reduced relative to what EPA's LPM calculated, that the benefits of aerodynamic 
improvements were underestimated. 1020 Specifically, CARB cited the H-D Systems comparison 
ofLPM benefits for AERO JO and AERO20 of2.1 percent and 4.3 percent, respectively, 
compared with Autonomie benefits of J .51 percent and 3.03 percent, respectively, and stated that 
the agencies' analysis provided no description or cited any new data or evidence as to why they 
reduced the projected assumptions compared to what EPA 's Lumped Parameter Model 
calculated. 

H-D Systems also commented that the Autonomie modeling assumed no engine change 
when 11erodynamic drag and rolling resistance reductions are implemented, as well as no changes 
to the transmission gear ratios and,axle ratios, which vary by transmission type but not by the , 
tractive load. 1021 HDS stated that the EPA ALPHA model adjusted for this effect, which 
accounted for the difference in technology effectiveness estimates that HOS characterized 
between the Draft TAR and NPRM. HDS provided a "correct estimate" for AERO20 
effectiveness improvements of 4.3 percent, with the justification that there was no gear/axle ratio 
adjustment in the Autonomic analysis. 

•016 83 J-"R 43047. 
WP NHTSA-2018-0067-l 1918. 
'"" NHTSA-2018-0067-12000, at 188. 
'"'° Docket No. EPA-HQ-OAR-2018-0283-0453, June 29, 2018 Comments at 93. 
'"'° NHTSA-2018-0067-11873. 
w21 Nli'TSA-2018-0067-11985. 
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In response to HDS's comment, the Alliance submitted supplemental comments 
questioning the extent to which aerodynamics (and changes in top gear ratio) affect performance 
metrics held constant in the analysis, like low- and high-speed acceleration perfonnance and 
gradeability .U122 The Alliance cited a study for the proposition that vehicle acceleration is most 
influenced by engine power and weight, and also that bodystyle differences have a lesser impact 
on acceleration performance. The All iance further commented that "[r]egarding changes in top 
gear ratios in response to aerodynamic changes, the All iance is not aware of any examples in 

which a top gear ratio was changed solely due to aerodynamic improvements. There may be 
examples where a vehicle's top gear ratio was changed at the same t ime aerodynamic changes 
were made, but such changes would be made in response to the cumulative changes across the 
entire vehicle, not _iust aerodynamic improvements." The Alliance concluded that "[t]here are 
also practical manufacturing and investment constraints which limit the potential for applying 
engine changes in response to improved vehicle aerodynamics," citing the agencies decision to 
only resize engines with significant design changes, to account for product complexity and 
economies of scale. 

In response to the Alliance ' s supplemental comment, HDS submitted supplemental 
comments stating that "(d]rag reduction is usually accomplished when a vehicle body is 
redesigned, so gear and axle ratios are typically re-optimized for the entire set of changes, but 
these changes include the drag reduction."1023 HOS commented that the All iance's comments 
acknowledged that calibration changes are made in response to tractive load changes, while the 
Autonomie analysis recalibrates the powertrain in response only to large mass reduction 
improvements, and not any other vehicle changes that reduce tractive load, like aerodynamic 
improvements, even when those changes would result in a greater tractive load reduction than a 
l O percent mass reduction. HDS reiterated its statement that "[i]n the real world (and as 
captured in EPA's prior ALPHA model), automakers typically a lter many vehicle attributes 
affecting tractive load simultaneously, including aerodynamics," and the Autonomie outputs 
underrepresent the benefit of tractive load reduction strategies by not optimizing eng ine 
efficiency after most changes in tractive load because the mode l employes fixed shift points, gear 
ratios, and axle ratios when drag or tire roll ing resistance is reduced. 

Regarding the first set of comments that the aerodynamic effectiveness values were 
reduced from EPA 's values presented in the Draft TAR, that results from differences in the two 
modeling approaches. As discussed above, for this analysis the agencies dec ided that 
aerodynamic drag reduction could only come from reduction in the aerodynamic drag 
coefficient, and not from a reduction in vehicle frontal area, at least without reducing other 
attributes of the vehicle.10"-' ~trail, eP,\ l't:lr t.l1e Drnl1 r '.Rand Pn~pn'.,ed Deterlfltfltltiffil 
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acl,it!; ea J(l ft!r,.-111 aert1d:, namie fonce reicluclit111 relali-..:• te an i11itinl dt'rad:, namie tedrn,1leg:, 
le•, d .. \lse. a·, Eli· eu; ,ed in S,.-1;1ien [Teeh efft>11ti\ e11e:.0, und \!odelingl. the agt:>nLi,,., fl-iund 1l1at 
the u ,e efthe 1"1c1ll 0,ehide <,imuletien n,etlrnd.ileg:, 1cl".ed for tile' ',PR>.1 anti fer thi·, linal ru le. 
pr,,; iJ.- ., mere a~eurate e,timater, Elf effet1i, ent!·,·, for imli, idual t~t h11,1lt1,;i1:, and eomlo,inati"11 , 

io,c NHTSA-2018-0067-12385, al 31-32. 
'"~3 NHTSA·2018-0067-12395, at 4-5. 
'"" 83 FR 43047; PRIA at 441. 

448 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 
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In Section (Tech Eftectiveness and Modeling] and Section [Transmissions]. the agencies 
provide a full d iscussion of the issues associated with assuming the engine and transmission can 
be optimized for every combination of technologies. lt would be unreasonable and unaffordable 
to resize powe11rains. including engines and transmission and axle ratios. for every unique 
combination of technologies, and exceedingly so for every unique combination technologies 
across every vehicle model due to the extreme manufacturing complexity that would be required 
to do so. Product complexity and economies of scale are real, and in the NPRM. engine resizing 
was limited to specific incremental technology changes that would typically be associated wi th a 
major vehicle or engine redes ig n.10c5 As noted by H-D Systems. the EPA Draft TAR and 
Proposed Determination analyses adjusted t he effectiveness of every techno logy combination, 
including for aerodynamics technologies, assuming performance could be held constant for every 
combination. However, those analyses did not recognize or account for the extreme complexity 
nor the associated costs for that impractical assumption. The N PRM and final rule analyses 
account for these real-world pract ical ities and constraints, and doing so explains some of the 
effectiveness and cost differences between the Draft TAR/Proposed Determ ination and the 
NPRM/final rule. The agencies believe the NPRM and the fi nal rule approach appropriately 
resizes powe11rain components for specific incre111ental technology changes that would typically 
be associated with a 111ajor vehicle or engine redesign. 

For the NPRM. and carried into the final rule analys is, Autonomie simulates all road load 
condi tions (e.g., MR, AERO, and ROLL technology levels) for each engine and transmission 
combination. In addition, engines are resized for appropriate specific technology changes that 
would be associated with a major vehicle or engine redesign. Also. as discussed fu11her in 
Section (Transmissions], many commenters seemed to conflate the practice in the analysis of 
using a common (same) gear set across vehicle configurations (to address manufacturing 
complexity) with using the same shift maps. As co111menters stated, they assumed the same shift 
maps were applied across vehicle models. However, the shift initializer routine was run for 
every unique Autonomie full vehicle model configuration and generated customized shifting 
maps. The algorithms' optimization was designed to balance minimization of energy 
consumption and vehic le performance. This balance was necessary to achieve the best fuel 
efficiency while maintaining customer acceptabil ity by meeting performance neutrality 
requirements. The agencies believe the level of optimization of engine size, transmissions. gear 
ratios and shift schedules reasonably approximates what is achievable and what manufacturers 
actually do. 

e) Aerodynamic Drag Technology Cost 

For the Draft TAR, the agencies relied on the 2015 NAS repo11 to estimate the cost of 
AERO 1 and AERO2 levels of aerodynamic drag coefficient improvements. The agencies 
received several comments related to the cost assumptions used in the Draft TAR, mainly that 
they were too low to meet AERO! and AERO2 levels. The industry submitted confidential 

'"" See 83 FR 43027 ( Aug. 24, 2018). 
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J:,usiness information on the costs of passive aerodynamic technologies needed to achieve 
AERO\ (10 percent improvement in drag improvement), which showed a significantly higher 
estimated costs than assumed for the Draft TAR. Similarly, the industry submitted confidential 
business information on the costs of active aerodynamic technologies, including some high cost 
technologies. The industry also commented that some active aerodynamic technologies could 
only be implemented during vehicle redesigns and not during a mid-cycle ,,.-ehicle refresh. 

The agencies considered these comments and perfonned additional research to assess the 
costs for passive and active aerodynamic technologies. We revised the cost estimates for the 
NPRM, based in part on confidenfial information from the automotive industry, and from our 
own assessment of manufacturing costs for specific aerodynamic technologies from available 
sources. In general, the NPRM cost estimates ·were higher than Draft TAR cost estimates. The 
agencies included a high-level discussion in the PRIA that the cost to achieve AEROS is 
relatively low, as most of the improvements can be made through body styling changes. The 
cost to achieve AERO IO is higher than AEROS, due to the addition of several passive aero 
technologies, and the cost to achieve AERO IS and AERO20 is higher than AERO JO due to use 
of both passive and active aero technologies. 

The agencies did not receive any comments on the costs of aerodynamic improvements, and 
accordingly, for the final rule, as shown in Table Vl-76Table Vl-76 and 

Table Vl-77 

Table Vl-77 below, the agencies used the same aerodynamic improvement costs presented iil 
NPRM. 

Table VI-76-Aerodynamic Improvement Technology Costs for Passenger Cars and 
SUVs for !l..fY 2017 (in 2018$) 

Aero Improvements for $DMC RPE 
Passenger Cars and SUV (2018$) 
0% $0.00 

5% $39.38 $59.07 

10% $80.51 $120.76 

15% $113.76 $170.64 

20% $20!.27 $301.91 

Table Vl-77 -Aerodynamic Improvement Technology Costs for Pickup Trucks for MY 
2017 (in 2018$) 

Aero Improvements of $DMC RPE 
Pick1.ms /2018$) 
0% $0.00 
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5% $39.38 $59.07 

10% $80.51 $120.76 

15% $20L27 $301.91 

20% $525.06 $787.59 

6. Tire rolling resistance 

Tire rolling resistance is a road load force that arises primarily from the energy dissipated 
by elastic defonnation of the tires as they roll. Tire design characteristics (for example, 
materials, construction, and tread design) have a strong influence on the amount and type of 
defonnation and the energy it dissipates. Designers can select these characteristics to minimize 
rolling resistance. However, these characteristics may also influence other perform(!nce 
attributes, such as durability, wet and dry traction, handling, and ride comfort. 

Low rolling resistance tires are increasingly specified by OEMs in new vehicles and are 
also increasingly available from aftermarket tire vendors. They commonly include attributes 

- such as higher inflation pressure, material changes, tire construction optimized for lower 
hysteresis, geometry changes (e.g., reduced aspect ratios), and reduced sidev.,all and tread 
deflection. These changes-are commonly accompanied by additional changes to Vehicle 
suspension tuning and/or suspension design to mitigate any potential impact on other 
perfonnance 'attributes of the vehicle. 

Lower-rolling-resistance tires have characteristics that reduce frictional losses associated 
with the energy dissipated mainly in the deformation of the tires under load, thereby improving 
fuel economy and reducing CO2 emissions. The agencies considered two levels of improvement 
for low rolling resistance tires in the analysis: the first level oflow rolling resistance tires 
considered reduced rolling resistance 10 percent from an industry-average baseline, while the 
second level reduced rolling resistance 20 percent from the baseline. 

Walter Kreucher commented that the agencies should eliminate low rolling resistance 
tires from the list of viable technologies, in recognition of the safety impacts of low rolling 
resistance tires in relation to stopping distance and accident rates. WJi> Separately, Mr. Kreucher 
argued that the model should reflect the safety impact of low rolling resistance tires. 

The agencies have been following the industry developments and trends in application of 
rolling resistance technologies to light duty vehicles. As stated in the NAP special report on 
Tires and Passenger Vehicle Fuel Economy, rn27 cited by l\'1r. Kreucher, national crash data does 
not provide data about tire stmctural failures specifically related to tire rolling resistance, 
because the rolling resistance of a tire at a crash scene cannot be determined. Howe,•er, other 

'"' NHTSA-2018-0067-0444. 
10" Tires and Passenger Vehicle Fuel Economy: Informing Consumers, Improving Performance - - Special Repon 
286 (2006), available at https://www.nap.edu/read/J 1620/chapter/6. 
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metrics like brake perfom1ance compliance test data are helpful to show trends like that stopping 
distance has not changed in the last ten years, 1028 during which time many manufacturers have 
installed low rolling resistance tires in their fleet- meaning that manufacturers were successful 
in improving rolling resistance while maimaining stopping distances through ti re design, tire 
materials, and/or braking system improvements. In addition. NHTSA has addressed other tire
related issues through rulemaking, IO"Q and continues to research tire problems such as blowouts, 
flat t ires, tire or wheel deficiency, tire or wheel failure, and tire degradation.1030 However, there 
are currently no data connecting low rolling resistance tires to accident or fatality rates. 

With better tire design, tire compound formulations and improved tread design, tire 
manufacturers have tools to balance stopping distance and reduced rolling resistance. As stated 
in one article referenced by Mr. Kreucher, tire manufacturers can use "higher performance 
materials in the tread compound, more sil ica as reinforcing fillers and advanced tread design 
features" to mitigate issues related to stopping distance.1031 The agencies do not believe that 
there is SLtfficient data or other information to suppo1t removing low roll ing resistance tires as a 
viable technology considered in the CAFE and CO: analysis at this time. 

HOS argued, as discussed further below, that based on available data on current vehicle 
models and the likely possibility that there would be additional tire improvements over the next 
decade, the agencies should consider ROLL30 technology, or a 30 percent reduction of tire 
rolling resistance over the baseline.1032 

As stated in Joint TSO for the 2017-2025 final rule, tire technologies that enable roll ing 
resistance improvements of IO and 20 percent have been in existence for many years. 1033 

Achieving improvements of up to 20 percent involves optimizing and integrating multiple 
technologies, with a primary contributor being the adoption ofa silica tread technology. Tire 
suppliers have indicated that additional innovations are necessary to achieve the next level of low 
rolling resistance technology on a commercial basis, such as improvements in material to retain 
tire pressure, tread design to manage both stopping distance and wet traction, and development 
of carbon black material for low rolling resistance without the use of silica to reduce cost and 
weight.1034 The agencies are continuo~sly monitoring these and other tire technology 
improvements. The agencies believe, the tire industry is in the process of moving the industry 
towards first level of low rolling resistance technology across the vehicle fleet (IO percent 
reduction in roll ing resistance), and that 20 percent improvement is achievable in the rulemaking 
t imeframe. However, the agencies believe that at this time, the emerging tire technologies that 

io~s hnp~: 0111.!.nhba.go\ ca~ problem~ (..'omph im.h.·,xfm. 
'°'9 49 CFR 57 1. I 38, Tire pressure monitori ng systems. 
'°30 Tire-Related Factors in the Pre-Crash Phase. DOT HS 811 617 (April 2012), available at 
https://crashstats.nhtsa.dot.gov/Api/ PublicNiewPublication/81 I 6 17. 
'°31 Jesse Snyder, A big fuel saver: Easy-rolling tires (but watch braking) (July 21 , 2008). 
https:/lwww .autonews.com/artic le/2008072 I /OEMO I /307219960/a-big-fuel-saver-easy-rol I ing-tires-but-watch
braking. Last visited December 3, 20 I 9. 
IO" NHTSA-2018-0067-11985. 
10

" EPA-420-R-12-90 I. at page 3-2 10. 
10
'" Assessment of Fuel Economy Technologies for Light-Duty Vehicles (2011) at page I 03. 
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would achieve 30 percent improvement in rolling resistance will not be available for commercial 
adoption in the fleet during the rulemaking timeframe.1035 As a result, the agencies decided not 
to incorporate 30 percent reduction in rolling resistance technology for th is fi nal rule. 

a) Ro/ling Resistance Modeling in the CAFE Model 

The two levels of rolling resistance technology considered in the analysis include 
ROLL IO and ROLL20, which represent a IO percent and 20 percent roll ing resistance reduction 
from the baseline (ROLLO), respectively. 

To understand the following discuss ions about rolling resistance analysis fleet 
assignments and effectiveness values, it is important to understand how the agencies developed 
the baseline value (ROLLO) used in prior analyses. and how the agencies developed the baseline 
va lue used in the NPRM and final rule. In the Draft TAR, the agencies used unique baseline 
rolling resistance coefficients for each vehicle class. Specifically, the compact car class value 
was 0.0075, the midsize car value was 0.008, the small SUV value was 0.0084, the midsize SUV 
va lue was 0.0084, and the pickup truck value was 0.009. The PRlA described that since the 
Draft TAR, the agencies had reassessed rolling resistance values for contemporary ti res through 
discussions with vehicle manufacturers, tire manufactures, and independent bench testing. Based 
on a thorough review of confidential business infonnation submitted by industry , and a review of 
other literature, including the CARS/CONTROL TEC study mentioned below, the baseline 
rolling resistance coefficient for all vehicle classes was updated to 0.009 for the NPRM analysis. 
T he agenc ies concluded that the updated baseline value brought the NPRM simulations into 
better alignment with tires in the MY 2016 analysis fleet. The agencies also discussed that 
updated value was consistent with the findings of the CONTROL TEC study on vehicle road 
loads, sponsored by C ARB.1036 The following figure shows the distribution of estimated tire 
roll ing resistance coefficient values for the 1,358 MY 2014 vehicles evaluated in the 
CONTROL TEC/CARB study. 

10" hnp,: ,111 II.>' cali:,rdo11.co111 media -C11611 ~ \ ' I.A-Prc,c111a1i1111 D,I\ ari puhli,.nJL Last visited December 30, 
2019. 
10' 6 Techn ical Analysis of Vehicle Load Reduction Potentia l for Advanced Clean Cars, 
http,.,: \\ \\ \\ .arh.c3.go, r~-.~:m.:h ~pr pa••a I .~-31 >.pd[ page 39. 
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Figure Vl-27 - Estimated tire rolling resistance for all vehicles from CONTROL TEC 
study 

ICCT commented that it was "quite confusing and perhaps troubling" that t he agencies 
adopted a higher average roll ing resistance coefficient than that of the Draft TAR, "as it would 
imply that the fleet rolling resistance got worse, but the agencies are deciding to provide baseline 
credit as if there was more rolling resistance technology deployed."1037 ICCT stated that the 
change appeared to be attributed to the agencies' use of CBI on tire rolling resistance received 
since the Draft TAR. 

As described in the PRIA, the values used in the Draft TAR represented the "Best in 
Class" values in each of the vehicle classes and this did not necessarily reflect the average 
"Rolling Resistance Coefficient" (RRC) of the fleet. For the Draft TAR, the agencies did not 
have access to manufacturer confidential business information and relied on estimates from 
CONTROLTEC. As stated earlier, Figure Vl-27Figure Vl-27 shows the distribution of the 
estimated RRC for 1,358 vehicles models. The average RRC from the CONTROL TEC study 
(0.009) aligned with the NPRM estimate which was based in part on manufacturer submitted 
confidential business information. CONTROL TEC compared the estimated RRC data with the 
values provided by Rubber Manufacturers Association (renamed as USTMA-U.S. Tire 
Manufacturers Association) for original equipment tires. The average RRC from the data 
provided by RMA was 0.0092, 1038 compared to average of 0.009 from CONTROL TEC. 
CONTROL TEC attributed the difference due to analysis assumption, tire loading during coast 
down vs. load during tire testing, inflation pressure during coast down vs. inflation pressure 

10" NHTSA-2018-0067-11741 full comments. 
1038 Technical Analysis of Vehicle Load Reduc1ion by CONTROLTEC for Califoniia Air Resources Board (Apri l 
29, 2015) at page40. 
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during tire testing, coast down test reporting issues, tire types represented in the sample, tire 
break-in, and advancement in tire rolling resistance since the time !Uv!A collected the-data. 

CONTROL TEC also stated that RRC values for some vehicles fell below the average 
RRC (indicating better perfonnance) due to estimation assumptions for vehicles where 
manufacturer data was not available, and coast down test reporting issues. H11" Further, 
CONTROL TEC performed a sensitivity study by mathematically removing aerodynamic 
contribution from the coast down coefficients. It was observed that the average RRC without the 
aerodynamic contribution is around 0.011. Accordingly, the agencies believe that it was 
reasonable to use 0.009 as ,the average RRC for the fleet for the NPRM and to continue to use 
that value for the final rule, based on the latest available data from manufacturers and alignment 
with the average RRC to the CONTROL TEC study estimate. 

H-D Systems (HOS) commented that the CONTROL TEC/CARB study showed that there 
is a very significant fraction of the fleet with tire rolling resistance coefficients above ! Okg/1000 
kg, and a small percentage of vehicles with rolling resistance coefficients already at 0.05 or 0.06. 
HDS stated that NHTSA ·s baseline of0.09 appeared "a little low but may be appropriate if the 
distribution was sales weighted." HOS argued that a number of vehicle models already have 
tires below 0.07, and the likelihood that there would be additional tire improvements over the 
next decade are likely, meaning that ROLL30 technology-----or a 30·percent reduction of the tire 
rolling resistance coefficient to 0.063-is possible and appropriate for MY 2025. 

Roush commented that rolling resistance is erroneously assumed to be the same across 
different vehicle classes, and that rolling resistance would vary depending upon the vehicle size, 
power, acceleration and performance packageYJ.1° As explained earlier, the RRC values used in 
the CONTROL TEC study were a combination of manufacturer information, estimates from coast 
down tests for some vehicles, and application of tire RRC values across other vehicles on the 
same platform. CONTROL TEC stated that some RRC values were below the estimated average 
(showing significant improvement from the baseline) due to assumptions that were applied to 
some vehicles when manufacturer data was not available. Further, some of the RRC estimates 
·were based on vehicle coast down tests which had errors. 1041 As a result, some of the RRC 
values used in the Draft TAR showed significant improvements (30 percent reductiori in rolling 
resistance relative to baseline), as observed by RDS. Based on a review of manufacturer
submitted confidential business infonnation-and other sources, the agencies are unaware of any 
tires in production which have 30 percent reduction in rolling resistance relative to baseline 
values. 

As stated earlier_, the baseline values used for the Draft TAR analysis were "Best in 
Class" values from the estimates developed by CONTROL TEC and not representative of the 
average of the fleet or average for the vehicle classes. Fonhe NPRM, the agencies revisited the 
ROLL technology assignments based on the RRC values provided by manufacturers, and the 

'"" Technical Analysis ofVehicle Load Reduction by CONTROL TEC for California Air Resources Board (April 
29, 2015) at page 38. 
'"'0 Nt-ITSA·2018·0067-l 1984. 
"'1 Technical Analysis ofVehicle Load Reduction by CONTROL TEC for California Air Resources Board (April 
29, 2015) at page 38. 
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average RRC for each of the vehicle class was near the fleet average (RRC = 0.009). As shown 
in Figure Vl-28 a vast majority of the vehicles in the fleet are in the ROLLO bin across the 
different vehicle class, vehicle size, power, acceleration and performance configurations. For 
these reasons, the agencies will continue to use the fleet average ofRRC=0.009 as the baseline 
value to assess ROLL technology improvements. 

b) Rolling Resistance Analysis Fleet Assignments 

As discussed above, NHTSA's Draft TAR analysis showed little rolling resistance 
technology in the baseline fleet for three reasons: the simulations used baseline values already 
reflecting best-in-class tire rolling resistance, credible tire rolling resistance values for all 
vehicles from bench data were not available to the agencies at the time of Draft TAR, and few 
manufacturers submitted rolling resistance values for the Draft TAR analysis. 

For the NPRM, baseline (ROLLO) rolling resistance values were updated to 0.009, and 
any better rolling resistance values were assigned based on whether information indicated that 
vehicle had technology at least 10 percent better than baseline (.0081 or better for ROLL 10), or 
at least 20 percent betterthan baseline (.0072 or better·for ROLL20). The agencies used 
confidential business information provided by manufacturers to assign initial rolling resistance 
values for each vehicle make and model. 

The Alliance commented that the NPRM MY 2016 analysis fleet had been updated with 
appropriate ratings of rolling resistance improvements, compared to the Draft TAR where 
vehicles were generally considered to have unimproved tires (meaning the Draft TAR assumed 
additional improvements were more achievable than in reality). The Alliance noted that the 
Draft TAR approach led to the CAFE model adding additional tire rolling resistance 
improvements despite the fact that manufacturers had already made significant improvements 
with that technology. This meant that the real-world fleet had little remaining opportunity for 
additional tire-related improvements, ultimately leading to the Draft TAR analysis 
underpredicting the amount of powertrain technology required for compliance. 

The Alliance noted that it is possible to estimate rolling resistance features of a vehicle 
using road load coefficients, but the process requires various assumptions and is not very 
accurate. The Alliance concluded that the agencies' use of CBI to assign baseline technology 
levels correctly was an accurate and ,practical solution. Similarly, Ford commented in support of 
the agencies' low rolling resistance tire assignments in the baseline fleet, stating that the 
accuracy of the baseline fleet assessment had been considerably improved using actual tire 
rolling resistance data.1042 

HOS commented that the analysis fleet "accounts for the distribution of tires below 0.09 
as 19% of vehicles in MY 2016 are modeled as having used ROLL IO and 25% of vehicles as 
having used ROLL20 in the base year, but there is no accounting for the ~25% of vehicles 
having RRC values 10 to 20% above the 0,09 RRC average." HDS concluded that "[a] stricter 
·accounting of the baseline and, possibly setting specific lower limits for 2025 RRC by vehicle 

rn,: NHTSA-20·1 8-0067-11928. 
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type (as done for aero drag in the PRlAJ will show significant additional tleetwidc effectiveness 
from RRC reduction which is a very cost-effective technology." 

ICCT commented that the agencies made a "dramatic and unjustified" shift in baseline 
tire rolling resistance assignments from the 2015 fleet used in the Draft TAR to the 2016 fleet 
used in the NPRM. H1-n JCCT noted that per the agencies' updated baseline value, nearly 20 
percent of all vehi_cles in the MY 20 l 6 analysis fleet achieved 0.008 I (or better) rolling 
resistance value, and more than 26 percent achieve 0.0072 (or better). /CCI argued that rather 
than changing the definition of rolling resistance technology to include improvements beyond the 
baseline, the agencies instead redefined the technology available, reducing the number of 
vehicles that can use tire improvements in future compliance years within the modeling 
framework, which artificially forced companies to use other, more expensive technologies. 

ICCT stated that to substantiate the baseline rolling resistance assignments, the agencies 
need to show data on how these improvements are evident in the fleet and delivering benefits. 
ICCT alleged that if an improvement of that magnitude were true, it would be evident in fleet 
level miles-per-gal!on and C01 levels; however, "none of the quantifiable mpg or CO2 benefits 
that would be associated with these additional rolling resistance improvements were reflected 
with any real-world e:,iidence in the model year 20IQ fleet." ICCT stated this seemed to be a 
case of the agencies "artificially burying efficiency technology in the baseline, rendering it 
unusable in the post m·odel year 2016 compliance scenarios." 

JCCT also stated that the agencies must share absolute road load coefficients for each 
·vehicle make and model in the baseline fleet, and the technical justification for each value, in 
addition to conducting two sensitivity analysis cases "assum[ing] that every baseline make and 
model is set to 0% rolling resistance iinprovement and set to the previous baseline rolling 
resistance (from the Draft TAR) to demonstrate how much the agencies' decision to load up 
more baseline technology affects the compliance scenarios, as it appears that the agencies may 
have made a unsupportable and nbn-rigorous assumption about rolling resistance technology 
across the models." ICCT concluded that because the changes were buried in the datafiles and 
unexplained, the agencies must issue a new regulatory analysis and allow an additional comment 
period for review of the methods and-analysis, 

Based on the comments from HOS and ICCT, the agencies reexamined available tire 
rolling resistance data. The assignment ofROLL20 technology was revised for some vehicle 
models based on information on the use-of common tires across vehicles that shared a platform. 
As a consequence, for the final rule, only 20 percent of the MY2017 vehicle fleet is assigned 
ROLL20. The agencies will continue to investigate additional methods to improve the accuracy 
of this method, however as the Alliance and Ford noted, the accuracv of the baseline levels had 
been significantly improved over prior analyses by using actual tire RRC data. The agencies 
approach is consistent with the NAS recommendation to have two ROLL technology levels. The 
agencies determined that 30 percent rolling resistance improvement while maintaining other tire 
characteristics is unlikely to be available in the rulemaking timeframe. 

'"" NHTSA-2018-0067-1174] full cornrnenl5. 
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The figure Vl-28 shows the distribution of ROLL technology for the Draft TAR, NPRM 
and final rule. For the NPRM, 64 percent of the MY 2016 vehicle fleet was assigned ROLLO 
and for the final rule, 59 percent of the MY2017 vehicle fleet is assigned ROLLO. This shows 
that the majority of the fleet is still at the ROLLO technology level and there is still significant 
opportunity for the vehicle fleet to improve ROLL technology. 

Figure Vl-28 - Distribution of tire rolling resistance technology for the Draft TAR, 
NPRM and Final Rule 

Draft TAR NPRJ\1 
Final Rule (MY2017 

ROLL (MY 2015 (MY2016 
nll.icle fleet nhicle tleetl 

vchide fleet) 

ROLLO 99.80% 64½ 59•,o 

RO_LLl0 0.1% 10% 21% 

ROLL20 0.1% 26% 20% 

c) Rolling Resistance Adoption Features 

In some cases, low rolling resistance tires can affect traction, which may adversely 
impact acceleration, braking and handling characteristics for some high-performance vehicles. 
Similar to past rulemakings, the agencies fl!Cognized in the NPRM that to maintain performance, 
braking and handling functionality, some high-perfonnance vehicles would not adopt low rolling 
resistance tire technology. For cars and SU Vs with more than 405 horsepower (hp), the agencies 
restricted the application of ROLL20. For cars and SUVs with more than 500 hp, the agencies 
restricted the application of any additional rolling resistance technology (ROLL 10 or ROLL20). 
The agencies developed these cutoffs based 'on a review of confidential business information and 
the distribution of rolling resistance values in the fleet. 

Ford commented that the NPRM analysis appropriately limited the application of ROLL 
technology where it would be infeasible or would be at odds with the vehicles' intended 
function, characterizing that the decision to restrict application of ROLL 10 and ROLL20 for high 
perfonnance vehicles as reasonable.1044 

Accordingly, the agencies continued with the NPRM methodology ofrestricting certain 
ROLL technology for high performance vehicles, In the final rule, we restricted the ROLL 
technology to ROLLO and ROLL IO for vehicles with greater than 405 hp and below 505hp. For 
vehicles greaterthan 505hp, we restricted the ROLL technology to ROLLO. 

d) Rolling Resistance Effectiveness Modeling and Resulting 
Effectiveness Values 

As discussed above, the agencies updated the baseline rolling resistance value to 0.009, 
based on a thorough review of confidential business information submitted by industry, and a 

'"""' NHTSA·2018--0067•11928. 
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review of other literature. To achieve ROLL IO in the NPRM and for the final rule analysis. the 
tire roll ing resistance must be at least IO percent better than baseline (.0081 or better). To 
achieve ROLL20, the tire roll ing resistance must be at least 20 percent better than baseline 
(.0072 or better). 

HDS commented that the Autonomie modeling assumed no engine change when drag and 
rolling resistance reductions were implemented, as well as no change to the transmission gear 
ratios and axle ratios, which vary by transmission type but not by the tractive load. 1045 HOS 
stated that " reduction in rolling resistance is accompanied by axle ratio adj ustments so that the 
eng ine operates at about the same load but at lower RPM. The EPA ALPHA model adjusts for 
this effect, which accounts for the di fference in benefit estimates" between Autonomie and the 
ALPHA model simulations. 

As stated in the "Technology Effectiveness and Modeling" section, Autonomie builds 
performance-neutral vehicle models by resizing engines, e lectric machines, and hybrid e lectric 
vehicle battery packs only at specific incremental technology steps. To address product 
complexity and economies of scale, engine resizing is limited to specific incremental technology 
changes that would typically be associated with a major vehicle or engine redesign.1046 

Manufacturers have repeatedly told the agencies that the high costs for redesign and the 
increased manufacturing complexity that would result from resizing engines for small 
technology changes preclude them from doing so. It would be unreasonable and unaffordable to 
resize powertrains for every unique combination of technologies, and exceedingly so for every 
unique combination technologies across every vehicle model due to the extreme manufacturing 
complexity that would be required to do so. The agencies explained in the NPRM that the 
analysis should not include engine resizing with the application of every technology or for 
combinations of technologies that drive sma ll performance changes to reflect better what is 
feasib le for manufacturers.10• 7 

Complianc.e modeling in the CAFE model also accounts for t he industry practice of 
platform, engine, and transmission sharing to manage component complexity and associated 
costs. 1048 At a vehicle refresh cycle, a vehic le may inherit an already resized powertrain from 
another vehicle within the same engine-sharing platform that adopted the powertrain in an earlier 
model year. In the Autonomie model ing, when a new vehicle adopts fue l saving technologies 
(such as ROLL technology) that are inherited, the engine is not resized (the properties from the 
baseline reference vehicle are used directly and unchanged) and there may be a small change in 
vehicle performance. 

,0-i; NHTSA-2018-0067-11985. 
10-i• See 83 FR 43027 (Aug. 24. 2018). 
i0-17 For instance, a vehicle would not get a modestly bigger engine if the vehicle comes with floor mats, nor would 
the vehicle get a modestly smal ler engine wi1hout noor mats. This example demonstrates small levels of mass 
reduction. If manufacturers resized engines for small changes, manufacrnrers would have dramatical ly more part 
complexity, losing economies of scale. 
""' Ford EcoBoost Engines a re shared across ten different models in MY2019. 
IHtp"': \\\\\\ .fC::irt..1.1..!om r~1,\crtrn ins t'coboo~t . Last accessed Nov.05. 2019. 
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Regarding customizing transmission gear ratios as rolling resistance changes are 
implemented, the agencies explained in Section [Transmissions] that it is an observable practice 
in indusll)' to use a common gear set across multiple platfom1s and applications. The most 
recent example is the GM 10190, a IO-speed automatic transmission that used the same gear set 
in both pick-up truck and passenger car applications. W-N In Autonomie, optimization of 
transmission performance is achieved through shift control logic rather than customized 
hardware (e.g., gear ratios) for each vehicle line. The shift initializer routine was run for eve1y 
unique Autonomie full vehicle model configuration to generate customized shifting maps. The 
algorithms' optimization was designed to balance minimization of energy consumption against 
vehicle perfornrnnce. rnso This balance was nece5sal}' to achieve the best fuel efficiency while 
maintaining customer acceptability by meeting performance neutrality requirements. See 
Section [Performance Neutrality] for more details. If the systems were over-optimized for our 
modeling, such as applying a unique gear set for each individual vehicle configuration, the 
analysis would likely over-predict the reasonably achievable fuel economy improvement for the 
technology. Over-prediction would be exaggerated when applied under real-world large-scale 
manufacturing constraints necessary to achieve the estimated costs for the transmission 
technologies. 

As HDS noted, the EPA Draft TAR.and Proposed Determination analyses performed 
using the ALPHA model adjusted the effectiveness of every technology combination assuming 
performance could be held constant for every combination, and did not recognize or account for 
the extreme complexity nor-the associated costs for that impractical assumption. The NPRM and 
final rule analyses account for real-world practicalities and constraints related to both engine 
adoption and transmission adoption-when other vehicle technologies are implemented, which 
explains some of the effectiveness and cost differences between the Draft TAR/Proposed 
Determination and the NPRM/final rule. 

e) Rolling Resistance Cost 

For the NPRM, the analysis used DMC for ROLL technology from the Draft TAR and 
updated the values to reflect 2016$ dollars. The agencies continued to use the same cost 
assumptions presented in the NPRM for the final rule, and updated the values to 2018$ dollars. 
Table VI-78Table VI-78 and Figure VI-29 show the different levels of tire rolling resistance 
technology cost. 

irus "GM Global Propulsion ·systems - USA lnformation Guide Model Year 2018" JPOF). General Motors 
Powertrain. Retrieved September 26, 2019. 
https://www.grnpowertrain.com/asselsldocs/2018R _ F3F _Information_ Guide_ 03 l 9 I 8.pdf, 
'"-'" See [FRM ANL Model Documentation file]. 
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Table Vl-78 - Cost for lire roll ing resistance technologies re lative to ROLLO 

Technology 

ROLLO 

ROLLI0 

ROLL20 

-
-
:i::: 
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Tire Rolling Resistance Technology Costs for MY 2017 (2018$) 

Direct Manufacturing Cost RPE Incremental IO 

$0.00 

$5.186 

$40.54 

I IHI 
l)(I 

)sit 

-11 

(111 

~II _,, 
]II 

~I) 

Ill 
11 

$0.00 Base V 

$7.78 Base V 

$60.81 Base V 

R( lLL Ill :rnJ R< lLL.20 l o~t ! RPF l 
Rclati\c> to ROLi II (.:'.OJ:,,'-,) 

'--------· -------
• • • • • • • • • • • • • • 

- l{Ctl I Iii --R1)1 I ~It 

Figure VI-29 - Cost (RPE) for ROLL IO and ROLL20 Relative to ROLLO in 20 18$ 

7. Other Vehicle Technologies 

Four other vehicle technologies were included in the analysis--electric power steering 
(EPS), improved accessory devices (IACC), low drag brakes (LDB), and secondary axle 
disconnect (SAX) (which may only be applied to vehicles with all-wheel-drive or fOLtr-wheel
drive). The effectiveness of these technologies was applied directly by the CAFE model, with 
unique effectiveness values for each technology and for each technology class. This 
methodology was used in these four cases because the effectiveness of these technologies varies 
little with combinations of other technologies. Also, applying these technologies directly in the 
CAFE model significantly reduces the number of Autonomie simulations that are needed. 

a) Electric Power Steering (£PS) 

Electric power steering reduces fuel consumption and C01 emissions by reducing load on 
the engine. Specifically, it reduces or el iminates the parasitic losses associated with engine-
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drl\'en power steering pumps, which pump hydraulic fluid continuously through the steering 
actuation system even when no steering input is present. By selectively powering the electric 
assist only when steering input is applied, the power consumption of the system is reduced in 
comparison to the traditional ''always-on" hydraulic steering system. Power steering may be 
electrified on light duty vehicles with standard 12V electrical systems and is also an enabler for 
vehicle electrification because it provides power steering when the engine is off (or when no 
combustion engine is present). 

Power steering systems can be electrified in two ways. !vlanufacturers may choose to 
eliminate the hydraulic portion of the steering system and provide electric-only power steering 
tEPS) driven by an independent electric motor, or they may choose to move the hydraulic pump 
from a belt-driven configuration to a stand-alone electrically driven hydraulic pump. The latter 
system is commonly referred to as electro-hydraulic power steering (EHPS). As discussed in the 
NPRM, manufacturers have infonned the agencies that full EPS systems are being developed for 
all types oflight-duty vehicles, including large trucks. 

EPS is also discussed in [reference the Electrification Modeling in the CAFE model]. 

b) Improved Accessories (IACC) 

Engine accessories typically include the alternator, coolant pump, cooling fan, and oil 
pump, and are traditionally mechanically-driven via belts, gears, or directly by other rotating, 
engine components such as camshafts or the crankshaft. These can be replaced with improved 
accessories (IACC) which may include high efficiency alternators, electrically driven (i.e., on
demand) coolant pumps, electric cooling fans, variable geometry oil pumps, and a mild 
regeneration strategy. 1051 Replacing lower-efficiency and/or mechanically-driven components 
with these improved accessories results in a reduction in fuel consumption, as the improved 
accessories can conserve energy by being turned onloff"on demand" in some 'cases, driven at 
partial load as needed, 'or by operating more efficiently. 

For example, electric coolant pumps and electric, powertrain cooling fans provide better 
control of engine cooling. Flow from an electric coolant pump can be varied, and the cooling fan 
can be shut off during engine wann-up or cold ambient temperature conditions, reducing wann
up time, fuel enrichment requirements, and, ultimately reducing parasitic losses. 

IACC is also discussed in [reference the Electrification Modeling in the CAFE model]. 

c) Low Drag Brakes (LDB) 

Low or zero drag brakes reduce or eliminate brake drag force by separating the brake pad 
from the rotor, either by mechanical or electric methods. Conventional disc brake systems are 
designed such that the brake pad is in contact with the brake rotor at all times. This is true even 

'°'' IACC in this analysis excludes other electrical accessories such as electric oil pumps and e)ectricalli,>driven air 
conditioner compressors. 
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when the brakes are not being applied, and although the contact pressure is light in this case, this 
still produces some drag f•rce on the vehicle. 

LDBs have historically employed a caliper and rotor system that allows the piston in the 
caliper to retract, iu 52 in tum pulling the brake pads away from the rotor. However. if pads are 
allowed to move too far away from the rotor, the first pedal application made by the vehicle 
operator can feel spongy and have excessive travel. This can lead to customer dissatisfaction 
regarding braking performance and pedal feel. For this reason, in conventional hydraulic-only 
brake systems, manufacturers are limited by how much they can allow pads to move away from 
the rotor. 

Recent developments in braking systems have resulted in brakes with the potential for 
zero drag. In these systems, the pedal feel is separated from hydraulics by a pedal simulator. 
This system is similar to the brake systems designed for hybrid and electric vehicles, where some 
of the primary braking is done through the recuperation of kinetic energy in the drive system. 
However, the pedal feel and the deceleration the operator experiences is tuned to provide a 
braking experience equivalent to that of a conventional hydraulic brake system. These "brake
by-wire" systems have highly tuned pedal simulators that feel like typical hydraulic brakes and 
seamlessly transition to a conventional system as required by different braking conditions. The 
application of a pedal simulator and brake-by-wire system is new to non-electrified vehicle 
applications. By using this type of system, vehicle manufacturers can allow brake pads to move 
farther away from the rotor and still maintain the initial pedal feel and deceleration associated 
with a conventional brake system. 

In addition to reducing brake drag, the zero drag brake system provides ancillary benefits_ 
It allows for a faster brake application and greater deceleration than is nonnally applied by the 
average vehicle operator. It also allows manufacturers to tune the braking for different customer 
preferences within the same vehicle. This means manufacturers can provide a "sport" mode, 
which provides greater deceleration with less pedal displacement and a "normal" mode, which 
might be more appropriate for day-to-day driving. 

The zero drag brake system also eliminates the need for a brake booster. This saves cost 
and weight in the system. Elimination of the conventional vacuum brake booster could also 
impro".e the effectiveness of stop-start systems. Typical stop~start systems need to restart the 
engine if the brake pedal is cycled because the action drains the vacuum stored in the booster. 
Be,cause the zero drag brake system provides braking assistance electrically, there is no need to 
supplement lost vacuum during an engine off'event. 

Finally, many engine technologies being considered to improve efficiency also reduce 
pumping losses through reduced throttling, and in tum there is less engine vacuum available to 
power-assist a conventional brake system. The reduction in throttling could require a 
supplemental vacuum pump to provide vacuum for a conventional brake system. This is the 
situation in many diesel-powered vehicles. Diesel engines have no throttling and require a 

,w;: The brake caliper pistons are used to push the brake pad agairut the brake rotor, or disc. 
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supplemental vacuum for conventional brake systems. A zero drag brake system both eliminates 
brake drag and avoids the need for a supplemental vacuum pump. 

d) Secondai}' Axle Disconnect (SAXj 

All-wheel drive (A WD) and four-wheel drive (4WD) vehicles provide improved traction 
by delivering torque to the frOnt and rear axles, rather than just one axle. When a second axle is 
rotating, it tends to consume more ene'rgy because of additional losses related to lubricant 
churning, seal friction, bearing friction, and gear train inefliciencies. ios3.i 9.1~ Some of these 
losses may be reduced by providing a secondary axle disconnect function that disconnects one of 
the axles when driving conditions do not call for torque to be delivered to both. 

The terms A WD and 4 WD are often used interchangeably, although they have also 
developed a colloquial distinction, and are two separate systems. The term A WD has come to be 
associated with light-duty passenger vehicles providing variable operation of one or both axles 
on ordinary roads. The term 4 WD is often assoc'iated with larger truck-based vehicle platfom1s 
providing a locked driveline configuration and/or a low range gearing meant primarily for off
road use. 

Many 4WD vehicles provide for a single-axle (or two-wheel) drive mode that may be 
manually selected by the user. In this mode,- a primary axle (usually the rear axle) will be 
powered, while the other axle (known as the secondary axle) is not. However; even though the 
secondary axle and associated drive!ine components are not receiving engine power, they are still 
connected to the non-driven wheels and will rotate when the vehicle 'is in motion. This 
unnecessary rotation consumes energy •1055 and leads to increased fuel consumption and co~ 
emissi_ons that could be avoided if the secondary axle components were completely disconnected 
and not rotating. 

Light-duty A WD systems are often designed to divide variably torque bel\veen the front 
and rear axles in normal driving to optimize traction and handling in response to driving 
conditions. However, even when the secondary axle is not necessary for enhanced traction or 
handling, in traditional A WD systems it typically remains engaged with the driveline and 
continues to generate losses that could be avoided if the axle was instead disconnected. The 
SAX technology observed in the marketplace disengages one axle (typically the rear axle) for 
2WD operation, but detects changes in driving conditions and automatically engages A WD 
mode when it is necessary. The operation in 2WD can result in reduced fuel consumption. For 

'°'' Phelps, P. "Eco True Di.1connecting A WD System," presented at 7th International CTI Symposium North 
America 
2013, Rochester Ml, 

'
05

' Pilot Systems, "AWD Component Analysis," Project Report, perfonned for Transport Canada, Contract T8080-
150132, May 31, 2016. 
lilll Any time a drivetrain component spins it coni;umcs some energy. primarily to overcome frictional forces. 
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example, Chrysler has estimated the secondary axle disconnect feature in the Jeep Cherokee 
reduces friction and drag attributable to the secondary axle by 80% when in discon11ect mode. rn56 

e) AnaZvsis Fleet Assignments for Other Vehicle Technologies 

The agencies described in the PRIA that the aforementioned technologies have been 
-applied, to some extent, in the MY 2016 fleet. However, these technologies are difficult to 
observe and assign to the analysis fleet, and the agencies relied heavily on industry engagement 
and feedback to assign the technologies properly to the NPRM analysis fleet vehicles. Jn the 
NPRM, the agencies noted that the Draft TAR analysis did not properly account for the presence 
of these technologies in the analysis fleet, and far too few were assigned. Accordingly, the 
NPRM analysis reflected higher EPS and IACC application rates than the Draft TAR analysis. 

The agencies received a handful of comments stating that the additional technologies 
were incorrectly applied to the analysis fleet. ICCT stated that the inclusion of EPS, IACC, and 
LDB in the analysis fleet was unsubstantiated, and removed the technologies from potential use 
during the subsequent simulated years. 1057 ACE EE commented that TACC should not have been 
applied to certain vehicles in the analysis fleet because those vehicles do not in adua!ity display 
the fuel consumption reduction that wo'uld confirm the presence of these additional 
technologies.1958 ACEEE additionally commented that the CAFE model assumes significant 
baseline SAX penetration that they could not corroborate from Ford F-150 product infonnation 
broChures.HJ59 HOS compared the available levels of!ACC improvements from the Draft TAR 
to the NPRM analysis. noting that- the NPRM only employed one level of improved accessory 
technologies. IQ/iO HOS stated that this implied the effectiveness of what was previously 
considered IA CCI (the first level ofIACC technology improvement available in the Draft TAR) 
was completely used up in the 2016 analysis fleet for this rule. 

As the agencies stated in the PRIA. in part because of the difficulty in observing EPS, 
IACC, LDB, and SAX on actual vehicles, far too few of those technologies were assigned to 
vehicles in the Draft TAR analysis fleets. For the final rule, each vehicle in the MY 2017 
analysis fleet was studied using confidential a_nd publicly available information to determine 
whether, as commenters suggested, 1he agencies had improperly applied any of these additional 
vehicle technologies. This resulted in some adjustments in the application of the technologies in 
the analysis fleet. ln regard to ACEEE's comment on SAX penetration in the analysis fleet, for 
the NPRM and final rule analysis, ihe agencies considered all 4WD vehicles to have the 
capability manually to disconnect either the front or rear wheel axle and associated rotating 
components, thus shifting to a 2WD mode. When 4WD operation is required for safety and 
utility, the consumer can enable this feature. As stated above, this capacity to shift between 
2WD and 4WD modes is another form of SAX. For AWD vehicles, publicly available 

'"'6 Brooke, L. "Systems Engineering a new 4x4 benchmark," SAEAutomotfre Engineering, June 2,,2014. 
'°57 lmemational Council on Clean TransJll)rtation, Artachmen! 3, Dockcc No. NHTSA-2018-0067-1174I, at 1-37. 
'"'" American Council fqr an Energy-Efficient Economy. Attachment 6, O.:,cketNo, NHTSA-2018-0067-!2122, at 
6. 
'°·" American Council for an Energy-Efficient Economy, Attachment 6, Docket No. NHTSA-2018-0067-12122, at 
7. 
10'° H-D Systems, "HOS final report", Docket No. NHTSA-2018-0067-11985. at 21. 
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manufacturer information was reviewed to identify the specific vehicles that have SAX 
technology. Based on market observations and feedback from OEMs, the.entire analysis tleet for 
NPRM and the final rule was considered to have a basic level of improved accessories 
(comparable to what Draft TAR referred to as IACCJ). The application of!ACC in the NPRM 
and final rule analysis fleets represents further improvements to accessories such as electric 
water pumps and higher efftcien·cy alternators with mild regeneration capacity. 

The following distribution of technologies in the analysis fleet from the NPRM to the 
final rule analysis shows a slig],t decrease in the portion of total vehicles produced that have EPS 
and lACC, a very slight increase in the portion of total vehicle production that haw LDB, and a 
slight increase in the portion of 4WD/A WD vehicles with SAX technology. 
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Figure V!-30- Distribution of Technologies in Analysis Fleet Production 

,f) Effectiveness Estimates/or Other Vehicle Technologies 

The effectiveness estimates for these four technologies rely on previous work published 
as part of the rulemaking process, both for the 2012 rule for MYs 2017-2025 and the Draft TAR. 
The effectiveness values are unchanged from the Draft TAR. 

The effectiveness of both EPS and EHPS is derived from the-decoupling of the pump 
from the crankshaft, and is considered to be practically'the same for both. Thus, a single 
effectiveness value is assigned to all vehicles in the analysis fleet that possess either EPS or 
EHPS, and the "EPS" designation is applied. 

For the Draft TAR analysis, tv,•o levels of IACC were offered as a technology path (a low 
improvement level and a high improvement level). Since inuch of the market has incorporated 
some of these technologies in the baseline MY 2016 and 2017 fleets, the NPRM and final rule 
analyses assumed a11 vehicles have incorporated what was previously the low level, so only the 
high level remained as an option for vehicles, The figure above shows the distribution of!ACC 
for NPRM and FRM, which is the equivalent type of technology as the high-level lACC in the 
DRAFT TAR. 

The NPRM analysis carried forward work on the effectiveness of SAX systems 
conducted in the Draft TAR and EPA Proposed Determination. This work involved gathering 
information by monitoring press reports, holding meetings with suppliers and OEMs, and 
attending industry technical conferences. The resulting effectiveness estimates used in the Draft 
TAR, NPRM, and this final rule are shown below, 
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Table Vl-79 - Fuel Consumption Improvement Values for Other Vehicle Technologies 

NPRM / Final Rule Fuel Consumption lmpro.-cments 

Tech Cla1s LDB EPS IACC SAX 

Smal!Car 0.80% l .50"/a 1.85% 1.40% 

SmallCarPerf 

MedCar 0.80% l.30% 2.36% 1.-10% 

MedCarPerf 

SmallSllV 0.80% J.20% 1.74%' 1.40"/o 

SmallSUV.Perf 

MedSUV 0.80% 1.00% 2.34% 1.30% 

1vle<lSUVPerf 

Pickup 0.80% 0.80% 2.15% 1.60% 

PickupHT 

g) Cost Estimates and Learning Rates jOr Other Vehicle Technologies 

The cost estit:nates for these technologies rely on previous work published as part of the 
rulemaking process, both for the 2012 rule for MYs 2017-2027 and the Draft TAR. The cost 
values are from the same sources as the Draft TAR and w,ere updated to 2016 dollars for the 
NPRM and 2018 dollars for the final rule analysis. 

CARB noted that the IACC costs in tables 6-32 and 6-33 of the PRIA did not align with 
the Technologies central analysis input file. 1001 HOS commented, as part of its comparison of 
IACC penetration in the analysis fleet from the Draft TAR to NPR---l\1, that IACC costs were 
based on the difference between IACCI and IACC2 costs and this appeared to be inconsistent 
with the cost of accessory electrification which is more-expensive.106~ 

In the PR1A. the cost of!ACC was reported in some tables as an absolute cost (the cost of 
adding IACC to a base vehicle), ,~hile the NPRM Technologies central analysis input file 
showed IACC cost incremental to EPS. This was necessary in the model input file because the 
accounting method of the NPRM CAFE model utilized incremental costs. In contrast, a change 
in the CAFE model accounting method for this final rule allows a!I costs in the input file to be 
reported as absolute costs, incremental to a base vehicle. It was assumed that EPS must be 
present on a vehicle in order for it to adopt IACC, and as such {he cost of IACC includes the cost 
ofEPS. For further detail on the use of absolute costs in place of incremental costs, see Section 
[ref section# on absolute cost accounting]. Although HOS commented that accessory 
electrification has a higher cost than what is being used in the analysis, no specific additional 

'"" CARB, Docket No. NHTSA-201&-0067-12428, at 21. 
,,,;~ H-D Systems, "HDS final report",D<J<:ket No. NHTSA-2018-0067-l 1985, at 11. 
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input was given; the cost of IACC, as was done for Draft TAR (where it was referred to as 
IACC2), was taken from the 2015 NAS Report. 11

)1,
3 

The table below shows the absolute costs for these technologies for select model years. 
The FRM Technologies central analysis input file shows the costs for all model years. 

Table VI-80- Final Rule Absolute Costs for Other Vehicle Technologies, including 
Learning Effects and Retail Price Equivalent (2018$) 

T y 2017 2021 -2025 2029 

EPS $133.23 $124.42 $117.28 $111.97 

JACC S196.39 $163.40 $146.67 $!36.% 

LOB $92.08 $84.60 $78.35 $73.97 

SAX $97.41 $86,69 $80.34 ,$75.98 

Table Vl-81 Table Vl-81 below shows the cost learning rates for the additional 
technologies used for both the NPRM and final rule analyses. 

Table Vl-81 - Leaming Rates for Other Vehicle Technologies for MY 2016 to MY 2032 

Model Years 

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

0.94 0.93 0.91 0.89 0.88 0.86 0.85 0.84 0.82 0.81 0.8 0.79 0.78 0,77 0.77 

I 0.93 0.88 0.83 0.79 0.76 0.73 0.71 0.69 0.67 0.66 0.64 0.63 0.62 0.61 
0.94 0.93 0.9! 0.89 0,87 0.85 0.84 0.82 08 0.79 0.77 0.76 0.75 0.74 0.73 
0.77 0.73 0.7 0.67 0.65 0.64 0.62 0.61 0.6 0.59 0.58 0.57 o.sr. 0.55 0.54 

8. Simulating Off-Cycle and A/C Efficiency Technology Adjustments 

Off-cycle and air conditioning (A/C) efficiency technologies can provide fuel economy 
improvements in real-world vehicle operation, but that benefit cannot be adequately captured by 
the 2-cycle test procedures.used to demonstrate compliance with fuel economy and CO2 
emissions standards. 1064 Off~cycle technologies include technologies like high efficiency 

""" National Research Council. 2015. Cost, Effrctiveness, and Deployment ofFuel Economy Technologies for 
Light-Duty Vehicles. Washington, DC - The·National Academies Press. Table 8A.2a, available at. 
flllps:k1,11'll'.nap.ed1,·cata/aJ,.r,'11744!ca.,t-effecliveness-and-deplaymenl-af-fue/-econom.i~1echna/ogiesfar-ligh1-duf)'
,·el,ic/e,;. 
ll>f.4 See 49 U.S.C 32904(.c) {"The Administrator sltal] measure fuel economy for each model and calculate average 
fuel economy for a manufacturer under testing and calculation procedures prescribed by the Administrator .... the 
Administrator shall use the same procedures for p~senger automobiles the Administrator used for model year 1975 
(weighte<l 55 percent urban cycle and 45 percent highway cycle). or procedures that give comparable resulls."). 
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alternators and high efficiency exterior lighting.1065 AIC efficiency technologies operate mainly 
by reducing the operation of the compressor, which pumps AJC refrigerant around the system 
loop. The less the compressor operates or the more efficiently it operates, the less load the 
compressor places on the engine, resulting in better fuel efficiency and lower CO~-emissions. 

Vehicle manufacturers have the option to generate ci'edits for off-cycle technologies and 
improved A/C systems under the EPA 's CO2 program and receive a fuel consumption 
improvement value (FCIV) equal to the value of the benefit not captured on the 2-cycle test 
underNHTSA's CAFE program. 1066 The FCIV is not a credit in the NHTSA CAFE program, 
but the FC!Vs increase the reported fuel economy of a manufacturer's fleet, which is used to 
determine compliance, EPA applies FCIVs during determination of a fleet's final average fuel 
economy reported to NHTSA. 1067 FC!Vs are only calculated and applied at a fleet level for a 
manufacturer and are based on the volume of the manufacturer's fleet that contain qualif)-·ing 
technologies. 106~ 

As discussed further in Section [P09J. three pathways can be used to determine the value 
of AJC efficiency and off-cycle adjustments. First, manufacturers can use a predetermined list or 
"menu" of credit val ties established by EPA for specific off-cycle technologies. 1069 Second, 
manufacturers can use 5-cycle testing to demonstrate and justify off-cycle CO2 credits; 1070 the 
addi'tional tests allow emission benefits to be demonstrated o"er some elements of real-world 
driving n0t captured by the 2-cycle compliance tests, including high speeds, rapid accelerations, 
and cold temperatures. Third, manufacturers can seek EPA approval, through a notice and 
comment process, to use an alternative methodology other than the menu or 5-cycle 
methodology for determining the off-cycle technology improvement values. wn 

The agencies have been collecting data on the application of these technologies since 
implementing the programs. 107

~ Most manufacturers are generating AJC efficiency and off-cycle 

""" See 83 FR 43057. A partial list of off-cycle technologies is included in Tables 11-11 and 11-22 of the NPRIVI. 
'""' 77 FR 62624, 62720 (Oct. 15, 2012). 
10"' 49 U.S.C. 32904(c)-{e). EPCA granted EPA authority to establish fuel economy testing and calculation 
procedures. See Se<:tion [Section P09J for more information. 
'""' [Reference for how off-cycle credits are calculated] 
1""" See 40 CFR 86.1869-12(b). The Technical Support Document (TSD) for the 2012 final rule for MYs 2017 and 
beyond provides technology examples and guidance with respect to the potential pathways to achieve the desired 
physical impact ofa specific off-cycle technology from the menu and provides the foundation for the analysis 
justifying the credit~ provided by tl1c menu. The expectation ls that manufacturers will use the information in the 
TSD to design and implement off-cycle technologies that meet or exceed those expectations in order to achieve the 
real-world benefits of off-cycle technologies from the menu. 
'"76 See 40 CFR 86.l 869-l2(c), EPA proposed.a com:ction for the 5-c~·cle pathway in a separate technical 
amendments rulemaking. See 83 FR 49344 (Oct. l, 2019). EPA is not approving credits based on the 5-cycle 
pathway pending the finalization of the technical amendments rule, 
'°" See 40 CFR 86.l869-12(d). 
'°" See 77 FR at 62832, 62839 (Oct. 15, 2012), EPA introdui:ed AJC and off-cycle technology credits for the CO;, 
program in the MYs 2012-2016 rule and revised the program in the MY 2017-2025 rule and NHTSA adopted 
e,quivalent provisions, for MYs 2017 and later in the MY 2017-2025 rule. 
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credits; in MY 20 17, 15 manufacturers generated A/C efficiency credits and 15 manufacturers 
generated off-cycle credits, through the level of deployment varies by manufacturer. 1073 

a) AIC and Qff:(vcle Effectiveness Modeling 

The NPRM analysis used the off-cycle FC!Vs and credits earned by each manufacturer in 
MY 2016 and carried these forward at the same levels for future years for the CO2 analysis and 
beginning in MY 2017 for the CAFE analysis. The 2016 values for off-cycle FC!Ys for each 
manufacturer and fleet, denominated in grams CO2 per mi le, 107~ are provided in Table 
Vl-82Table VI-82.1075 Additional off-cycle FCIVs were added in future years if a manufacturer 
applied a technology that was explicitly simulated in the analysis and also was an oft~cycle 
technology listed on the predefined menu.1076 Technologies explic itly simulated in the analysis 
that are also on the off-cycle menu include start-stop systems that reduce fuel consumption 
during idle and active grille shutters that improve aerodynamic drag at highway speeds, among 
others . Any off-cycle adjustments that accrued as the result of applying these technologies were 
calculated dynamically in each model year the technology was applied, with adjustments 
accumulating up to the 10 g/mi cap. As a practical matter, most of ihe adjustments for which 
manufacturers can claim off-cycle FCIVs exist outside of the CAFE model techno logy tree so 
the off-cycle menu cap was rarely reached for the PR.'vl a nalysis. 

The agencies sought comment on both the A/C and off-cycle data that was used for the 
N PRM analysis as well as the assumptions for applying those technologies. 

1073 The 2018 EPA Automotive T rends Report, EPA-420-R- 19-002, March 20 19 at Chapter 5.B., Figures 5.10 and 
5.11. 
10

" For the purpose of estimating their con1ribu1ion co CAFE compliance. the grams CO,lmilc values in Table 
Vl -82Table Vl-82 are converted to gallons/mile and applied to a manufacturers 2-cycle CAFE performance. When 
calculating compliance with EPA 's CO, program, there is no conversion necessary las standards are also 
denominated in grams/mile). 
1075 2016 GHG Manufac1urer Performance Report. EPA-420-R-18-002. January 2018. 
hnps:1/nepis.epa.gov/Exe/ZyPDF.cgi?DockerPIOOTGIA.pdf. Lasl Accessed No\'. 14. 2019, 
2016 Report Tables for the GMG Manufacturer Performance Report. January 20 18. 
http,: ,111\\ .cpa.µ,m ,i1c, pr,•ductinn ti les lll l ~-01 ~h~-r,pon-2010-darn-tabk,.,1>, . Last Accessed :-Jo\'. 14. 2019. 
'
076 For more detai ls, see Sec1ion [P09 Compl iance subsection that discusses the menu). 
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Table Vl-82 - NPR.1v1 Base Off-Cycle COc Adjustments. for MY 2016 and Later Model 
Years1077 

Manufacturer Off•(ycle Adjustment per Vehicle 
<o CO,lmile) 
PC LT 

"BMW 1.70 2.60 

Daimler 1.60 0.50 

FC'A 2.90 7.30 

Ford 1.80 3.4-0 

General 2.20 4.00 
Motors 
Honda 1.90 1.60 

Hyundai Kia- 0.90 5.00 
H 
Hyundai Kin- 1.00 3.00 
K 
JLR 0.50 4,20 

Mazda - -
Nissan 1.90 3.00 
Mitsubishi 
SUBARU - -
Tesla - -
TOYOTA 0.60 2.80 

Volvo - -

YWA - -

Universally, stakeholders believed the application of off-cycle adjustments in the analysis 
was too conservative. Stakeholders believed the A/C and off-cycle technologies would be 
rapidly deployed and manufacturers would reach the cap values within the rulemaking 
time frame. 

The Institute for Policy Integrity (IP!) questioned the position the agencies assumed in 
the NPRJ\.1 analysis, and suggested the agencies "assume that manufacturers will efficiently 
deploy all cost-saving offset opportunities, especially in the face of increasingly stringent 
standards.''1078 

ICCT stated "far greater use of the off-cycle provisions will occur by 2025" and 
emphasized that off-cycle technologies are "highly cost-effective and being deployed in greater 

'"'1 See 83 FR .;3]59-60 (" ... this analysis uses the off-cycle credits submined by each manufacturer for MY 2017 
comp Hance and carries these forward to future years with a few exceptions.'1. 
101~ Comments from Instirute from Pol fey Integrity, Attachment l, NPRM Docket No. NHTSA-2018-Q{l67-1221J, at 
20-21. 
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sales penetrations than many of the test-cycle efficiency technologies that the agencies are 
analyzing."1079 ICCT supported manufacturers maximizing the use of off-cycle technologies, 
and supported the analysis estimating "fleetwide off-cycle credit use at over 10 g/mile by 2020," 
and further suggested fleetwide achievement of 15 g/mile by 2025. w~o 

FC A, General Motors and the Auto Alliance all provided similar observations, stating 
"[m]anufacturers have rapidly deployed technology in response to this all new regulatory 
mechanism." Each of the comm enters provided support for an argument of rapid oft:cyc!e 
technology adoption, staling "[i]n the MY2021-2026 timeframe of the proposed rule, it is likely 
that manufacturers will hit the existing 10 g/mi cap.'*131 

The DENSO Corporation further supported the increased use of off-cycle technologies, 
commenting that "[a]vailable data on OEM off-cycle technology credit utilization within the past 
few years demonstrates .that the use of off-cycle technologies is expected to grow-particularly 
technologies on the credit menus.''10~~ 

However, Toyota Motors North America asked for constraints on considerations of off~ 
cycle technology in the ana!ysis.1083 Toyota expressed concern for over-reliance on off-cycle 
technologies to provide flexibilities for compliance, as "most of the technologies provide little 
tangible value proposition for customers." In additional comments, Toyota repeated the concern 
noting, "most of these technologies lack consumer demand." Finally, Toyota specifically 
cautioned against overusing off-cycle technologies in the analysis, stating "[t]he suggested 
pursuit of maximum credits overlooks the associated costs and market acceptance challenge for 
certain off-cycle technologies." Toyota listed costs versus risk of customer acceptance and 
agency approval as factors that "introduce a high level of uncertainty for an auto manufacturer's 
planning and make investments in off-cycle technologies risky and less appealing." 

After carefully considering the comments, the agencies agree that A/C and off-cycle 
technologies are likely to be more broadly applied by manufacturers within the rulemaking 
timeframe. The final rule analysis has been updated to reflect an increased application of the 
technologies. Similar to the NPRM, the final rule analysis used the A/C and off-cycle FCJVs 
earned by each manufacturer in the baseline fleet (MY 2017 for the final rule analysis) as a 

'"'9 Comments from ICCT, Anachment J, NPR.1\1 Docket No. NHTSA-2018-0067-11741, a! 140-141. 
'"'" Note there is a regulatory "cap" on menu te,hnologies of 10 !Y'mi (see [Section P09] for further discus.sion of the 
cap), howevei a manufacturer can re<,eive additional off-cycle credit/FCJV by using the pathway:; described above 
to petition for off-menu technologies. lCCT's comm em suggests that manufacturers will reach the regulatory menu 
cap and apply additional technologies to get-an additional 5 g/mi credit above the menu cap. 
'°'' Comments from Automotive Alliance, Appendix I, NPRM Docket No. NHTSA-2018-0067-12073, al 92; 
Comments from Fiat Chrysler Automobiles, Attachment], NPRM Docket No. NHTSA-2018-0067-11943, at 8;
Comments from General Motors, Appendix 4 - Comments to Technfral Issues, NPRM Docket No. NHTSA-2018-
0067-l 1858, at l. 
rnie Comments from DENSO Corporation, Anachment I, 1'.'PRM Docket No. NHTSA-2018-0067-l 1880, at 6, 
1"" Comments from Toyota Motors North America, Auachment !, NHTSA Docket No. NHTSA-2018-0067-
130798, at 9-10; Supplemental Comments from Toyota Motors North America, Attachment I, NHTSA Docket No. 
NHTSA-2018-0067-12150, at 24; Supplemental Comments from Toyota Motors North America, Attachment 1, 
NHTSA Docket No. NHTSA-2018-0067-12376. at 4-5. 
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starting point. However, the final rule analysis increased these values in subsequent model 
years. In addition to the dynamic application of off-cycle FClVs, as in the NPRM, each 
manufacturer's fleet FClVs were increased by extrapolating the manufacturers' historical rate of 
FCIV application through 2017. 1084 In line with most commenters, the agencies increased the 
FC!Vs for each manufacturer such that the maximum value of i0 g/mi will be reached by MY 
2023. For manufacturers who did not reach maximum values prior to 2023 through data 
extrapolation, a linear increase to the cap was assumed. The agencies believe_ this approach 
balances a greater application of FCIV technologies across the fleet, while avoiding uncertain 
over-reliance on flexibilities for the analysis. 

The agencies disagreed with the proposal to model the application of 15 g/mi of FC!Vs 
universally in the rulemaking timeframe. Based on historical data and industry comments from 
both manufacturers and suppliers, the agencies expect there will be an increase in off-cycle 
technology application. However, there are two issues with assuming manufacturers will exceed 
the existing off-cycle caps. First, only a few manufacturers approached the cap limit in MY 
2018, and the fleet average menu credit was 4.7 gramsJmile, less than half the cap value_,oss 
Second, new off-cycle technologies may address the same inefficiencies as menu technologies, 
rather than work in conjunction. Accordingly, the agencies believe there is a reasonable basis for 
assuming manufacturers could, and would only achieve 10 g/mi on average by MY 2023, and 
used that assumption for the final rule analysis. 

Table VI-83 shows passenger car values for FCJVs and Table VI-84 shows light truck 
values for FC!Vs applied for the final rule analysis. 

Table Vl-83 -Passenger Car Base A/C and Off-Cycle CO~ Improvement Values per 
Vehicle for Manufacturers by Model Year for the Final Rule Analysis (g CO::,/mile) 

Manufacturer 
Passenger Cnr 

2017 2018 2019 2020 2021 2022 2023 

BMW 
AC Efficiency 4.7 4.7 4.8 4.8 4.9 4.9 5.0 

AC Leakage 13.7 13.7 13.7 13.8 !3.8 13.8 13.8 

Off-Cycle 3.5 4.6 5.6 6.7 7.8 8.9 10.0 

FFV Credits - - -
Daimler 

AC Efficien~·y 4.9 5.0 50 5.0 5.0 5.0 5.0 

AC Leakage 6.0 7.3 8.6 9.9 11,2 12.5 13.8 

Ofl~Cycle ,., 2.6 ,., 5.6 7.0 8.5 w.o 
FFV Credits 0.6 0.4 0.2 

FCA 

ins, The 2018 EPA Automotive Trends Report, hrtps:l/wwv,·.epa.govlfuel-economy-trends/down!oad-report-co2-and
foel-economy-crend5. Accessed Aug 23, 2019, 
1010 The 2018 EPA Automotive Trends Report, Gl"eenhouse Gas Emissions, Fuel Economy, and Technology since 
1975, EPA-420-R-19-002 (Mar. 2019). 
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AC Efficiency 4.2 44 4.5 4.6 4.7 4.9 5.0 

AC Uakage 12,5 12.7 12.9 13.1 13.4 13.6 13.8 

Off-Cyde 3.4 4.5 5.6 6.7 78 8.9 10.0 

FFVCredits 0.6 ().4 02 

Ford 

AC Efficiency 3.3 3.6 ,., 4.2 4.4 4.7 5.0 

AC Leakage l 1.6 11.0 12.4 12.7 13.1 13.4 13.8 
Off-C;cle 47 5.6 0.5 73 8.2 ,.1 10.0 

FFV Credit:; 0.6 0.4 0.2 

General Motors 

AC Efficiency 3.8 4,0 4.2 4.4 4.6 4.8 5.0 

AC Leakage 91 9.9 10.7 11.5 12.2 13.0 13.8 

Off-CJ·de 5.3 6,1 6.8 7.6 8.4 9.2 10.0 

FFV Credits 06 0.4 0.2 

Honda 

AC Efficiency 3.0 3.4 3.7 4.0 4.3 4.7 5.0 

AC Leakage 7.4 8.5 9,6 !0.6 11.7 12.7 13.8 

Oft:Cycle 2.0 3.3 4.7 6.0 7.3 8.7 10.0 

FFV Credit, - - . 
Hyundai Kla-H 

AC Efficiency 3.4 3.7 3.9 4:2 4.5 4.7 5.0 

AC Leakage 3.1 4.8 6.6 8.4 10.2 12.0 13.8 

Off-Cycle LS 2.9 4.4 5.8 7.2 86 10.0 

FFV Credits - - -
Hyundai Kia K 

AC Efficiency 3.2 3.5 3.8 4.1 4.4 47 5,0 

AC Leakage 7,1 8.2 9.3 10.4 ll.6 12.7 13.8 

Off-Cycle 2.0 3.3 4.7 6,0 7.3 8.7 10.0 

FFV Credits - - . 
JLR 

AC Efficiency 5.0 5.0 5.0 50 5.0 5.0 5.0 

AC Leakage 13.8 13.8 13.8 13,8 13.8 13.8 13.8 

Off-Cycle 5.6 6.3 7.1 7.8 8.5 9.3 10.0 

FFVCredits - . -
M=i, 

AC Efficiency - 08 1.7 2.5 3.3 4.2 5,0 

AC Leakage - 2.3 4:6 6.9 9.2 ]L5 13,8 

Off-Cycle - 17 3.3 5.0 6.7 8.3 10.0 

FFV Credits - - . 
Mitsubishi 
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AC Efficiency 2.9 3.3 3.6 40 4.3 4.7 5.0 

AC Leakage 4.0 5.6 7.3 8,9 IQ.5 12.2 13.8 

Off•Cycle 2.0 3A 4.7 6.0 7.3 8.7 10.0 

FF\' Credits . . . 

Nissan 

AC Efficiency 2.9 3.3 ).6 4.0 4.3 4.7 5.0 

AC Leakage 4.0 5.6 7.3 89 10.5 !2.2 13.8 

Off-Cycle 2.0 3.4 4.7 6.0 7.3 8.7 10.0 

FFV Credits . 

Subaru 

AC Efficiency 2,5 2.9 3.4 J.8 4.2 4.6 5.0 

AC Leakage 4.3 5.9 7.4 8.9 10.4 12.0 13.5 

Off-Cycle 0.5 2.1 J.6 5.2 6.8 8.4 10.0 

FFVCredits . . . 

Tesla 

AC Efficiency 5 7 5.0 5.0 5.0 5.0 5.0 5.0 

AC Leakage 

Off-Cycle 6.5 7.8 9.4 10.0 10.0 10.0 10.0 

FFVCredits . -
Toyota 

AC Efficiency 4.4 4.5 4.6 4.7 4.8 4.9 5.0 

AC Leakage 3.2 5.0 6.8 8.5 10.3 12.0 13.8 

Off-Cycle 3.6 4.6 5.7 6.8 7.9 8.9 10.0 

FFV Credi!s - - -
Volvo 

AC Efficiency 4.0 4.2 4.3 4.5 4.7 4.8 5.0 

AC Leakage 5.4 6,8 8.2 9.6 ll.O 12.4 13.8 

Off-Cycle 3.4 4.5 5.6 6.7 7.8 8.9 10.0 

FFV Credits - - -
VWA 

AC Efficiency 3.9 4' 4.3 4.5 4.6 4.8 5.0 

AC Leakage 5.1 6.5 8.0 0.4 10.9 12.3 13.8 

Off-Cycle - L7 3.3 5.0 6.7 83 10.0 

FFVCredits - - -
Table Vl-84 - Light Truck Base A/C and Off-Cycle COl Improvement Values per 

Vehicle for Manufacturers by Model Year for the Final Rule Analysis (g CO2/mile) 

l\fanufacturer 
2017 2018 

Light Truck 

2019 2020 202) 2022 2023 

BMW 

AC Efficiency 5.5 5.9 6.3 6.7 7.2 7.2 7.2 
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AC Leakage 16.8 17.2 17.2 17.2 17.2 17.2 17.2 

Off-Cycle 6.8 8.1 9.7 10.0 I0.0 10.0 10.0 

FFVCredits . .. . 

Daimler 

AC Efficiency 7.1 7.1 7.2 7.2 7.2 7.2 7.2 

AC Leakage 6.7 8.4 10.2 11.9 13.7 15.4 17.2 

Oft~Cycle 2.4 3.6 49 6.2 75 8.7 10.0 

FFVCredits 0.6 0.4 0.2 

FCA 
AC Efficiency 5.8 1\2 6.6 71 7.2 7.2 7.1 

AC Leakage 15.8 17.2 17.2 17.2 17.2 17.2 17.2 

Off-Cycle 9.8 10.0 10.0 10.0 10.0 10.0 10.0 

FFV Credits 06 0.4 0.2 

Porn 
AC Eniciency 5.6 6.0 6.4 6.8 7.2 7.2 7.2 

AC Leakage 12.4 14.9 17.2 17.2 17.2 17.2 17.2 

Off-Cycle 9.4 10.0 10.0 10.0 10.0 10.0 10.0 

FFV Credits 0.6 0.4 0.2 

General Motors 

AC Eftkiency 6.5 6.6 6.7 6.8 7.0 7.1 7.2 

AC Leakage 14.7 15.1 15.S !5.9 16.-1 16.8 17.2 

Off-Cycle 7.7 9.2 10.0 10.0 10.0 10.0 10.0 

FFV Credits 0.6 0.4 0.2 

Honda 

AC Efficiency 5.1 5.5 5.9 63 6.7 7.2 7.2 

AC Leakage 14.1 16,.9 17.2 17.2 17.:?. i 17.2 17.2 

Off-Cycle 5.5 6.6 7.9 9.5 \0.0 10.0 10.0 

FFV Credits . . . 
Hyundai Kia-H 

AC Efficiency 5.4 5.7 6.0 6.3 6.6 6.9 7.2 

AC Leakage 1.6 4.2 6.8 9.4 12.0 14.6 17.2 

Off-Cycle 5.3 6.4 7.7 9.2 10.0 10.0 10.0 

FFV Credits . . . 
Hyundai Kia-K 

AC Efficiency 5.2 5.5 5.8 6.2 6.5 6.9 7.2 

AC Leakage 6:7 8.4 10.2 I 1.9 13.7 15.4 17.2 

Off-Cycle 32 4.4 5.5 6.6 7.7 8.9 10,0 

FFV Credits . . . 
!LR 

AC Efficiency 72 7.2 7.2 7.2 7.2 7.2 7.2 
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AC Leakage 17.2 L7.2 17.2 17.2 17.2 17.2 17.2 

Off-Cycle 8.8 10.0 lO.O ]()_() 10.0 JO.O w.o 
FFV Credits - - -
Mazda 

AC Efficiency - L2 2.4 3.6 4.8 6.0 7.2 
AC Leakage - 2.9 5.7 8.6 11.5 1-1.3 17.2 

Off-Cycle - 1.7 3.3 5.0 6.7 8.3 10.0 
FFV Credits - - -
Mitsubishi 

AC Efficiency 2.7 3.5 4.7 5.0 57 6.5 7.2 

AC Leakage 6.4 8.2 10.0 11.8 13.6 15.4 17.2 

Off-Cycle 4.5 5,4 6.3 v. 8.2 9.1 10.0 

FFV Credits - - -
Niss.an 

AC Efficiency 2.7 3.5 -1.2 5.0 5.7 ! 6.5 7.2 

AC Leakage 6.4 8.2 JO.O 11.8 13.6 15.4 17.2 

Off-Cyde 4.5 54 63 7.2 8.2 9.1 10.0 

FFV Credits -
Subaru 

AC Efficiency 4.7 51 55 5.9 6.4 6.8 7.2 

AC Leakage 7.0 8.7 10.4 12.1 13.8 15.5 17.2 

Off-Cycle 0.5 2.0 3.6 5.2 6.S 8.4 ]()_() 

FFV Credits - - -
Tesla 

AC Efficiency - - - - -
AC Leakage - - - - - - -
Off-Cycle - - - - - - -
FFV Credits - - - - - - -
Toyota 

AC Efficiency 5.4 5.7 6.0 6.3 6.6 6.9 7.2 

AC Leakage 7.3 9.0 10.6 12.3 13.9 15.6 17.2 

Off-Cycle 7.1 8.6 10.0 IO.O 10.0 10.0 10.0 

FFV Credits 0.6 0.4 0.2 

Volvo 

AC Efficiency 5.8 6.1 6.3 6.5 6.7 7.0 7.2 

AC Leakage 7.0 8.7 10.4 12.L 13.8 15.5 17.2 

Off-Cycle 5.6 6.3 7.0 7.8 8.5 9.3 10.0 

FFVCmlits - - -

VWA 

AC Efficiency 6.6 7.1 7.2 7.2 7.2 7.2 7.2 
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AC Leakage 6.2 8.0 99 l \.7 13.5 15.4 17.2. 

Off"Cycle . 1.7 3.3 5.0 6.1 8.3 10.0 

FFVCredits 0.6 04 0.2 

b) AIC Efficiency, AIC Leakage and ()ff-Cycle Costs 

As discussed above, the only A/C efficiency and off-cycle technologies applied 
dynamically in the NPRM analysis were explicitly simulated technologies like stop-start systems 
and active aerodynarriic technologies. The NPRM analysis fully accounted for both the 
effectiveness and cost ofthese technologies and therefore sepri.rate cost accounting was not 
needed. For example, when stop-start or active aerodynamics technology was added by the 
model to a vehicle, the corresponding·off-cycle FCIVs were applied and the technology costs 
were captured the same as every other technology on the decision trees. 

For the final rule analysis, A/C and off-cycle technologies are applied independently of 
the decision trees using the extrapolated values, so it is necessary to account for the costs of 
those technologies independently. Table VI-85 shows the costs used for A/C arid off-cycle 
FC!Vs the final rule analysis. The costs are shown in dollars per gram ofCOcper mile($ per 
g/mile). The AJC costs and off-cycle technology costs are the same costs used in the EPA 
Proposed Detennination and described in the EPA Proposed Determination TSD.1086 

Table Vl-85 - AJC and Off-Cycle FCIV Costs for this final rulemaking in dollars per 
gram of CO2 per mile ($2018) 

Reg Class 2017 2018 2019 2020 2021 2022 

Passenger Car 

.AC Efficiency Costs 4.57 4.48 4.39 4.30 4.22 

AC Leakage Costs J l .43 1 l.'.'.O 10.97 10.76 I0.54 

on:cycle Costs 89.59 87.48 85.37 83.79 82.21 

Light Truck 

AC Efficiency Costs 4.57 4.48 4.39 4.30 4.22 

AC Leakage Costs 11.43 ! 1.20 10.97 10.76 10.54 

on:cyele Costs 89.6 87.48 85.37 83.79 82.21 

""'" EPA PD TSD. EPA-420-R-16-021. November 2016. At 2-423- 2-245. 
ht!ps:1/nepis.epa.gov/Exe/ZyPDF .cgi?Dockey=Pl O()Q3L4.pdf Last accessed Nov.14, 201 9. 

4.13 

rn.:n 
81.16 

4.13 

10.33 

81.16 

202.l 

4,05 

10.12 

79.58 

4.05 

10:12 

79.58 
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D. Impacts that result from simulating manufacturer compliance with regulatory 
alternatives 

! . Simulating economic impacts of regulatory alternatives 

a) What economic impacts occur when vehicle manufacturers comply 
ll"ith different CAFE and CO; standards? 

(}) The NPRM./i'ameworkfor analyzing economic impacts 

In the proposed rule, the agencies noted the importance of identifying the mechanisms by 
which vehicle manufacturers' compliance with different CAFE and CO2 standards generated 
impacts on manufacturers, owners of new and used vehicles, and the remainder of the U.S. The 
agencies organized the analysis of alternative standards using a framework that clarified the 
economic impacts on vehicle producers, illustrated how costs were transmitted to buyers of new 
Yehicles, highlighted the collateral economic effects on owners of used vehicles., and identified 
how these responses created various indirect costs and benefits. Throughout the analysis, the 
agencies stressed the distinction betv,een the proposal's economic consequences for private 
businesses and households, and its ''external" economic impacts-those ultimately borne by the 
rest of the U.S. economy. 

To clarify the framework used in the proposal, the agencies used Table Vl-86Table Vl-86 
below (which is based on Tables H-25 to Il-28 from the NPRM)ws7 to report costs and benefits 
and to trace how they pass through the economy. As the table shows, the economic impacts of 
standards initially fall on vehicle manufactures, but ultimately are borne by consumers who 
purchase and drive new models. Smaller, indirect economic effects of the proposal would be 
borne by owners of used cars and light trucks (vehicles produced during model years prior to 
those affected by the proposal, but still in use) as well as by the general public and gpvernment 
agencies. On balance, the agencies projected that most of the proposal's economic effects would 
fall on private businesses and households, with the remainder of the U.S. economy bearing much 
smaller lmpacts. 

Table VI-86 - Benefits and Costs Resul!ing from Proposed CAFE Standards 

Linc Aftected Party Source Private Benefits and {Cost~) 

I 
Savings in technology coststo increase 

~ CAFE model 
fuel economv 

2 Vehicle 
Reduced fine payments for non-
comnliance 

~ Manufacturers 
3 assumed""-(]+ 2) 

Net loss in revenue from lower vehicle 
I rrices 

~ 

4 net'- 1+2+3 Net benefits to manufacturers 

5 assumed= 3 Lower purchase prices for new vehicles 

10•1 See 83 FR at 43062-66. 
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6 
Reduced injuries and fatalities from higher 
vehicle wei"ht 

f-- Higher fuel costs from lower fuel economy 
7 (measured usin" retail fuel "rices) 
f-- New Vehicle CAFE model 

8 Buyers 
Inconvenience from more frequent 

~ 
refueling 

9 
Lost mobility benefits from reduced 
drivinrr 

~ 

10 net= 5+6+ 7+8+'l Net benefits to new vehicle buyers 

11 
Used Vehicle 

CAFE model 
Reduced costs for injuries and property 

Owners damage costs from drlving in used \'Chicles 

12 
All Private net=4+10+\l Net private benefits 
Parties 

Line Affected Party Source External Benefits and (Costs) 

13 
lncrease in climate damages from added 

f--
CO: Emissions 

14 
lncrease in health damages from added 

f--
emissions of air nollutams 
Increase in economic externalities from 

15 RcstofU.S. CAFE Model added netroleum ose 
f-- Economy 

16 Reduction in civil penalty revenue 
f-- Reduction in external costs from lower 

17 vehicle use 
'18 Increase in Fuel Ta., Revenues 
et, net-13+14+15+16+17+18 Net external benefits 

Line Affected Pa Source Econom•·-Widc Benefits and •Costs) 

~ Entire U.S. 
total-1+2+5+6+11+!7+18 Total benefits 

2- total - 3+7+8+9+ 13+ 14+ 15+ 16 Total costs 
22 

Economy 
net=20+21 (a!so=l2+19) Net Benefits 

More specifically, the agencies' analysis showed that the proposal would initially have 
saved manufacturers the costs of adding the technologies that would otherwise have been 
necessary to enable their new cars and light trucks to comply with the baseline fue! economy and 
CO~ emissions regulations, with the estimated dollar value of those savings shown in line I of 
Table VI-86Table VI-86. The proposal also enabled some manufacturers to make lower civil 
penalty payments for failing to comply with the more demanding standards that were supplanted 
(line 2), although these sa,·ings would have been exactly offset by lower civil penalty revenue to 
the Federal Governmerit (line 16). The analysis assumed that manufacturers would have the 
ability, in a competitive market, to pass their savings in technology costs and any reduction in 
civil penalties paid on to buyers, by charging lower prices for new vehicles. Although lower 
prices reduced their revenues (line 3), on balance, their savings in compliance costs, reduced 
civil penalty payments, and lower sales revenue were assumed to !eave manufacturers financially 
unaffected (shown by the zero entry in line 4 of the table). 
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Under the proposal, the analysis showed that buyers of new cars and light trucks 
benefited directly from those vehicles' lower purchase prices and financing costs ( line 5). They 
also avoided the increased risk of crash-related injuries that would have resulted from reductions 
in the weight of some new models, as manufacturers attempted to improve fuel economy to 
comply with the baseline standards. The economic value of this reduction in risk represented an 
additional benefit from the proposal to reducing the stringency of the standards vis-a-vis the 
baseline (line 6). 

At the same time, however. the lower fuel economy that some new cars and light trucks 
were expected to offer with less stringent standards in place would have imposed various 
additional costs on their buyers and users. Drivers experienced higher fuel costs as a 
consequence of new vehicles' increased fuel consumption (line 7), as well as the added t ime and 
inconvenience of having to make more frequent refueling stops requi red by reduced driving 
range (line 8). They also forfeited some mobility benefits as they drove newly-purchased cars 
and light trucks less in response to their higher fuel costs (line 9). On balance, the agencies' 
analysis of the proposal showed that buyers of new cars and I ight trucks produced during the 
model years it affected would experience significant economic benefits (line I 0). 

A novel feature of the agencies' evaluation of the proposal showed that lowering prices 
for new cars and light trucks, some owners of used vehicles retired them from service earlier 
than they otherwise would have done. -l+t n>Hi!c,iHaticm .. ith innea,t'tl ·,alt'• ,,f n~" mu,lc:h. thi. 
tran·,li!rrt!d : tll!H:' tlri, ing 1lia1 ·, uultl ha, e nHUFFt!d v. ith u~t'tl 1:nr. and liifhl trnd,· Ill 1le¥. ~r antl 
,afor nwdt!ls. thut, reduc1n..: che tmal 1co.,ls er lilrnlitit!s ant4 iniurit'~ ·,tt rained iA Alllhlr, t!l1ielt! 

~ .....,.. 111 ,he rwro•,;I. 1hi , reduetieA iii iBju1) ri ,Ii·, rn;., idet.l rentdit, 1n t1•,,ner . ai1tl tlri\t!r, 
flf elder ,ars and liglu tnid ,•, 1ha1 had not l>et!n ree,1gni;,ed er tJUarnitieel in it. anal: • e· ,11 
rre, iou, C .\I I. unt4 CO, ,1andards I liAe 11 l. 

Table Vl-86Table VI-86also showed that the changes in fuel consumption and vehicle 
use resulting from the proposal would in turn generate both benefits and costs to the remainder of 
the U.S. economy. The analysis described these as ··external" effects, in the sense that they were 
by-products of households' choices among new vehicle models, decisions about keeping older 
cars and light trucks in service, and allocations of driving across the fleet that were experienced 
broadly throughout the U.S. economy, rather than by the individuals making such decisions. The 
largest of these was additional refining and consumption of petroleum-based fuel and the 
associated increases in emissions of carbon dioxide and other gases, which were projected to 
increase the cost of economic damages inflicted on the U.S. economy by future changes in the 
global climate (line 13). Added fuel product ion and use under the proposal a lso led to higher 
emissions of localized air pollutants, and the resulting increase in the U.S. population's exposure 
and its adverse effects on health imposed additional external costs (l ine 14). 

Increased consumption of petroleum-derived fue l also imposed higher external costs on 
the U.S. economy, in the form of potential losses in economic output and costs to businesses and 

.f-• ,-;,nHp••"\."'C'lth.:11-l H1----d•'-.-4~h ... · tth.•tJ ~ ••ltt-H-t•+.-h.-ttf•~t.-rlt~tt>-t,~i~I~ I h.~ .... ht.,.'t"-flot''-•o.+• ''•~It; .... 'rt't\-, .. ~._ 

j'h?it.,-f!\-t"-tl-1 1. +:,-.¼-*t'-.~t--lltl"-.. 4 tti,i Ti-.•-.llt,!l,li" (.._ ...... l'lf"1• •t.' l•• .. r4=f r•H-lv<f"r-..•~¼,,nt-,lh.-~. --.:.,,!1 ~ ,..,_lT•~c1----1 J• n+-. 

~tt+li•1~ -..,.41-1t lt.:r1i-,A+ .. ,t 1,-.... ,tr, h .. tn:'-"et tt-,~J~ ... 1n1H .. 1.: I ntttrti~- ,,11 t:t11,,.._~ ...... 1-.1-; ... Tt',I~'-, "l~tt t."t .... ,.,,11.._, ... ,1::•,~~•-
l""t'\.r.-t•~-41--,,_':'" ~•rt:•tt .... ~1--i1,-t:lp-+~• 1-H Hi tt.'lt:t•tl\ .,,,.h::"t t...J., .. t.•t...., 1rtti'rt't+l1,Tt• t-.e1..,ti:t""'l ,-4,_f,m-~ • ,••.Jf--lr-t:'+ -f-----·t .... ..t'.+k-. 
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Commented [A261]: DE LETE: While i1 ma) sound 
lt>gical thm the balance of drh ing would shift to newer 
, ehicle. "ith the final standards. this is not the ca,,e Tho 
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households for adjusting to any sudden changes in energy prices (line 15 of the table). Reduced 
driving by buyers of new cars and light trucks in response to their higher operating costs also 
reduced the external costs from their contributio ns to traffic de lays and noise, benefits that were 
expected to be experienced throughout the U.S. economy (line 17). Finally, some of the higher 
fuel costs to buyers of new cars and light trucks will cons ist of increased fuel taxes; this increase 
in revenue was projected to enable Federal and State government agencies to improve upkeep of 
roads and highways, fund increases in other services, or reduce other tax burdens (l ine 18). 1089 

The net economic effect ( line 22) of the proposal consisted of the benefits and costs 
imposed directly on car and light truck manufacturers, accompany ing indirect effects on buyers 
of new vehicles and owners of used ones, externa l costs driving decis ions generated throughout 
the U.S. economy, and changes in revenue to government agencies. The agencies' organization 
was intended to convey the causal connections among these impacts, by highlighting how the 
proposed change in fuel economy standards faced by manufacturers would set in motion the 
sequence o f behavioral responses that determined its economy-wide costs and benefits. +&-, 

eorma ,1etl \\ itR !Re •,•, a~ heAeli1, aAd ,t1• t ur f1Ft'\ i,ni, f1Ft1f1t1 ,al , lfl eAahlbh l \r r ,11,d C O 
,Hrnthm,l "t!Ft' aAal:, uJ dAtl rrc·,cAlcd . ., hi.-h ol-,0 • .-ur.:ti 11,cir. c"JllcH~e ,iml rntL,<1I ctl1m.:,1io11°. 

In those previous analyses, most economic effects other than manufacturers ' costs to 
comply with proposed standards and anticipated changes in fuel consumption were grouped 
together and reported as "co-bene fi ts." This obscured how these various consequences arose 
from the proposed standards, providing no information about who would ultimately experience 
the costs of complying with the standards, or who would experience their di rect and indirect 
benefits. In contrast, the recent analysis spelled out how each category of benefits and costs 
resulted from the proposed change in standards, identified the mechanisms that translated direct 
economic impacts into indirect costs and benefits, and distinguished between those arising from 
changes in fuel consumption, and safety consequences of changes in vehicle use. The proposal's 
framework also clarified who would bear each category of impacts, distinguishing between the 
proposal's economic impacts on private actors-vehicle manufacturers, new car and light truck 
buyers, and owners of used vehicles- and the external economic consequences for the general 
public and government agencies that stem indirectly from such private impacts. 

(2) Final rulefi-amework 

While the agencies received several comments about which economic effecrs are 
included in the analysis, the agencies received no comments about the specific structure of the 
framework. Substantive comments about individual effects are addressed over the next several 
sections. 

The agencies have expanded the accounting framework for benefits and costs shown in 
Table VI-86Table Yl-86 above to include rwo additional entries, a nd distinguished financial 
impacts on government agencies from external ities borne broadly across the remainder of the 
U.S. economy. The revised accounting framework for costs and benefits is shown in Table 

0089 Jn some States, levies on gasoline include both general sales taxes as well as excise taxes, and not all proceeds 
are dedicated to transportation purposes. 
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Yl-87Table Yl-87, below. Line 6 of the revised table reports the change in consumer surplus 
experienced by buyers of new cars and light trucks when prices and sales of those vehicles adjust 
in response to changes in CAFE and CO2 standards. The gain in consumer surplus that occurs 
when production costs and prices for vehicles fall and sales increase in response represents a 
benefit to buyers, while any loss in consumer surplus that occurs when more stringent standards 
increase costs and prices and cause sales to decline appears as a loss to new car and light truck 
buyers. 

Line 7 of Table Vl-87Table Vl-87 reports the estimated value of changes to attributes of 
new cars and light trucks other than fuel economy that their manufacturers make to comply with 
changes in CAFE and CO2 standards. In the case where standards are less stringent, 
manufacturers are able to employ many of the same resources they would have deployed to 
increase fuel economy for the alternative purpose of improving other attributes of vehicles that 
their potential buyers value more highly than the forgone improvements in fuel economy. This 
response provides an additional benefit to purchasers of new cars and light trucks that was not 
recognized in the agencies' analysis of the proposal, but is included in the analysis of this final 
rule. Of course, if CAFE and CO2 standards are made more stringent, manufacturers employ 
those technologies to increase fuel economy, thus sacrificing potential improvements in 
competing attributes- those that entai l tradeoffs with higher fuel economy- and the value of 
improvements in those other attributes that is sacrificed or forgone represents an opportunity cost 
to those buyers. This implicit opportunity cost is analyzed in a sensitivity analysis and is not 
included in the primaiy analysis. 

Finally, the agencies revised the framework for reporting costs and benefits of changes in 
CAFE and CO2 standards to identi(y government agencies separately from the entry previously 
labeled "Rest of U.S Economy.'' This minor revision is intended to dist inguish more clearly 
between changes in external costs imposed by externalities that result from fuel production and 
use, and the revenue effects on government agencies from changes in tax payments. While both 
effects ultimately result from manufacturers' compliance with revised standards and the resulting 
changes in fuel consumption, externalities represent real economic costs; in contrast, changes in 
tax revenues received by government agencies are financial transfers, whose offsetting effects on 
manufacturers and vehicle buyers are also recognized elsewhere in the accounting framework. 

Table Yl-87 - Benefits and Costs of Final CAFE and CO2 Standards 

Line Affected Party Source Prh·ate Benefits and (Costs) 

I 
Savings in technology costs to increase ti.1el - CAFE model economv 

2-- Vehicle Reduced fine payments for non-compliance 

3 Manufacturers assumed = -( I +2) Net loss in revenue from lower vehicle prices -4 net = 1+2+3 Net benefits to manufacturers 

5 
New Vehicle 

assumed = 3 Lower purchase prices for new vehicles -6 Buyers CAFE model 
Gain in consumer surplus from lower vehicle 
Prices 
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Used Vehicle 
Owners 
All Private 
Parties 

Government 
agencies 

Rest of U.S. 
Economy 

Entire U.S. 
Economy 

I •'fe!t!R~ ~ dmd~ \HFiP~le' lnuu,cl 
< 1~1_uni1, t11,1s (sensitivity analysis case 
only) 
l~~du,·.·J l h,llll!< in injuries and fatalities 
from higher vehicle weight 
Higher fue l costs from lower fuel economy 
{measured using retail fuel prices) 
Time and inconvenience from more frequent 
refueling 
Loss in mobility benefits from reduced 
driving 

net = 5+6+8+9- 1 0+ I I Net benefits to new vehicle buyers 

CAFE model 
Reduced costs for injuries and property 
damage costs from driving in used vehicles 

net = 4+ 12Tl3 Net pri,·ate benefits 

CAFE Model 
Reduction in revenue from civil penalties 

Increase in fuel tax revenue 

Net= l5+16 Net effect on government agency revenue 

Increase in cl imate damages from added CO" 
Emissions 
Increase in health damages from added 

CAFE Model 
emissions of air pollutants 
Increase in economic externalities from 
added petroleum use 
Reduction in external costs from lower 
vehicle use 

net = 18+19+"0+2 I Net external benefits 
total = 1+2+5+6+8+ 13+16+21 Total benefits 
total = Total costs 3+7+9+)0+11+15+18+19+20 
net = 21 +22 (also =14+ 17+ 2'.l) Net Benefits 

b) Economic Assumptions 

(1) i\1acroeconomic assumptions thar a,{fecr rhe agencies· 
analysis 

As the proposed rule noted, the more comprehensive economic impact analysis of CAFE 
and CO2 included in this rulemaking requi res a more detailed and explicit explanation of the 
macroeconomic context in which regulatory al ternatives are evaluated. The agencies continued 
to rely on projections of future fuel prices to evaluate manufacturers' use of fuel-saving 
technologies, the resulting changes in fuel consumption, and various other benefits. 
Furthermore, the agencies expanded the scope of their analysis to include projecting future sales 
of new cars and light trucks as well as rhe retirement of used vehicles under each regulatory 
alternative. In addition to projections of future fuel prices, constructing these forecasts requi res 
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explicit projections of macroeconomic variables, including U.S. Gross Domestic Product (GDP), 
labor force participation (the number of persons employed or actively seeking employment), and 
bellwether interest rates, which are likely to val)' according to roughly the same partern as 
interest rates on new car loans. 

The analysis presented in the proposal as well as the accompanying RIA and EIS 
employed forecasts of future fuel prices developed by the agendes using the U.S. Energy 
Jnfonnation Administration's (£IA'S) National Energy Model System (NElvIS). An agency 
within the U.S. Department of Energy (DOE), EIA collects, analyzes, and disseminates 
independent and impartial energy information to promote sound policymaking, efffoicnt markets, 
and public understanding of energy and its interaction with the economy and the environment. 
EIA uses NEMS to produce its Annual Energy Outlook (AEO), which presents forecasts of 
future fuel pr lees, among many other energy-related variables. AEO projections of energy prices 
and other variables are not intended as predictions of what will happen; rather, they are 
projections of the likely course of these variables that reflect their past relationships, specific 
assumptions about future developments in global energy markets, and the forecasting 
methodologies incorporated in NEMS. Each AEO includes a "Reference" case as well as a 
range of alternative scenarios that each incorporate somewhat different assumptions from those 
underlying the Reference Case. 

For the proposal, the agencies used the AEO 2017 version ofNEMS, as this was the most 
current version oft he model that was available at the time. Using this version ofNEMS, the 
agencies reevaluated the "Reference," "'Low Oil Price," and "High Oil Price" cases described in 
AEO 2017, by setting aside their assumption that mandates by California and other States to sell 
"Zero Emission Vehicles" (ZEVs) would be enforced. The agencies used the resulting modified 
Reference case fuel prices as inputs to fhe proposal's central case results, and used the modified 
"Low· Oil Price" and "High Oil Price" case fuel prices, which were generated using NEMS, as 
inputs to several oft he sensitivity analysis cases that were presented in the proposal. The 
sensitivity analysis also included.a case that applied the Reference case fue! prices from the then 
recently issued AEO 2018, which did not reflect the modification of EI A's forecasting model to 
set aside state mandates for ZEV sales.1\1\lO 

The analysis supporting the proposed rule simulated the economic impacts of car and 
light truck manufacturers' compliance with alternative CAFE and CO, standards through model 
year 2032, and in doing so estimated the number of vehicles originally pro'duced and sold in each 
mode! year that would remain in service during each year of their useful lives (assumed to extend 
for a maximum of 40 years), as well as their usage, fuel consumption, and safety performance. 
This required the forecasts of macroeconomic variables that affect vehicle sales, use, and 
retirement rates, which include U.S. Gross Domestic Product (GDP), the size of the domestic 
labor force, and key interest rates, to extend well beyond calendar year 2050. One of the few 
sources that provides forecasts of these variables spanning such a long time horizon was the 

•000 The resulcs of these and, other sensitivity analyses were reponed in NHTSA and EPA, ~Notice of Proposed 
Rulemaking: The Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule for Model Year> 2021-2026 Passenger 
Cars and Light Trucks," Federal Register Vol. 83, No. 165, August 24, 2018, Tables VH-9() Ill Vii-98, pp. 43353-69. 
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2017 OASDI Trustees Report from the U.S. S'ocial Security Administration, and the analysis 
supporting the proposed rule relied on this source for forecasts of these key macroeconomic 
measures. 1091 

(a) Comments on the.fuel price forecasts and 
macroeconomic assumptions used in the NPRkf 
ana(rsis 

The agencies received relatively few comments on the forecasts of fuel prices and 
macroeconomic variables that were used in their analysis supporting the proposed rule, virtually 
all of them focused on the fuel price forecasts the agencies employed. While only one comment 
questioned the agencies' use of price forecasts that rely on EIA ·s methodology and assumptions, 
a few commenters called attention to the unreliability of price forecasts reported in earlier 
editions of AEO. Other comments noted the importance of updating forecasts used to analyze 
the proposal to reflect-more recent developments in energy markets, without necessarily 
questioning the reliability of EIA's fuel price projections. Several comments emphasized the 
implications for the agencies' analysis of the wide variation in alternative fuel price forecasts 
reported in both EIA 's 2017 and 2018 Annual Energy Outlooks, with most stressing the 
possibility that future prices might be above even those prqjected in their High Oil Price cases. 
Only a single comment identified a potential alternative source of fuel price forecasts, but noted 
that it was within the range of forecasts the agencies considered. 

One commenter claimed tbat AEO's projections of fuel prices are "inappropriate" for the 
agencies to employ in analyzing the consequences of CAFE and CO2 standards; because EIA 
"does not speculate on changes in international policy or geopolitics." which contribute to the 
uncenainty surrounding future prices.1092 However, this commenter did not identif)· an 
alternative source for fuel price forecasts that reflect such considerations; and, because forecasts 
of fuel prices are a Central element in the agencies' evaluation of alternative future standards; the 
observation that EIA 's forecasts do not incorporate some sources of uncertainty is unhelpful by 
itself. 

Some commenters asserted that, by relying on the AEO 2017 Reference Case forecasts of 
fuel prices in their central analysis of the proposed rule while considering the significantly higher 
fuel prices forecast in the AEO High Oil Price scenario only in the accompanying sensitivity 
analyses, the agencies inadequately considered the possible effect of higher fuel prices on 1he 
estimated economic benefits from alternatives that would have relaxed the augural standards, 
including the preferred alternative. 11193 However, supplemental material included in the NPRM 

"'°1 Social Security Administration, The 2()17 Annual Repart ofil,e Board ofTruste,:s of/lie Federal Old-Age and 
Surviwrs Jns1u·a11ce a11d Fedeml Disability !11sura11ce Trust FundS, available at 
ill.in<.;'·1rn½s;t.,~,n,.OA(l -'TR,.Ctll.,, 
""' NHJSA-2018-0067-11837, Alliance to Save Energy, p. 2 ("El A takes a transparently conservative approach in 
modeling future oil prices, and does not speculate on chang.es in intcmational policy or geopolitics. 1\.s-a result, their 
projections arc an inappropriate measure of future fuel prices."). 
""' See e.g., Securing America's Future Energy(SAFE}, NHTSA-2018-0067-11981, pp. 12 & 30 a11d Institute for 
Policy Integrity, NHTSA-2018-0067-!22!3, p. 31. 
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regulato1y docket showed that the ranking of regulato,y alternatives by their estimated net 
economic benefits remained unchanged from the central analysis in the sensitivity analysis that 
substituted the AEO 2017 Hig h Oil Price case forecast of fue l prices. None of these commenters 
observed that the agencies' analogous use of lower fuel price forecasts from the AEO 2017 Low 
Oil Price scenario only in their sensitivity analyses inadequately considered the possibility that 
future fuel prices might prove to be lower than projected in the AEO 20 17 Reference Case, a nd 
its potentia l effect on the proposal's estimated benefits. Nor did any of the commenters offer 
substantive guidance about how the agencies might revise their analysis to accord greater 
emphasis to fuel price forecasts above (or below) those from the AEO Reference Case.1094 

Somewhat surprising ly, none of these comments acknowledged that the fuel price forecasts 
reported in the High Oil Price scenarios accompanying past editions of the Annual Energy 
Outlook have so far proven to be significantly above actual prices, or that EIA has consistently 
lowered its fue l price forecasts in more recent edi tions of AEO. 

Other comments stressed the fact that EIA 's current forecasts of future fuel prices are 
signi ficantly lower than those the agencies relied on when they established CAFE standards 
through model year 2021 and introduced the augural standards for subsequent model years in the 
rulemaking they conducted in 2012, citing this as support for the agencies' reconsideration of the 
augural standards in the current rulemaking.1095 

One comment compared the range of fuel price forecasts spanned by the High and Low 
Oil Price scenarios from AEO 20 17 and AEO 2018 to the range of future prices spanned by 
another widely-recognized and rel ied-upon forecast, concluding that the alternative scenarios 
included in AEO 2017 incorporated an even wider range of uncertainty about future prices, a nd 
noted that the net economic benefits of the preferred alternative were positive over this entire 
range of alternative future fuel prices. This same commenter noted that by combining high and 
low fuel price forecasts with alternative assumptions about other key economic variables (such 
as GDP growth) and parameter assumptions (principally payback period), the agencies' 
sensitivity analyses captured potentially important interactions between uncertainty regarding 
fuel prices and other key economic inputs.1096 

IO'l• One commenter did refer to guidance to EPA contained in a National Research Council repon on incorporating 
and conveying uncertainty about key inputs directly into that agency's estimates of benefits from reducing air 
pollution, rather than simply recogniz ing it in supplemental sensitivity analyses. This was presumably inte nded as 
potential guidance to the agencies about how they might do so in their evaluations of fuel economy and CO, 
standards, although that was not stated explicitly . See American Fuel & Petrochemical Manufacturers, NHfSA-
2018-0067-12078, p. 19, c iting National Research Council (2002), £stimati11g the Public Health Be11~fi1s of 
Proposed Air Pol/11tio11 Regulations. 2002. available at hnr,,: 1\\1\\ .nap.cdu catah•>! 1051 I csti111a1in~-,h<·-p11hlic
hcal I h•bcnl.?I i ts-l, f--pwr, 1scd-::1 ir-rm l lut ion-reuu lat ions. 
"'°' For example, Fiat Chrysler Automobiles (FCA) po inted out that the AEO 2017 Reference Case forecast of 
g.asoline prices t hrough 2025 is approximately 36% lower than that in the AEO 2012 Relerence Case, which the 
agencies relied on in the analysis supponing that earlier rulemaking; see NHTSA-2018-0067-11943, p. 33. 
" "'6 See All iance of A utomobile Manufacturers.NHTSA-2018-0067- 1207, p. I 08. 
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rbJ Macroeconomic assumptions used to anazi-::e 
economic consequences of the.final rule 

After considering these comments, t he agencies have concluded there is no convincing 
reason to rely on sources other than EIA 's NEMS model to project future energy prices, or to 
rely on alternatives to the Reference Case scenario in the current edition of AEO as their basis 
for using NEMS. The agencies agree that the resulting projections wi ll be uncertain, but note 
that EIA regularly publishes retrospective analyses comparing past Reference case projections to 
subsequent market price outcomes, thus enabling an assessment of this uncertainty. Although 
EIA does not identify its Reference case as a "most like ly" outcome, in the agencies' judgment 
that case's design- which assumes future trends are consistent with historical and current market 
behavior-makes it a reasonable and appropriate basis for projecting fue l prices to use in the 
agencies' central analysis of alternative CAFE and CO:! standards. 

The agencies also conclude that the wide range of uncertainty about future petroleum 
prices encompassed in EIA 's "Low Oil Price" and "High Oil Price" means that including them in 
the accompanying sens itivity analyses provides a meaningful basis for assessing the potential 
economic consequences of future energy prices that prove to be considerably lower or higher 
than those reflected in the Reference case. Although these alternative cases do not incorporate 
unbridled speculation regarding hypothetical changes in ••international policy or geopoli tics," the 
agencies believe that this restraint means that relying on them produces a more. rather than less, 
meaningful test of the effect of the inherent uncertainty surrounding forecasts of fue l prices. 

For today's final ru le, the agencies have t herefore used the AEO 2019 version ofNEMS 
to develop forecasts of future prices for transportation fuels, as this was the most c urrent version 
avai lable when this analysis was conducted. Using this version of EMS, the agencies modified 
EIA 's AEO 2019 reference case by ( I) setting aside presumed enforcement by California and 
other States of any mandates to sell '·Zero Emission Vehicles" (ZEYs), (2) setting aside post-
2020 increases in the stringency of CAFE and CO2 standards, and (3) modifying inputs regarding 
battery costs, in order to bring those costs down to levels more consistent with battery cost 
estimates applied in the CAFE model analysis.10'l7 All other NEMS inputs used to develop the 
AEO 20 I 9 Reference case were left unchanged in this analysis. 

Setting aside enforcement of state mandates to sell ZEYs makes the supponing analysis 
consistent with the agencies' recent One National Program Action, '°08 under which EPA 
withdrew aspects ofa Clean Air Act Preemption waiver previously granted to California and 

HTSA concluded that EPCA expressly and implied preempted State ZEY mandates. Setting 
aside the post-2020 increase in the stringency of CAFE and CO2 standards ensures that the fuel 
prices used in the agencies' analysis are at least as high as those that would prevail under the 
least stringent regulatory alternative considered, since that alternative produces the highest level 
of fuel consumption and thus the highest fuel prices. 

""" These inputs are al l contained in the "tmldvx.x lsx" NEl'v!S input fi le. The version of NEMS utili zed for today·s 
analysis is available [add reierence). as is the corresponding output fi le from which reference case fuel and 
electric ity prices were obtained to be used as inputs to the CAFE model. 
'""' 84 FR 51310. 
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Figure I-31 Figure l-31 and Figure I-32Figure 1-32 below show the resulting modified 
forecasts of BEV prices and sales, and compare them to the forecasts reported in EIA ·s AEO 
2019 Reference case, As tl1ey illustrate, the combination of these modifications led NEMS to 
project significantly lower BEV prices and correspondingly higher BEV sales volumes. Figure 
I-33Figure 1-33 and Figure l-34Figure 1-34 show the modified forecasts of gasoline and 
electricity prices, and again compare these to the forecasts reported in EIA 's AEO 2019 
Reference case. As those figures iridicate, the agencies' modifications to NEMS did not 

significantly affect its projections of future prices for transportation fuels. 
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Figure 1-31 - NEMS-Based BEV Prices (Showing 300-Mile Midsize Car) 
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Figure I-32 - NEMS-Based BEV Sales 
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Figure 1-33 - NEMS-Based Gasoline Prices 
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Figure 1-34 - NEMS-Based Electricity Prices 

The agencies used the resulting Reference case fuel prices as inputs to the rule's central 
analysis. The agencies also used the as-published (by EIA) "Low Oil Price" and "High Oil 
Price" case fuel prices as inputs to several of the cases included in the sensitivity analysis 
presented in the accompanying RIA. The forecast future values of fuel prices under each of 
these scenarios are reported in Tables [Text Forthcoming]. 

For the forecasts of macroeconomic variables used in the analysis supporting this rule, 
the agencies elected to rely on different sources from those that informed their analysis of the 
proposed rule. Specifically, the agencies rely on forecasts of future growth in U.S. GDP reported 
in AEO 2019 to support their central analyses of the final rule's impacts on new car and light 
truck sales and the retirement of used vehicles. These incorporate underlying forecasts generated 
using the IHS Markit Global Insight long-term macroeconomic forecasting model, as modified 
via this model's interaction with NEMS' representation of global energy markets and their future 
outcomes. The alternative forecasts of future growth in GDP used in the agencies' 
accompanying sensitivity analyses are drawn from the AEO 2019 High Economic Growth and 
Low Economic Growth cases. These reflect alternative future trends in U.S. labor force and 
productivity growth, and are also consistent with the energy market outcomes projected by 
NEMS under the resulting future performance of the U.S. economy. 

For estimates of the number ofU.S. households during future _years, which influence the 
projections of new car and light truck sales used in the analysis, the agencies rely on projections 
of new household formation developed the Harvard University Joint Center for Housing 
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Studies. iow These are consistent with the most recent projections of future growth in the nation's 
population prepared by the U.S. Bureau of the Census.11rn1 

(2) Approach to estimating sales response under different 
standards 

Prior to the NPRM, all previous CAFE and CO~ rulemaking analyses used static fleet 
forecasts that were based on a combination of manufacturer compliance data, public data 
sources, and proprietary forecasts (or product plans submitted by manufacturers). When 
simulating compliance with regulatory alternatives, those analyses projected identical sales 
across the alternatives, for each manufacturer down to the make/model level-where the exact 
same number of each model variant was assumed to be sold in a given model year under both the 
least stringent alternative (typically the baseline) and the most stringent a lternative considered 
( intended to represent "maximum technology" scenarios in some cases). To the extent that an 
alternative matched the assumptions made in the production of the proprietary forecast, using a 
static fleet based upon those assumptions may have been warranted. However, a sales forecast is 
unlikely to be representative of a broad set of regulatory alternatives ,vith significant variation in 
the cost of new vehicles. A number of commenters on previous regulatory actions encouraged 
consideration of the potential impact of fuel efficiency standards on new vehicle prices and sales, 
and the changes to compliance strategies that those shifts could necessitate. 1101 In particular, the 
continued growth of the utility vehicle segment creates compliance challenges within some 
manufacturers' fleets as sales volumes shift from one region of the footprint curve to another, or 
as mass is added to increase the ride height of a vehicle on a sedan platform to create a crossover 
utility vehicle, which exists on the same place of the footpri nt curve as the sedan upon which it 
might be based. 

However, some PRM commenters referenced the agencies' previous omission of this 
effect as justification to continue ignoring this issue in the current rulemaking. EDF 
commented, 110~ "use of a sales response model constitutes an unexplained reversal in the 
agency's position o n the feasibility of doing so." To say that the agencies never used a model is 
a misrepresentation. Assuming that sales never change in any model year, even at the individual 
nameplate level, regardless of the stringency of fue l economy regulations or the technology costs 
required to comply with those regulations, is, itself, a model. It is a model that implicitly asserts 
that, whi le fuel economy regulation impacts vehicle prices, such regulations have no impact on 
the q uantity or mix of new vehicle sold, regardless of stringency. This is an implicit argument 
that new vehicle demand is perfectly inelastic-and that no change in vehicle prices can impact 
the number of cars consumers will buy . Logically, however, there must exist a level of 
stringency that would have a negative impact on new sales. Picking an extreme example to 
prove the point, if the agencies set standards at an extraordinarily stringent level that forced all 

1099 See Harvard University Joint Center for Housing Studies. Updated Ho usehold Growth Projections: 20 \8-2028 
and 2028-2038. December 18, 2018. available al 
hups: """ .ich,.ha" ard.edu ,ites defaul t tiles I Ian ard J(I I\ ~kC11c I lnuschnlu Prniel'tinn, Rc,lllll3 I 'l.pdl: 
IH<> Ibid., pp. 2-5. 
1101 See. e.g. , Comment by Alliance of Automobile Manufacturers, Docket ID EPA-HQ-OAR-2015-0827-4089 and 
NHTSA-2016-0068-0072. 
110

' NHTSA-20 I 8-0067- 12 I 08-42. 
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vehicles into battery electric propulsion systems next year. sales would obviously be impacted. 
The increase in new vehicle price or changes to other relevant attributes like range. refuel ing 
time, or operating cost would surely affect the decisions of some buyers. But, by arguing that the 
agencies should continue to model new vehicle sales as if they are entirely unaffected by 
standards, commenters are effect ively asking the agencies to assume that the alternatives 
considered in this rule are insufficiently stringent to affect the market. By endorsing the 
approach from the 2012 final ru le, which assumed no impact on the new vehicle market from 
standards as stringent as 7 percent increase, year-over-year, beginning in 2017, commenters are 
suggesting that even those standards would have no impact on new vehicle sales. Manufacturers 
have asserted in their comments that fuel economy regulations change both the cost of producing 
new vehicles and consumer demand for them. In the recent peer review of the NPRM release of 
the CAFE model, all reviewers encouraged the inclusion of a sales response to fuel economy 
regL!lations (albeit not necessarily the version of the response model that appeared in the 
N PRM).1I03 Based on earlier comments and our own analysis, the agencies were persuaded to 
include a sales response mechanism in the N PRM, and do so again in this tinal rule. 

While several commenters (CA RB, NCAT, CBD, Aluminum Association) discouraged 
the agencies from attempting to account for the effect of regulations on new vehicle sales, other 
commenters stated that the NPRM analysis was improved by explicitly considering this effect 
(RFF, Toyota, the All iance of Automobile Manufacturers). CBD cited EPA 's 2016 proposed 
determination, stating ·'fa] reasonable qual itative assessment is preferable to a quantitative 
estimate lacking sufficient basis, or (due to unce11ainties like those here) having such an 
enormous range as to be without substantial value." I 104 However, RFF supported the inclusion 
of the effect (with caveats about the specific implementation, for which they suggested 
a lternative approaches), stating "[i]ncorporating sales and scrappage effects represents a step in 
the right direction for modeling the effects of the regulation.1105 It is reasonable to conclude that 
regulations as transformative as fuel economy standards will impact the market for new vehicles, 
and excluding the effect (as CBD and others suggested) is equivalent to stating that it does not 
exist. 

The NPR.M version of the sales response relied on differences in the average price of new 
vehicles to produce sales differences between regulatory alternatives. Some commenters 
(ACEEE, JP!, CBD, UCS, Aluminum Association, and Alliance to Save Energy) argued that new 
vehicle prices do not increase with the addition of technology required to comply with fuel 
economy regulations. Some argued that manufacturers will choose not to "pass through" the full 
incremental cost of fuel saving teclmologies to consumers, instead absorbing those costs into 
thei r profit margin.1106

-
1107 The q uestion of cost pass-through is one that academic and industry 

110-' CAFE Model Peer Review, DOT HS 812 590, Revised (Jul)' 2019), available al 
lmps://www.regulations.gov/contentStreamer?documentld=NHTSA-2018-0067-
0055&anachmentNumber=2&contentType=pdf 
110• NHTSA-2018-0067-12000-69. 
11°' NHTSA-20 18-0067- 11789-14. 
110• NHTSA-20 18-0067- 12213-28. 
1107 NHTSA-20 18-0067- 12123-26. 

494 

Commented [A272]: REVISE: A le" paper.. (Haaf et al. 
~014.1016: Doremus el al. 2018) ha\'e no\\ argued that 
holding sales response constant is a ~ner predictor than 
using a \·ehicle i.ales model. lfth:it's tru~. \1.:h3fs tbe meril of 
using a model thal finds changes? Gruenspecht, in his pe,,r 
re, it" of the: sales model. no1es 1hat thC' "rong model may 
be \>wor.;e than no saltS response. 

More to !he point. commenter.. are ort,tuing here that the 
uncertain!) in the linkage bet\,een !he standards and salts is 
so ,ast 1hn1 declining to model ii "ill result in predictions 
1ha1 art m lea.st as good. if 1101 better than. any one model. 

Rephrasing thl! commente~· argument as ··assuming. that the 
alternative~ considered i.n Lhis rule are insufficiently stringent 
tl, aOC'c-l Lh,e marAct- is rephrasing the question into u form 
thai"s easier to answer. and thereby sidestepping tht' original 
issue - a logical falla<) . 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review•** 

researchers have considered for decades------and two of our recent peer reviewers addressed this 
issue. in their comments. 

Dr. John D. Graham, one of the peer reviewers, argued that the assumption of complete 
cost pass-through· is defensible, and more likely in the long-run than the short-run.110

& The 
reviewer also suggested that changes to the CAFE (and subsequent CO2) program that base a 
manufacturer's standard on the mix of vehicle footprints in each fleet more equitably spreads the 
impact of the standards across the industry, and that industry shifts toward increasingly 
competitive market models (rather than the oligopolistic models. that e:,;isted earlier in the last 
century) both act to increase the likelihood that manufacturers will pass regulatory costs through 
to consumers. In particular, this reviewer stated: 

In a classic study, Gron and Swenson (2000) 111
N examined list prices of automobiles at 

the model level in the US from 1984 to 1994 coupled with data on production, vehiCle 
characteristics, foreign versus domestic firm ownership, wages of employees, exchange 
rates, imported parts content, tariffs and other variables. Although their work rejects the 
hypothesis of I 00% pass through of cost to consumer price, they find higher rates of pass 
through than previous studies, and much of the incomplete pass through occurs when cost 
increases impact only a few models or firms. Confirming earlier studies, they show that 
US auto manufacturers engage in more aggressive pass-through pricing than Asian and 
European manufacturers (greater than 100% in some specifications), possibly due to the 
eagerness of importers to enlarge market share in lieu of recovering regulatory costs, at 
least in the short run (see Dinopolous and Krein in, 1988; 1110; Froot, 19891111

). This study 
helps explain why pass-through pricing is a more viable hypothesis in the long run than 
in the short run, 

The original design of the CAFE program is a contrasting case where pass
through pricing was difficult for some automakers. All auto makers. regardless of their 
product mix, were su~ject to the same fleet-wide average CAFE standard, such as 27 .5 
miles per gallon for cars in 1990. In practice, those standards impacted only three high
volume companies (General Motors, Ford and Chrysler) because the Big Three produced 
a higher proportion oflarge and performance-oriented vehicles than did Japanese 
companies. As a result, manufacturers such as Toyota and Honda consistently surpassed 
the federal fleet-wide standard for cars without any regulatory cost (i.e., partly due to 
their smaller product mix). In the 1975-2007 period, the Big Three were not able to pass 

1,o, CAFE Model Peer Review, DOT HS 812 590, Revise<l (July 2019), pp. B31-B33, available at 
https;l/www .regulations.govlcontentStreamer?documentld=NHTSA-2018-0067 -
0055&auachmen!Number=2&cClntentTyperydf 

1 tPi Gron Anne, Swenson, Deborah L.. Cost Pass-Through in the US Automobile Market, ReviewofEconomics and 
Statistics, Vol. 82(2) {May 2000), at 3, 
'''° Dinop,mlos, Elias, Kreinin, Mordechai, Effects ofU.S,-Japan Auto VER on European Prices and on US 
Welfare, [THIS REVIEW] VoL 70(3) (198S), at 484-91. 
11,1 Froot, Kenneth A, Klemperer, Paul D, Exchange Rate Pa.ss-Through When Market Share Matters, American 
Economic Review, Vol. 79(4) (1989), at 637-54. 
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on all of their compliance costs to consumers and thus experienced some declines in 
profitability due to CAFE (Kleit, 19901112; Kleit. 2004 11 13; Jacobsen, 201311 14). 

When the CAFE program was reformed for light trucks in 2008 (and for cars in 
2011) on the basis of vehicle size (the so-called "footprint' ' adjustments to CAFE 
stringency), the, the technology costs of CAFE standards were spread more evenly 
among automakers, a lthough the overall societal efficiency of the regulation diminished 
due to the removal of downsizing as a compliance option .1115 Given that the size-based 
fuel economy programs are not concentrating the costs of compliance on one or two 
automakers. it is reasonable to predict a fairly high degree of pass-through pricing for the 
2021-2025 fuel economy standards. In related literature on manufacturer pricing 
responses to a national carbon tax, Bento and Jacobsen (2007) 11 16 and Bento (20 13) 1117 

report high rates of pass-through pricing (on the order of85%). Carbon taxes are more 
efficient than footprint-based CAFE standards, but both instruments are likely to impact a 
wide range of companies in the auto sector and result in a high degree of pass-through 
pricing by impacted companies. 

Also, it should be noted that the US automotive industry is much more competitive today 
than it was from 1970 to 2000. The market share of General Motors, once the dominant, 
majority producer in the U.S. market. has declined dramatically, and a variety of 
Japanese and Korean companies have captured substantial market share. Moreover, the 
rise of startups (e.g., Tesla and other electric vehicle start-ups) and ride-sharing services 
(e.g., Uber) are add ing a new competitive d imension in the U.S. industry. As a result, 
some of the most recent auto regulatory studies have given more emphasis to analytic 
results based on competitive models than oligopolistic models (see, e.g., Davis and 
Knittel (20 16)111x)." 

Another peer reviewer, Dr. James Sallee, suggested that costs would pass through to new 
vehicle buyers to different degrees, depending upon the stringency of the standards.1119 The 
reviewer argued that more stringent standards, which result in larger increases to the cost of 
production, are likely to induce greater degrees of pass-through than less stringent standards, 
which automakers may, as some commenters have suggested, be able to absorb in the form of 

11 " Klei!, Andrew .. The Effec1 of Annual Changes in Aulomobile Fuel Economy Standards, .Journal of Regula1ory 
Economics. Vol. 2 . ( 1990.). at 151-n. 
1113 Kie it. Andrew , Impact of Long-Range Increases in the Fuel Economy (CAFE) S1andard. Economic Inquiry. 
Vol. 42(2) (2004 ). al 279-94. 
1114 Jacobsen. Mark R .. Evaluating US Fuel Economy Standards in a Model wi1h Producer and Household 
Helerogeneity, American Economic Journal: Economic Policy, Vol. 5(2) (2013), at 148-87. 
1115 See Ito, Koichiro. Sallee, James M .. The Economics of Attribu1e-Based Regulation: Theory and Evidence from 
Fuel-Economy Standards. Review of Economics and Statistics. in press (2018). 
111• Bento. Antonio M .. Jacobsen. Mark R. Environmen1al Policy and 1he 'double-dividend' hypothesis. Journal of 
Environmental Economics and Management, Vol. 53( I) (January 2007) at 17-31. 
1117 Bento, Antonio M. Equity Impacts of Environmental Pol icy, Annual Review of Resource Economics. Vol. 5 
(May2013),at 181-96. 
1118 Davis, Lucas, Knittel, Christopher R .. Are Fuel Economy Standards Regressive? Working Paper 22925, 
National Bureau of Economic Research. Cambridge. MA (2016). 
111• [Cite Sallee review.] 

496 

Commented [A273]: REVISE: II reduced do\\nsizing as 
an option. but. if'°ome \'chicle bU)Trs prefer k1rgcr \.Chide..:. 
th.it ma~ b<' Jn ancillat) bendit. 

Commented [A274]: REVISE: 85'•< 100°,. ----~ 



*** EO 12866 Review Draft Do 01 C ite, Quote or Release During Review*** 

lost profit. If the degree of cost pass-through should vary by the stringency of the alternative, we 
are underestimating the di/Terence in price between the most and least stringent alternatives
which would favor alternatives with higher stringency. 

Other commenters arg ued that manufacturers are able to compensate fully for the costs of 
fuel economy standards by increasing the prices of luxury vehicles- which would increase the 
average new vehicle price, but leave large sections of the market unaffected by the increased cost 
of producing fleets that comply with the standards. While it seems likely that manufacturers 
employ pricing strategies that push regulatory costs (as well as increases in costs like pension 
obligations and health care costs for e mployees) into the prices of models and segments with less 
elastic demand, the extent to whic h any OEM is able to succeed at th is is unknown by the 
agencies. At some point, however. price increases on even luxury mode ls wi ll merely price 
more and more purchasers out of the market, and make competition with other manufacturers 
and market segments that much more difficult. And the more that avoided price increases for 
lower ends of the vehicle market are subsidized by luxury vehicles, the more either prices for 
luxury models would need to be increased. or (if moderately increasing prices) more of those 
luxury models would need to be sold. It is worth noting that luxury vehicles tend to be more 
powerful and content-rich, and often have fuel economy levels below (or CO2 levels above) their 
targets on the curves-so that selling more of thcm to compensate for lost profit elsewhere 
further reduces the ability to comply with standards. 

While manufacturers could conceivably push some small cost increases into the prices of 
their vehicle segments that have less e lastic demand to cover accordingly small increases in 
stringency, larger stringency increases would exhaust the ability of such segments to absorb 
additiona l costs. In addition, we do not attempt to adjust the mix of vehicle models based on 
their own price elasticity of demand; doing so would require a pricing mode l that takes the 
compliance cost for each manufacturer (which our model estimates dynamically) and apportions 
that cost to the prices of individual nameplates and trim levels. We have experimented with 
pricing models (when integrating vehicle choice models, pric ing models are a necessity), but 
each manufacturer almost certainly has a unique pricing strategy that is unknown to the agencies, 
and involves both strategic decisions about competitive position within a segment and the 
volumes needed fully to amortize fixed costs associated with production. [To the extent that the 
agencies assume a ll regulatory costs are passed through and affect the average regulatory cost of 
each vehicle instead of being priced in a fashion to minimize the impact on aggregate sales, t he 
agencies note that- more stringent alternatives are provided an artificial analytical advantage 
because manufacturers are better positioned to incorporate smaller price fl uctuations into their 
business plan. The agencies opted to take the conservative approach instead of speculating on 
manufacturer's private business models .] 

Finally, some commenters have argued that, even ifregulations do increase the cost of 
producing vehicles and those costs are passed on to new vehicle buyers, it does not matter 
because sales have increased in recent years under both rising standards and rising prices. EDF, 
CARB, Aluminum Association. SAFE, CBD. and CA et al. and Oakland et al., all make some 
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version of this argument in their comments. 11::u.i i"1.11 " ::·112>·112·1.l 125 The commenters are 
confusing correlation with causation and failing to consider the counterfactual case. Higher 
prices of new vehicles certainly did not cause sales to increase since 2012. Sales increased over 
that period, in large part, as a result of economic expansion following the great recession.1126 

The statistical model used in the NPRM attempted to isolate the effect of average price on new 
vehicle sales, independent of the overall health of the US economy which plays an obviously 
important role. That model showed a negative relationship between sales and price (albeit a 
modest one), and positive relationships with GDP and employment. Even under the most 
stringent alternative in the NPRM, sales increased over time. However, in other alternatives, 
where the same macroeconomic conditions prevailed but average new vehicle prices were lower, 
sales increased relative to the baseline. That is the counterfactual case that is relevant for 
regulatory analysis-it attempts to answer the question, ·'would sales have been even higher if 
average prices had been lower?" 

As we discuss below, identifying the independent contribution of price to new vehicle 
sales is econometrically challenging. In the NPRM, we stated that the simultaneous nature of 
price and sales- where transaction prices are higher in periods of higher demand, because the 
market will bear them, and lower in periods of lower demand, because the market wil l not, for an 
otherwise identical vehicle.-:reates a form of reverse causality. As commenters suggested, in 
recent years sales have increased along with average transaction price increases- and transaction 
price increases wi ll occur when regulation forces manufacturers to add content, and their 
corresponding costs, to the vehicles they sell. Thus, it is understandable that some commenters 
could interpret the recent increase in new vehicle sales following the recession as evidence that 
standards (and maybe prices) have no impact on new sales. However, that view confuses 
correlation for causation (or lack thereot~ in th is case). This misunderstanding is related to some 
of the specific econometric comments about the NPRM model. 

In response to these comments, the agencies have modified their approach to mode ling 
the impacts of sales. In order to isolate the impact of the standards, t he agencies have broken the 
sales response module into two discrete components. The first captures the effects of broader 
economic forces such as GDP. The second measures how vehicle prices influence sales. As 
elaborated in more detail in the following passages, the agencies considered alternative and 
specific changes suggested by commenters, but concluded that the comments e ither lacked 
enough inforn1ation to implement a change, failed to remedy identified alleged weaknesses of the 
model, or created new limitations for which there were no practical solutions. Funhermore, the 
two-pronged approach addresses many of the concerns raised by commenters better than any 
specific modeling alteration. First, the structural changes to the model address many of the 
econometric concerns raised by commenters. Second, by modeling sales in the first step as a 
function of macroeconomic conditions, and then applying an independent own-price elasticity to 

1120 NHTSA-2018-0067-1 2108-76. 
11" NHTSA-2018-0067-11873-116. 
11
'' NHTSA-2018-006 7- 11952-4. 

11' 3 NHTSA-2018-0067-11981 -17. 
1104 NHTSA-2018-0067-1 2 123-26. 
n o; NHTSA-2018-0067-11735-69. 
11 ' 6 Table Vl-88Table Vl-88 below shows a large and statistically significant effect of GDP on sales. 
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estimate the change in sales across alternatives, we are able to more clearly distinguish between 
demand-side and supply-side impacts on prices. the issue that appears to have tripped up some of 
the commenters. 

Com111e11ts 011 the eco110111etric model used i11 the NPRJit 

Any model of sales response must satisfy two requirements: it must be appropriate for 
use in the CAFE model, and it must be b.1,c·J 111 1,, •th "•llllu c·u ,, i>lllk ti,_ . ,r .11 J ·•\'I'' •pr ttc 

c I r1c.d ,11.d, ,, <!ct'llflmdnc11II:, rt•a~. T he firs t of these requirements implies that 
forecasts of any variable used in the estimation of the econometric model must also be available 
as a forecast throughout the duration of the years covered by the s imulations (this analysis 
expl icitly s imulates compliance through MY 2050). Some values the model calculates 
endogenously, making them avai lable in future years for sales estimation, but others must be 
known in advance of the simulation. As t he CAFE model simulates compliance, it accumulates 
technology costs across the industry and over time. By starting with the last known average 
transaction price (associated with MY 20 I 6, in this analysis) and adding accumulated regulatory 
costs to that value, the model is able to represent an estimated average selling price in each future 
model year, assuming that manufacturers are able to pass their compliance costs on to buyers of 
new vehicles. Other variables used in the estimation can be entered into the model as inputs 
prior to the start of the compliance simulation. 

The NPRM analysis was based on an econometric model t hat attempted to estimate the 
price elasticity of aggregate demand for new light-duty vehicles based on exogenous factors, 
intended to represent ( I) macroeconomic forces that influence demand for new vehicles. and 
(2) average new vehicle price, intended to represent the impact of regulation. A number of 
commenters voiced opposition to the approach. Some disagreed with the theoretical framing of 
the issue-arguing that the model of sales response should have acknowledged the relevance of 
other vehicle attributes, included consumer valuation of fuel savings for new vehicles, based the 
response on something other than price, and considered the effect at a lower level of aggregation, 
rather than average price across the industry. 

In the NPRM, the agencies relied upon an autoregressive distributed lag (ARDL) 
statistical model to estimate the impact of price differences between regulatory alternatives a nd 
to produce a time series of total new vehicle sales in each year of the analysis. The statistical 
model estimated new vehicle sales per year based on two lagged variables of new sales (new 
sales in the previous period, and the period before that), GDP and lagged GDP, and labor force 
participation and lagged labor force participation. The model used quarterly data and seasonally 
adjusted annual rates to increase the number of observations over the sample period for which 
reliable sales data existed (1978-2015). The ARDL model used in the PRM was chosen to 
address sales impacts at a high level of aggregation, namely the total new vehicle market (across 
all vehicle brands and body styles). and to resolve the econometric issues associated with the 
time series data related to total new vehicle sales. 
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Stock et al. commented at length on the econometric specification ofthe-NPRM sales 
,response model, identifying limitations and suggesting alternative approaches. 11 ~7 In particular, 
they argued that the length dfthe response to price shocks should dissipate faster than the NPRM 
model allows-an artifact of using quarterly data and seasonally adjusted annual rates to 
estimate the effect and implementing it on an annual basis in the CAFE model. We agree that 
this was 'a flaw in the implementation of the NPRM model. While this approach produced the 
correct units (i.e., annual sales) the ~sponse to changes in price should have dissipated at a 
quarterly rate, rather than an annual rate. As a result, a single price shock, which appears in one 
year and disappears the next, was projected to have a longer impact on sales in future years than 
was appropriate given the specification. The sa!es response in the final rule corrects for this 
objective error and takes a more conservative approach to price shocks. 

Stock et al. commented that "it is important to estimate the dynamic effect on sales of a 
price increase, that is, the causal eflect on current and future demand ofa price increase" because 
"it allows the response to an intervention-here, a one-time price increase or sequence of such 
increases-to evolve overtime.''112g The comment suggests that we should Include future 
responses in sales to a one-time price increase that exists for a single period and then disappears. 
In our analytical framework, this implies that a price difference between any alternative and the 
baseline that causes a difterence in sales in that year should also produce a difference in sales in 
the following year (and possibly subsequent years), though of smaller magnitude, even if1he 
price difference only exists for a single period. The Stock et al. comment illustrates a quickly 
diminishing response to a single price shock. The final rule assumes (more conservatively) that 
each price shock !asts only for a single year, and produces no future "ripple" effects in the new 
vehicle market in subsequent years. Furthermore, the regulatory alternatives considered in this 
analysis do not produce single period price shocks (in the form of price differences between 
alternatives), but rather persistent price differences between alternatives that result from 
continued differences in stringency. The persistent nature of the price differences resulting from 
fuel economy and CO2 regulations further reduce the importance of capturing these multi-period 
effects caused by single-period price shocks. 

Stock et al. also objected to the use of an ARDL model to estimate the impact of price on 
new vehicle sales. In order for the estimation of causality to be valid in a time series model, the 
current price movements must be uncorrelated with unobserved demand shocks in the past, 
present, and future; so-called strict exogeneity. The commenters argue that the NPRM'fails this 
test because actions taken in the market (by both buyers and sellers) can influence the response 
to price changes in the next period. They suggest the use of a vector autoregression (VAR) 
model to address the relationship between past demand disturbances and current prices to 
address the temporal exogeneity issues they identify. However, an important caveat is that this 
approach still does not resolve the largest econometric; challenge-that of contemporaneous 
endogeneity between price and sales (in the same period). To address that challenge. one needs 
to employ instrumental variable methods. 

,m EPA-HQ-OAR.-2018--0283 and NHTSA-2018--0067 
""Ibid. 
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We anempted several modifications to the statistical model developed for the NPRM 
based on the Stock et al. comment. We reviewed the initial approach and attempted several 
specifications that \\Ould explicitly address the temporal eondogeneity bias identified in the 
comment. In particular, we addressed data limitations that were raised by Stock ct al. (and also 
by EDF), who encouraged us to reconsider the quarterly specification and to use quality-adjusted 
price data for new vehicles in order to ensure a more consistent definition of the average vehicle 
over the time series. The quarterly price series \\3S statistically interpolated in the PRM to 
increase the number of observations.11~

9 but represented a less-than-ideal solution. The 
interpolating process may have impacted the underlying quarterly data generating process, 
resulting in unreliable, or potentially biased, regression results. This issue was remedied by 
sourcing both vehicle sales and price data from IHS Markit, which provides rhese data at the 
same base frequency (quarterly). In addition. the macroeconomic data used in the model 
specification were also sourced from I HS. which provides consistency between historical and 
forecast data (i.e., forecasts of sales. price, personal income, etc., were all based on a consistent 
set ofinpul assumptions and modeling frame\\Ork during testing). 

Historical quarterly series for new light vehicle average price and total sales are presented 
in Figure Vl-35Figure Vl-35 below. Due to the lack of data availability for business investment 
in light vehicles, the historical series for average vehicle price begins in 1987. Average prices 
\\ere transformed into quality adjusted real terms using the CPI for new motor vehicles. and both 
series were seasonally adjusted.1130 Quality adjusted prices have risen overtime. while total sales 
have remained relatively nat in recent years with the major exception being the significant 
economic downturn of 2008-2009. The difference in these trends suggests that the number of 
vehicles purchased per household does not necessarily change, or grow. over time. as income 
grows, but rather households adjust the "amount" of new vehicle they are willing to purchase 
(i.e., switching from sedan to an SUV).1131 Moreover, while disposable income has steadily 
increased during this period. sales have not seen the same type of upward trend, and instead only 
returned to its pre-recession average of around 17 million annual sales. 

11:0 Interpolation is the practice of adding unobserved data points based on obsen ed trends to prO\ ide more 
obsen·ations to a limited data set. 
1130 Seasonal adjustment was made using X. I~ in EViews. 
mi Aggregate light duty vehicle sales data does not allow for observing the d istribution of vehicles being sold. 
"hid, will have an effect on the average price. 
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New LDV Average Price and Total Sales 
From 198701 to 2018Q3 
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Figure Yl-35 - New Light Duty Vehicle Average Price and Total Sales 

Even as real disposable income has risen since 2000. and ouiside of the great recession, 
ne,, vehicle sales have remained relatively steady. This. in tum. suggests there are other 
economic, or behavioral, factors beyond disposable income influencing the decision to purchase 
a new vehicle. Given the significant cost to purchase a new vehicle, and the long multiyear 
timeframe over which they are ty pically financed, households' forward- looking view on the 
health of the economy likely plays a role in their willingness to purchase a new vehicle. Put 
differently, households may delay their purchasing decisions if their \'ie" outlook on the 
economy sours, regardless of income level. These observations are consistent with the 
framework of the NPRM model, and Figure Vl-36Figure Yl-36 presents the consumer sentiment 
index and total new sales, with both series exhibiting similar trends over this period. Some 
commenters advocated that consumer sentiment (also known as consumer confidence) should be 
included in the sales forecast. For example, the Aluminum Association indicated that prior sales 
models have shown consumer behavior to be ''highly sensitive to macroeconomic conditions, 
consumer confidence and employment levels.'' While consumer sentiment was not included in 
the PRM model, it was included in specifications that we tested and considered and is a 
component of the forecasting model used in the final rule.1 m 

1 1 J! Commen1ers mentioned consumer confidence as a predictor of consumer behavior. For instance. the Aluminum 
Association indicated that prior sales models have Sho\\ n consumer beha, ior to be .. highl) sensiti,-e 10 

macroeconomic conditions. consumer confidence and employment levels ... 
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Consumer Sentiment and Total Sales 
From 1987Q1 to 2018Q3 
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Figure Vl-36 - Consumer Sentiment and Total Sales 

All macroeconomic data were sourced from IHS including real disposable income, 
number of US households, and the University of Michigan's consumer sentiment index. The 
summary statistics for all series are presented below in Table Vl-88Table VI-88. 

Table VJ-88 - Summary Statistics 

Variable Obs. Mean Std. Min 

Quality Adjusted Real Avg. LDV Price {Thousands, 2012$) 127 24.l 3 5.29 15.74 

Total LDV Sales (SA Annual Rate, Millions) I 27 15.23 1.93 9.38 

Max 

32.89 

18.53 

Real Disposable Income (Billions, 2012$) 127 9,979.94 2,432.22 6,113.99 14,358.03 

Number of Households {Millions) 127 110.36 9.19 93.53 126.35 
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Consumer Sentiment Index 127 87.66 11.68 57.67 110.13 

Each series was transformed into natural logarithms and tested for stationarif\ using the 
modified Dicky-Fuller test.1133 Results presented i~ Table Vl-89Table Vl-89 indica;e each
variable containing contained :i unit-root, while being differenced stationary (i.e. integrated of 
order one). 

Table Vl-89 - Modified Dickey-Fuller Test ( I lag) 

DF-GLS t 'X, Critical 5% Critical I 0°/4, Critical 
Test Stat. Value Value Value 

NL Quality Adjusted Real Avg. LDV Price -1.224 -3.548 -2.995 -2.704 

t, 1L Quality Adjusted Real A,•g. LDV 
-5.803 -3.549 -2.996 -2.706 

Price 

NL Total LDV Sales -1.841 -3.548 -2.995 -2.704 

t, NL Total LDV Sales -6.352 -3.549 -2.996 -2. 706 

NL Total LDV Sales per Household -1.855 -3.548 -2.995 -2.704 

t, NL Tot:il LDV Sales 11er Household -6.375 -3.549 -2.996 -2.706 

NL Real Disposable Income -0.855 -3.548 -2.995 -2.704 

t, NL Real Disposable Income -4.593 -3.549 -2.996 -2.706 

NL Real Disposable Income per Household -1.091 -3.548 -2.995 -2.704 

,m L'sing nonstationary variables "ould generate unreliable estimates. as prior values of those rnriablcs arc 
correla1ed their future \'aloes. and this ,•iolates the assumption that ,alues ,ariables rake on are independent o,er 
time. 
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A NL Real Disposable Income per -4.589 -3.549 -2.996 -2.706 
Household 

.. ·. .. ., ., •·. 

NL .co·risti_nier.s_eotiinent _Ill_d_ei: ,· .·: .~2.33°2: -?548, ·-2.995: :-2:704' 

,'I. NL Consumer Sentiment Index -8.991 -3.549 -2.996 -2.706 

Two separate variables lists were then tested for the existence of one or more 
cointegrating relationships, with results from the Johansen test presented in Table VI-90Table 
Vl-90.1134 In each set of variables, both total LDV sales and disposable income were converted 
to household units as a means to control for the grov,'lh in US households and the possible 
decision making process ofbuylng/consuming a new unit ofLDV. The results show that 4 out 
of the 5.lag length selections for both variable sets conclude there being one cointegrating 
relationship (rank I(l)) among them. 

Table Vl-90 - Johansen Test for Cointegration 

Series 

NL LDV Sales per HH, NL POI 
per HH, NL Avg, LDV Price 

NL LOY Sales per HH, NL POI 
per HH, NL Avg. LDV Price, !"iL 

JCSM 

Max Trace 5% Criticul 
Lags Rank Stat. Value 

4 29.2521 29.68 

1"-' The number of lag lengths wore also tested formally, with general consensus between 2 and 6 lags as being 
optimal. Test results are available upon request, however, the final lag length selection was detennined on the full 
set of VAR and VECM ontput that includes satisf)•ing time series conditions st1ch as no presence ofautncorrelation 
and plausible interpretability oftheestimated ou'rput. 
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5 

6 

21.7739 29.68 

::!9.68 

Note: NHH. PD!. and .I CSM refer to households. real personal disposable income. nnd consumer s~ntiment. 
r~spcctively. All tests include an unrestricted constanl. Alternative tests were conducted to include 
restricted trend or constant terms. but are not presented here for bre, ity as our preferred specification onl~ 
includes an unrestricted con~tant term in the model. 

Taken together, these tests confirm the need to address the time series properties of each 
variable in any modeling framework. This ,viii become especially important when discussing the 
correct modeling approach, as The pre-modeling tests provide evidence against running a simple 
OLS regression or VAR in first differences, because doing so would have the potential outcome 
of excluding important long-run information. 

Furthermore. the cndogeneity between vehicle sales and price is another element that 
needs to be considered for model specification. The IHS historical series for average price ofa 
new light duty vehicle is defined as a function of business and private residential spending on 
light vehicles divided by total new light vehicle sales; from this identity. the average price 
represents the nominal price per new unit of light duty vehicle sold. This definition supports the 
existence ofan endogenous relationship between vehicle price and sales that needs to be 
accounted for when developing an econometric estimation of the influence of new vehicle price 
on sales. This is consistent with economic theory. whereby vehicle sales and price are 
simultaneously determined in the market, and therefore should be included together when 
specif),ing a forecasting equation.1135 This restriction holds even if nominal vehicle price is 
transformed into a quality adjusted real dollar series, as some commenters (EDF, Stock et al) 
proposed! 136 

Models 

Faced with the simultaneity problem associated with price and sales, several 
specifications were reviewed to determine the best method for addressing this issue. An 
Instrumental Variable (IV) method was deemed the most direct approach, with the advantage of 
preserving the initial model's autoregressive distributed lag structure. In order to obtain 
consistent estimates of the price elasticity of demand, a suitable instrument that is correlated with 
average LDV price but uncorrelated with the error term is needed in the first stage. A suitable 
instrument must also make economic sense and have a plausible causal relationship. In theory, 
instruments that satisfy all three conditions (exogeneity, causality, and non-weak correlation) 
should exist. In practice. however, it is often prohibitively difficult to find a viable instrument. 
Both Stock et al. and CARB suggested instrumenting to resolve the endogeneity issue in the 
NPRM model, but neither suggested specific candidates for instrumental variables. 

1 "' Endogeneit) results in correlation between an independent ,·ariable in a regression and the error term leading 10 

biased coeflicient estimates. 
11' 6 For reference on how the BLS measures quality adjustments in vcl1icles: 
h11p,: \\ \\ \\ .r-1, . .gn, cri 1:11..'hhl.'~t~hldt:"l.hllll. 
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For the purposes of modeling vehicle sales, candidate IVs would reflect the price of 
inputs to production that are broad enough, so that the underlying behavior of the variable is not 
detenninistic ofLDV sales. Examples of candidate variables include producer pric.e indices 
{PP!s) of auto or other related manufacturing, cost of capital required for production, labor 
market data, energy costs, technology changes, -and exogenous shocks to price, production, labor, 
or policy changes. 

The lack of data availability and quality con·cems reduced the primary list of candidate 
IVs to re la table PP ls such as for manufacturing and automobile primary products. Even the most 
"promising" candidate IVs, however, proved 10 be poor instruments, with counterintuitive signs, 
lack of statistical significance, and poor overall first stage F-statistics (even by relatively lenient 
weak instrument test standards). 

The lack of reasonable results from the IV approach led to testing vector autoregressive 
(VAR) and vector error correction (VECM) models. Relaxing the strict exogeneity assumption 
needed under an ARDL framewo_rk is the main advantage of modeling price, sales, and 
macroeconomic variables as a system of equations where the feedback from previous period 
shocks affect both price and sales. 11 ~7 In addition, a VAR or VECM can also adequately handle 
the time series and nonstationary properties discussed above. For both the VAR and VECM, a 
parsimonious specification was preferred with either a three or four variable system using the 
variables disCussed above. 

We first estimated a simple VAR using a Wold causal ordering of real disposable income 
per household, average price of new LOY, and new total sales of LO Vs per household. IB

8 The 
alternative specification inciuded the consumer sentiment variable in the ordering the consumer 
sentiment variable after income and before price. This ordering assumes that households' 
disposable income (and consumer sentiment) do not respond to shocks to auto prices and sales 
within the same quarter. It also assumes that prices are contemporaneously exogenous of sales 
(demand), since the MSRPs are set in advance. Lastly, sales are·able to respond to unexpected 
changes in price in the same quarter. The alternative ordering of placing sales before average 
price was deemed unrealistic as it would presume sales responding independently to an 
unexpected change in prices. 

In the first specification, all variables were transformed to first differences tq ensure 
sqttionarity, while ignoring any possible long-run information (for the moment). A combination 
of post-estimation tests for autocorrelation and stability conditions were considered along with 
impulse response functions to gauge the model perfonnance. The preferred mode! was estimated 
with five lags, and the impulse response functions (!RF) of a I percent shock to price on sales for 
the two specifications are presented in Figure Vl-37. 

Im Strict exogeneity requires there to be past, contemporaneous, and future exo~eneity between the variables of 
imerest. 
''" The Wold causal ordering creates a lower triangular matrix for our shocks. so by construction these shocks are 
Orthogonal to each other to allow for causal jnference. This recursive or Wold ordering technique should be 
predetermined and based on economic theory as the causal interpretation of the impulse responses are dependent on 
the correct/plausible ordering of variables. 
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Figure VJ-37 - Impulse Response Functions of Price on Sales from First Difference V ARs 

Both figures show a similar trend of the response in sales oscillating from negative to 
positive before ultimately returning to zero 12 quarters out, The three variable VAR sees a 
positive response in the first few periods, while the four variable VAR manages to dip below 
zero briefly after 4 periods out. This behavior, which by definition is short-run due to the 
differencing of the variables, could be representing auto dealerships' attempts to pull sales back 
to its equilibrium level after the price shock pushes sales negative, implying some level of over 
compensation during this process. Nonetheless, despite the model showing there is some 
evidence ofan immediate and negative price elasticity, the overly simplified VAR model is 
missing key long run information (as identified in the cointegration tests), creating some 
reservations about the results. lt is also worth noting that the lagged positive response in sales 
from an unexpected price shock is persistent regardless of the lag length selection, and in many 
cases even more pronounced. 

A number of preliminary conclusions can be drawn from the IRF results shuv.n in Figure 
Vl-37. First, at least at this level ofaggregation, any short-run and immediate effect of a price 
increase on total LDV sales is relatively small in nature. This does not suggest, however, that the 
price elasticity of demand is zero, Instead, what may be the case is that when fuced with an 
unexpected change in price, consumers will choose to purchase a.Jess expensive car with fewer 
options as opposed to no car at all. In other words, the level of aggregation being used, total car 
sales, removes important variation between the type of vehicle being sold and consumer 
purchasing decisions from the data; what is left is a clouded v.ersion of the true relationship 
between price and sales. Second, this type of VAR ignores and throws out any long nm 
information that may exist, which would create omitted variable bias if such a cointegrated 
relationship exists. 

508 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

Based on the conclusions from the Johansen cointegration test, the next step involved 
estimating the system as a VECM. As with the VAR models, the VECM employs either a three 
or four variable system with five lag lengths and an unconstrained constant in the mode! (no 
trend in either the first differenced or co integrating equations). In each model, the cointegrating 
vector is normalized around sales (i.e. the sales' coefficient is set to I), and the model results 
indicate strong evidence of a cointegrating relationship between the variables. 

Aside from general agreement on a cointegrating relationship, the VECM performance 
was weak in nearly every specification attempted, with implausible magnitudes for the long-nm 
coefficient estimates and insignificant short-run dynamics. Moreover, the adjustment coefficient 
for the sales equation is particularly weak and insignificant. 1139 The limitations of the YECM 
could be rooted in the system being normalized around sales, which lacks significant variation, 
correlation, ·or possibly true causation with the other variables. 

As with the VAR analysis. a similar focus is placed on the IRFs presented in Figure 
VI-38. Here a one percent shock in price on LDV sales shows a similar response between the 
two specifications, with an increase during the first several periods before returning to a negative 
and permanent long-run effect. This response is erroneous in two ways: first. the sharp positive 
response during the first 8 to 10 quarters defies economic logic as an increase in the price of a 
normal good should not induce an increase in sales. Second, the permanent and negative effect 
is equally as confounding because it rules out the ability for dealerships or auto manufacturers to 
adjust prices or supply.1140 

The updated econometric models oflight duty vehicle sales thus did not provide clear, 
significant or robust insight into the magnitude of the price-elasticity of demand. While the VAR 
model specification points to an immediate short-run negative price elasticity of demand (i.e., 
sales fall in the face of an immediate price shock). this relationship is relatively small. [n 
addition, the fact that this specjfication excludes the identified cointegration between the 
variables suggests that it is not robust or unbiased. ln short, the VECM and IV approaches were 
unable to provide reasonable and meaningful results. 

These results strongly suggest that the relationship between sales and price is not 
adequately estimated, with the macro-level data used in this-analysis. Recent peer reviewers of 
the CAFE model had similar concerns. In particular, these data are insufficient to explain the 
individual consumer (micro-) level decision making process of purchasing a new LDV. 
Aggregating the sales response to the national level reduces the useful variation in the decision 
making process to levels unsuitable for estimation. Commenters generally agreed with this 
conclusion. 

'"' The lack ofa statistical!y significant adjustment variable c<>uld be an indication ofwea~ exogeneity. In thts case 
chat would not be plausible given the clear endogeneity between p,jce and sales, and is more likely an indicati<>n of 
poor data and the absence of reliable modelling approaches. 
1""Note that error bOunds cannot be generated for VECM lRFs using most statistical packages. so determining 
statistical significance is difficult Given the change from positive ID negatiw and the low magnitude of the 
response, it is quite possible that this effect ls indistinguishable from zero. 
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Even assuming a theoretically and econometrically correct model was possible. this 
relationship is impossible to evaluate at the current data aggregation level. Future research may 
focus on constructing an aggregate price elasticity of demand from consumer level data utilizing 
discrete choice modeling or something similar. However. constructing such models and 
integrating them into the s imulations of the fina l rule are beyond the scope of this analysis. 
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Figure VJ-38 - Impulse Response Functions of Price on Sales from YECMs 

Many commemers suggested that the ·pRM model was unable to find a statistically 
significant influence of fuel economy on sales because the model was too highly aggregated. as 
we found with the econometric experimentation to estimate a price response. EDF, CARB. and 
CA et al. and Oakland et a l. expressed concern that using industry averages eliminated the 
variation needed to detect consumer valuation of fuel economy in new vehicle purchases. We 
noted a similar concern in the PRM. citing the level of aggregation as the most likely reason 
that the average fuel economy ofa new vehicle was not a statistically significant explanatory 
variable in the ARDL model. The approach for the fi nal rule includes an average value of 
improved fuel economy in the sales response, as commenters suggested it should. 

a. How do Car and light Truck Buyers Value 
Improved Fuel Economy? 

"' 

Many commenters (CARB, CA et al and Oakland et al., 1 RDC, EDF. CBD, orth 
Carolina Department of Environmental Qualiry, IPI, Stock et al.) stated that the agencies should 
explicitly consider fue l savings, and the value that consumers ascribe to it, in addition to changes 
in price when estimating the response of new vehicle sales to different regulatory alternatives. 

RDC stated, 11• 1 "The decision between new vehicle purchase alternatives must consider both 

11
" NHTSA-2018-0067-1 1723-:?.6. 
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differential costs and differentia l benefits. The CAFE model sales algorithm considers only 
different.ial costs and is, therefore, flawed." The agencies agree that the degree to which new 
vehicle buyers value improvements in fue l economy is an important consideration when 
estimating the response of new vehicle sales to potential standards. The effect of vehicle prices 
on sales is difficult to detect at the aggregate level because price movements are correlated with 
the current strength of the economy, which can appear as a positive price e lasticity when 
model ing sales, and there are various technical econometric difficulties in identifying the effect 
of price on sales (simultanei ty, cointegration, etc., addressed above). The sales response model 
in the final rule accounts for fue l savings realized by buyers of new vehicles. 

Some commenters noted that the sales response equation omitted any value of fue l 
savings to new vehicle buyers, while other elements of the analysis- notably the technology 
application algorithm- assumed that buyers would demand fuel economy technologies that ''pay 
back" within the first 2.5 years of ownership (as a result of avoided fuel costs), and 
manufacturers would supply fuel economy at those levels even in the absence of standards. This 
observation was made in comments by CARB, CBD, and I Pl- the last of which stated that2.5 
year payback assumption "clashes directly with the contradictory assumption that the agencies 
rely on in the model's sales module, where they implicitly assume that customers entirely 
disregard fuel efficiency in their purchasing decisions.'' 11 4" We agree that this represented an 
internal inconsistency. The sales model used to analyze the final rule includes the estimated 
value of fuel savings to vehicle buyers, and is consistent with other assumptions throughout the 
analysis about the "pay back" period. 

How potential buyers value improvements in the fuel economy of new cars and light 
trucks is an important issue in assessing the benefits and costs of government regulation. If 
buyers fully value the savings in fuel costs that result from higher fuel economy, manufacturers 
will presumably will supply any improvements that buyers demand, and vehicle prices will fully 
reflect future fuel cost savings consumers would realize from owning-and potentially re
selling-more fuel-efficient models. If consumers internalize fuel savings this case, more 
stringent fuel economy standards will impose net costs on vehicle owners and can only result in 
social benefits through correcting externalities, since because consumers would already fully 
incorporate private savings into their purchase decisions. as discussed further in Section [Market 
Failure). If instead consumers systematically undervalue some market failure such as an 
infonnation asymmetry leads to an underinvestment in fuel-saving technology, the cost savings 
generated by improvements in fuel economy when choosing among competing models, more 
stringent fuel economy standards will also lead manufacturers to adopt improvements in fuel 
economy that buyers might not choose despite the cost savings they offer and improve consumer 
welfare. 

The potential for car buyers voluntarily to forego improvements in fuel economy that 
offer savings exceeding their initial costs is one example of what is often termed the "energy
efftciency gap." This appearance of such a gap, between the level of energy efficiency that 
would minimize consumers' overall expenses and what they actually purchase, is typically based 

'"~ NHTSA-2018-0067-12213-15. 
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on engineering calculations that compare the initial cost for providing higher energy efficiency to 
the discounted present value of the resulting savings in future energy costs. 

There has long been an active debate about why such a gap might arise and whether it 
actually exists. Economic theory predicts that individuals wi ll purchase more energy-efficient 
products only if the savings in future energy costs they offer promise 10 offset their higher initial 
costs. Howe..,er, the additional up-front cost of a more energy-efficient product includes more 
than just the cost of the technology necessary to improve its efficiency; because consumers ha\ e 
a scarcity of resources, it also includes the opportunity cost of any other desirable features that 
consumers give up when they choose the more etlicient alternative. In the context of vehicles, 
whether the expected fuel savings outweigh the opportunity cost of purchasing a model offering 
higher fuel economy will depend, among other things, on how much its buyer expects 10 drive. 
his or her expectations about future fuel prices, the discount rate he or she uses to value future 
expenses. the expected effect on resale value. and whether more efficient models offer equivalent 
anributes such as perfonnance, carrying capacity. reliability, quality, or other characteristics. 

Published literature has offered linle consensus about consumers· wil lingness-to-pay for 
greater fuel economy, and whether it implies over-, under- or full-valuation of the expected 
discounted fuel savings from purchasing a model with higher fuel economy. Most studies have 
relied on car buyers' purchasing behavior to estimate their willingness-to-pay for future fuel 
savings; a typical approach has been to use "discrete choice"' models that relate individual 
buyers' choices among competing vehicles to their purchase prices. fuel economy, and other 
attributes (such as performance. carrying capacity. and reliability). and to infer buyers· valuation 
of higher fuel economy from the relative importance of purchase prices and fuel economy. IIJJ 
Empirical estimates using this approach span a wide range. extending from substantial 
undervaluation of fuel savings to significant overvaluation, thus making it difficult to draw solid 
conclusions about the influence of fuel economy on Yehicle buyers' choices.1144 Because a 
vehicle's price is often correlated with its other attributes (both measured and unobsen·ed), 
analysts have often used instrumental variables or other approaches to address endogeneity and 
other resulting concerns.1145 

Despite these efTorts, more recent research has criticized these cross-sectional studies; 
some have questioned the effectiveness of the instruments they use ,11J• while others have 
observed that coetlicients estimated using non-linear statistical methods can be sensitive to the 
optimization algorithm and staning values."J7 Collinearity (i.e .. high correlations) among 
vehicle attributes- most notably among fuel economy, performance or power. and vehicle 
size-and between vehicles' measured and unobserved features also raises questions about the 
reliability and interpretation of coefficients that may conflate the value of fuel economy with 

.,,; In a typical vehicle choice model. the ratio of estimated coeflicicnts on fuel cconomy--or more commonly. fud 
cost per mi le driven- and purchase price is used to infer the dollar value buyers attach to slightly higher fuel 
economy. 
' "' See Helfond & \\'olvenon (2011) and Green t~OIO) for detailed re, ic\\S of these cross-sectional studies. 
1 " ~ See. e.g .. Barry, et al. ( 1995 ). 
'"" See Allcoll & Greens1one (2012). 
11' 7 See Kninel & Meta~oglou (2014). 
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other attributes (Sallee, et al., 2016; Busse, et al., 20 I 3; Allcott & Wozny, 2014; Allcott & 
Greenstone, 2012; Helfand & Wolverton, 2011 ). 

In an effort to overcome shortcomings of past analyses, three recently published studies 
published fai rly recently rely on panel data from sales of individual vehicle models to improve 
their reliability in identifying the association between vehicles' prices and their fuel economy 
(Sallee, et al. 2016; Allcott & Wozny, 2014; Busse, et al., 2013). Although they differ in certain 
details, each of these analyses relates changes over time in individual models' selling prices to 
fluctuations in fuel prices, differences in their fuel economy. and increases in their age and 
accumulated use, which affects their expected remaining life. and thus their market value. 
Because a vehicle's future fuel costs are a function of both its fuel economy and expected 
gasoline prices, changes in fuel prices have different effects on the market values of vehicles 
with different fuel economy; comparing these effects over time and among vehicle models 
reveals the fraction of changes in fuel costs that is reflected in changes in their selling prices 
(Allcott & Wozny, 2014). Using very large samples of sales enables these studies to define 
vehicle models at an extremely disaggregated level, which enables their authors and to isolate 
differences in their fuel economy from the many other attributes. including those that are 
difficult to observe or measure, that affect their sale prices.1148 

These studies point to a somewhat narrower range of estimates than suggested by 
previous cross-sectional studies; more importantly, they consistently suggest that buyers value a 
large proportion-and perhaps even all- of the future savings that models with higher fuel 
economy offer.1149 Because they rely on estimates of fuel costs over vehicles' expected 
remaining lifetimes, these studies' estimates of how buyers value fuel economy are sensitive to 
the strategies they use to isolate differences among individual models' fuel economy, as well as 
to their assumptions about buyers' discount rates and gasoline price expectations, among others. 
Since Anderson et a l. (2013) found evidence that consumers expect future gasoline prices to 
resemble current prices, we use this assumption to compare the findings of the three studies and 
examine how their findings vary with the discount rates buyers apply to future fuel savings.1150 

' " ' These studies rely on indiv idual vehicle transaction data from dealer sales and wholesale auctions, which 
includes actual sale prices and allows their authors to define vehicle models at a high ly disaggregated level. For 
instance. Al Icon & Wozny (2014) differentiate vehicles by manufacturer, model or nameplate. trim level. body type, 
fuel economy, engine displacement. number of cylinders. and "generation" (a group of successive model years 
during which a model's design remains largely unchanged). All three studies include transactions only through m id-
2008 to limit the effect of the recession on vehicle prices. To e nsure that the vehicle choice set consists of true 
substitutes, A llcott & Wowy (2014 ) define the choice set as all gasoline-fueled light-duty cars. trucks. SUVs, a nd 
min ivans that are less than 25 years o ld (i.e .. they exclude vehicles where the substitution elasticity is expected to be 
small). S.illee et al. (2016) exclude diesels, hybrids. and used vehicles with less than 10.000 or more than I 00,000 

m iles. 
" " Killian & Sims (2006) and Sawhill (2008) rely on s imilar longitudinal approaches to examine consumer 
valuation o r fuel economy except that they use average values or list prices instead of actual transaction prices. 
S ince these studies remain unpublished. their empirical results are subject to change. and they are excluded from this 

discuss ion. 
1150 Each of the studies makes slightly different assumptions about appropriate discounr rates. Sallee et al. (2016 ) 
use five percent in their base specification, while Allcott & Wozny (20 14) rely on six percent. As some authors 
note. a five to six percent discount rate is consistent with current interest rates on car loans. but they also 
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As Table VI-SST able VI-88Table I indicates, Alkott & Wozny (2014) found that 
consumers incorporate 55% percent of future fuel costs into vehicle purchase decisions at a six 
percent discount rate, when their expectations for future gasoline prices are assumed to reflect 
prevailing prices at the time of their purchases. With the same expectation about future fuel 
prices, the authors report that consumers would fully value fuel costs only if they apply discount 
rates of 24 percent% or higher. However, these authors' estimates are closer to full valuation 
when using gasoline price forecasts that mirror oil futures markets, because the petroleum market 
expected prices to fall during this period (this outlook reduces the discounted value of a vehicle's 
expected remaining lifetime fuel costs). With this expt!clation, Allcott & Wozny (2014) find that 
buyers value 76% percent of future cost savings (discounted at six percent) from choosing a 
model that offers higher fuel economy, and that a discount rate of 15 percent% would imply that 
they fully value future cost savings. Sallee.et al. (2016) begin with the perspective that buyers 
fully internalize future fuel costs into vehicles' purchase prices and cannot reliably reject that 
hypothesis; their base specification suggests that changes in vehicle prices incorporate slightly 
more than 100 percent% of changes in future fuel costs. For discount rates of five to six percen1, 
the Busse et al. (2013) results imply that vehicle prices retlet:t 60 to 100 percent% of future fuel 
costs. As Table VI-91 Table Vl-91 suggests, higher private discount rates mo'>"e all of the 
estimates closer to full valuation or to over-valuation, while lower discount rates imply less 
complete valuation in all three studies. 

acknowledge thac borrowiµg rates could be higher in some cases, which could be used tojusfri): higher discount 
rates. Rather than assuming a specific discount rate, Busse et a!. (20\3) directly estimate implicit discount rates at 
which future fuel costs would be fully internalized; they find disco uni rates of six to 21 percent% for used cars and 
one to 13 percent% for new car> at assumed demand el~sticities ranging from -2 to -3. TI1eir estimates can be 
translated into the percent of fuel costs internalized by consumers, assuming a particular discount race. To make 
these resuhs more directly comparable to the other two studies, we assume a range of discount rates and uses The 
authors' spreadsheet tool to translate their results into the percent of fuel costs internalized into tbe purchase price at 
each rate. Because Busse et al. (2013) estimate the effoct.s offutur,, fuel eosts on vehicle prices separatel)' by fuel 
economy quartile, these results depend on which quartiles of the fuel economy distribution are compared; our 
summary shows results using the full range of quartile comparisons. 
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Table Vl-91 - Percent of Future Fuels Costs Internalized in Used Vehicle Purchase Price 
using Current Gasoline Prices to Reflect Expectations (for Base Case Assumptions) 

Authors (Pub. Date) Oiscoont rate 

3% 5% 6% 10% 

Busse, et al. (2013)* 54%-87% 60%-96% 62%-100% 73%-117% 

A!lcott & Wozny (2014) 48% 55% 65% 

Sallee, et al. (2016) 10!% 142% 

*Note: The ranges in the Busse et al. estimates depend on which quartiles of the fuel'economy dis!ribution are 
compared. With no prior on which quartile comparison to use, this analysis presents the full quartile comparison 
range. 

The studies also explore the sensitivity of the results to other parameters that could 
influence their resuhs. Busse et al. (2013) and Allcott & Wozny (2014) find that relying on data 
that suggest lower annual vehicle use or survival probabilities, which imply that vehicles will not 
last as long. moves their estimates closer to full valuation, an unsurprising result because both 
reduce the changes in expected future fuel costs caused by fuel price fluctuations. Allcott & 
Wozny's (2014) base results rely on an instrumental variables estimator that groups miles-per
gallon (MPG) into two quantiles to mitigate potential attenuation bias due to measurement error 
in fuel economy, but they find that greater disaggregation of the MPG groups implies greater 
undervaluation (for example, it reduces the 55 percent% estimated reported in Table Vl-88Table 
Vl-88Tabie'1 to 49 percent%). Busse et al. (2013) allow gasoline prices to vary across local 
markets in their main specification; using national average gasoline prices, an approach more 
directly Comparable to-the other studies, results in estimates that are closer to or above full 
valuation. Sallee et al. (2016) find modest undervaluation by vehicle fleet operators or 
manufacturers making large-scale purchases, compared to retail dealer sales (i,e., 70 to 86 
percent%). 

Since they rely predominantly on changes in vehicles' prices between repeat sales,,most 
of the valuation estimates reported in these studies apply most directly to buyers of used 
vehicles. Only Busse et al. (2013) examine new vehicle sales; they find that consumers value 
between 75 to 133 percent% of future fuel costs for new vehicles, a higher range than they 
estimate for used vehicles. Al!coft & Wozny (2014) examine how their estimates vary by 
vehicle age and find that fluctuations in purchase prices of younger vehicles imply that buyers 
whose fuel price expectations mirror the petroleum futures market value a higher fraction of 
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future fue l costs: 93 percent% for one- to three-year-old vehicles, compared to their estimate of 
76 percent% for all used vehicles assuming the same price expectation.

II51 

Accounting for differences in their data and estimation procedures, the three studies 
described here suggest that car buyers who use discount rates of fi ve to six percent value at least 
half- and perhaps all-of the savings in future fuel costs they expect from choosing models that 
offer higher fuel economy. Perhaps more important in assessing the case for regulating fuel 
economy, one study suggests that buyers of new cars and light trucks value three-quaners or 
more of the savings in future fuel costs they anticipate from purchasing higher-mpg models, 
although this result is based on more limited information: 152 

In contrast, previous regulatory analyses of fuel economy standards implicitly assumed 
that buyers undervalue even more of the benefits they would experience from purchasing models 
with higher fuel economy, so that, without increases in fuel economy standards, little 
improvement would occur, and the entire value of fuel savings from raising CAFE standards 
represented private benefits to car and light truck buyers themselves. For instance, in the EPA 
analysis of the 2017-2025 model year CO2 standards, fuel savings alone added up to $475 billion 
(at three percent discount rate) over the lifetime of the vehic les, far outweighing the compliance 
costs: $ 150 billion). The assenion that buyers were unwilling to take voluntary advantage of this 
opportunity implies that collectively, they must have valued less than a third ($150 bill ion/$4 75 
billion = 32 percent%) of the fuel savings that would have resulted from those standards. In fact, 
those earlier analyses assumed that new car and light truck buyers anach relatively little value to 
higher fuel economy, since their baseline scenarios assumed that fuel economy levels would not 
increase in the absence of progressively tighter standards, despite increasing fue l prices. The 
evidence reviewed here makes that perspective extremely difficult to justify and would call into 
question any analysis that claims to show large private net benefits for vehicle buyers attributable 
to increases in fuel economy standards. 

What analysts assume about consumers' vehicle purchasing behavior, particularly about 
potential buyers' perspectives on the value of increased fue l economy, clearly matters a great 
deal in the context of benefit-cost analysis for fue l economy regulation. In light of this recent 
evidence on this question, warrants a more nuanced approach that is more nuanced than merely 
assuming that buyers drastically undervalue benefits from higher fuel economy, (and that, as a 
consequence, these benefits are unlikely to be realized without stringent fuel economy standards) 
seems warranted. One possible approach would be to use a baseline scenario where fuel 
economy levels of new cars and light trucks reflected full (or nearly so) valuation of fuel savings 
by potential buyers in order to reveal whether setting fuel economy standards above market
determined levels could produce net social benefits. Another might be to assume that, unlike in 
the agencies' previous analyses, where buyers were assumed to greatly to undervalue higher fuel 
economy under the baseline but to value it fully under the proposed standards, buyers value 

1151 Allcott & Wozny (2014) and Sallee, el al. (2016) also find 1hat future fuel costs for o lder vehicles are 
substantially undervalued (26-30% ).% percent).% ). The pattem of Allcott and Wozny's resulls for different vehicle 
ages is similar when 1hey use retai l transaction prices (adjusted for customer cash rebates and trade-in values) 
instead of wholesale auction prices, a lthough the degree of valuation falls subslantially in all age co horts with the 
smaller, re tail price based sample. 
1152 [Text Fonhcoming) 
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improved fuel economy identically under both the baseline scenario and with stricter CAFE 
standards in place. 

The agencies requested comment on the consumer valuation of fuel economy and its use 
in the N PRM analysis. CBD and the North Carolina Department of Environmental Qual ity took 
issue w ith the agencies' characterization of the literature on the value of fuel economy, citing 
EPA 's previo us determination that the estimates in the literature represented too large a range, 
and the degree of uncertainty made including a value of fuel economy challenging. This final 
rule analysis accounts for the value of fuel economy in several places, though it uses a more 
conservative value than is suggested by the literature summarized above. Manufacturers have 
consistently told the agencies that new vehicle buyers will pay for abo ut 2 or 3 years' worth of 
fuel savings before the price increase associated with providing those improvements begins to 
impact affect sales. We have assumed the same valuation, 2.5 years. in all components of the 
analysis that reflect consumer decisions regarding vehicle purchases and retirements. 11

"
3 
•.• This 

analysis explici tly assumes that: I) consumers are willing to pay for fuel economy improvements 
that pay back within the first 2.5 years of vehicle ownership (at average usage rates); 2) 
manufacturers know this and will provide these improvements even in the absence of regulatory 
pressure; 3) potential buyers weigh these savings against increases in new vehicle prices when 
deciding to retire a vehicle; and 4) the a mount of technology for which buyers wi ll pay rises (or 
falls) with rising (or falling) fuel prices.115

-1. Excluding the value of fuel economy entirely from 
these calculat ions does not remove it from the analysis; it merely imposes an implausibly low 
value on the desired payback period of new vehicle buyers and manufacturers - regardless of 
fuel prices or technology costs. And whi le the agencies acknowledge the uncertainty around the 
estimates in the literature, zero is far removed from the lower bounds of any study. 

CARB asserted1155· 1156 that the various market fai lures ~ hl!!!!!t:,tcJ by the agencies 
in past ru les (lack of information about fuel savings from higher MPG. inability to calculate cost 
savings from higher MPG, loss aversion, first-mover disadvantage), together with advertising 
that only emphasizes fuel economy during periods of high fuel prices, leads buyers to undervalue 
fuel economy. In contrast, CARB (and others-such as SCAQMD.r151

• Alliance to Save 

,w When accounting for social benefits and costs associated with an alternative, the full lifetime value of fuel 
savings is included. 
1114 NADA, the Alliance of Automobile Manufacturers. and American Fuel and Petrochemical l'vlanufacturers 
argued that CAFE/ COc standards have already reached the point where the price increases necessary to recoup 
manufacturers' increased costs for providing further increases in fuel economy OU(\\;'eigh the value of fuel savings, 
and requiring further increases in fuel economy will reduce new vehicle sales. The sales response in the final rule 
recognizes and incorporates the effect of fuel prices and fuel economy on new vehicle purchases. (J\HTSA-2018-
0067-12064-25. NHTSA-2018-0067-12073-2. NHTSA-2018-0067-12078-29) 
"'' NHTSA-~018-0067-1 I 873-117 
1156 NJ-ITSA-~018-0067-11873-21 
"" NHTSA-20 !8-0067-11813-42 
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Energy,1158, Save EPA,115" AAA,1 16° CBD,1161 CFA,116" Consumers Union,116> EDF.1164 and 
lPl 1165) argues elsewhere that new vehicle buyers do value fuel economy highly, and nearly fully 
once fuel prices return to "normal'' levels. The agencies· payback period assumption, and the 
matching adjustment it makes to changes in new car prices to account for accompanying changes 
in fue l economy, recognizes that on average potential car buyers value a significant share of 
lifetime cost savings resulting from higher fuel economy. The agencies considered longer 
payback periods along the lines suggested by Consumer Federation of America (CFA),116(, but 
chose 2.5 years as a conservative approach. The agencies conducted a sensitivity analysis using 
a 5 year valuation - - the value preferred by CF A. Our assumption is consistent with survey 
evidence cited by the commenters. but at odds with their assertions that this program is necessary 
to save buyers from their own limited abi lity to make decisions in their best interest. 

Both CAFE standards and regulation of vehicles' CO2 emissions have increasingly been 
justified- in recent rulemakings- including by NHTSA and EPA-by the assertion that buyers 
do not take full advantage of opportunities to improve their own well-being, by purchasing 
models whose higher fuel economy will more than repay their higher initial. purchase prices in 
the form of future savings in fuel costs. This is fundamentally different from asse11ing that some 
externality-whereby buyers' choices cause economic harm to others-or other market failure 
exists to justify regulating fuel economy or CO2 emissions, whether at all or more aggressively 
than at present. El',\ aml '>, I ITS,.\ ha•,<' rwe, lt<li .I: labt'letl 1111. helia\ ior an e•u:111if!I<' nf 1lle 
:-_-~~ rarndo•,:· .. hereh~ (!(>n_;um,m, aprear, ol1i11H1ril: IR forega im e 1ment, iH tmerg~ 
cl:lA ,er,atitin e, en ,1 h.-n tl1t1.,<' initial im e ,m1enb aJ')pear 1t1 rer<1;, them ,eh""-' in the !lmi. ,,t 
;;1, i11,;., in ener:r., ce!,tS ,,1 er 1lw relati1 t.>1) 11ear lenn.w.:;: The ·,tuElie .. , 1:1mnH1ri,~cs in thh 
•,eetifln edll into qt1e .1i01i the imponam:t! ttr e,en e•,i .,h!nce ef .,tieh t1 rar.1,fo•,. 

IPI commented that the agencies' obligation to consider market fai lures in setting 
standards derives not just from Executive Order 12,866 but also from the agencies' respective 
statutes, and argued that the agencies had defined market failures too narrowly in their 

11
" NIITSA-2018-0067-11837-5 

1 "'' NHTSA-2018-0067-11930-11. 
1160 NHTSA-2018-0067-11979-1. 
11 61 NHTSA-2018-0067-12000-32. 
116' NHTSA-2018-0067-12005-50. 
1163 NHTSA-2018-0067-12068-3 l . 
IIM NHTSA-2018-0067-1 2108-28. 
116' NHTSA-20 18-006 7-1 2213-34. 
' '"" NHTSA-2018-0067-1 WOS-55. 
~ I 11 \ l! c .... , .. JI r_ I 11----+,,.--t ~ul I 111,d I_ lcllu~ I :_11 - :1 _.;4--..,...1 I IJ11,_ \ cl clr-4_.+~ 
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proposal.116~ Specifically, lPl stated that NHTSA's task under EPCA is "not so restricted-to only 
protecting consumers from gas price spikes," and argued that NHTSA must also consider 
"externalities relating to energy security, national security, positional goods, global climate 
change, and air and water pollution associated with fuel production and consumption: 
asymmetric information, attention costs, and other inforniation failures; intemalitics, including 
myopia; and various supply-side market failures, including first-mover disadvantage."1169 

For EPA's task under the CAA, IP] stated that, although while EPA must "protect the 
planet from unchecked climate,change, [it] must not ignore other related market failures that 
cause harm to public health and welfare, including the issues and market failures [described for 
NHTSA above]."1170 IP! argued that the proposal was arbitrary and capricious for not 
"consider[ing] important aspects of the problem set before the-agencies by Congress," and also 
for not considering the market failures discussed in the 2012 final rule. 1171 CBD, et al., asserted 
similarly that the agencies' respective statutes require their actions to be-more technology
forcing than what markets would otherwise achieve, in effect arguing that innovations in 
technology confer external benefits that vehicle manufacturers or buyers do not fully 
consider. 117: 

With regard to the specific market failures C' AFE and CO2 standards could potentially 
address, Global Automakers suggested that climate effects are indeed an extemality that more 
stringent standards can address, 1173 while CF A stated that regulating fuel economy and CO2 

emissions can address an extensive catalog of market failures, including externalities, marketing, 
availability of fuel-efficient models, transaction cost friction, information asymmetry, behavioral 
issues, and access to capital, among others. 1174 CF A asserted that advances in economic theory 
had heavily criticized the neoclassical model, and that "a great deal of empirical research 
supporl.5 [that] standards are seen as an important and, in many ways, preferred policy 
approach.'' 1175 On this basis, CF A stated that attribute-based standards that ''are set at a 
moderately aggressive level" and are "consistent with the rate of improvement that the auto 
industry achieved in the first decade of the fuel economy standard setting program," among other 
things, would address t_he market failure. 11 76 

!Pl argued that regulation of fuel economy (presumably also C01 emissions) is necessary 
because "many vehicle attributes, like horsepower and size, are positional goods-that is, they 
confer status on buyers of cars and light truck models that feature them prominently, so 
regulation of fuel economy can help correct the positional extemality."1177 JP! also noted the 

116' !Pl, Appendix, NHTSA-2018-0067-12213, at 9-10. 
lloO id. 
nm Id. 
llll Id. 
''" Joint S,ummary Comments of Environmental, Advocacy, and Science Organiiations [hereafter, ··cBD, el al.'"), 
NHTSA-2018-0067-12057, at 2, 9. 
,m G!obal,AttacbmentA, at A-22. 
ma CFA, main comments, NHTSA-2018-0067-12005, at 61-64. 
'
175 /d.,at63. 

117• Id., at 64. 
,m !Pl, Appendix, at 33. 
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externality of health effects associated with refueling. IP! cited Alcott and Sunstein (20 15) to 
argue, like CFA, that fuel economy standards can correct market failures like informational 
failure, myopia, supply-side failures, positional externalities, etc., and by do ing so, can provide 
net private welfare gains- that is, improve the util ity of vehic le buyers themselves, not just that 
of orher households or businesses.1178 

EDF and CARB both asserted that an energy paradox exists in the case of fuel economy, 
with EDF arg uing ( like CFA) that information asymmetry-that is, unequal access of vehicle 
manufacturers and potential buyers to information about the cost savings likely to result from 
owning higher-mpg models-coupled with limited availability of fuel -efficient models, leads 
consumers to purchase vehicles w ith lower fuel economy than they otherwise would.1179 CARB 
simply stated that the N PRM analysis did not account for the energy paradox. 1180 

The agencies agree with commenters that market failures CAFE and co~ standards can 
help to address are likely to exist, but question whether all o f the phenome na in the broad catalog 
identified by commenters actually represent market failures, or instead simply reflect consumers' 
preferences for features other than fuel economy_ll st Further, the agencies also question the 
extent to which more stringent CAFE and CO2 standards are necessary to address the phenomena 
identified by commenters or are likely to be effective in do ing so, regardless of whether they are 
market failures. In the agencies' view, neither the logical arguments nor the limited empirical 
evidence that comm enters p resent convinc ingly demonstrate the capacity of more stringent 
CAFE and CO2 standards to resolve, or even mitigate, any of the various phenomena 
commenters describe as market failures. However, this question is more appropriately addressed 
in Section [legal justification], as it pertains to the level of stringency chosen. 

For example, the idea that regulating fuel economy and CO2 emissions can mi tigate the 
consequences of inadequate access to information, simply by placing decisions that depend on 
complete informatio n in regulators' hands, rather than buyers' hands, has superficial appeal. Yet 
commenters do not establish e ither that such a drastic step is necessary to overcome the 
inadequacy of information, or that it will be more effective t han less intrusive approaches such as 
expand ing the range of information available to buyers. As 0MB Circular A-4 notes, "Because 
information, like other goods, is costly to produce and disseminate, your evaluation wil l need to 
do more than demo nstrate t he possible existence of incomplete or asymmetric information."1181 

"" Id., at 34. Nole, however. tha1 the reference cited does not address the question of whether fuel economy 
standards can be effective in correcting those market failures. I; instead, it explores the circumstances under which 
fuel economy standards can improve welfare when vehicle buyers undervalue savings in fuel costs from purchasing 
more fuel-efficient models. See Allcon. Hunt, and Cass R. Sunstein . .. Regulating lnternalities." Working Paper 
20087, National Bureau of Economic Research, May 2015, available a t hnps://www.nber.org/papers/w21 I 87.pdf. 
1179 EDF, main comments. NHTSA-2018-0067-12018, at 88-89. 
118° CARB, Detailed Comments. l\'HTSA-20 18-0067- 11873. at I 88-189. 

11" Circular A-4, at 5. 
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In the few cases where commenters cite empirical evidence to support their arguments 
that stricter fuel economy and co~ regulations are an appropriate response to market failures, if 
the evidence has been is limited and unpersuasive. As an il lustration, the freq uent assertion that 
buyers' widespread aversion to the prospect of financial losses makes them hesitant to purchase 
higher-mpg models appears to be traceable to evidence derived from classroom experiments on 
limited numbers of university students, rather than to empirical evidence drawn from buyers· 
observed behavior.1183 Commenters' repeated emphasis on loss aversion as a critical source of 
buyers' unwillingness to choose levels of fuel economy that are in their own financial interest 
also ignores research that appears to discredit the concept as a motivation for such systematic or 
universal behavior by consumers.11R

4 

Another example is commenters· repeated citat.ion of the study of households' difficulties 
in analyzing the financial value of purchasing vehicles with higher fuel economy conducted by 

118) CFA at pp. 16 .& 20. Consumers Union at Attachment 4. p. 12. JCCT at pp. 5 &. 6, CARB at p. 214. and States 
at p.87 each assen that loss aversion is an important source of car buyers· hesitance to purchase higher-mpg models. 
variously c iting Greene, D3\·id L.. John German, and !\•lark A. Delucchi. "Fuel Economy: The Case for Market 
Failure,'' Reducing Climate Impacts in the Transponatio n Secto r, Springerin James S. Cannon and Danie l Sperling. 
eds .. ,Springer. 2009, at pp. 181-205: (2009):: Greene, David L. (2010).) .. ). How consumers value foci economy: A 
literature review(No. EPA-420-R- 10-008): Greene. David .L., "Uncertainty. Loss Aversion and /vlarkets for Energy 
Efficiency'', Energy Economics, volvVolvol. 33. al pp. 608-6 I 6. ( 2011 ;):: and Greene. David L.. "Consumers' 
Willingness to Pay for Fuel Economy: Implications for Sales of New Vehic les and Scrappage of Used Vehicles ... 
attachment to co mments by CARB. Oct. I 0. 2018. However, no ne of these sources presents empirical evidence on 
how the frequency ofactualcommon loss aversion acwally is among real world vehicle buyers. instead simply 
asserting (or implicitly assuming) that loss aversion it is likely to be widespread. Further, their ( identical) estimates 
of the degree ofloss aversion a re d ifficult to trace. and appear to be drawn from classroom exercises administered to 
limited numbers of university students. not from empirical research. involv ing real world vehicle buyers. One 
source cited for their repeated assenion that losses ofa g iven dollar amo unt are valued twice as highl) as gains of 
the same amount is Gal, David, "A psychological law of inenia and the illusion of loss aversion," Judgment and 
Decision Making, Vol. I. No. I. at pp. 23-32 (July 2006,), pp. 23- 32. but this reference does not report sucl1 a value. 
Another source repeatedly cited by Greene and co-authors, Benartzi, Shlomo. and Richard H. Thaler. "Myopic Loss 
Aversion and the Equity Premium Puzzle,"Quanerly Journal of Economics. Vol. 110, No. I, at pp. 73-92 (February 
1995). pp. 73-92. docs report this value (at p. 74). altho ugh only in passing, and cites other references as its orig inal 
source. The o riginal sources of the c laim that losses are values twice as highly as equivalent gains appear to be 
Kahne111an, Daniel, Jack L. Knetsch, and Richard H. Thaler, "Experimenta l Tests of the Endowment Effect and the 
Coasc Theorem," Journal of Po litical Economy, Vol. 98. No. 6.,. pp. 1325-48 . (Dec .. 1990) (, pp. 1325-1348, 
specifical ly Section II) , pp. 1329- 1336; and Tversky. Amos. and Daniel Kahneman. " Loss Aversion in Riskless 
Choice: A Re ference-Dependent Model," Quarterly Journal of Economics, Vol. I 06. No. 4. at pp. I 039-61 (Nov .. 
1991) (, pp. I 039- 1061 , specifically pp. I 053-1054 ). Neither of these references. however, makes any claim about 
the generality of the estimate or its applicabi lity to non-experimental settings for consumer behavior. 
''" See Gal. David, ''A psychological law of inertia and the illusion of loss aversion," Judgrnem and Decision 
Making. Vol. I. No. I. PPpp. 23-32 (July '.'006.) pp. 23- 32.; Ercv, !., E. Ert, and E. Yechiam. "Loss aversion, 
diminishing sensitivity , and the effect ofexpericncc on repeated decisions,.", Jo urnal of Behavioral Dec ision 
Making, Vol. 2 1 (2008), pp. 57S-597; (2008);; Erl, E .. and I. Erev, "On the descriptive value of loss aversion in 
decisions under risk: Six clarifications,'' Judgment and Decision Making, Vol. 8 (2013). at pp. 214-235; (2013);: 
Gal. David and Rucker, Derek, ''The Loss o f Loss Aversion: Wil l It Loom Larger Than Its Gain?"?". Journal of 
Consumer Psychology. Vol. 28 No. 3, (July 2018), at pp. 497-5 16 (July 2018) available at 
(Imps: n11linclibr.1ru1 ik, ·"'"" doi nb, t0. 1110~ jcp,. I 0-17): and Gal, David, "Why the Most lmponant Idea in 
Behavioral Decisio n-Making Is a Fallacy," Scienti fic American, Observations, (July 31. 2018), available a t 
(https://blogs.scientificamcrican.com/observations/why-the-most-imponant-idea-in-behaviora l-decision-making-is
a-fallacy/ ). 
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Turrentine and Kurani, which relies on interviews with a limited number of subjects, a mere 57 
California households. to conclude that consumers are generally unable to perform the 
calculations necessary 10 estimate the value of fuel savings.1185 At the same time, these 
commenters ignore the wealth of detailed, publicly-available information on the fuel economy of 
new vehicle models, and shoppers' ready access to user-friendly tools to estimate the savings 
they are likely to realize from purchasing higher-mpg models-including the label that 
prominently spells this out. in color and, in large font (see Figure Vl-39), which is legall) 
required to be prominently displayed on all new cars vehicles offered for sale.1186 Separately. 
new car dealers are required to prominently to display the Federal Fuel Economy Guide for each 
model year of new vehicles offered for sale, which provides fuel economy information for all 
vehicles from that model year. 1187 

1115 ICCTat p. -I and Consumers Union at p. 12 (among others) . ci1eciteing Turremine. T. S .. & Kurani. K. S., "'Car 
buyers and fuel economy?"""". Energy polic) . \'ol. 35 1'\o. 2 (2007), at pp. 1213-1223. a,ailable at . (2007) .. 
hue,: '"'" .,cienccdircct.c"rn ,cicm·c "nidc rii SO~Ol-1' I ,ot,(Kll 'OO, as evidence that new-car shoppers are 
general ly incapable of calculating the savings they would realize from purchasing a higher-mpg model. and funher 
misi nterpret the study as evidence that buyers invariably underestimate the value of increased fuel economy. Yet 
this widel) relied-upon analysis included only 57 households. all located in Califomia. As an illustration. citing 
Turrentine and Kurani. ICCT assens ""There is substantial circumstantial evidence that most co1~w111ers i111he US. 
place a lo\\ , ·alue on fuel economy.:· ICCT at 4 (emphasis added). Sel! ICCT. : · (p. 4. (. emphasis added). I 
Similarly. Consumers Union asserts ·'Households do not track gasoline prices over time and cannot accurJtel) 
estimate future gas 
prices o r cost savings."" See Consumers Union at. ( p. 12 (), again citing Turrentine and Kurani as authority ). 
1186 See 15 U.S.C. 1531. er seq .. and 49 CFR 575.401. 
"" 40 CFR 600.-105-08 and 600.-107-08. 
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Figure \11-39 - Fuel Economy and Environment Label Example 

Similarly, no commenters offer evidence to support their assertion that buyers or the 
public actually view features such as styling, size, or performance as "positional goods" to which 
other potential buyers might aspire, or consider the possibility that high fuel economy or 
advanced technology (such as hybrids or electric vehicles) might ihemselves represent such 
positional anributes.1188 Nor do commenters provide evidence of the extensiveness or empirical 
significance that of the aspects of behavior they allege lead buyers to underinvest in fuel 
economy, such as unwill ingness to spend time or effo1t estimating likely fuel savings, 
inattentiveness to the economic and social importance of improved fuel economy, inability to 

" " For evidence tha1 prestige appears to be a mo1ivation for purchasing advanced-technology vehicles, see Hidrue, 
Michael K .• c l al.. "Willingness to pay for clcclric vehicles and their anributes;· Resource and Energy Economics. 
Vol. 33, Issue 3 (September 2011 ). at pp. 686-705; Chua. Wan Ying, Lee. Alvin and Sadeque. Saalem ~0 I 0, ·'\\~1y 
do people buy hybrid cars?;· Proceedings of Social Marketing Forum, University of Western Aus1ralia, Perth. 
Western Austrnlia, Edith Cowan University. Church lands. \V.A., at pp. 1-13; Liu. Yizao. "llousehold demand and 
willingness to pay for hybrid vehicles;· Energ.y Economics. Volume 44. 2014. at pp. I 91-1 97: Hur. Won-Moo, 
Jeong Woo, and Yeonshim Kim. ''The Role of Consumer Values and Socio-Demographics in Green Product 
Satisfaction: The Case of Hybrid Cars." Psychological Reports, Volume 117. issue 2. October 2015. at pp. 406-427. 
A useful summary of many studies appears in Table I (p. 196) ofllfakoto Tanaka, Takanori Ida. Kayo Murakami, 
Lee Friedman. "Consumers' willingness to pay for alternative fuel vehicles: A comparative discrete choice analysis 
between the US and Japan,"Transportation Research Part A: Policy and Practice, Volume 70. 20 14. at pp. 194-209 
(Table I at p. 196). Some of these studies find that buyers are apparently willing to pay significant price premiums 
for the prestige o r status value of hybrids or battery-electric vehicles- which their authors speculate may derive 
from their "greenness"- because their purchases cannot be explained on the basis of economic or financial 
considerations. Others find that average or typical shoppers' willingness to pay advanced-technology vehicles is 
below the price premiums they command. suggesting that their purchasers must derive some status or prestige value 
from owning and driving them. 

523 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

obtain infonnation about the savings it offers them, or incorrect '•framing" of . .the choice among 
models with different levels of fuel economy. are widespread or empirically significant. 

The most frequent argument that such a gap exists is the observation that many U.S. 
vehicle buyers seem unwil ling to pay higher prices for models whose increased fuel economy 
would appear to repay their addit ional investment within a relatively brief ownership period. 
Two issues with this argument are readily apparent. First, it does not account for potential 
sacrifices in other vehicle attributes that consumers value, which manufacturers may be forced to 
make in order to achieve higher fuel economy without increasing vehicles' purchase prices 
beyond consume rs' willingness to pay. Second, those claims unavoidably involve su~jective 
assumptions about consumers' "time preferences," which are revealed by the rates at which they 
implicitly discount future fue l costs, and thus evaluate savings from purchasing more fuel
efficient mode ls. 

Fu11her, even putting these two concerns aside, comparing future fuel savings to the costs 
of purchasing more expensive models that offer higher fuel economy demonstrates only that 
buyers are not behaving as anaZvsts expect them to behave and believe they should behave. 
These comparisons do not demonstrate that consumers are necessarily acting irrat ionally, and 
such comparisons cannot diagnose the nature of information shortcomings buyers face, reasons 
that they might interpret such in formation incorrectly, or behavioral inconsistencies they may 
exhibit. More important, reciting a catalog of reasons why buyers mighr undervalue potential 
savings from investing in higher-efficiency vehicle models does not provide evidence that they 
actually do so by their own estimat ion, and as discussed above, recent research seems to show 
that such behavior is not widespread, if it exists at all. 

Past joint rulemaking efforts by NHTSA and EPA have sought to 14.>i~,U!.!!.!e,t t1 

plausible explanation2 for car buyers' apparent perceived undervaluation of improved fuel 
economy. The agencies have occasionally rd it'd 1;111 plh~d explanations such as consumers' 
insufficient appreciation of the importance of fuel economy, the difficulty of obtaining adequate 
information about the fuel economy of competing models or of converting competing models' 
fuel economy ratings to future fuel costs and savings, or consumers' misunderstanding or 
mistrust of such information when it is provided to them. At other times, the agencies have 
pointed to consumers' "myopia" about the future- purporting that, for some reason, they 
consumers appear to underestimate future fuel costs and savings-and argued that shoppers are 
insufficiently attentive to fuel costs when comparing competing models, that the value of 
improved fuel economy is obscured ("shrouded") by vehicles ' other, more visible attributes, or 
that unce11ainty about the savings in fuel costs owners will actually realize causes them to 
undervalue those savings when comparing the upfront costs of models with di fferent fuel 
economy. 

Despite the frequency with which the agencies have cited these hypotheses, clear support 
for these hypotheses for them remains elusive. Consumers have long had ready access to 
detailed information about individual models' fuel economy, whic h appears prominently on the 
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labels displayed by new cars, 1 tR9 and is published in online 1 
l'H> and printed outlets that shoppers 

use routinely rely widely on to compare models. In addition, the fuel economy actual ly 
experienced by previous buyers of individual models is increasingly repo11ed in readi ly 
accessible on-line databases: 101 

Similarly, consumers appear to be well aware of the prices they pay for gasoline and how 
those vary among retail outlets, and are reminded c learly and frequently of t he financial 
consequences of their fuel economy choices each time they purchase fuel. There is also 
considerable evidence that drivers' forecasts of future fuel prices are more accurate than those 
issued by governme nt agencies or private forecasting serv ices.1192 Evidence that car buyers and 
owners anticipate extreme volatil ity in fuel prices, recognize that there is considerable 
uncertainty about future fuel prices and thei r potential savings from driving a higher-mpg model, 

118' Fuel economy labe ls have been displayed on the window s ticker of all new light duty cars and trucks s ince the 
mid-1970s. as required by the Energy Policy and Conservation Act. See https://www.epa.gov/fueleconomylhistory
fuel-economy-labeling. Among the information ,·11rren1z,· required to be posted on the fuel economy label is both an 
estimated annual fuel cost for the vehicle, as well as an estimate of how that cost compares to the fuel cost over five 
years for an average new vehicle, so it is unc lear what information consumers lack that prevents them from making 
an informed decision in tl1is regard. 
1190 See, e.g., hnp://www.fueleconomy.gov, where consumers can find and compare the fuel economy (CO, and 
smog emissions) of different vehicle models across model years, as well as upload infonnation about their own real
world fuel economy and compare it to other d rivers. 
11

Q
1 See id. 

1191 Anderson et al. repmt evidence that consumers believe fuel pr.ices are likely to remain constant in inflation
adjusted terms.: sSee Anderson, Soren T., Ryan Kellogg, and James M. Sallee, "What do consumers bel ieve about 
future gasoline prices?," Journal of Environmental Economics and Management, vol. 66 no. 3 (20131, at pp. 383-
403. (2013) .. Other evidence generally supporting this view is reported by Allcott. Hunt, "Consumers' Perceptions 
and Misperceptions of Energy Costs," American Economic Review: Papers & Proceedings, Vol. 101 No. 3 (201 I), 
at pp. 98- 104, (2011),, a lthough Allcott finds that some fraction of consumers consistently be lieves that gasoline 
prices will rise in the future. In related research. Anderson et al. demonstrate that consumers· expectations that 
gasoline prices will return to their current levels, even after sudden and significant variation, is generally accurnte; 
see Anderson, Soren T., Ryan Kellogg. James M. Sallee, and Richard T. Curtin, "Forecasting Gasoline Prices Using 
Consumer Surveys.",", American Economic Review: Papers & Proceedings, Vol. 101 No. 3 (20 11 ), at pp. I I 0- 14. 
(2011 ) .. In con trast 10 many consumers expectalion that fuel prices may vary over the future but will generally 
return to current levels, the U.S. Energy lnfonnation Administration predicted that gasoline prices would rise 
significantly over the future at the time the two prev ious rules establishing C AFEE standards for model years 20 12-
16 and 2017-21 were adopted. in 2010 and 2012; see Energy Information Administration (EIA), Annual Energy 
Outlook 2010 ), Table Al2, p. 131,, available at (l111n,: '""'·ei,1.~o, <1uth,b nrchi,c '1t'olll pdi"03~3i20101.pd l). 
Table A I 2, p. 131 :, and Annual Energy Outlook 2012, Appendix A, Table A 12, at p. 155, available at 
Omps; \\\\\\ .ei~u!n, outkhl~~ an..-hi\c nco l2 
pd!" :ippa.]'dl). Table A 12. p. I 55. As of those same dates, forecasts of future petroleum prices issued by other 
government agencies and most private forecasting services (with the notable exception o f HIS-Global Insight. which 
projected little or no increase in future prices) agreed closely with EIA"s forecasts that prices would increase 
s ignificantly over both the near- and longer-te rm futures: see EL>\, Annual Energy Outlook 20 I 0, Table I 0, at p. 86: 
and Annual Energy Outlook 2012, Table 23, available at . 
(lrnp~: "\\" .cin.go, outlooks ~m.:hi,.,; ai.:l) 12 tahle ~.i.php ). Expressed in constant-dollar tem1s, U.S. gasoline 
prices in 2019 a re essentially unchanged from those in 20 I 0, although prices have varied significantly above and 
below that level during the intervening period. See 
(http~: \\" \\,1:ia.c,o\ dnm pet hist Lt>all li.111dkr.~1~h'\'.'n- pet&:-i- l.'mrn epmO ptt' nu:-. <lp~'-\.:J 111). 
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and respond cautious ly to these uncertainties when evaluating competing vehicle models119
-' does 

not suggest a market failure as much as it suggests that consumers balance multiple, often 
competing objectives, and make choices based on the outcome of such balancing. 

In past rulemakings, the agencies have also hypothesized that consumers may 
"satisfice"- that is, select some minimum acceptable level of fuel economy, and then evaluate 
models that achieve that minimum on the basis of their other attributes. This explanation for 
buyers' reluctance to purchase more fuel-efficient vehicles ignores the possibility that they do 
account fully for the value of higher fue l economy in their decision-making, but simply value 
d ifferences in vehicles' other attributes more highly than they do fuel economy, which would not 
reveal irrat ional or myopic behavior. 

A related argument has been that because calculating the funire savings from choosing a 
model that features higher fuel economy is complicated, car shoppers resort to simplified 
decision ru les to choose among models with di fferent fuel economy, and relying on these rules
of-thumb causes them to choose models with lower fuel economy.1104 However, even if this 
were true, it is unclear why buyers' rel iance on simplified procedures or approximations for 
est imating the value of fue l savings would necessarily lead them to systematically to choose 
models with l01l'er instead of rather than higher fue l economy, rather than leading some to 
underinvest in fuel economy while others overinvest. 

The agencies have also frequently Je· . .:rib~tl raised lh1: rm~ibili1, lhm consumers -~re 
"loss averse," making them reluctant to pay the certain higher prices for models offering better 
fuel economy when the future savings they expect to real ize are more distant and less ce11ain.1195 

The agencies' past assumption that loss aversion is universal (and equally strong) among new
car shoppers appears to be a simplification that is largely unsupported by empirical evidence, and 
in any case has been challenged both as a widespread feature of consumer behavior and more 
specifically as an explanation for vehicle shoppers' reluctance to purchase more costly models 
that offer higher fuel economy .1196 Further, the extremely w ide variety of competing models 
among which car buyers can choose enables many of those searching for a model with better fue l 
economy at a comparable price to do so simply by choosing a versio n with fewer other features, 
which might partly offset the effect of their avers ion to the prospect of losses from paying a 
higher purchase price. Lastly, the agencies note that both increased fuel costs and increased 
upfront car prices will appear as "losses," so it is not obvious why potential buyers would react 
to them in different ways. 

11•-' For such evidence, see Al Icon. Hunt, "Consumers' Perceptions and Misperceptions of Energy Costs," American 
Economic Review: Papers & Proceedings, Vol. I OI No. 3 (2011 ). at pp. 98- 104; (201 I l:: Greene, David L .... 
(2010). "How consumers value fuel economy: A literature review" No. EPA-4~0-R-I0-008 (2010) (No. EPA-420-
R-10-008); Brownstone, David, David Bunch. and Kenneth Train, "Joint Mixed Logit Models of Stated and 
Revealed Preferences for Alternative-Fuel Vehicles," Transportation Research Part B. Vol. 34 (2000), at pp. 315-
338, (2000),. among many other sources. 
" "' See, e.g., 77 FR at 631 15 (Oct. 15, ~O J 2). 
119j Id. at 631 \4-15;see also 74 FR at 25511, 25653 (May 7. 2010). 
1196 See footnotes 65 and 66 above. 
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0MB Circular A-4 does mention that "(e]ven when adequate information is available, 
people can make mistakes by processing it poorly." It goes on to say that people may rely on 
"mental rules-of-thumb" that produce errors. or cognitive "availability" may lead to consumers 
overstating the likelihood ofan event. However, Circular A-4 also says ''the mere possibility of 
poor information processing is not enough to justify regulation," and that potential problems with 
information processing "should be carefully documented." Some of the above examples of 
potential market failures may fall into this category, but lack evidentiary suppott. As such, 
similar to claims of asymmetric information, it is very difficult to distinguish between 
information processing errors and behavior consistent with consumer preferences for time and 
other vehicle attributes that differ from what some parties believe they should be. 

Similarly, the agencies have occasionally noted I anti t't'mingl~ ,~~~n ui11~al nl t some 
consumers' apparent preferences for vehicle attributes that convey social status, such as size or 
styling, and suggested that they may give inadequate attention to fuel economy because it does 
not provide s imilar status. The agencies have also suggested that consumers may be reluctant to 
purchase more fuel-efficient models because they associate higher fuel economy with 
inexpensive, less well-designed vehicles. These might be plausible explanations, were they not 
contradicted by concurrent arguments that potential buyers are inattentive to or uninfo1med about 
fuel economy, or have difficulty isolating it from vehicles' other attributes. fuel economy from 
vehicles' other attributes. Moreover, the market currently offers a wide range of highly fuel 
efficient (and alternative fuel) vehicles at many different price points, including in the luxury and 
perfonnance segments, which belies the assumption that fuel economy is inconsistent with 
positional attributes. In any case, consumers' hesitance to choose models offering higher fuel 
economy because they are reluctant to sacrifice improvements in other vehicle attributes on 
which they place higher values cannot reasonably be characterized as a market failure. 

Although the agencies' past rulemakings have discussed the possibility that car buyers' 
apparent tendency to underinvest in fuel economy could plausibly be explained by their use of 
discount rates exceeding those the agencies employ to assess the presem value of fuel savings, 
we have generally dismissed that possibility. In combination with factors such as their valuation 
of vehicles' attributes other than fuel economy, differences in driving habits that affect fuel 
economy and in how much they expect to drive newly- purchased cars, variation in their 
expectations about future fuel prices, and tolerance for financial risk, differing attitudes about the 
importance of future costs relative to more immediate ones could readily explain buyers' 
apparent reluctance to purchase models offering fuel economy levels the agencies interpret 
previously interpreted as privately "optimal" choices. 

Finally, the agencies have also frequently speculated that vehicle producers ltfoi! t1H11 illitig 
1-&h:l\ .: not offer.:d models featuring the higher levels of fuel economy that buyers are willing to 
pay for, and that buyers' apparent underinvestment in fuel economy reflects this lack of choice. 
The agencies have speculated that such behavior by manufacturers could arise from their 
collective underestimation of the value that buyers attach to fuel economy, or failing this. from 
limitations on competition among them to supply improved fuel economy, whether voluntarily or 
as a consequence of the industry's structure. 1197 The agencies have also raised the seemingly 

m , See 75 FR at 25653-64 (May 7, 20 10), and 77 FR at 63 11 5 (Oct. 15, 2012). 
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contradictory argument that producers' more complete knowledge about fuel economy than 
potential buyers ("asymmetric information") causes them to provide lower levels than buyers 
demand, and speculated that deliberate decisions by manufacturers may limit the range of fuel 
economy they offer in particular market segments.1198 

The overarching theme of these arguments seems to be that vehicle manufacturers cannot 
identify---or can, but voluntarily forego---opportunities to increase sales and profits at the 
expense of their rivals by offering models that feature higher fuel economy. The agencies have 
sometimes ascribed this behavior to the risk that producers might incur large investments to 
produce the more fue l-efficient models that would enable them to seize these opportunities, but 
subsequently lose sales and profits to competitors who simply followed suit after their rivals 
were successful. This explanation is at odds with the customary view that innovative producers 
can be rewarded-even if only temporarily- with commensurate profits that justify taking such 
risks, at least to the extent the correctly assess consumer demand for that innovation. In any 
case, behavior on the part of individual businesses that leaves oppo1tuni ties to increase profits 
unexploited by an entire industry seems extremely implausible, particularly in light of the fact 
that auto manufacturers are profit-seeking concerns businesses whose ownership shares are 
publicly traded and thus subject to regular market valuation. It This notion also flies in the face 
of the actual automobile market, where extraordinarily efficient vehicles are available in every 
class of vehicle, including the availability of plug-in hybrid or fully electric vehicles. 
Automobile manufacturers can, and in fact are, competing on the basis of fuel economy. 

In sum, the agencies do not take a position in this rule on whether a fuel efficiency gap 
exists and constitutes a failure of private markets. Similarly, the final regulato1y impact analysis 
is not constrained in a manner that would ensure that the private net benefits of more stringent 
standards would be either positive or negative. Furthermore, the final regulatory impact analysis 
does not account for the possibility that more stringent standards could require manufacturers to 
withhold-and thus consumers to sacrifice---other vehicle attributes they value.1199 If this 
proved to be the case, more stringent alternatives could impose offsetting losses on buyers well 
beyond the increases in vehicle prices that are necessary for manufacturers to recover their 
outlays for adding new technology (or changing design features) to improve fue l economy. By 
not incorporating this possibility, the analysis supporting this final rule presents the a situation 
where adopting more stringent CAFE and CO2 emission standards aligns consumers' decisions 
with a simplified representation of their own economic interests. and by doing so improves their 
well-being from what they would experience under less stringent standards. In other words, our 
final modelling results reflect the case where a fuel efficiency gap persists (albeit of smaller 
magnitude than in previous analyses), despite our reservations about its likelihood. 

' " 8 [Text Forthcoming]. 
1199 This stance is consis1ent with the agencies' efforts 10 hold attributes 01her than fuel economy and vehicle prices 
constant at their values under the baseline altema1ive when evaluating other regulatory a lternatives. It simply means 
that if manufacturers were nol required to improve fuel economy further, they might instead e lect to improve other 
features of their vehicle models that buyers find attractive and are willing to pay more for than the required 
improvements in fuel economy. 
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b. Representing sales responses in CAFE/ CO:: 
analysis 

The approach used in the NPRM relied on a single model to produce the total number of 
new vehicle sales in each calendar year for a given regulatory scenario. Many commenters 
expressed reservations about the predicfrve capabilities of the model (CARB, North Carolina 
Department of Environmental Quality, EDF, Aluminum Association). As the Aluminum 
Association commented, "[D]eveloping a model to predict consumer reaction to changes in 
prices is complicated and highly sensitive to macroeconomic conditions, consumer confidence 
and employment levels." 111m As discussed above, we agree that development of such a model is 
complicated, and the agencies have elected to simplify the approach for the final rule. For the 
purposes of regulatory evaluation, the relevant sales metric is the difference between alternatives 
rather than the absolute number of sales in ariy of the alternatives. As SlJCh and in response to 
these comments and others previously addressed, the agencies divided the sales response model 
for the final rule into two parts: a nominal forecast that provides the !eve! of sales in the baseline 
(based primarily upon macroeconomic inputs), and a price elasticity that creates sales difterences 
relative to that baseline in each year. The nominal forecast does not include price, and is merely 
a (continuous) function of several macroeconomic variables that are provided to the model as 
inputs. \Vhile the statistical model used in the NPRM attempted to account for the influence of 
these other factors in estimating the price elasticity, the forecast in this analysis separates the two 
completely (as described further belo\v ). The price elasticity is also specified as an input, but 
this analysis assumes a unit elastic response of-1.0-meaning that a one percent increase in the 
average price ofa new vehicle produces a one percent decrease in total sales.1:oi 

The revised sales model features three broad changes: I) it uses the change in average 
vehicle price net of fuel costs instead of vehicle prices on their own. 2) it uses macroeconomic 
factors to project baseline sales without considering vehicle prices, and 3) it assesses the change 
in sales acrtiss the various regulatory alternatives considered using an own-price elasticity from 
the literature. These changes were made in response to comments that consumers are willing to 
pay for some level of fuel economy and vehicle prices and sales are simult(!neous!y and jointly 
detennined (e.g. endoge,nous). This section discusses these three broad changes, as well as other 
more technical and minor changes. 

The first component of the new sales response model is the nominal forecast, v.hich is a 
function (with a small set of inputs) that determines the size of the new vehicle market in each 
calendar year in the analysis for the baseline, It leverages some of the same structure of the 
statistical model used in the NPRM, though the dependent variable and some of the explanatory 
variables have changed. It is of some relevance that this statistical model is intended only as a 
means to project a baseline sales series. Some commenters raised econometric objections about 
the NPRM specification's ability to isolate the causal effect of new vehicle prices on new vehicle 

llOOl\1-JTSA-2018-0067-l 1952-4. 
IWI The "price increase" in this case represents the new vehicle price net ofa portion of fuel savings. described 
further in this section. 
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sales. The agencies note that the nominal forecast model does not include prices and is not 
intended for statistical inference. 

The forecast is derived from a statistical model that accounts for a similar set of 
exogenous factors related to new light-duty vehicle sales. In-paitkular, the model accounts for 
the number of households in the U.S., recent number of new vehicles,sold, GDP, and consumer 
confidence. The structure of the forecast model is similar to the NPRM model, which also used 
a ARDL specification, but even the variables that are common between the two models have 
different structural forms in the final rule version. In particular, the dependent variable has been 
transformed to reflect the fact that, as some commenters suggested, households are an important 
component of demand for new vehicles. As such, the dependent variable is defined as new 
vehicles sold per household. 121e While this variable still exhibits the cyclic behavior that new 
vehicle sales exhibit over time, the trend shows the number of new vehicles sold per household 
declining since the 1970's, as shown in Figure Vl-40Figure VJ-40, where the dotted line is the 
trend over time. As this time series is non-stationary, 1203 a lagged variable (the value in the 
previous year) is included on the right-hand side of the regression equation. In Addition, the 
mode! includes a lagged variable that represents the three-year running sum of new vehicle sales, 
divided by the number of households in the previous year. This variable represents the saturation 
effect, where the existing number of households can only buy so many new vehicles before a 
significant number of households already have one (and do not need to buy another). As vehicle 
durability and cost has increased over time, and average length of initial ownership has increased 
similarly, this variable acts to put downward pressure on sales after successive years of high 
sales (particularly during extrapolation). 

lW!Number ofl).-S. households is taken from Federal Reser,;e Economic data, 
https://fred.stlouistCd.org/series/ITLHH. 
""' Stationary refers to whether a time series statistical propenies are constant over time. Since car sales are 
increasing overtime. the time series non-stationary. 
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1970 1980 1990 2000 2010 

year 

Figure Vl-40 - New Light-Duty Vehicle Sales per Household in the United States, 1970 -
20 16 

Simi lar to the PRM model. the forecast model includes real U.S. GDP.1204 but in natural 
logarithm form (as some commenters suggested was more appropriate).1205 The final variable is 
consumer sentiment, as measured by the University of Michigan survey of consumers. 1206 As 
both of these series are non-stationary (determined by applying augmented Dickey-Fuller unit 
root tests to the time series), lagged versions of the variables are included to ensure stationarity 
in the residuals. The functional form appears below in Equation I Equation I. 

Equation I - Statistical Model Used to Generate Nominal Forecast 

NewYeh_per_HHr 
= C + {31 NewYeh_per_HHt- t + /32 3YrSumPerHHt-t + /33LN(GDPt) 
+ f34 LN(GDPt_1 ) + {35 Consumer _sentiment1 

+ /16 Consumer_sent iment1_ 1 

The model fit is described in Table Vl-92Table Vl-92. The included lag term of the 
dependent variable and both GDP variables are statistically significant at nearly zero, whi le both 
the lagged three year sum term and consumer sentiment are both marginally significant. Being a 

,ro, Federal Reserve Economic Data. avai lable at https:llfrcd.stlouisfed.orglseries/GDPC 1#0. 
1101 EPA-HQ-OAR-2018-0283-6220- I. 
1006 http://www.sca.isr.umich.edu/tables.html. 
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time series model, we also computed the Durbin-Watson test statistic for autocorrelation ( 1.7'7) 
and the Breusch-Godfrey test for serial correlation (0.65) at order I, The signs of the coefficients 
are all correct, in the sense that they are consistent with our expectations. 

Table Vl-92 - Summary of Forecast Regression Function 

new.,,eh.per.HH 

Predictors Estimates Cl p 

(lntercept) 0.21 0.10-0.32 <0.001 

lag(new.veh.per.HH) 0.70 0.45.- 0.95 <0.001 

lag( 3yrSum. per.HH) -0.08 -0.16-0.01 0.070 

LN.Real.GDP 0.44 0.25- 0.62 <0.001 

lag(LN.Real.GDP) -0.45 -0.63 - -0.28 <0.001 

Cons.sentiment 0.00 -0.00- 0.00 0.!36 

lag( Cons.sentiment) 0.00 -0.00- 0.00 0.948 

Observations 47 

R" I R:'-·adjusted 0.919/0.907 

Because the dependent variable is the number of new vehicles sold per household, it is 
necessary to multiply by the number of households to produce an estimate of new vehicle sales. 
This model is used to produce a forecast of new vehicle sales.out to 2050, so it is necessary to 
have forecasts of each variable used in Equation 1 Equation I through calendar year 2050. In an 
effort to be consistent ·with other inputs to the analysis, the. forecast of U.S. GDP is taken from 
the 2019 AEO. The forecast of households in this analysis comes from the Harvard Joint Center 
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for Housing Studies 2018 Household projections.1"07 The consumer confi dence forecast is taken 
di rectly from the University of Michigan index for 2017 and 2018, and from the Global Insight 
forecast of consumer confidence for all subsequent years. 

While the analysis could have relied on a forecast of new vehicle sales taken from a 
published source (the 2019 AEO, for example), us ing a function is an attractive option because it 
allows the CAFE Model dynamically to adjust the forecast in response to input changes. If a 
sensitivity case requires a forecast that is consistent with a set of specific, possibly unlikely, 
assumptions. a forecast of new vehicle sales that is consistent wi th those assumptions may not 
exist in the public domain, for example low GDP growth sensitivity cases. Using a functional 
form, as we have done here, allows the user to vary some of the assumptions to the analysis 
without creating inconsistencies with other elements of the analysis. However, it is incumbent 
upon the analyst to ensure that any set of assumptions that deviate from the cemral analysis are 
logically consistent. 

This function, and the set of assumptions contained in the central analysis. produces a 
forecast that is comparable in magnitude to the forecast in the 2019 AEO reference case, though 
there are differences. The two forecasts, and the percentage difference relative to the AEO :w 19, 
appear in Table Vl-93Table VJ-93, as does a recent forecast published by the Center for 
Automotive Research.1108 The reader will notice that even 2017 shows a discrepancy of nearly 7 
percent between the final rule forecast and the Annual Energy Outlook, one of the larger 
differences between annual forecasts. However. the final rule analysis is based upon the cet1ified 
production volumes of MY2017, which exceed 17 million units. So. while the difference may 
seem significant, the final rule volumes in 2017 represent the ground truth for model year 
production. 1109 The CAR forecast, while shorter in length, is consistently higher than both the 
AEO and final rule forecasts- though likely also includes class 2b (and possibly class 3) pickup 
trucks in its light vehicle forecasi. Finding a public forecast that explicitly excludes light-duty 
vehicles exempt from these regulations is challenging. However, all three forecasts exhibit 
similar trends-decreases in sales starting in 2019 that last for a few years before ticking up 
again slowly. As commenters observed, all forecasts are almost guaranteed to have some errors, 
and projections out to 2050 should be taken as potential future projections limited by our 
knowledge at the time, rather than an ironclad prediction of the future. 

Table Vl-93 - Comparison ofAEO2019 Forecast to Final Rule (Mill ion Vehicles) 

Percent 

Year 
AEO Final difference 

CAR 
2019 Rule {AEO, 

final rule) 

2017 15.95 17.01 6.6 17.2 

1207 hnps://www.jchs.harvard.edu/research-areas/,vorking-papers/upda1ed-household-gro"1h-projcc1ions-20 i 8-2028-
and-2028-2038. 
l '.WH http:i: ,, ,, ,, .can.!.roup.,,r~ u-~-lh.!~t-, 1.:hick-s3lc~H!\[k'Ct~_d-ttHal--i.:-:i~tl ip-in-~O 19 . last accessed I 1.21 .:!0 19. 
""" See CAFE Public Information Center, h1tps://one.nhtsa.govlcafo-__pic/CAFE_ PlC_ Home.htm. 

533 

-----. 
Commented [A304]: RE\'ISE: '\one ,,f1hc inputs are 
li~cl: 10 ~c afli:r1ed b: DOT polic). so "h) does it ~,em 
ad\alltagcou~ to he :1h!.:_to adj~t inputs'.1 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

2018 15.69 17.10 9.0 17.2 

2019 15.66 17.07 9.0 16.8 

2020 15.54 16.61 6.8 16.5 

2021 15.45 16.04 3.8 16.4 

2022 15.10 15.75 4.3 16.8 

2023 15.16 15.67 3.4 17.3 

2024 15.19 15.76 3.7 17.6 

2025 15.19 15.93 48 17.7 

2026 15.23 16.07 5.5 

2027 15.23 16.20 6.4 

2028 15.28 16.31 6.7 

2029 15.30 16.30 6.5 

2030 15.45 16.35 5.9 

2031 15.69 16.39 4.5 

2032 15.75 16.37 4.0 

2033 15.88 16.40 3.3 

2034 16.04 16.39 2.2 

2035 16.11 16.33 1.4 

2036 16.16 16.28 0.8 

2037 16.26 16.24 -0.1 

2038 16.35 16.22 "0.8 

2039 16.39 16.17 ·1.3 

2040 16.45 16.14 ·1.9 

2041 16.51 16.08 -2.6 
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2042 16.51 16.06 -2.7 

2043 16.53 16.04 -2.9 

2044 16.63 16.02 -3.7 

2045 16.69 16.02 -4.0 

2046 16.75 15.97 -4.6 

2047 16.74 15.94 -4.8 

2048 16.70 15.87 -5.0 

2049 16.72 15.80 -5.5 

2050 16.72 15.72 -6.0 

Although the forecast produces the total number of new vehicle sales in the baseline, an 
elasticity is imposed on price differences to produce sales changes between alternatives. The 
NPRM version of the model considered only differences in average new vehicle prices between 
alternatives, and the agencies received a number of comments (from CBD, IPL EDF, CARB, CA 
et a l., and Oakland et al., as well as recent peer reviewers) encouraging the agencies to account 
for some component of fuel savings associated with those price changes. In their comment, 
California et al. and Oakland et al. stated the model fai led "to consider how consumers wi ll 
respond to the reduced cost of operating the vehicle from better gas mileage and therefore 
inaccurately predicts a decline in vehicle sales under the existing standards."

12 10 
The agencies 

agree that price is not the only consideration, and that the value of fuel savings to new vehicle 
buyers is a lso relevant to the purchase decision. 

In previous rules, while the agencies produced analyses that qualitatively considered sales 
and employment impacts. the agencies acknowledged that fue l economy and CO~ standards were 
like ly to increase vehicle prices, while simultaneously reducing operating costs, and that 
estimating how consumers would choose to balance those two factors in the new vehicle market 
was challenging.'211 Furthermore, the agencies ~~egniNd thal there i a brnad ,>Ill e,i ,11, in lht' 
t't:t11111mie litera1ure haH' pre, iou,h used th.: ,1, li7ed foll that the price elasticity of demand for 

'''° NHTSA-20 18-0067- 1 I 735-73. 
' " 1 [Text Fon hcoming). 
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automobiles is approximately - 1.0. 1212 The agencies feel that a unit elasticity of - 1.0 is still a 
reasonable estimate.1213 

Because the elasticity assumes no perceived change in the quality of the product, and the 
vehicles produced under different regulatory scenarios have inherently different operating costs, 
the price metric must account for this difference. As commenters suggested is appropriate, the 
price to which the unit elasticity is applied in this analysis represents the residual price change 
between scenarios after accounting for 2.5 years' worth of fuel savings to the new vehicle buyer. 
This approach is consistent with the 2012 FRIA analysis of sales impacts, that which considered 
several payback periods over which the value of fuel savings_ was subtracted from the change in 
average new vehicle price. 

Similar to the NPRM, the price elasticity is applied to the percentage change in average 
price (in each year). However, the average price to which the elasticity is applied is calculated 
differently in the final rule in response to comments. As discussed below the price change does 
not represent an increase/decrease over the last observed year, but rather the percentage change 
relative to the baseline. In the baseline, the average price is defined as the observed new vehic.le 
price in 2017 plus the average regulatory cost associated with the alternative. In the case of CO" 
standards, the regulatOI)' cost is equivalent to the retail equivalent price of technology 
improvements. In the case of CAFE standards, the regulatory cost includes both technology 
costs and civil penalties paid for non-compliance in a model year. So the change in sales for 
alternative a in year y is: 

Equation 2 - Calculation of Change in Sales 

(llRegCosty a- o - llFuelCostsc a- o) 
6S alesy a = 

3 49 R · · Price Elasticity · N ominalSalesy 
, 44 + egCosty.o 

t.RegCost is the difference in average regulatol)' cost between alternative a and the 
baseline scenario in year y to make a vehicle compliant with the standards, $34,449 is the 

"" See. e.g. , Klcit, A.N., "The Effec1 of Annual Changes in A utomobile Fuel Economy Standards," Journal of 
Regulatory Economics. Vol.'.! ( I 990), at pp 151-72; Bordley, R .• "An O verlapping Choice Set Model of Automotive 
Price Elastici1ies,'' Transportation Research B, Vol. 288 no. 6 ( 1994 ), at pp 401 -408: a nd McCarthy, P.S. "l'vlarket 
Price and Jncome Elasticities of New Vehicle Demands." The Review of Economics and Statistics, Vol. LXXVII 
no. 3 ( 1996), al pp. 543-547. 
"" For example. a recent review of 12 studies examining vehic le price e lasticities conducted by the Cemcr of 
Au1omo1ive Researc h ("CAR") found a n "average short-run e lasticity of - I .09" and focusing "only those models 
which also employ time series methods, lhe average short-run own-price elasticity is higher yet. at -1 .25." CAR ·s 
own a nalysis found a -.79 short-run e las ticity . Appendix II of the CAR report shows that the long-run elasticities 
ranged from -.46 and -1 .2 wilh an average of-.72. In sum. a - 1.0 e lasticity is well-aligned with the totality of 
research. McAlinden Ph.D, Sean P., Chen, Yen, Schultz, Michael, Andrea. David J .. The Potential Effects of the 
2017-2025 EPA/NHTSA GHG/fuel Economy Mandates of the US Economy, Center for Automotive Research, Ann 
Arbor. Ml (Sept. 2016), available at hllps: '"' " .,arnroup.ur!! 11p-cnnw1L uploa,b 2017 112 fh,·-Pntential-rfl"cc1.,
,,r-1h,·-201 7 2025-rPA '\ I JTSA-(il l(il-ud-rcononn-\lamfatc,-rnHhc-l 'S-1.cnn,,,m .pdf. 
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average transaction price of a new vehicle in 20 I 6, Nomina/Sales is the forecasted sales (in the 
baseline) in year y. t:.FuelCosts is the change in average fuel costs over 2.5 years relative to the 
baseline in year y and PriceElasricity is -1.0: 

Equation 3 - Change in Fuel Costs Used to Compute Sales Differences 

( 
FuelPricet Fue/Pricet ) 

!1FuelCostsc,a- o = V hFE - N V I FE * 35000 
New e t,a ew e 1 t,o 

Where 35,000 miles is assumed to be equivalent to 2.5 years of vehicle usage.1214 We 
assume that consumers behave as if the fue l price faced at the time of purchase is the fuel price 
that they will face over the first 2.5 years of ownership and usage. Essentially, they behave as if 
fue l prices fo llow a random walk, where the best prediction of(near) future prices is the price 
today. Odometer data show that typical usage of new vehicles is about 14,000 miles per year, 
and that scrappage rates in the first few years of ownership are close to zero, so buyers can 
reasonably expect to travel the full annual mi leage in each of the first three years of ownership. 
Total sales in each a lternative (that is not the baseline) will equal Nomina!Sales1 + t:.Sa lesa., for 
a lternative a in year y. 

This implementation produces a range of differences in total sales, both between 
a lternatives and over time. Table Vl-94Table Vl-94 shows the range of differences in the final 
rule at the industry level for CO2, and Table Vl-95Table Vl-95 shows the sales changes under 
CAFE. While cost decreases between the basel ine and alternatives differ by program. one can 
see that removing the value of fuel savings from the price limits the sales increases in the 
alternatives to under 300,000 units in a single year under the preferred alternative, and about one 
percent of total sales between 20 I 7 and 2050. 

Table Vl-94 - Sales Changes Under CO2 Program 
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Model 
Sales and Differences lmillions) Avg Reg Cost and Ditlerences (thousand$) 

Year 
Baseline 0% increase 1.5% increase Baseline 0% increase 1.5% increase 

2017 17.010 0.000 0.000 554 - -

2018 17. 103 0.009 0.008 803 (40) (39) 

2019 17.069 0.028 0.025 1,067 ( 11 '.1} (100) 

2020 16.607 0.065 0.057 1.373 (255) (224) 

2021 16.037 0.1 17 0.1 05 1,689 (441) (399) 

'>022 15.753 0.201 0. 184 2,066 (750) (680) 

"" [Text Forthcoming]. 
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2023 15.673 0:.,,,1 0.207 2,23.3 (865) [781' 

2024 15.759 0.272 0.2.47 2J86 , 1,024) 1918\ 

2025 15.927 0.296 0.264 2,468 . ],J2Ql (9831 

2026 16.071 0.324 0.280 2,578 (1.238l (l,043l 

2027 16.198 0.327 0.277 2,596 i\,276• (1,046) 

2028 16.313 0.317 0.267 2,577 rJ,272) 11.036) 

2029 16.303 0.307 0.260 2,549 (1,263) 11.033) 

2030 16.354 o.29j 0.250 2.493 (1,221) (999) 

2031 16.390 0.280 0.239 2.441 (1,184\ (970\ 

2032 16.372 0.269 0.231 2,394 (l.147) (945) 

2033 !6.397 0.259 0.223 2,365 (1,112) (918) 

2034 16,389 0.248 0.214 2,338 (1.093) '9031 

2035 16.331 0.238 0.204 2,322 l],Q58l (886) 

2036 16.278 0.229 0.197 2,312 IJ,033) /862) 

2037 16.244 0.223 0.191 2,296 (1,014) (846) 

2038 16.219 0.215 0.184 2,294 (L0l2J (846\ 

2039 16.172 0.211 0,180 2.279 19931 183T\ 

2040 16.135 0.205 0.174 2,295 (989l (827) 

2041 16.078 0.200 0.170 2,307 (1,002) (841) 

2042 16.058 0.190 0.161 2,310 1999, (843\ 

2043. 16.040 0.181 0.153 2,369 11.0121 f855l 

2044 16.017 0.176 0.149 1,410 f\,020} /861) 

2045 16.018 0.174 0.147 2,460 (1,010} /856) 

2046 15.970 0.170 0.143 2.520 (9751 18321' 

2047 15.939 0.165 0.139 2,545 (955) (807) 
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2048 15.866 0.169 0.137 2.560 (930) (80]) 

2049 15.797 0.163 0.133 2-641 (965) /837) 

2050 15.722 0.159 0.129 2.685 (961) (835) 

TOTAL 550.61 I 6.908 5.926 

Table VI-95 - Sales Changes Under CAFE Program -

Model 
Sales and Differences (millions' Av, Re!!: Cost and Differences (S' 

Year Baseline 0% increase J .5% increase· Baseline 0% increase 1.5% increase 

2017 17.010 0.000 0.000 497 - -

2018 17.103 0.012 0.010 
759 (41) fJ61 

2019 17.069 0.027 0.024 
1,005 {102) (92) 

2020 16.607 0.041 0.036 
1,282 (!62) 

/145) 

2021 16.038 0.095 0.080 
1,628 (354) (299' 

2022 15.753 0.174 0.157 
\,979 (628) {560) 

1023 15.673 0.207 0.188 
2,145 (753) 

(671i 

2024 15.759 0.275 0.256 
2,352 (967) 

1884\ 

2025 15.927 0.306 0.281 
2,457 {1,086) 1976\ 

2026 16.071 0.300 0.271 
2,436 (1,074) 

1951' 

2027 16.198 0.291 0.264 
2,408 (l,066) ,94g\ 

539 



*** EO 12866 Review Dr{lft Do Not Cite, Quote or Release During Review*** 

2028 ]6.313 0.279 0.254 
2,382 (!,055) 1941) 

2029 16.303 0.266 0.242 
2,342 (,1,034) 1925) 

2030 16.354 0.255 0.233 
2.298 {1,005) (899\ 

2031 16.390 0.243 0.222 
2,248 (972) 18701 

2032 16.372 0.231 0.212 
2,202 (940) (842\ 

2033 16.397 0.221 0.202 
2,173 {913) 1819\ 

2034 16-389 0.211 0.194 
2,141 (890) (T98' 

2035 16.331 0.202 0.184 
2,120 (858) (715\ 

2036 16.278 0.191 0.175 
2,113 (839) 1756) 

2037 16.244 0.184 0.168 
2,093 (818) 

'736' 

2038 16.219 0.178 0.162 
2,083 (809) 

(727\ 

2039 16.172 0.172 0.156 
2,063 (795) 1712) 

2040 16.135 0.158 0.142 
2,104 (820) (729\ 

2041 16.078 0.151 0.136 
2,101 (820) 1728) 

2042 16.058 0.!45 0.131 
2,09_2 (801) (7\Ji 

2043 16.040 0.139 0.125 
2,121 (788) 1698' 
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2044 16.017 0.!34 0.120 
2,168 (809) 

2045 16.018 0.134 0.121 
2,224 (812) 

2046 15.970 0.129 0.116 
2,301 (792) 

2047 15.939 0.125 0.113 
2.336 (783) 

2048 15.866 0.123 0.111 
2,349 (766) 

2049 15.797 0.121 0.109 
2,415 {789) 

2050 15.7:22 0.120 OJI 1 
2,491 (806) 

TOTAL 550.611 5.839 5.304 

The tables show the regulatory class shares under the baseline (augural standards), 
proposal (0 percent increase in stringency), and final rule (1.5 percent increase- in stringency) of 
projected sales (and differences for the non-baseline estimates) ofMYs 2017-2050. 

Dynamic Fleet Share (DFS) 

The first module described above (the forecast function and applied elasticity) detennine 
the total industry sales in each model year from 2018 (in this analysis, 2017 is based on certified 
compliance data) to 2050. A second module, the dynamic fleet share, acts to distribute the total 
industry sales across two different body-types: "cars" and "light trucks." While there are 
specific definitions of"passenger cars" and "light trucks" that determine a vehicle's regulatory 
class, the distinction used in this phase of the analysis is more simplistic. All body-styles that are 
obviously cars-sedans, coupes, convertibles, hatchbacks, and station wagons-are defined as 
"cars" for the purpose of determining fleet share. Everything else--SUVs, smaller SUVs 
(crossovers), vans, and pickup trucks-are defined as "light trucks''--even though they may not 
be treated as such for compliance purposes. Inlhe case of SU Vs, in particular, many models 
may have sales volumes that reside in both the passenger car and light fleets for regulatory 
purposes, but the dynamic fleet share does not make this distinction. The fleet share model was 
applied at the same level in the NPRM. EDF expressed concern that any simulated increase in 
the light truck share represented consumers shifting from sedans to either 4wheelWD drive 
crossovers, suvs SUVs or pickup trucks.1215 However, this was not the case. Al! crossovers are 
considered light trucks for the purposes of fleet share, even though they may be 2WD crossovers 

"" NHTSA-20 l 8-0067-12 \ 08-43. 
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treated as passenger cars for compliance purposes. So, while the number may increase overall 
for a given scenario, the proportion of crossovers sold as 4WD, rather than 2WD, does not. 

EDF was also concerned that the sales implementation in the NPRM, which relied on the 
absolute average price to determine differences between alternat ives, was unduly influenced by 
fleet share-as differences in the share of light-trucks had the potential to skew di fferences in 
average price because light-trucks are generally more expensive than sedans and hatchbacks. 
The final rule implementation, which starts from an observed average transaction price and 
evolves the average price in the alternatives based o n average regulatory cost, is less vulnerable 
to this potential distortion. Even if the fleet share model (described in greater detail below) 
increases the share of light trucks (for example). the inherent price difference between passenger 
cars and light trucks does not pass through to the average price-only the relative difference in 
compliance costs associated with the vehicle types. Despite the fact that light trucks have 
generally higher transaction prices than passenger cars, there is no guarantee that regulatory costs 
wi ll be higher for light-trucks than for cars (which depend upon the mix of footprints, their 
distance from the relevant curve, and the technology cost needed to bring each fleet into 
compliance). T hus, the average price differences used in the sales calculations are relatively 
unaffected by the fleet share model. 

As in the NPRM, the dynamic fleet share represents two difference equations that 
independently estimate the share of passenger cars and light trucks. respectively, given average 
new market attributes (fuel economy, horsepower, and curb weight) for each group and current 
fuel prices, as well as the prior year's market share and prior year's attributes. The two 
independently estimated shares are then normalized to ensure that they sum to one. As with the 
Sales Response mode l, the DFS util izes values from one and two years preceding the analysis 
year when estimating the share of the fleet during the model year being evaluated. For the 
horsepower, curb weight, and fue l economy values occurring in the model years before the start 
of analysis, the DFS model uses the observed values from prior model years. After the first 
model year is evaluated, the DFS model relies on values calculated during analysis by the CAFE 
model. The DFS model begins by calculating the natural log of the new shares during each 
model year, independently for each vehicle class, as specified by the following equation: 

ln(Sharevc.MY) = 

Equation 4 - Dynamic Fleet Share Equation 

f3c x (1 - f3Rho) + f1Rho x ln(Sharevc.Mv- 1) 

+PFP x (ln(Pr icei;as,MY) - PRho x ln(Pricecas.MY-l)) 

+PHP X (ln(HPvc,MY- 1) - PRho X ln(HPvc.MY- 2)) 

+Pew x (In( CWvc,Mv-1) - PRno x In( CI-Vvc.Mv- 2)) 

+f3MPG x (ln(FEvc.Mv-1) - PR1to x ln(FEvc.Mi·- 2)) 
+Poummy X (ln(0.423453) - {]Rho X ln(0.423453)) 
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Where: 

Pc - /3Dummy 

Share1"t• .. 1ff-J 

Priceca.,.Mr 

Price1;u, .. \/l'-I 

HP1r..1ff.1 

HPn· .. 1tr-:! 

CW,-c..11)'.f 

CWroll'-2 

F£1c.1,r-1 

FEr·c..tff-! 

0.423453 

set of beta coefficients, as defined by Table Vl-96Table Vl-96 below, 

used for tuning the Dynamic Fleet Share model, 

the share of the total industry new sales classified as vehicle class VC in 

the year immediately preceding model year MY, 

the fuel price of gasoline fuel, in cents per gallon, in model year 1\fl' ,1: 1
~, 

the fuel price of gasoline fuel, in cents per gallon, in the year 
immediately preceding model year 1\fl' , 

the average horsepower of al l vehicle models belonging to vehicle class 
VC, in the year immediately preceding model year 1\fl·, 

the average horsepower of all vehicle models belonging to vehicle class 
VC, in the year preceding model year MY by two years, 

the average curb weight of a ll vehicle models belonging to vehicle class 

VC, in the year immediately preceding model year MY, 

the average curb weight of all vehicle models belonging to vehicle c lass 

VC, in the year preceding model year lvfY by two years, 

the average on-road fuel economy rating of all vehicle models 
(excluding credits, adjustments, and petroleum equivalency factors) 
belonging to vehicle class VC, in the year immediately preceding model 

year A4Y, 

the average on-road fue l economy rating of all vehicle models 
(excluding credits, adjustments, and petroleum equivalency factors) 
belonging to vehicle class VC, in the year preceding model year A✓fY by 

two years, 

a dummy coefficient. and 

ln(Sharer·c..\/l): the natural log of the calculated share of t he total industry fleet classified 
as vehicle class VC, in model year 1\fl' . 

fn the equat ion above, the beta coefficients, /Jc through (Juumm.r, are provided in the 
following table. The beta coefficients differ depending on the vehicle class for which the fleet 

share is being calculated. 

"'6 As discussed elsewhere in this final rule, model year and calendar year arc assumed to be equi\'alent in the 
simulation- as they always have been in al l prior rulcmaking analyses. 
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Table Vl-96- DFS Coefficients 

. CDCfficient' ClU''Value.. •'i}0 ht-TniCk'.Volue. ,, 3.4468 7.8932 
f!RJ,,, 0.8903 0.3482 
B,-r 0.1441 o.~690 
Bm,· -0.4436 1.3607 

Bew -0.0994 1.5664 
B,wr, -0.5452 0.0813 

B,,,,,.'"- -0.1174 0.6192 

Once the initial car and light truck tleet shares are calculated (as a natural log), obtaining 
the final shares for a specific vehicle class is simply a matter of taking the exponent of the initial 
value, and nom1alizing the result at one (or 100%). This calculation is demonstrated by the 
following: 

Where: 

ln(Sharerc..1n) 

Equation 5 - Normalizing individual fleet shares 

eln(Sharevc.111,:) 

Sharevc MY = ( ) ' ela(Sharewv,MY) + eln Shareu,n/2a.MY 

the natural log oftJ}e calculated share of the total industry fleet 
classified as vehicle class VC, in model year ,\,fl', 

1n(Sharew,;w} the natural log of the calculated share of the total industry fleet 
classified as light duty passenger vehicles (LOY), in model year MY, 

ln(Sharewn~"-•'n): the natural log of the calculated share of the total industry fleet 
classified as class 1/2a light duty truck (LDT1/2a), in model year 

MY, and 

Sharerc .. 1n the calculated share of the total industry fleet classified as vehicle 
class VC, in model year MY. 

These shares are applied to the total indust1y sales derived in the first stage of the sales 
response. This produces total industry volumes of car and light truck body styles. Individual 
model sales are then detennined from there based on the following sequence: I) individual 
manufacturer shares of each body style {either car or light truck) times the total industry sales of 
that body style, then 2) each vehicle within a manufacturer's volume of that body-style is given 
the same percentage of sales as appear in the 2017 fleet. This implicitly assumes that consumer 
preferences for particular styles of vehicles are determined in the aggregate (at the industry 
level), but that manufacturers' sales shares of those body styles are consistent with MY2017 
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sales. Within a given body style, a manufacturer's sales shares of individual models are also 
assumed to be constant over cime. We assume that manufacturers are currently pricing 
individual vehic le models within market segments in a way that maximizes their profit. Without 
more information about each OEM's true cost of production and operation, fixed and variables 
costs, and both desired and achievable profit margins on individual vehicle models, we have no 
reason to assume that strategic shifts within a manufacturer's portfolio will occur in response to 
standards. 

The Global Automakers noted in their comments that the market share ofSUVs 
continues to grow, while conventional passenger car body-styles continue to lose market 
share. 1117 T he agencies are aware of this, and include the DFS model in an attempt to address 
these market realities. In the 2012 final rule, the agencies projected fleet shares based on the 
continuation of the baseline standards (MY20 12-2016) and a fuel price forecast that was much 
higher than the realized prices since that time. As a result, that analysis showed passenger car 
body-styles comprising about 70 percent of the new vehicle market by 2025. The reality, as 
G lobal Automakers note, has been quite different. 

The coefficients of the DFS model show passenger car styles gaining share with higher 
fuel prices and losing them when prices are lower. Similarly, as fuel economy increases in light 
truck models, which offer consumers other desirable attributes beyond fuel economy (ride height 
or interior volume, for example) their relative share increases. N RDC, in particular, found this 
counterintui tive.1~18 However, this approach does not suggest that consumers dislike fue l 
economy in passenger cars, but merely recognizes the fact that fuel economy has d iminishing 
returns. As the fuel economy of light trucks increases, the tradeoff between passenger car and 
light truck purchases is increasingly involves a consideration of other attributes. Similarly, the 
coefficients show a relatively stronger preference for power improvements in cars than light 
trucks because that is an attribute where trucks have outperformed cars, like cars have 
outperformed trucks for fuel economy. 

Rather than estimate new functions ourselves, we applied existing functions from the 
transportation module of the National Energy Modeling System (NEMS) that was used to 
produce the 2017 Annual Energy Outlook. The functions above appear in the " tran.f· input file 
to that version ofNEMS, and were embedded (in their entirety} in the CAFE model in the 
NPRM (and this final rule). NEMS uses the functions to estimate the percent of total light 
vehicles less 8,500 GYW that are cars/trucks. While NRDC asserted that the agencies must 
demonstrate the propriety of the fleet share model before relying on its estimates.'~19 they ignore 
the fact that, by using the AEO to develop a static fleet in prior rulemakings, the agencies have 
always relied on NEMS estimates. The primary d ifference bel\veen those analyses and the 
NPRM (and this final rule), is that prior analyses applied the fleet share that was simulated for 
the baseline to all regulatory scenarios considered. Based on the fleet share functions in NEMS, 
NPRM corrected th is internal inconsistency found in previous analyses. This approach also 
enables consistent sensitivity cases-where higher fuel prices produce fleets with more 

,rn NHTSA-2018-0067-12032-25. 
'"' NHTSA-2018-0067-1 1723-27. 
1"

0 NHTSA-2018-0067-1 1723-27. 
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transitional passenger car body styles, for example-and ensures that the starting point 
(MY2017) evolves in response to both fue l economy improvements and fuel prices in a way t hat 
is internally consistent. 

The agencies are making one change to the DFS function, which is the level of 
application. While NEMS intended the fleet shares to be defined by regulatory classes, vehicles 
are defined much more coarsely in NEMS than in the CAFE model, and manufacturers are not 
differentiated at all. In order to produce well-behaved tleet share projections with this model, we 
applied the share functions to body-styles rather than regulatory classes. For many years, there 
was linle overlap between nameplates in a manufacturer's passenger car regulatory class and its 
light truck regulatory class. However, with the recent emergence of smaller FWD SUVs and 
crossovers, it is increasingly common to have nameplates with model variants in both the 
passenger car and light truck regulatory classes, and it is also common for there to be only minor 
differences (l ike the presence of 4 WO or A WO) between versions regulated as cars and versions 
regulated as light trucks. We have modified the application of the fleet share equations to focus 
on body-style, rather than regulatory class, in recognition of the increased ambiguity between the 
regulatory class distinction for popular models like the Honda CR-Y and Toyota RA Y4, that sell 
more than I OOK units in each regulato1y class (typically using the same powertrain 
configuration). The Nissan Rogue sold more than 400K units in MY20l 7, and almost exactly 
half of them were in the light truck (LT) regulatory c lass. Applying the fleet share at the body
style level preserves the existing regulatory class splits for nameplates that straddle the class 
definitions. It a lso serves to minimize the deviation from the observed MY2017 regulatory class 
shares over time. Had we applied the share equations at the regulatory class level, as some 
commenters incorrectly claimed the agencies were doing in the proposal, the passenger car 
regulatory class would have eroded much faster than we've seen in the real world and ceased to 
resemble the composition of the MY2017 fleet. Our implementation allows the passenger car 
(PC) regulatory class to continue evolving toward c.rossover-type cars, if that is what economic 
and policy conditions favor. 

Table Vl-97 - Regulatory C lass Shares Under CAFE1~co 

Baseline 0% Increase 1.5% Increase 
Model 
Year PC LT PC LT PC LT 

2017 0.53 0.47 0.53 0.47 0.53 0.47 

20 18 0.53 0.47 0.53 0.47 0.53 0.47 

20 19 0.53 0.47 0.54 0.46 0.54 0.46 

2020 0 .54 0.46 0.54 0.46 0.54 0.-16 

" 20 The "passenger car'' ficct for CAFE represents the combination of both imported passenger cars (IC) and 
domestic cars (DC). While Table Yl-97Table Vl-97 illusuates shares for the CAFE program, resulting shares under 
the tailpipe CO2 emissions standards are comparable. 

546 

,-----
Commented [A312]: IU'.\'ISE: Rcd11nd:m1 "ith t'• 535. 
intro lo thb "ection. 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

202 1 0.54 0.46 0.54 0.46 0.54 0.46 

2022 0 .53 0.47 0.54 0.46 0.54 0.46 

2023 0.53 0.47 0.54 0.46 0.54 0.46 

2024 0.53 0.47 0.54 0.46 0.54 0.46 

2025 0.53 0.47 0.55 0.45 0.55 0.45 

2026 0.53 0.47 0.55 0.45 0.55 0.45 

2027 0.53 0.47 0.55 0.45 0.55 0.45 

2028 0.54 0.46 0.55 0.45 0.55 0.45 

2029 0.54 0.46 0.56 0.44 0.55 0.45 

2030 0.54 0.46 0.56 0 .44 0.56 0.44 

Table Yl-97Table Vl-97 shows the regulatory c lass shares under the baseline (augural 
standards), proposal (0 percent increase in stringency), and final rule ( 1.5 percent increase in 
stringency) between 2017 and 2030. The shares move relatively little between the classes in the 
baseline, with larger (but still small) deviations occurring in the least stringent alternative (0 
percent increase) and the final rule. As the sensitivity cases show, the changes in shares (both 
over time and between regulatory classes) respond to the fuel price case, but remain internally 
consistent due to the inclus ion of the DFS. 

Some commenters encouraged the agencies to consider vehicle attributes beyond price 
and fuel economy when estimating a sales response to fuel economy/CO~ standards, and 
suggested that a more detailed representation of the new vehicle market would allow the 
agencies to simulate strategic mix shifting responses from manufacturers and diverse attribute 
preferences among consumers. Doing so would have required a discrete choice model (at some 
level), and we describe below the reasons why we have not chosen to employ that approach in 
this final rule. 

[Text Forthcoming] 

c. Using vehicle choice models in rulemaking 
analysis 

(3) Scrappage 
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(a) The Impacts of New Vehicle Fuel Economy 
S1andards on Flee/ Turnover 

Economic literature and theory indicate that the retirement (or scrappage) rates of 
existing vehicles slows when new vehicle fuel economy standards increase and cause new 
vehicle price increases. Slower retirement rates res ult in an older distribution of the on-road 
fleet. Today's on-road fleet is the oldest it has ever been, approaching an average of 12 years 
old.1221 Since older vehicles are, on average, less safe and less fuel efficient, modeling this 
reduction in the scrappage rates of existing vehicles has important implications. As mentioned in 
the sales section above, past quantitative analyses of CO2 and CAFE standards excluded the 
scrappage effect (though the agencies discussed the scrappage effect qualitatively), which could 
have resulted in an overestimate of the benefits of increasing standards. 

For the NPRM, the agencies chose for the first time to model quantitatively the change in 
existing vehicle retirement rates across regulatory alternatives. The agencies used a logistic 
function to estimate the instantaneous scrappage rate for vehicles of different body styles and 
model year vintages using registration data from Polk, the estimated durability of specific model 
year vintages, the prices of new vehicles, a measure of the cost of travel for the model year 
cohort versus new vehicles in any given calendar year, and other cyclical macroeconomic 
indicators.1222 

T he agencies received many comments about the NPRM's scrappage model. While 
some commenters objected to the inclusion of a scrappage model, most commenters supported 
the inclusion of a dynamic scrappage model as an improvement in the agencies · analysis; these 
comments are discussed in Section I.A. I .a)(l )(a)(ii ). Other commenters raised concerns about 
the specific scrappage models used in the N PRM analysis; these are discussed in Section 
I.A. I .a)( 1 )(b). Specifically, commenters raised concerns about overfitting in the models, the 
identification strategy, the modeling of new and used vehicle fuel economy in general, the 
exclusion of certain variables, about how the agencies captured macroeconomic effects, and 
about the lack of integration with the sales model. 

The agencies contemplated all of the comments and suggestions made by commenters 
and, in response, have made several changes to final ru le's model. First, we changed the time
series strategy used in the model, as discussed in Section l .A.1.a)( I )(c)(iii)(a). This change 
allows the agencies to simplify the models significantly, addressing commenters' concerns about 
potential overfitting of the model and difficulty of interpreting individual coefficient va lues 
(discussed in Section J.A. I .a)( I )(b)(i)). Second, the agencies changed the modeling of the 
durability effect as discussed in Section I.A. I .a)( 1 )(c)(ii i)(c); this change reduces the reliance on 
the decay function and has the added benefit of addressing concerns about overfitting and out-of
sample projections discussed in Section I.A.1.a)l I ){b)(i). Third, a portion of anticipated fue l 
savings from increased fuel economy are netted from new vehicle prices- meaning consumers 
are now assumed to value fuel economy at the time of purchase to a certain extent- as discussed 
in Section I.A. I.a)( I )(c)(iii)(d). This change is in response to comments discussed in Section 

1°'1 !Text Fonhcoming). 
'"' Fora more detailed explana1ion of the NPRM model, see PRIA Chapter 8.10. 
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I.A. 1.a)( 1 )(bJ(ii) and addresses inconsistent treatment of consumer valuation within the NPRM's 
analysis. Finally, we consider the inclusion of additional or alternative variables in the scrappage 
model in response io comments discussed in Section I.A. I .a)( I )(b)( iii). After extensive testing, 
the agencies concluded that these additional variables do not improve the model tits or would 
introduce autocon-elation in the error structures (see Sections I.A. 1.a)( I )(c)(iii)(e) and 
I.A.1.a)( I )(c)(iii)(f) for further discussion). As such. the agencies rejected the additional terms 
suggested by commenters. Input from commenters was used to simplify the scrappage model, 
make it more consistent with modeling of new vehicle prices elsewhere in the analysis, and 
improve its predictions for the instantaneous scrappage rates of vehicles beyond age 20. 

(i) Basis for ·The Gruenspecht Effect' 

Gruenspecht ( 198 ! ) and (1982) recognized that since fuel economy standards affect only 
new vehicles, any increase in price (net of the portion of reduced fuel savings valued by 
consumers) will increase the expected life of used vehicles and reduce the number of new 
vehicles entering the fleet. The effects of differentiated regulation in the context of fue l 
economy is often deemed the Gmenspecht E.ffect.1223 Jacobsen and van Bentham (2015) first 
quantified the Gruenspecht Effect. or the share of new vehicle fuel savings lost to the used 
vehicle fleet due to delayed scrappage, to be between 13 and ! 6 percent. 12

~
4 

As discussed in Section [xxx ), fuel economy standards increase the cost of acquiring new 
vehicles. but also improve the quality of those vehicles by increasing their fuel economy. The 
CAFE analysis assumes that consumers value 30 months of fuel savings, so that the quality
adjusted change in new vehicle prices is the increase in regulatory costs less 30 months of fuel 
savings. As long as the qual ity-adjusted price is positive.ms it becomes more expensive for 
manufacturers to produce vehicles and, as a result, prices of new vehicles increase. From a 
supply and demand perspective, th is equates to the supply curve for new vehicles moving 
inwards or to the left and a corresponding increase in the equilibrium price and decrease in the 
equil ibrium quantity of new vehicles purchased. 

New and used vehicles are substitutes. When the price of a goad's substitute increases, 
the demand curve for that good shifts upwards and the equil ibrium price and quantity supplied 
also increases. Thus, increasing the quality-adjusted price of new vehicles will result in an 
increase in equilibrium price and quantity of used vehicles. Since, by definition, used vehicles 
are not being " produced" but rather "supplied" from the existing fleet, !ttt'-~increase in 
quantity must come via a reduction in their scrappage rates. Practically, when new vehicles 
become more expensive. used vehicles a lso become more popular (and more expensive). 
Because used vehicles are more valuable in such circumstances, they are scrapped at a lower 
rate, and just as rising new vehicle prices push marginal prospective buyers into the used vehicle 

" " Gruenspecht. H. "Differentiated Regulation: The Case of Aulo Emissions Standards.'' American Economic 
Review. Vol. 72(2), pp. 328-33 I ( 1981). 
"" M. Jacobsen and A. van Benthem, "Vehicle Scrappage and Gasoline Policy," American Economic Rerie,r. Vol. 
105, pp. 1312-38 (2015). 
,m The quality adjusted price is positive when regulatory compliance costs exceed 30 months of fuel savings. 
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market, rising used vehicle prices force marginal prospective buyers of used vehicles to acquire 
older vehicles or vehicles with fewer desired anributes. 

(ii) Commenter Response to the Inclusion of the 
Gruenspecht Effect 

tnl \fan~ CllllllllL·n1t·r,; Support th<· ln,lu,ion 
of 1h, [f1cct 

Academic researchers and automakers widely agree with the existence and direction of 
the Gruenspecht Effect. For example, RFF commented, "There's good evidence suppot1ing the 
scrappage effect."1226 The Auto Alliance stated that the agencies ''made significant strides 
toward improving their modeling of consumer behavior by adding new modules to estimate new 
vehicle sales and in-use vehicle scrappage in response to changes to new vehicle prices."1227 

FCA agreed "that an outcome of the current augural stringency of the CAFE/(CO2] emission 
regulations may be a decreasing trend in vehicle scrappage rates as consumers delay purchases 
[ .. . ] forc(ing] consumers to hold their current vehicles for additional time.''1228 

Other commenters agreed w ith the existence of the effect, but took issue with the 
implications of the combination of the sales and scrappage models. Mark Jacobsen stated "while 
we agree that the scrappage effects we study wil l mitigate changes in the used tleet. we do not 
believe they could be strong enough to reverse completely the direction of change in the used 
tleet." 12"9 Jacobsen's contention was echoed by many commenters; the main point was that they 
believed that the prices of both new and used vehicles should be less expensive in the NPRM's 
preferred alternative than the augural standards, and that this should, if anything, result in a 
larger tleet in the NPRM's preferred a lternative. This issue is further discussed in Section (b)(iv) 
with other comments about integrating the sales and scrappage models and the incremental tleet 
size across alternatives. Here it is important to note that this concern does not suggest that a 
scrappage model should not ex isl, but takes issue with the S/JeC{/iC modeling of scrappage and/or 
sales implemented in the N PR.J\tl analysis. 

th) Some Cnmm~nler, Won, :ihout the Shili 
in Ag~nc~ P~rspecth e 

Some commenters argued that the agencies modeling of sales and scrappage in the 
NPRM analysis contradicted previous positions that these effects were too uncertain to model. 
For example, the Center for Biological Diversity (CBD) commented: 

In the 2012 rulemaking for fuel economy and [CO2] standards, both NHTSA and EPA 
stated that analysis of the standards' impact on new vehicles sales and on the "scrappage" 
of used vehicles was too uncertain to be used in the rulemaking. The agencies reiterated 
this position in their 2016 technical assessment of the standards. 

" '
6 (Text Forthcoming]. 

'"' [Text Forthcoming]. 
" " [Text Forthcoming]. 
m• [Text Forthcoming]. 
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They further stated: 

The agencies have not provided a meaningful rationale or j ustification for the change in 
position regarding their ability to present quantified estimates of the impact of the 
standards on new vehicle sales and the scrappage of used vehicles. 

To respond to these comments, it is useful to look at the reasons the agencies gave for not 
considering fleet turnover effects on pages 845-46 of the 2012 rulemaking1130

: 

If the value of fue l savings resulting from improved fuel efficiency to the typical potential 
buyer of a new vehicle outweighs the average increase in new models· prices, sales of 
new vehicles wi ll rise, while scrappage rates of used vehicles will increase slightly. This 
wi ll cause the "turnover'' of the vehicle fleet- that is, the retirement of used vehicles and 
their replacement by new models-to accelerate s lightly , thus accentuating the 
anticipated effect of the rule on fleet-wide fuel consumption and C01 emissions. 
However, if potential buyers value future fuel savings resulting from the increased fuel 
efficiency of new models at less than the increase in their average sell ing price, sales of 
new vehicles wil l decl ine, as w ill the rate at which used vehicles are retired from service. 
This effect will slow the replacement of used vehicles by new models, and t hus partly 
offset the anticipated effects of the final rules on fuel use and emissions. 

Because 1he agencies are uncertain about how the value of projected fuel savingsj,-0111 
thejinal rules to polential buyers will compare to their estimates of increases in new 
vehicle prices. we have not aflempted to estimate e:q;/icit(v rhe ejfecrs of the rule on 
scrappage of older vehicles and the hrrnover of the vehicle.fleet. 

The agencies' reason for not modeling the fleet turnover effects in prior rulemakings was not 
uncertainty about the direction or impact of vehicle prices on sales or scrappage rates, but rather 
uncertainty about how consumers value fuel savings. As explained in section [xxx], the agencies 
now have suffic ient knowledge regarding the amount of fuel savings consumers are assumed to 
value at the time they purchase new vehicles. With this assumption, it becomes possible to 
model the fleet turnover effects, including the scrappage effect. 

(c) Some C<1111mcnt~rs Thin!-. tl1c [ffe,ts Arc 
l 'ncc11ain 

Other commenters argue that the sales and scrappage effects are too uncertain to include 
in a rulemaking analysis. For example, CBD argued that "the mode ls are attempting to evaluate 
the small and uncertain effects of changes in vehicle standards on certain dynamics- vehicle 
sales, scrappage rates, and vehicle usage-which are largely determined by much stronger 
forces, such as the state of the economy." 1

:
31 

•~·'0 [Cite: 2012 FRM (Emphasis added.)]. 
'"' (Text Forthcoming). 
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The agencies agree that there is uncertainty around the magnitude of the sales and 
scrappage response, but do not agree that sign of either effect is uncertain. Importantly, 
excluding modeling of the sales and scrappage effects would only make sense if there was a 
legitimate existential concern- the sales and scrappage effects are founded in very basic 
economic theory, as noted above in Section [xxx]. Furthermore, the agencies believe that 
assessing the magnitudes of the sales and scrappage effects is a tractable task for researchers and 
sufficient data exists to quantify these effects. Thus, excluding these effects would be a serious 
omission that limits accurate accounting of the costs and benefits of fuel economy standards. 
Other stakeholders commented that the NPRM analysis did not thoroughly consider the 
uncertainty around the magnitudes of the sales and scrappage responses. These comments and 
the agencies response is discussed in Section I.A. l .a)( l)(b)(i), below. The agencies believe it is 
better to consider a range of the scrappage and sales response to address concerns about 
uncertainty, and that excluding them would be inappropriate_m~ The agencies did just that with 
the proposal through sensitivity analyses- including seeking comment and having the scrappage 
modeling peer reviewed- and continue to do so for the final rule. 

(b) Summary of Notice. Request.for Comments. and the 
Agencies' Response 

The comments related to the scrappage model are summarized here into five major 
categories: overfilling and identification strategies, modeling fuel economy and new vehicle 
prices, consideration of other additional variables, integration with sales or VMT, and 
evaluations of associate-ct costs and benefits due to changes in scrappage rates within the CAFE 
model. Specific modeling decisions the agencies have made or considered in response to the 
public comments summarized in this section are discussed in Sections I.A. I .a)( I )(c)(ii)(d) and 
I.A. I .a)( I )(c)(iii). 

(i) Overfitting and Identification Strategy 

Several commenters argued that the NPRM scrappage model did not have a clear 
identification strategy, or that the model over-fit the data. These commenters suggest that the 
NPRM model may not capture a causal relationship, but picks up other correlation or noise 
within the data. This section outlines the specific claims made by commenters. 

( ll I (), crlitting and th~ Lis.: of Lagged and 
l111~rnuio11s Term, 

Several commenters argued that the results presented in the NPRM could be driven by 
the specific structure of the price effect used in the scrappage models that were implemented into 
the CAFE Model. IP!, California States et. a l., CARB, and other commenters suggested that the 
NPRM model is over-fit. CARB outlined its argument that the agencies overfit the data in the 
fo llowing passage: 

"" See, e.g. Ctr.for Biological Dirersifl• v. Nat'/ Hig/nray Troffic Safety Admin. , 538 F.3d 1172. 1203 (9th Cir. 
2008),(finding 1ha1 NHTSA inappropriately assigned no value lo reducing carbon emissions when the value for 
doing so was "certainly nol zero.''). 

552 

Commented (A320]: R£\'ISE: ll"s highly uncertain in 
the senst' tha1 there i~n't n consensus around the.! role of fuel 
econoin) in 1hese decisions, and the \::tlue of fuel savings 
might ,-.II b< higher 1hon the technology cos1s. In addition. 
1he relationship bernecn nc\\ & used vehicle markets is not 
"ell studied. Thus. the sign is in fact uncertain. 

Commented JA321]: REVISE: \\ hm about the 
fund[.un~ntal concern that the n.-sult!; clid nut comJ')On \\ ith 
C'C'Onl1mic theo~ '; lo,H·r '\ chide prices for both OC\\ & 
u~ed ,·chicles le;tding to 3 smaller \("hicle fleet. 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

(T]he model appears to be significantly overfit and to suffer from multicoll inearity. An overfit 
model means that the model is able to precisely replicate past trends, but only through the use of 
too many variables. An overfit model fits the data too well, fitti ng the noise or errors in the data 
in addition to the underlying relationships between the variables of interest. Because an overfit 
model a lso fits the noise and errors of the data, the out-of-sample predictions are unreliable. 
Comments from Jeremy Michalek and Katie Whitefoot suggest that choice of specification of the 
scrappage model could resul t in substantially different predictions, and that the agencies should 

make only those claims that are robust to reasonable variations in the model specifications. 

The agencies agree that it is important that the scrappage model results are robust across 
those specifications that meet a set of econometric criteria (these criteria are discussed further in 
Section I.A. I .a)( I )(c)(iii)). However, the agencies acknowledge that the NPRM could have 
provided further evidence that the specification did not drive the results. In the ana lysis For the 
final rule the agencies have presented more tha n one specification of the price effect as evidence 
that the specification chosen here does not drive the results of the analysis. Further, claims that 
the specification of the scrappage response in the NPRM is inconsistent with economic theory 
are false. 

Theoretically, changes in average new prices may have longer-term trends that can be 
picked up by including lagged terms, and/or be non-linear with age, so that vehicles of different 
ages have different elasticities of scrappage (relative to changes in average new vehicle prices). 
Funher, sometimes the effect of one independent variable on the dependent variable depends on 
the magnitude of another independent variable-this is called a n interaction effect. Regression 
analysis can capture these interaction effects by defining a new variable using some combination 
of independent variables.1:!33 It is necessary to retain such interaction terms when doing so.1234 

For example, it is not obvious that the elasticities of scrappage rates to changes in new vehicle 
prices should be constant for all vehicle ages, or put another way, the older a vehicle is, the 
higher likelihood the vehicle will be scrapped instead of being retained or resold. 

Michalek and Whitefoot, Honda, and other commenters, argued that the fact 1hat some of 
the interaction terms were 1101 statistically significant was evidence that the response measured is 
uncertain. CBD in particular c laimed that the "scrappage model is poorly constructed, and its 
results are not statistically significant.'' 

In response 10 such comments, it is important to note that when interaction terms are 
included, the significance of the overall effect ofa variable should be tested by performing a 
restricted F-test, which simultaneously tests that all coefficients of the variable of interest are 
jointly indistinguishable from zero. The insignificance ofone term of the interaction does not 
imply that the effect is indistinguishable from zero. rn; 

Commenters also noted the lagged terms and age interactions make the new vehicle price 
effect difficult to interpret. !PI argued that "[t]he inclusion of interaction variables make it very 

tm Davis, J.B., S1arisries using SAS e111e1prise guide. Cary, NC: SAS Institute. pp. 411-4 15 (2012). 
"" As expla ined in more detail in Section [xxx] be low. the agencies perform several sensitivity analyses to ens ure 
the model captures the correct impact of interactive effect.s. 
" 3; Davis, J. B., SrarisJic.1· using SAS e111erprise guide. Cary, NC: SAS Institute, pp. 4 11-41 5 (2012). 
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difficult to evaluate the results of the regression for an individual variable of interest." Michalek 
and Whitefoot suggested "using a Monte Carlo analysis to undersmnd the distributi6n of 
scmppage out Comes implied by uncertainty of the value of the coefficients in the model 
regression and reporting 95% confidence intervals." 

We agree that the inclusion oflags and age interactions of nev,' vehicle prices can make 
interpreting the sign and magnitude of the-price effect difficult. It also makes it difficult to use 
the confidence intervals on the coefficients as a way to capture,uncertainty, since the interaction 
variables are jointly estimated. ThllS, for the NPRlvl analysis, we could not independently 
sample each coefficient from the confidence intervals and perform a Monte Carlo analysis. 

While the agencies think that the inclusion of lags and interaction tenns is theoretically 
plausible, in response to commenter and peer reviewer concerns about overfitting and the 
difficulty of interpreting coefficients, the agencies reconsidered the time series approach. The 
agencies found that new vehicle prices are integrated to order one and that the dependent 
variable is stationary (as discussed in Section I.A. I .a)(] )(c)(iii)(a)). lt is therefore sufficient to fit 
the first difference of new vehicle prices within the models. Thus, the agencies have simplified 
the central model of the response of scrappage rates to changes in new vehicle prices to exclude 
lags of the effect. The agencies further simplified the central scrappage models to exclude 
interaction of new vehicle prices and vehicle age; this allows the agencies to take the 95 percent 
confidence intervals as a low and high range for the magnitude of the price effect for the 
sensitivity analysis. The agencies also include a sensitivity analysis which includes interaction 
terms between new vehicle price and vehicle age to allow the elasticity of scrappage to changes 
in new vehicle price to vary by vehicle age. 

Comm enters also noted that the model did not perfonn well for vehicles beyond age 20. 
The agencies noted in the PRJA that the Polk dataset for older vehicles was limited and likely led 
to the inability to estimate the scrappage rates for older ages.1216 

The final rule dataset includes almost 30 percent more data for vehicles fifteen years or 
older than the NPRM, which improves estimates of the scrappage rate of vehicles aged 20 to 30 
lsee Table VJ-98Table Vl-98). The agencies are still unable to capture the scrappage trends for 
vehicles over 30, as the dataset is still limited for the oldest ages of vehicles. and still rely on the 
decay function used in the NPRM for vehicles over the age of 30. The limited data explains the 
inability to predict the scrappage rates for older vehicles. However, including model year fixed 
effects and including the share of the initial cohort remaining does improve predictions of the 
final share remaining in the final rule models. These Changes are discussed in Section (c)(i)(c). 

(h) RcJm:~d Form and Endo!,Ccnous Prkcs 

Ca)ifornia States et. al., CARB, EDF, IP! and academic commenters expressed concerns 
that the NPRM analysis fit a reduced form oft he scrappage mode!, rather than a structural 
model. In other words, instead of explicitly modeling new and used vehicle prices in equilibrium 
under different regulatory alternatives and applying a measurement of the elasticity of scrappage 

1m Cite 2018 PRIA. 
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to the resulting used vehicle prices, the agencies modeled the elasticity of scrappage from 
changes to new vehicle prices. For example, California States et. a l., argued that the model 
"does not link the new and used vehicle markets as required by economic theory, nor does it 
attempt to measure used vehicle prices, which form the basis of scrappage theory." 

While the agencies recognize that there are certain advantages to a structural model, they 
disagree that the sales of new and used vehicles must be modeled simultaneously . The agencies 
do link the new and used car markets by including new vehicle prices as an independent variable 
in scrappage regression equation. However, it would be inappropriate to include used vehicle 
prices in this equation due to endogeneity concerns. A change in used vehicle prices may change 
scrappage rates, but also an exogenous shock to scrappage rates may cause used car prices to 
vary. Funhermore, the agencies are unaware of a viable structural model for the scrappage 
effect. The agencies performed an extensive review of economic of literature, both before 
creating the scrappage model for the proposal and revising it for the final rule. but were unable to 
find such a model or any insights on how to construct one. The agencies note that commenters 
did not suggest a structural model that the agencies should use or give any indication of whether 
such a model exists. 

In order to understand why such a model is difficult to construct, it is important to 
understand what a structural model of the sales and scrappage responses would entail. A 
hypothetical structural model for the new vehicle market can be represented by the following 
simultaneous demand a nd supply equations: 

DNew = f3o + /31 * PNew + /32 * Pused + /33 * Prransit + /34 •Income+ /3s * Households 

SNew = /36 + /31 • PNew + /38 * Production CostNew 

The demand equation for new vehicles in a given year is determined by the annual price of 
owning and operating new vehicles, the annual price of owning and operating used vehicles, the 
annual price of other subst itutes, average household income, and the number of households. The 
supply equation is made up of the average price of new vehicles and the average cost to produce 
them. 

As noted in Section [xxx], reducing required fuel economy stringency reduces the cost of 
producing new vehic les, and shifts the supply curve to the right. This results in an increase in the 
quantity supplied of new vehic les. 

The structural model for the used vehicle market can be represented by the following 
simultaneous demand and supply equations: 

Dused = Yo + y1 * Pused + Yi * PNew + Y3 * Prransit + y4 *Income + Ys • Households 

Sused = y6 + y7 * Pused + y6 * Maint Repairused + y9 * Scrap Valueused 

The aggregate demand equation for used vehicles is detennined by the price of owning 
and operating used vehicles, the price of owning and operating new vehicles, the price of other 
transit substitutes, average income, and the number of households. The supply curve equation 
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for used vehicles is determined by the price of used vehicles, the cost to repair and maintain them 
in service, and 1he opportunity cost of the scrappage value of doing so. Relaxing new vehicle 
standards reduces new vehicle prices and shifts.the demand curve for used vehicles downward, 
which reduces demand for used vehicles and the equilibrium price and quantity of used vehicles, 
and increases the annual scrappage rate. 

Modeling the structural equations would require that the agencies predict new and used 
vehicle prices in equilibrium; that prices of new and used vehicles be determined simultaneously 
from estimates of the supply and demand curves of each market. [Text Forthcoming]. As 
CARB stated in the following,comment, new and used vehicle prices are endogenous-the 
equilibrium prices of each good are simultaneous: 

Because both scrappage rates and new vehicle prices may influence one another, the 
Agencies would need to utilize different statistical techniques to credibly identify the 
impact of new vehicle prices on scrappage rates. For example, the Agencies would need 
to identii), an instrumental variable that impacts new vehicle price but that does not 
impact the scrappage rate. Models that suffer from endogeneity problems will have 
biased estimates, In other words, the estimates from these models cannot be used to 
inform policy, because they do not actually tell us how new vehicle prices impact 
scrappage. 

CARB suggested a way to correct for endogeneity: using an instrumental variable in a 
two-stage least squares methodology where the instrumental variable is,correlated with new 
vehicle prices, but not scrappage rates. [CITE] The agencies could also model this in two steps. 
First, they could model the impacts of exogenous changes in new vehicle prices on used prices, 
and second, they could model the impacts of exogenous changes in used prices on scrappage 
rates. To do the first would require an instrumental variable which could isolate exogenous 
shifts to the new vehicle supply curve, and then to use the predicted values to model changes in 
used vehicle prices of all vehicle ages. Vehicle prices and scrappage rates are jointly 
determined. Thus, predicting the elasticity of scrappage to own price variation also requires 
isolating exogenous changes in used vehicle price with an instrumental variable. 

There is one literature example that approaches the structural model that some 
commenters would like the agencies to implement. Jacobsen and van Bentham 1237 developed a 
structural model that simultaneously solves for prices that clear new and used vehicle supplies, 
and then applies an elasticity of scrappage measure that corrects for potential endogeneity of 
used vehicle values and scrappage rates using an instrumental variable methodology. 
Specifically, they use changes in fuel prices as an instrumental variable; changes in fuel prices 
shift-the demand for different vehicle models, but not the cost of supplying them. This should 
capture exogenous changes in value, so that an exogenous measure of the scrappage elasticity 
can be isolated in the second stage of the two-staged least squares method. , 

"" M. Jacobsen and A. van Benthem, "Vehicle Scrappage and Gasoline Policy;" American Eco11omic Re,•iew. Vol, 
105, pp. pp. 1312-38 {2015). 
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While Jacobsen and van Bentham are able to correct for potential endogeneity between 
used vehicle values and their scrappage rates. thei r structura l model to set new and used vehicle 
values simultaneously makes some presumptions that the agencies are not comfortable making. 
First, they calibrate their constant elasticity of substitution (CES) utility function using 1999 data 
from GM's internal model. This type of model would estimate elasticities of specific vehicle 
models and requi re a pricing strategy other than a llott ing all additional technology costs to the 
vehicle models to which they are applied. The agencies have avoided a pricing strategy for the 
reasons cited in Section [xxx]. Second, by relying on GM's internal model, Jacobsen and van 
Bentham used e lasticities calc ulated using only 1999 data of the GM fleet. The agencies do not 
expect that elasticities estimated from 20-year old data from a sing le OEM's po1tfolio of vehicles 
would translate to the entirety of the current vehicle fleet. 1

::.
18 Finally, Jacobsen and van 

Bentham represent tota l vehicle demand of a representative consumer from a composite vehicle. 
This approach precludes the real istic consideration that a household may prefer two used 
vehicles over one new vehicle, which is accounted for in the agencies· functional equations. 

Jacobsen's and A. van Benthem's model is not a household level choice model, and is not 
meant to determine fleet size as noted in their comment: 

In summary, while the Jacobsen and van Benthem (20 15) paper cannot inform by how 
much the total vehicle fleet would expand under a CAFE rollback (s ince we do not 
estimate by how much it shrinks under CAFE), all the evidence and economic logic 
points to a larger total vehicle fleet under a rollback, at odds with N HTSA 's fleet 
turnover model. 

The agencies agree that the long-term fleet should be smaller in the augural case, as fewer 
new vehicles flow into the used car market (because of lower sales), but do think it is plausible 
that in the short term the fleet size could increase under augural standards if in some cases 
consumers substitute two used vehicles for one new one or choose to retain an additional vehicle 
on the margin beca use the higher value makes doing so a more reasonable investment (at the 
a nnual level). This sort of outcome is not possible with the Jacobsen and van Bentham 2015 
model, because the overall demand for vehicles is set by the annual rent prices of a composite 
vehicle. The updates to the scrappage model for the final rule are consistent with th is view, but 
do show a smaller fleet size under the augural standards relative to the proposal. This is 
d iscussed further in Section (c)(iv). 

Fitting the reduced form equation requires that endogenous variables are excluded from 
the model to avoid biased coefficients, so that used vehicle prices were omi tted by design 
because used vehicle prices and scrappage rates are endogenous:~3

q Some commenters argue 
that new vehicle prices and scrappage rates are also endogenous; CARB argued that "the model 

l !JS Kleit. Andrew N., 2004. "Impacts of Long-Range Increases in the Corporate Average Fuel Economy 
(CAFE) Standard." Economic Inquiry 42:279-94. 
1" 9 Hill. R. C., Griffilhs, W. E., & Lim. G. C. Chapter 11: Simultaneous Equation Models. In Principles ,if' 
£co110111etrics (3rd ed .. pp. 303- 324). Hoboken, NJ: John Wiley & Sons, Inc. (2008). 
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tries to rely solely on new vehicle prices to predict scrappage rates without realizing or 
controlling for the fact that scrappage rates may also affect new vehicle prices.''1"

40 

[Text Forthcoming). 

The agencies chose not to fit a model predicting used vehicle prices directly from new 
vehicle prices for the proposal because currenrly-available time-series data on the prices of used 
vehicles of a given vintage going back to 1975 is limited. EDF cited the lack of available data as 
the reason not to fit the structural model: 

In the absence of any data or analysis, NHTSA did not describe the extent to which 
changes in new vehicle prices affect used vehicle prices of varying age, condition, etc. 
1241 

The agencies note that acquisition, assembly, and cleaning of a nationally representative database 
for calendar years 1974 to 2017 on used vehicle prices by vintage from Kelly Blue Book (or a 
similar source) would take months to years, and would push the final rule beyond the necessary 
Apri l 2020 lead time requirement to set MY 2022 standards. Kelly Blue Book data is readily 
searchable for cuJTent prices, but without a time series of used vehicle prices the data cannot be 
used to answer the causal relationship of changes in used vehicle prices over time on vehicle 
retirement rates. Even assembling a nationally representative sample of used vehicle prices by 
vintage would be a major unde1taking. This is not to suggest that doing so is out of scope for 
future analyses; the agencies plan to consider further the possibil ity of conducting additional 
analysis on the relationship between new and used vehicle prices. 

The agencies considered use of the Consumer Expenditure Survey (CEX), which has 
reported vehicle transaction data annually since I 984. i::-1:: However, the sample of used vehicle 
purchase prices aged twenty and older is severely limited. For vehicles purchased between 1996 
and 2017, the average number of transaction prices reported for vehicles aged 20 is 58, and for 
vehicles aged 25 is 18. Any computation of average used vehicle prices from such a small 
sample would not be reliable, and in fact, would be quite noisy. The agencies do not think that 
estimates ofa structural model based on such limited sampling would improve the prediction of 
the scrappage effects over use of the reduced fo1m equation. 

EDF argued that modeling the impact of changes in new vehicle prices directly on used 
vehicle scrappage may not capture the fact that changes in used vehicle prices impact vintages 
differently. Further, they argue that if new and used vehicle prices change by the same 
propo1tion, the effect will have a very small impact on the prices of the oldest used vehicles. 
They argue that these small changes are not enough to change the scrappage decisions: 

Given that vehicles can sell for as little as a couple of hundred dollars and new vehicle 
prices average over $30,000, used vehicle prices can be as little as 1 % of that of a new 
vehicle. Given that the largest increase in new vehicle prices projected by NHTSA in the 

''"' [Text Forthcoming). 
''" [Text Forthcoming] 
' '

4
' [Cite: https://www.bls.gov/opub/hom/cex/history .html. 
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NPRM is less than $3000, and assuming that its effect on used vehicle prices is likely to 
be roughly proportional to current re lative prices, this might mean that the value of a very 
old vehic le or one in poor condition might only increase by $30 (decline by $30 under the 
proposal). le is difficult to see how such a change in value would have a measurable 
impact on scrappage. Of course, the impact of an increase in new vehicle prices on used 
vehicle prices might be more or less than proportional to their current relative values. 
However, NHTSA has done nothing to show which might be the case. The probability of 
any realistic change in used vehicle prices to induce the scrappage of used vehicles is still 
a complete mystery. 

However, the age interaction on the new vehic le price eftect allows that the elasticity of 
scrappage to changes in new vehicle prices may not be constant for all ages. Allowing the 
scrappage elasticity to new vehicle prices to vary by age incorporates the fact that the elasticity 
of scrappage of used vehicles and the cross-price elasticity of used vehicle demand to new 
vehicle prices may not be constant with age. At some point, the thirty-dollar increase EDF cited 
could be the d ifference in keeping a marginally used vehicle on the road; it would be a I 0 
percent increase in the price of a used vehicle, and may cover State registration fees on a 
marginally scrapped vehicle. 

tc ) T im~ Serie, 

The scrappage model util izes panel data. Panel data observes mult iple individuals or 
cohons over time. The data employed by the scrappage model observes the scrappage rates of 
individua l model year cohorts between successive calendar years. The model allows for the 
isolat ion of trends over time and across individuals.1

~
43 Since the scrappage model uses 

aggregate model year cohorts to estimate scrappage rates by age and time-dependent variables 
(new vehicle prices, fue l prices, GDP growth rate, etc.) panel data is necessary to estimate the 
model. A major challenge to using panel data is that the data structure requires consideration of 
potential violations of econometric assumptions necessary for consistent and unbiased estimates 
of coefficients both across the cross-section and along the time dimension. The cross-section of 
the scrappage data introduces potential heterogeneity bias- where model year cohorts may have 
cohort-specific scrappage patterns. 1" 44 Another way to put this is that each model year may have 
its own inherent durability. T he NPRM captllred this potential bias by including model year as a 
continuous variable, bllt the model amended for the final rule incl L1des the more traditional 
individual fixed effects. This is discL1ssed in Section 0. The time dimension of a panel 
introduces a set of potential econometric concerns present in time series analysis. The agencies 
considered potential autocorrelation in the error structures and included lags of the dependent 
and specific independent variables to correct for it; this is not an uncommon practice in dynamic 
panel models. 1145 Some commenters argued that time series approaches were not appropriate in 
the scrappage mode l at a ll. CARB stated the following: 

'"-' Cambridge University Press. ( 1989). Anuz",is of Panel Data. New York, NY. 
,:,, Cambridge Un iversity Press. ( 1989). Anazrsis of Panel Data. New York, NY. 
'"' Bun. M . J. G., & Sarafidis, V. (2015). Dynamic Panel Data Models. In The O~/ord Handbook of Panel Data (pp. 
76-1 10). New York. NY: Oxford University Press. 
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Time-series analysis for modeling scrappage is also inappropriate for the same reasons as 
it was for the new vehicle sales model-particularly because time-series analysis does not 
capture strucn1ral changes, which the scrappage model seeks to illustrate, 

The agencies disagree with CARB's assessment. The potential scrappage effect can only 
be measured with a time series dimension; the agencies are interested in how changes in new 
vehicle prices over time impact the retirement rate of the on-road fleet owr time. In order to 
isolate this effect, the agencies need multi-period data on the scrappage rates of used vehicles 
and prices of new vehicles. 

The literature on vehicle scrappage rates utilize's panel data, but most research has 
ignored potential autocorrelation issues caused by the structural properties of independent 
variables that vary along the time dimension. With the NPRM analysis, the agencies found 
evidence of auto-correlated errors, which were corrected by including three lagged terms of the 
dependent variable: 1! 46 "While in a pure time series analysis, this can be an appropriate 
methodology to account for autocorrelation in the error structure; estimates of the coefficients of 
the lagged dependent variable are biased downwards when applied in fixed or random effects 
panel models. The reason for this is that the constant individual specific terms are correlated 
with the lagged dependent variable (by definition, since the individual specific terms are constant 
for al! time periods, including the previous period), creating a bias in the estimate of the 
coefficient on the lagged dependent variable, and potentially other measures. 1247 The eponymous 
bias was first discussed in a paper written by Nickell in 1982. 1

"~~ There is an increasing body of 
work developing estimators built specifically for dynamic panel data (DPD), or panel data where 
there is an autoregressive component to the data-generating process. In other words, the 
previous value of the dependent variable impacts the current value. 

Further research into this literature (discussed above), comments on the NPRM, and peer 
review comments prompted the agencies to reconsider the approach developed for the NPRM. 
The NPRM analysis did not use fi~ed effects for specific model years, but instead imposed a 
parametric logarithmic relationship of successive model years. This parametric model year1erm 
\vill still result in biased estimates of the lagged dependent variable because it also does not vary 
over time for the same mode! year, and is therefore correlated with the autoregressive term. 
Since the autoregressive term carries through effects from the previous period (the new vehicle 
price effect), this will also bias the predicted Gruenspecht effect in the NPRJ'vl model. Updates 10 
the model used for the final rule correct this issue by more deliberately c9nsidering the time 
series properties of both the dependent and independent variables. 

le-¼ FR, Vol 83, No. 165, August 24, 2018, p.43097. 
'"' Allison, P., Don't Put Lagged Dependent Variables in Mixed Models,, (2015, June 2). Retrieved June \, 2019, 
from https:/lstatisticalhorizcms.com/lagged·dependent-variables. 
12-\S Nickell, Stephen. '"Biases in Dynamic Models with Fixed Effects." Econometrica, vol. 49, no. 6, 1981, pp. 
14! 7-1426. JSTOR. www.jstor.org1stable/I911408. 
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In reconsidering the appropriate way to address the time series properties of the 
scrappage model, the agencies first consider the stationarity of dependent and independent 
variables. This was suggested in James Sallee's peer review: 

In contrast to the new vehicle sales regression reported in the PRIA ·s section 8.6, the 
discussion of the scrappage regressions does not include any discussion of the time series 
properties of the estimators. It is important to test for non-stationarity, for exa111ple.1

:~
9 

Importantly, we find that the instantaneous scrappage rate is stationary, so that there is no longer 
tenn information in the scrappage rates to recover with an autoregressive term. This means that 
a DPD model is not necessary to correct for potential autocorrelation in the model. This also 
implies that the autocorrelation in the errors is a result of non-stationarity in some or all of the 
regressors, and not the tRdependent variable. The solution to this problem is to identify the order 
of integration of each regressor and difference until each is non-stationary. Table Vl- l 00Table 
Vl-100 in Section (c)(iii)(a) shows the order of integration of variables considered in the 
scrappage modelling. 

(ii) Modeling Fuel Economy 

( a) Cnun1erintuili, ~ Signs 

In the NPRM analysis, the agenc ies controlled for the changes in the relative fuel 
economy of new and used vehicles by including the cost per mile of travel in the current period 
and the previous period for both new vehicles and the model year cohort whose scrappage is 
being predicted. This allowed fuel prices to alter the scrappage rates of existing vehicles, 
meaning model year cohorts with lower-than-average fuel economies were impacted by 
increases to fuel prices to a greater extent than cohorts with higher-than-average average fuel 
economies. It also allowed increases in the fuel economy of new vehicles to impact the 
scrappage rares of exist ing vehicles; rhe idea is that when new vehicles have a higher average 
fue l economy, holding price constant, the demand for new vehicles should increase relative to 
used vehicles, and scrappage rates should increase. While this was a plausible way of 
controlling for changes in the relative fuel cost per mile of usage of new and used vehicles, the 
agencies noted in the NPRM that some of the signs on new vehicle cost per mile were 
counterintuitive, so that increases in the average new vehicle fuel economy of certain body styles 
actually increased the scrappage rates of existing vehicles. 

IP!, CARB, CBD, Natural Resources Defense Council (NRDC), and other commenters 
argued that these results were driven more by modeling decisions than by actual relationships 
within the data. NRDC suggested that the conclusions from the NPRM model should be treated 
with suspicion until validated by further research: 

[A)n increase in fuel price for a given level of fue l economy results in longer vehicle 
retention even though operational costs per mile increase. While it is not possible to 

1249 CAFE Model Peer Re,·iew (Reporl No. DOT HS 812 590). Washingion. D.C. - Nationa l Highway Traflic Safety 
Administration. 8-64. 
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rationalize this response without significant additional research, it is indicative of the fact 
that the algorithm response functions may not be properly defined. 

The agencies agree that the results were counter-intuitive-having identified this issue in 
the NPRM and specifically seeking comment on the matter-and considered multiple alternative 
methods of capturing the fuel economy improvements of new vehicles within the scrappage 
model in response to comments. Among the changes considered were alternate fonns of 
-modeling the form of new vehicle fuel economy, as suggested by TPI: 

A paper by Shanjun Li et al., provides a useful example of how the agencies could 
include fuel efficiency in their regression without raising the econometric concerns that 
may be leading to their nonsensical results. Li et al. include fuel price and vehicle fuel 
efficiency (gallons per milej of used vehicles as well as a variable that captures the 
interaction offue! efficiency of used vehicles,and fuel price in their regression as 
explanatory variables. [Footnote 407: Li et al. (2009), at 127.] Unlike the agencies' 
model, the regression analysis used in the Li et al. paper found results that are consistent 
with economic theory: a decrease in overall demand for vehicles and an increase in 
demand for more fuel-efficient cars. 

The NPRM included changes in new vehicle cost-per-m_ile, but did not include separate 
variables for fuel prices or fuel economy. This could potentially haw conflated changes in the 
cost-per-mile of new vehicles from changes in fuel prices and changes in new vehicle fuel 
economy. The agencies considered including changes in fuel prices and new vehicle fuel 
economy as separate measures, as suggested in IPl's comment above, but opted for a different 
method of addressing the concern ofhoW to include changes to new vehicle fuel economy in the 
scrappage model. However, specifications considering this approach are shown in Section 
T.A.1.a)(l )(c)(iii)(d). 

(bJ New Vcbick Prices ~~t of Fud Saving, 

UCS, CBD, NRDF, EDF, and other commenters expressed contern that quality 
adjustments were not included in the price series used to fit the NPRM model. In particular, 
comm enters suggested that the valuation of fuel savings at the time of purchase should be 
deducted from the new vehicle price increases. For example, CBD argued: 

... [T]he agencies rely heavily on work by Howard Gruenspecht regarding the scrappage 
effect, and the NPRM acknowledges that Gruenspecht considered the effect of an 
increase in price ··net of the portion of reduced fuel savings valued by consumers." Yet 
consumer valuation of fuel savings is excluded from the scrappage model, as ·well. 

The scrappage model cannot include both independent variables on the fuel economy and 
cost-per-mile of new vehicles, and adjust the n_ew vehicle prices by the value of fuel savings 
considered at the time of purchase, which would account for the improvement of the fuel 
economy of new vehicles twice. Thus, the agencies must choose between these methods to 
capture the value improvement of new vehicles when their fuel economy increases. The 
agencies show both methods in Section I.A.1.a)(l)(c)(iii)(d). However, additional comments 
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give reason to prefer a methodology that does not model the fuel economy or cost per mile of 
new model year cohorts directly, but instead adjusts the new vehicle price series by the amount 
of fuel savings valued at the time of purchase. 

!Pl expressed concern that the cost-per-mile measure was included in the scrappage 
model, but not in the sales model: 

[T]he· CPM results in the scrappage model are inconsistent with the agencies' sale model. 
ln the sales module, the agencies have chosen to ignore consumer demand for fuel 
economy and significantly boosted the price impact of the baseline standards as a result. 
But in the scrappage model, the agencies have incongruously allowed consumer valuation 
of fuel economy to drive a significant portion of the estimated fatalities. 

The agencies note that the fuel economy of new vehicles was not included in the sales model 
because the signs were statistically insignificant when it was included, and the fit of the overall 
model was not improved. It was not excluded because the agencies do not think that new vehicle 
fuel economy does not affect their sales. One way to consider the value of increased fuel 
economy in both the sales and the scrappage model (in the same way) is to adjust the price of 
new vehicles by the amount of fuel savings consumers value at the time of purchase in both 
models. This is also consistent with how the CAFE model applies technology in the absence of 
CAFE standards, or when a manufacturer is already in compliance with existing standards; 
discussed in Section [xxx.]. In response to comments about the counterintuitive signs of the 
change in new vehicle cost-per mile for some body styles, and about the disconnect in how the 
fuel economy of new vehicles is modelled in the sales and scrappage models, the agencies have 
adjusted the new vehicle price series in both models by the amount of fuel savings consumers are 
asswned to value at the time of purchase (30 months of fuel savings). As noted in Section 
I.A. l .a)(l )(b)(ii){a), alternatives to this solution are presented in Section I.A.I .a)( l )(c)(iii)(d), 
We,also discuss consideration of other quality improvements Over successive m0del years in 
Section l.A.1.a){ I /(b)(iii)(d). 

{iii) Consideration ofQther Additional Variables 

Some commenlers expressed concern that the scrappage model implemented in the 
NPRM analysis omitted several theoretically important variables in predicting the scrappage 
rates of the existing vehicle fleet. To understand these comments more fully it is useful to recall 
that existing vehicle owners can be private households/individuals, businesses, or dealerships. 
They supply the used vehicle (in the sense of making it available for use) to the market either by 
reselling them, or continuing to own the vehicle for their own use. Theoretically an existing 
owner will supply a used vehicle for additional use if the value of the vehicle {net of the 
opportunity cost of its value as scrap metal and used parts) exceeds the cost of maintenance, 
repair, insurance, and registration fees for the vehicle. If a seller does not perform necessary 
repair or maintenance services on the vehicle prior to sale, the value of the vehicle should be 
offset by the cost of those services. Accordingly, the scrappage threshold for a vehicle should 
remain the same regardless of whether the seller or buyer pays for any necessary maintenance or 
repair services on the vehicle. 
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Under this framework, commenters have argued that the agencies should include 
maintenance and repair costs, the value of the used vehicle when scrapped, and other costs to 
purchase the vehicle, all ofwhicl1 were excluded in the NPRM version of the scrappage models. 
IPI stated the following: 

The agencies should include, the variables that Gruenspecht and others have traditionally 
included in their scrappage analysis, including price of vehicles indexed by maintenance 
and repair costs, the price of scrap metal, and interest rates. 

The agencies agree that these variables are relevant to detem1ining the scrappage rates of existing 
vehicles, but have concerns that the level of aggregation of available series related to each of 
these factors may obscure the ability of a statistical model to capture their impact on vehicle 
Scrappage rates. Below, we discuss commenter concerns about the omission of maintenance and 
repair costs, scrap steel prices, and interest rates, in tum. We then outline the agencies· further 
consideration of each factor in this final rule analysis, and why each chose whether to consider 
each factor in the analysis for the final rule. Empirical results of models considering these 
factors are shov.-n in Sections I.A.1.a)(lXc)(iii)(e) and I.A. I .a)( 1 )(c)(iii)(f): the decision to 
exclude them from the primary analysis is further explained in these sections. 

(al Main!cna11ce and R~pu;,-C\,,ts 

EDF, IP!, California States et. Al., CARB, CBD, and othercommenters suggest that the 
omission of maintenance and repair costs by the agencies was not justified, and that the measure 
should be included in.future models. CARB claimed that: 

parameters for repair costs and used vehicle prices towards the end of life should likely 
be included in a scrappage mode!. However, neither of these variables appear in the 
Agencies' model. 

The agencies agree that the theoretically ideal model ofscrappage would include maintenance 
and repair costs. For this reason, the agencies explored several methods for explicitly 
incorporating maintenance and repair costs. Section LA. l.a)(l)(c)(iii)(f) reports model results 
both with and without a maintenance and repair variable. Since the variable is integrated of 
order one, (see Table Vl-98Table Vl-98), the models including it take the first difference; in this 
form, increases in maintenance and repair costs result in an increase in the scrappage rate of 
existing vehicle's, as expected. The sign is also statistically significant. While the agencies 
would prefer a maintenanc_e and repair price series that varies by calendar year and vintage, such 
a series is not currently available. We hope to continue to improve this variable in future work 
on the scrappage model, but respond to comments by including the first difference of the 
maintenance and repair series in some of the models considered for the model used for the final 
rule. 

Commenters were apparently confused about the agencies' discussion of the impact of 
fuel economy standatds on durability. The agencies discussed a finding from the Greenspan and 
Cohen (1996) paper that suggested that higher EPA emission standards actually decreased the 
durability of certain model years. The discussion from the PRIA follows: 
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In addition to allowing new vehicle prices to affect cyclical vehicle scrappage ii. la the 
Gruenspecht effect, Greenspan & Cohen also note that engineering scrappage seems to 
increase where EPA emission standards also increase; as more costs goes 1owards 
compliance technologies, it becomes more expensive to maintain and repair more 
complicated parts, and scrappage increases. In this way, Greenspan and Cohen identif)' 
two ways that fuel economy standards could aftect vehicle scrappage - I) through 
increasif)g new vehicle prices, thereby increasing used vehicle prices, and finally, 
reducing on-road vehicle scrappage, and.2) by shifting resources towards fuel-saving 
technologies-potentially reducing the durability of new vehicles by making them more 
complex.1250 

EDF and !PI misinterpret the agencies' discussion of findings from Greenspan and Cohen's work 
to imply that the fuel efficiency variable is meant to control for changes in maintenance and 
repair costs. The following quote from !PI exemplifies their confusion: 

ln addition, the agencies have explicitly excluded several theoretically imporlant 
explanatory variables (e.g., the cost of maintenance and repair), which are potentially 
correlated with fuel efficiency. [Footnote 405: Id. at 1000 (indirectly making this point 
with respect to fuel efficiency and maintenance and repair costs when emphasizing.that 
'Greenspan & Cohen also note that engineering scrappage seems to increase where EPA 
emission standards also increase; as more costs goes towards compliance technologies, it 
becomes more expensive to maintain and repair more complicated parts, and scrappage 
increases'). ln other words, maintenance and repair costs are correlated with respect to 
fuel efficiency and scrappage rates.] 

The agencies did not mean to imply that including some measure of the fuel economy ofa model 
year cohorl (cost per mile, in the NPRM model) would control for variation in maintenance and 
repair costs over time. The discussion of Greenspan and Cohen's results was intended only to 
demonstrate that durability and standards that increase technological complexity may be 
correlated, so that durability increases may not be independent of CAFE/CO~ standards. 

Maintenance and repair costs for a given model year cohort likely are correlated with the 
fuel saving technologies applied to that cohort, but there is also a dimension bf maintenance and 
repair costs that are correlated with other macroeconomic factors (i.e., v,ages, materials, etc.). 
Controlling for fuel economy would not capture calendar-year-specific changes to maintenance 
and repair costs that are caused by factors other than fuel economy. It also does not seem likely 
that variation in maintenance and repair costs from different fuel savings technology would be 
linearly related to fuel consumption, so that even model year variation in maintenance and repair 
costs could not be captured by inducting some measure of fuel economy or fuel consumption: 
As noted above, the agencies agree that maintenance and repair prices exist in the theoretically 
ideal scrappage model, and consider the variable in some of the models presented in Section 
I.A.1.a)(l)(c)(iii)(fJ. 

"'° PRIA at J(}{l{]. 
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(b) Scrnp \'uluc, 

In the NPRlvl mode!, the agencies considered inclusion of the BLS scrap steel CPI series. 
We gave the following reasons for excluding the measure in the final NPRlvl models on page 
1012 ofthe PRIA: 

As noted by Parks {1977), the value of a scrapped vehicle can be derived either from the 
value of recoverable scrap metal or from the value of sellable used parts. There are 
several issues with using the BLS scrap steel CPL First, as in Park's work, the 
coefficient on scrap steel is statistically insignificant-model results including the CPI of 
scrap steel are not shown, as there were other theoretical problems with the measure. The 
material composition and mass of vehicles has changed over time so that the absolute 
amount of recoverable scrap steel is not constant over the series. The average weight of 
recoverable steel by vintage wou!d have to be known, and this measure would still be 
missing any other recoverable metals and other materials. Further, projecting the future 
va1ue of the recoverable scrap metal would involve computing the amollnt of recoverable 
steel under all scenarios of fuel economy standards, where mass and material 
composition are assumed to vary across all alternatives. This value is not calculated 
explicitly in the current model, which is another reason some estimate of the value of 
recoverable metal is not included in the preferred model specification. 

The concemsthe agencies raised in the NPRM continue to be present for the model used for the 
final rule. The BLS scrap steel CPI wrn not have the same effect on the opportunity cost lthe 
scrap value) of keeping an existing vehicle on the road as opposed to scrapping it for successive 
model year cohorts. The average weight ofvehicle.s; has changed over successive model years, 
as has the average steel composition. 

Even considering the limitation of using the BLS scrap steel price series, commenters 
expressed concern about the exclusion of a variable to capture changes in the value ofa vehicle 
as scrapped metal and/or used vehicle parts. As noted in Section I.A. La)(! )(b)(iii)(a), IPJ 
suggested that "the price of scrap metal" should be included, while CARB suggested the model 
include "used vehicle prices towards the end of life." The agencies made several further 
attempts to capture this component of vehicle scrappage, and address commenters' concerns, in 
the scrap page models used in the final rule. We continue to consider models which include the 
BLS iron and scrap steel CPI series; results ofthese considerations are shown in Section 
LA.I .a)( 1 )(c)(iif )(t). 

(el Interest Rates 

JPI and EDF expressed concerns that changes in the real interest rates of vehicle loans 
had not been included in the final NPRM scrappage model. EDF commented the following: 

NHTSA's model also does not include interest rates or the cost of financing a vehicle, 
another variable which NHTSA acknowledges affects scrappage. NHTSA itself states 
that "[a]s the real interest rate increases so does the cost of borrowing and the opportunity 
cost of not investing. For this reason, it is expected that as real interest rates increase that 
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vehicle scrappage should decline. Consumers delay purchasing new vehicles because the 
cost of-financing increases. Conversely, as real interest rates decrease, vehicle scrappage 
should increase .... Yet, NHTSA chooses not to include interest rates in its model since 
inclusion of interest rates yields results that are opposite to ·what is expected~"as real 
interest rates increase, so does the scrappage rate" in NHTSA 's model. As discussed 
above, this is yet another indication that the model is flawed and cannot be relied upon. 

The agencies considered real interest rates in the NPRM analysis. Increasing the cost of 
purchasing a vehicle should increase the incentive for households to hold onto existing vehicles 
(as opposed to purchasing one) and scrappage rates should decline. \Ve excluded real interest 
rates from the final NPRM model for the reasons stated on page 1028 of the PRIA: 

Table 8-14, Table 8-15, and Table 8-16 include interest rates and maintenance and repair 
CPI for cars, vans/SUVs, and pickups, respectively. For cars, as shown in Table 8-8, real 
interest rate is ofthe_opposite sign than expected; as real interest rates increase, so does 
the scrappage rate-this model is also a worse fit by measures of AIC and BlC relative to 
the preferred model. 

In response to commenters' concerns, the agencies continue to c'onsider interest rates in 
the model used for the final rule, as shown in Section I.A. I .a)( I )(c)(iii)(e). However, interest 
rates only affect scrappage rates where a household might be unable to finance the purchase of ii 
new or used vehicle and instead decides to maintain an' existing vehicle that would have 
otherwise been scrapped. The most likely substitute for a marginal scrapped vehicle would not 
be a vehicle that could be financed. Accordingly, the relationship between interest rates and 
scrappage rates may be weaker than that bet\veen new vehicle prices and scrappage rates. The 
most likely substitutes for new vehicles are vehicles just off lease, and the resulting increase in 
residual values will affect slightly older vehicles. Eventually, the price of the most likely 
substitutes for marginally scrapped vehicles will also increase, so that scrappage rates will also 
be affected. 

(dl Oth~r \'d1iclc Quality .\djustrn~ntl' 

CARB and other comm enters expressed concerns that the NADA series used by the 
agencies in development of the NPRM scrappage model did not make quality adjustments. 
CARB made the following specific comment: 

By only including new vehicle prices and no other controls for vehicle quality, the 
Agencies' scrappage model omits variables that are important predictor$ of scrappage 
rates and of vehicle prices. Prior wofk that has relied on new vehicle prices to estimate 
scrap page rates have also include:d some aspects of quality improvements, meaning 
considering that the vehicle is improving in some way. For example, Greenspan and 
Cohen ll 996) include both the Bureau of Labor Statistics (BLS) new vehicle price index 
arid the BLS cost of repair index. 

The NADA average new vehicle transaction price does not control for other average 
characteristics that may change over successive model years. The agencies considered 
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controlling for average body style and model year characteristics in the scrappage model as an 
a lternative to including fixed effects in the model. The considered characteristics included: 
horsepower to weight, zero to s ixty acceleration t ime, and average curb weight. However. 
performing the pFtest implementation of an F-test of goodness-of-fit, from the ··p\m" R package, 
suggested that fixed effects are necessa1y to control for heterogeneity across model years. 1251 

For this reason, average characteristics that are constant over calendar years for a given model 
year cohort cannot be included in the model. We do present specifications that include the ratio 
of new to used vehicle performance (since this has calendar year level variation and can be 
included with model year fixed effects) in Section I.A. I .a)( 1 )(c)(iii)(f). 

(iv) Integration of Sales and/or VMT, Tota l Fleet 
Size, and Total VMT 

Some comm enters believe the ideal model of how CA FE/CO2 standards affect sales, 
scrappage, and usage would be a j oint household choice model. RFF makes the following 
comment: 

The agencies can fix those problem~ by making two changes. First, they can jointly 
model VMT and vehicle holdings (i.e., scrappage and new-vehicle purchases). The 
literature provides many examples of such modeling for guidance (see citations above). 
Jointly modeling these choices will make the analysis internally consistent and will 
account for the fact that households do not make scrappage and vehicle use decisions in 
isolation. lfthe model predicts that weaker standards cause more scrappage. it will 
simultaneously estimate any increase in VMT for the remaining vehicles. 

The advantage of such a model is that sales, scrappage. and usage would be jointly 
determined so that the impacts on scrappage is conditional on how increased new vehicle prices 
affect sales and vehicle prices, and usage is dependent on both effects. The agencies agree that 
this type of model would better capture the j oint nature of the choices of which vehic les to buy, 
which to sell or scrap, and how much to use each than modell ing each effect separately. 
However, the agencies are not aware of any national dataset that would a llow sales, scrappage 
and usage to be jointly predicted, nor are they confident of such a model's ability to predict 
better than cany ing current market shares forward. 

The papers cited in the RFF comment, Linn and X. Dou, 20 I 8;1252 Berry, Levinsohn, and 
Pakes, 1995; ,:,3 and Jacobsen and van Bentham, 2015, 1~54 either use the CEX or the NADA 
transaction price series merged with the Polk registration counts. The CEX is a re latively small 
sample of households (about 160,000), their vehicle holdings, vehicle purchases, and usage. 

'"'' Croissant, Y .. Millo. G., & Tappe, K. (20 19, Seplember 7). Package ·pJm.' Retrieved from h11p" cran.r
project.orglweblpackageslplm/plm.pdf. 
'"'' J. Linn and X. Dou. "How Do US Passenger Vehicle Fuel Economy S1andards Affect Purchases of New and 
Used Vehicles?" (Washingto n, DC: Resources for the Future, 2018);). 
'"' Berry, S., .I. Levinsohn, and A. Pakes, "Difleren1ia1ed Produc1 Demand Sys1ems from a Combination of M icro 
and Macro Data: The New Car Markel." Journal Q/Political Eco11om1· l 12( I) (2004): 68- 105. 
i2,;,1 M. Jacobsen and A. van Benthem, "Vehicle Scrappage and Gasoline Policy,'' American Economic Reriew I OS 
(2015): 1312-38. 
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However, it does not report retirement rates. but only when a vehicle exi ts a household's fleet 
(most often it is sold or traded in). Thus. at best. the CEX coLtld be used to build a household 
consumer vehicle ho ldings and usage model. but the vehicles that are scrapped would be 
implied; scrappage would not be modeled d irectly . nor would it be attached to the number of 
miles on a vehicle. The NADA and Polk datasets used by Jacobsen and van Bentham links 
vehicles prices and scrappage rates, but does not track individual household dec isions. The 
Jacobsen and van Bentham paper relies instead on a model of the new and used vehicle market 

which takes cross-price elasticities as an assumption derived from the outputs of a 1997 GM 
consumer choice model.1254· 1255 T he agencies wi ll continue investigating whether a 
consumer/household choice model can serve as an a lternative to aggregate estimates of sales and 
scrappage, but are skept ical about the ability of such models to predict future model shares 
accL1rately. 

As was the case wi th the 2012 final rule and the 2016 TAR. the agencies again note there 
is no credible consumer cho ice model which can be implemented in the CAFE model. Literature 
comparing the performance of consumer choice models to holding manufacturers constant 
suggest that the latter predicts future market shares better than the former. NCAT ra ises this 
point in their comment below: 

Academic and other researchers have developed a number of vehic le demand (consumer 
choice) models for the new and/or used vehicle markets to look at effects on sales and 
fleet mix. Rarely has there been any effort to validate these models, either for 
consistency across mode ls, or for abil ity to predict out of sample. Recent academic 
research, as well as work by EPA, has found that these models commonly perform worse. 
especially in the sho11 run, than simply holding market shares constant. 

For these reasons, the agencies have not used a consumer choice model to capture the sales 
and/or scrappage impacts, but have built reduced form equations from aggregate data instead. 

NCAT a nd CBD also refer to EPA attempts to develop a consumer choice model in 
conj unction with Oak Ridge National Labs, and note that the agencies did not use this model for 
the NPRM analysis. This specific cho ice model, as referenced in the excerpted NC AT comment 
above, has not predicted future market shares as well as projecting current shares forv.ard. For 
this reason the model was not deemed tit to include in the policy analys is. NHTSA also worked 
to develop a consumer choice model, but when implemented, the model predicted that some 
OEM's would have unrealistic declines in total sales. The limitations of the consumer choice 
models the agencies have cons idered is overlooked in the following comments from CBD: 

The sales model the agencies use is not the consumer-choice model that EPA has been 
developing a nd refining for almost a decade. Rather, both it and the scrappage model 
appear to have been developed by NI-ITSA in just the last two years. Neither mode l has 
been peer-reviewed. nor even released publicly until the publication of this N PRM. 

"" Kie it, Andrew N .• 2004. "Impacts of Long-Range Increases in the Corporate Average Fuel Economy 
(CAFE) S tandard." Economic Inquiry 42:279-94. 
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The agencies did not use the consumer choice models either agency developed because the 
predictions are not reliable- which has disappointed not only the commenters mentioned above, 
but the agencies and researchers who have spent significant resources attempting to develop 
models for these purposes. Instead, the agencies have modelled the effects from reduced form 
equations from aggregate data. 

ta, lm-:gration 11ith Saks 1\1,,dcl 

The NPRM models did not include any direct linkage between the sales. scrappage, and 
usage functions. as noted by the agencies. Here, the agencies consider comments from 
stakeholders about the lack of integration of the scrappage model with sales (and the effect on 
total fleet size), and the lack of integration with the vehicle usage schedules (and the effects on 
total VMT). 

NCA T, EDF, CBD, CARB, and other commenters argued that the sales and scrappage 
models should be directly linked, and that their independence predicts the higher fleet size and 
total VMT under the augural standards. CBD makes the fo llowing statement: 

The agencies now, irrationally, decouple those two effects, such that the number of new 
vehicles sold (or left unsold) has no effect on the number of vehicles scrapped. Relying 
on the deeply flawed scrappage model, the agencies have predicted a massive ballooning 
of fleet size under the existing standards that leads, automatically under their model, to a 
massive increase in VMT. 

The agencies note that the structural model presented in Section I.A.1.a)(l)(b)(i)(b) 
demonstrates that both the equilibrium quantity and the price of new vehicles sold are changed 
when the production cost of new vehicles changes under different regulatory alternatives. 
Specifically, under relaxed standards, the equilibrium price is lower and equilibrium sales are 
higher than the counterfactual augural standards. Controlling for other variables that might shift 
the new vehicle supply or demand curves, either new vehicle prices or sales could enter the used 
vehicle demand equation (as in the structural model, there is a functional relationship between 
the two, again, controlling for factors that shift the supply and demand curves for new vehicles). 
Thus, the agencies could use either new vehicle sales or prices to control for changes in the new 
vehicle equilibrium solution in the scrappage equation. It is important to control for factors that 
affect the demand for vehicles overall (business cycle conditions, etc.). The agencies present the 
preferred models using either new vehicle prices or new vehicles sales in Section 
l.A.l.a)(l)(c)(iii)(d). Since there should be a collinearity between the two, it would be 
inappropriate to include both variables simultaneously. 

(b) 7 Nal Fleet Si7e 

NCAT, EDF, CBD, CARB, UCS, IPI, California et. al. . academic commenters, and other 
stakeholders argue that the fleet size should not change much with new vehicle prices. Some 
commenters go further to argue that higher vehicle prices under the augural standards should 
result in a smaller fleet size in the augural case relative to the proposal. The agencies agree that 
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the long-tenn impact of higher new vehicle prices should be a slight reduction in fleet size, but 
do not agree that the short-term impacts of the standards on fleet size are obvious. 

Many examples from the literature make assumptions that ensure that the fleet size under 
different regulatory alternatives remain constant. UCS c ites this assumption in the original 
Gruenspecht works (their emphasis): 

Though the agencies cite the Gruenspecht effect for its basis for the scrappage model, 
they ignore a central constraint ofGruenspecht's work- namely, his assumption that 
FLEET SIZE AND TOTAL VMT ARE INSENSITIVE TO PRICE. 

Other works ensure the same conclusion with different assumptions. Within the Jacobsen and 
van Bentham, 2015 and Goulder et. al., 20 12 framework, a household first chooses the number 
of vehicles to own based on the average price of all vehicles subject to a budget constraint. After 
choosing the number of vehicles to ho ld, the household chooses the specific type and age of 
vehicles to hold. However, for some households the choice of how many and which vehicles to 
hold is not disjoint, so that a household may choose to hold hvo used vehicles as a second choice 
to one new vehic le. When new vehicle prices increase, under the same budget constraint, they 
may choose to hold two vehicles instead of one. If enough households make this choice, the 
fleet size could slightly increase. 

!Pl gives a li terature example of a model that does not ensure this outcome with initial 
assumptions. This model directly predicted fleet size, and not sales and scrappage. T he fleet 
size in the CAFE model is the result of the sales and scrappage models, and not the result of a 
single of the models. Small and Van Dender, 2007 finds that higher new vehicle prices are 
associated with lower total vehicle stock, as I Pl states in the quote below: i:% 

In their 2007 study estimating the rebound effect caused by c hanges in fuel efficiency, 
Kenneth Small and Kurt Van Dender derived estimates of the relationship between 
vehicle price a nd fleet size. By simultaneously estimating a system of equations for 
VMT per capita, fleet size, and fuel efficiency for the United States from 1966 to 200 I, 
Small and Van Dender also found that an increase in new vehicle price has a negative, 
statistically significant effect on total vehicle stock. 

However, it is worth noting that Hymel, Small, and Van Dender in 2010 published a study 
finding a statistically insignificant result of the opposite sign.1257 The general framework of the 
two papers are very similar. so that the updated results show that the fleet size impact is 
ambig uous. 

Toyota and the Automobile All iance mentioned that NERA built sales a nd scrappage 
models, and requested that the agencies "review the NERA econometric study's methodologies 
for adoption or to refi ne their own models." The agencies considered the NERA scrappage 
model, but note that the model merges the data for all vehicle types, so that the scrappage 

ie;, Hymel, Kem M. & Smal l, Kenneth A. & Dender. Kun Van, 2010. "Induced demand and rebound effects in road 
transpon," Transportation Research Pan B: Methodological, Elsevier. vol. 44( 10). pages I 220-1 24 1. 
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relationship by age for pickups is adjusted by the same constant for all ages. However, the 
agencies note that each body style has a unique functional fonn with age (as evidenced in 
Section 0), so that it does not seem appropriate to merge them. Further, it does not seem likely 
that the elasticity of scrappage is the same for all vehicle types. 

While the agencies think there are' reasons not to adopt the NERA scrap page model as is, 
this suggested g~neral approach does support simplifying the model as further suggested in 
Sectiori I.A. La)( I )(b)(i). Also, this research supports the notion that the relative fleet size of the 
proposed and augural standards is not a given. NERA's comments about their model provided: 

The separate changes in neV.- vehicle sales and changes in scrappage rates would lead to 
differences in the overall fleet size for the CAFE standard alternatives. The net effects of 
these two changes did not have a-substantial effect on the overall fleet population under 
any of the three CAFE alternatives (never more than 0.25% change in fleet size compared 
to the augural standards), 

The NERA model shows the same directional fleet impacts as the NPRM sales and scrappage 
model. This lends some further support to the notion that the fleet impacts are not as certain as 
some commenters suggest. 

Another empirical model predicts a larger total fleet size under the augura\ standards than 
under the proposed standards. Comments by David Bunch offer an extended comparison of the 
sales, fleet size, and retirement rate results of the Department of Energy's National Energy 
Modeling System (NEMS) model under the proposed and augural standards. NEMS predicts 
fleet size from input assumptions about the size of the on-road fleet, endogenous new vehicle 
sales estimates, and exogenous assumptions about scrappage. 125 ~ However, in his comments 
Bunch said: 

Scrappage is an implied behavior detennined by projecting total fleet size and new 
vehicle sales. Through this mechanism, all else equal, an increase in new vehicle sales 
would yield an increase in scrappage. 

NEMS does not project total fleet size endogenously in their model as Bunch assumes. Nor is 
scrappage an implied behavior determined by fleet size and new sales projections. Instead, total 
fleet siie is implied from an endogenous sales model, and constant age- and body-style-specific 
scrappage rates. T11e difference between the CAFE Model and NEMS is that the CAFE model 
has both endogenous new vehicles-sales and scrappage rates-scrappage rates are not assumed 
to be constant for all regulatory alternatives. Fleet size is the implied variable in both models. 

Bunch finds that the NEMS model also predicts a larger neet size under the augural 
standards than the proposed standards. Specifically, he finds the following: 

The differences are initially about I 00K_, increasing linearly from 2031 from 200K to 
1.8M in 2050. Because even the Existing standards remain at the same level after 2025, 

""From page 109 of2016 NEMS documentation "eiogenouslv estimated vehicle scrappageand fleet transfer 
rates." https://www .eia.aov/outlookslaeolnems/documentation/archivelpdflm070(2016 ).pdf. 
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this would seem to represent a very different effect from what might be going on in the 
CAFE model results. 

Bunch goes on to discuss the relationship beiween sales, scrappage and fleet size in NEMS in the 
following passage: 

New vehicle sales generally are growing in both scenarios, so economic theoty suggests 
that fleet sizes should also be growing {they are). Specifically, although the Gruenspecht 
effect logic suggests that increasing new vehicle sales should lead to increased used 
vehicle scrap rates, the total "value" of the fleet is increasing, so this would suggest an 
increase in the fleet size. Moreover, new vehicle sales are higher under Existing, so the 
fleet size should be also. 

Bunch makes several claims that are not consistent with available data and the agencies' 
understanding of how the NEMS model. First, he states that because sales are growing fleet size 
should also be growing. However, change in fleet size is the result of new vehicle sales less the 
number of existing vehicles scrapped; if new vehicle sales and used vehicle scrappage rates both 
increase, the fleet size is not necessarily increasing. Second, he states that the 'Gruenspecht 
effect logic' suggests that increasing new vehicle sales results in increasing scrap page rates. 
However the NEMS model does not change vintage-specific scrappage rates endogenously, but 
takes them as·an exogenous input. Thus, the NEMS model does not capture the Gruenspecht 
effect, and its fleet size projections can only vary from changes in new vehicle sales. Any 
differences in the projected total fleet scrappage rates Bunch considers later are due to different 
initial sales of each body style, and therefore a different weighting of the constant body-style
and vintage-specific scrappage rates. This makes the comparison of the fleet size and sCrappage 
rates of the two models not particularly meaningful. However, the difference in the projected 
sales impacts are worth a second glance. NEMS predicts prices that are at most about $1,000 
higher Jn the Augural than the proposed standards, while the CAFE model predicts prices that are 
up to approximately $2,500 higher. The difference in the projected costs to meet the CAFE 
standards is likely the main reason for the difference in the sales outcomes-if the average fuel 
savings exceed the average ihcremental cost of the augural standards (relative to the proposal) in 
the NEMS model, the expected outcome is that sales should be higher in the aµgural case, as 
shown. 

It is also worth noting Bunch's discussion of the empirical results of the CAFE scrap page 
model. Bunch purports to calculate the scrappage elasticity relative to new vehicle price 
increases, but his point of comparison does not hold constant other factors that might impact 
used vehicle scrappage rates. Instead, Bunch calculates the inter-annual percentage change in 
the scrap page rates for·each regulatory alternative, then calculates the inter-annual change in new 
vehicle prices for each regulatory alternative, and finally takes the quotient. However, for inter
annual changes in scrappage rates, different projected GDP growth rates and fuel prices will 
have also played a critical role in·the scrap page rates. The better point of comparison would be 
the incremental percentage decrease in scrappage·rates for the augural standard relative to the 
proposal, over the incremental percentage increase in new vehicle price in the augural standard 
relative to the proposal for each calendar year. This ensures that the point of comparison holds 
constant.all other factors that determine scrappage, as the regulatory alternatives use the same 
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GDP gro'nih rate and fuel price projections. When computing the implied scrappage elasticity in 
this way, the implied elasticities vary between approximates -0. l and -1.1, with the average 
being approximately-0.5-which is more in line with what Bunch detennines reasonable for his 
incorrect calculations of the NEMS model scrappage elasticities, as c_ited below: 

Finally, the average values are, -0.90 and -0.88 for the Existing and Rollback scenarios, 
respectively. On one hand, these are reasonably close to the Jacobsen and van Benthem 
(2015) estimate for scrap elasticity with respect to used vehicle prices. On the other 
hand, the Bento et a!. (2018) estimate was -0.4, and one might expect the elasticity with 
respect to new vehicle price to be smaller. In any case, these results are not 
unreasonable. 

The implied elasticities from the NEMS model are approximately zero, which is not a surprise 
since these are merely the result of different new vehicle sales affecting the relative weighting of 
NEMS' constant age-specific scrappage rates. 

As discussed above, comm enters offered NERA 's model and NEMS as points of 
comparison for NHTSA'S sales and scrappage models and their combined implied fleet size. 
However, since NEMS does not model the scrappage efl:iect, but takes static scrappage rates, it is 
not a fair point of comparison. NERA 's model shows a larger flee! under the Augural standards, 
providing evidence that the impacts of the sales and scrappage models are ambiguous. 

kl l11tqm11inn with V'.\1T 

ln the NPRM the agencies noted that the average VMT by age is constant regardless of 
instantaneous or cumulative scrappage rates. We noted that this was a limitation of the model. 
and sought comment on ways to integrate the two effects: 

[Olur scrappage model assumes that the average VMT for a vehicle of a Particular 
vintage is fixed---that is, aside from rebound effects, vehicles of a panicular vintage drive 
the same amount annually, regardless of changes to the average expected lifetimes. The 
agencies seek comment on ways to further integrate the survival and mileage 
accumulation schedules. 1l;;

9 

Several commenters suggest that the lack of integration between VMT and scrappage rates is not 
justified. Some comm enters suggested that the VMT should be detennined from a household 
holdings model, while others suggested merely that delayed scrappage under higher standards 
should increase average mileage accumulation, which will haw some feedback for the next 
year's scrappage rates. 

Joshua Linn and other commenters suggest that VMT is detennined at the household 
lcve;l and _should thus be model1ed as such. EDF makes the following comment, which seems to 
reflect a fundamental misunderstanding oft he type of model used to predict the scrappage effect: 

'"" [Text Forthcoming] 
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When describing the process whereby a potential new vehicle purchaser chooses to 
forego buying a new vehicle and continues to drive their existing vehicle, NHTSA 's 
scrappage model ignores the fact1hat this action shifts VMT from a new vehicle with a 
higher average mileage per year to a used vehicle with a lower average mileage, Either 
the driver of this vehicle will drive their older vehicle less, causing overall VMT to 
decline, or the average mileage of the used vehicle will increase without any need to 
affect scrappage. By focusing solely on scrappage, and focusing the change in scrappage 
on those vehicles with the worst fuel economy (i,e., the oldest vehicles), NHTSA 
essentially shifts new vehicle VMT to the oldest vehicles, According to 'NHTSA 'sown 
rationale, much of the lost VMT from new vehicles will be replaced by vehicles only a 
few years old. The VMT of these relatively new used vehicles which is then replaced by 
VMT from older used vehicles, and so on. 

The agencies' scrappage model does not capture household choices, but uses aggregate 
data to predict new vehicle sales and age-specific scrappage rates in response to changes in new 
vehicle prices. In addition, the scrappage rates of all ages change in response to increases in new 
vehicle prices, not jµst the oldest vehicles. Further, the household that does not buy a new 
vehicle but holds onto an existing vehicle instead, in ED F's example, results in one fewer used 
vehicle supplied to the used market~this will result in an increased price for used vehicles and 
potentially lead to some used vehicles not being scrapped, Because the VMT schedules the 
agencies use in modelling show usage declining with age, the agencies' model does assume that 
younger vehicles that are not scrapped are driven more than older vehicles that are not scrapped. 

EDF, !Pl, and Honda further argue that mileage accumulation should not be constant 
under all scrappage rates. Specifically, they suggest that the assumption that average VMT 
accumulation by-age is constant even when scrappage rates decline, results in an overestimate of 
vrv!T. IPI suggests that the marginally unscrapped vehicles should drag down the average VMT 
accumulation under higher standards in the following comment: 

Because those schedules assume each vehicle of a certain age and type in the fleet drives 
a set amount of miles without any adjustment for the increase in total fleet size or vehicle 
quality (i.e., wear and tear and durability), the finding that the standards cause the fleet 
size to increase results in a significant increase in total VMT. 

The agencies note that mileage accumulation and scrappage are not disjoint, A vehicle that is 
driven more miles is more likely to be scrapped. However, since the National Vehicle 
Population Profile (NVPP) data does not track im\ividual vehicles, there is no obvious way 10 
merge individual vehicle odometer readings with those that are scrapped. The agencies hope to 
continue to investigate data sources that may quantify the joint relationship of the two effects, 
and better- respond to the claims from EDF that ''NHTSA presents no data or analysis to justify 
this assumption." In the meantime, the agencies have adjusted the final rule analysis to 
conservatively assume that total demand for VMT, not including the rebound effect, should be 
constant for all regulatory alternatives, as discussed in Section [xxx], below. This requires that 
the VMT schedules are no longer constant for all fleet sizes, 
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Many commenters think that total VMT, not considering rebound miles, should be 
constant, regardless oft he number of new vehicles sold and used vehicles scrapped. NC AT, 
Global, Auto Alliance, CBD, EDF, IP!, CARB, and Honda all make this argument. CARB 
makes the following statement suggesting that even a larger fleet size should not increase 
aggregate demand for VMT (again, not including rebound miles): 

A change in the overall fleet size due to 1he Augural standards might not in and of itself 
be problematic, as long as the VMT schedules are adjusted to account for overall travel 
activity that is distributed over a larger number of vehicles. However, the As-Received 
version of the [scrappage] model does not adjust VMT schedules, with the result that the 
additional unscrapped vehicles inflate total VMT proportionally. 

The agencies agree that the aggregate demand for VMT should be roughly constant across 
alternatives, and stated this in the NPRM, where the differences in non-rebound VMT were on 
the order of 0.4%. 

NERA. 's modelling efforts found similar small decreases in VMT in regulator)' 
alternatives where the-standards are relaxed. The Alliance stated: 

Under all three scenarios, vehicle miles traveled ("VMT") decreases relative to the 
augurahtandards. This is due primarily to rebound effects. Because NERA was only 
examining vehicles through MY 2029, the difference in VMT between the alternatives 
and the augural standards decreases over time, since fewer of the MY 2029 and earlier 
vehicles are on the road in those later years. 

NERA's model used similar assumptions as the NPRM analysis and, like the NPRM results, the 
NERA. model results suggest that it is plausible that total VMT could decline under less stringent 
standards. A key assumption common to NERA 's model and the NPRM analysis is that the 
VMT schedules are constant under all scrappage rates. However, as discussed in Section [xxx] 
this can potentially overestimate total VMT in the augura! case, where vehicles that were 
marginally scrapped in the proposal are kept on the road. 

Presumably, vehicles that are scrapped in-the proposal, but not in the augural, are in more 
disrepair than others in the same age cohort. As a result, these vehicles would on average be 
driven less, bringing down the average usage of the entire age cohort. This effect could alter the 
relative size of total VMT under the regulatory alternatives,- as Honda notes in the following 
comment: 

According to our calculations, if the impact oflowering the average cohort's utility is 
even 0.2% the augural standards would become safer than the preferred alternative. We 
believe-that the agencies should consider VMT behavior change a's part of an eff9rt to 
mature and refine the scrappage model. 

As Honda suggests, a relatively small reduction in the average VMT schedules for the more 
stringent regulatory alternatives could result in a change in the direction of the safety impact. 
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This shows the importance of investigating the linkage between usage and scrappage rates, but 
also shows that small changes to the total VMT assumptions can have meaningful impacts on the 
predicted effects of the analysis. Otber commenters make similar points. 

As noted above, the difference in total non-rebound VMT in the NPRJ'vl analysis was 
only 0.4%. However, CBD notes tbat this relatively small change in VMT across the alternatives 
in a single year can result in a large number of cumulative additional miles in more stringent 
regulatory alternatives: 

While 0.4% sounds small, when the scrappage model's effect' it is multiplied by all the 
VMT that NHTSA includes in its analysis, spanning decades, it becomes highly 
significant-at least 692 billion additional VMT under the CAFE stand_ards _and 894 
billion under the CO2 program, both relative to the preferred alternative. 

Since VMT'is related to many of the costs and benefits of the program, differences in cumulative 
VMT of this magnitude can have meaningful impacts on the incremental net benefit analysis. 
This point was implied by comments from CBD, EDF, NCAT, EAO, and in a paper published by 
academics after the issuance of the NPRM. 126° For this reason, the agencies have opted to 
constrain total non-rebound VMT across regulatory alternati-ves. 

Such a constraint was suggested by EDF, !PI and other commenters. EDF states the 
following: 

A sophisticated model is not needed to correct this problem. One only needs to adjust 1he 
VMT added by the "scrappage model" so that it matches the VMT lost by the sales 
response model. Put another way, used vehicles would be used to the same extent as new 
vehicles since they meet the identical demand (possibly minus a rebound eftect). 

EDF goes on to suggest some potential issues witb implementing this constraint: 

Even this adjustment would still be in favor of the proposal, as it assumes that all the 
VMT lost from fewer new vehicle sales would be replaced by used vehicle VMT. This 
assumes that travel is inelastic. This is clearly not the case given NHTSA 's position on 
the rebound effect. NHTSA must first justify the used vehicle response to any change in 
new vehicle sales. Then, in the unlikely event that this can be done, NHTSA must link 
the scrappage model to the sales response model to ensure that the combination of the 
two models does not increase VMT in any calendar year (and probably show a decrease, 
as the overall cost of driving will have increased). 

The agencies disagree that lost new vehicle sales would impact the VMT of the new vehicles that 
are sold. The agencies do, however, as EDF notes, adjust the VMT of new vehicles to consider 
changes in the cost per mile of travel. In fact, when fuel prices increase, the agencies assume 
that owners of all existing vehicles drive less;_ the reduction will be greater when the vehicles on 

" 611 Bento. Antonio M., et al. "'Flav.ed Analyses of U.S. Auto Fuel Economy Standards." Science, vol. 362; no. 
6419, 2018, pp. 1 J 19--l !2J.., doi: l0.11~6/science.aavl458. 
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the road are less efficient, which seems consistent with what EDF suggests in the last sentence 
above. The agencies have justified the scrappage effect throughout this discussion, above. 

EDF identifies another reason the agencies think a constraint on total VMT is reasonable 
for purpose of the final rule analysis. The scrappage, sales, and VMT models each have a certain 
amount of uncertainty associated with it (the uncertainty of the scrappage mode! is discussed in 
Section I.A.J .a)(l )(b)(i)(a)), so that when the three models are combined, the uncertainty is 
compounded. EDF characterizes these results as being inconsi51:ent with economic theoty in the 
comment below: 

We are not aware of any economic arguments which would support such an increase. All 
that can be said is that NHTSA put data from a variety of sources through a statistical 
regression and never bothered to see if the results were reasonable or consistent with its 
own economic theory. 

The NPRJvl analysis discussed total fleet sii.e and VMT at length; the agencies noted that the 
fleet was 1.5% bigger for the augural standard than the proposal, resulting in 0.4% additional 
non-rebound VMT in CY2050. 1Y,I However, given the amount of uncertainty around each of the 
models, and considering that differences in total VMT can have meaningful impacts on the cost 
benefit analysis, the agencies are conservatively assuming for the final rule analysis that non
rebound VMT is constant, to constrain the outputs derived from the combination of the three 
models. 

(v) Comments on the Evaluation of Associated 
Costs and Benefits 

(aJ P~~~ntatirn1 and Yuluntinn of~on
R~bound Mile:; 

IP] and EDF argued that it was inconsistent to exclude the costs and benefits of additional 
rebound driving but include them for the sales and scrappage effect. For example, EDF stated: 

[W]henever a vehicle is driven an additional mile, there is value associated with that 
travel. NHTSA completely ignores the value of any additional travel which occurs due to 
reduced scrappage, Including this value would not be an adequate surrogate for the 
additional repair costs required to keep older vehicles on the road. Just as NHTSA is 
now recognizing that rebound VMT is due to dfr,·ers' express decision to drive more, any 
driving of older vehicles in lieu of new vehicles is due to the same choice, To treat these 
identical choices in 180 degree different manners is of course manifestly arbitrary. 

The agencies agree that there is value associated with additional miles driven. The NPRM did 
not directly attribute costs for the loss of additional miles in the scrappage analysis when the fleet 
size shrank. The final rule analysis addresses this issue by holding non-rebound total VMT 
constant across regulatory alternatives. However, contrary to what EDF suggests above, the cost 
of additional maintenance and repair for otherwise-scrapped vehicles are not directly related to 

,m FR, Vol 83, No. \65, August 24. 2018, p.43099. 
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the add itional mi les. The cost of additional maintenance and repair is incurred because the value 
of used vehicles has increased. The increase in value of the used vehicles should at least offset 
the maintenance and repair costs. Any remaining increase in value is offset by lost utility from 
consumers buying fewer new vehicles. 

Holding aggregate non-rebound VMT constant across alternatives addresses IPJ's and 
EDF's concerns that additional miles due to a larger fleet size were not adequately valued. 
Additional fatalities due to shifting the distribution of those miles !O'naFd•, le~., ,ale 
w-h-it.4.,-.,11111 ,11u , Lille 1.:, "1th Ji l t.:rn1- ,.,1c1, should sti ll count in the cost benefit analys is. The 
marginal util ity ofa mile driven in a newer vehicle is on average higher than that driven in a n 
older vehicle. The regulation is responsible for the shift in the distribut ion of miles driven at 
each vehicle age. lndui:li11,.:. lR<' edditinnul ,t1l'e1~ ti.,lu c1ntl t'ut'I etl~., u,;c'i'!,t~t:1-1-n•m n1111·c milt?. 
ht>ing. clrh en h~ eleer, ehi~lt>·, uernu11h fAr ,11 lt?a ,I a ran t•f tlu re"tlueti,,n in 1he nrnr,.:.in,11 111ili1~ 
,,f1he aH'Fll£.t! milt! undt!r tnflrt! •,lriHgt!nl t;;mlanl ,. 

I hi Scrappage Effcci, t'rom !\1Y203(1 and 
13.:, ond 

The NPRM analysis considered cost per mile as a continuous variable, and new vehicle 
prices in disc rete levels. This means that persistently higher new vehicle prices in more stringent 
standards would continue to suppress the scrappage rate of existing vehicles. It also means that 
higher fuel economies in more stringent scenarios would continue to affect the scrappage rates as 
well. EDF noted that the cost and benefit accounting that considered the costs and benefits 
accruing to the remaining lifetimes ofMYs 1977-2029 included some of the costs of the 
scrappage effect due to the higher prices ofMYs beyond 2030, but did not include the benefits of 
the reduced fue l economy for these MYs. EDF proposed that the agencies consider a CY 
analysis instead of the model year presented in the NPRM: 

[A] 20 I 7-50 CY analysis would include the operation of20l 7-2029 MY vehicles through 
CY 2050. This would include the any scrappage effects on these vehicles through 2050, 
consistent with the inclusion of new 2050 MY vehicles in the analysis. Some of the 
operation of a ll the 2017-2029 MY vehicles would be excluded from the analysis, as 
these vehicles are not assumed to be scrapped in the Volpe Model until CY 2052-2068. 
Such an analysis would include the benefits over the c lear majority of the operation of 
2017-2029 MY vehicles compared to both the shorter calendar year analysis and 
NHTSA 's 1977-2029 MY analysis. It would also include the scrappage effects caused by 
20 17-2050 MY vehicles through CY 2050. Any scrappage effects would be applied to 
2030-2050 MY vehicles, as well as 2017-2029 £\1Y vehicles. 

However, as the commenter also notes, a CY analysis would exclude some of the lifetime costs 
and benefits of improving the fue l economy ofMYs impacted by the rule (MYs 2017-2029). For 
this reason, the agencies do not think that a CY analysis should supplant the MY perspective 
shown in the NPRM. 
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EDF presents an alternative to switching to a CY analysis which would exclude the 
scrappage effects due to differences in the prices and fue l efficiencies ofMYs not included in the 
cost benefit analysis (MY 2030 and beyond): 

An alternative that keeps the model year structure ofNHTSA's 1977-2029 MY analysis 
would be to modify it by removing any scrappage effects occurring in 2030 CY and 
beyond. This analysis would still have the disadvantage of barely including any vehicles 
which reflect full compliance with the current and proposed standards in 2025. However, 
it would at least remove the primary problem with NHTSA's current MY analysis. The 
impact of including the scrappage effects caused by 2030 and later MY vehicles simply 
and straightforwardly increases the Vl'v1T of used vehicles under the current standards. 

The agencies note that previous analyses have not considered the costs and benefits of MYs 
beyond those which could be a response to the change in the considered set of standards. Part of 
the reason for this was that future standards are unknown, and without existing standards in 
place, manufacturers may choose to shift application of fuel saving technologies to increases in 
vehicle performance or safety.1262 The CAFE model does not currently simulate such actions, so 
that including MYs too far into the future may overstate the costs and benefits of the rule. 

Wl1ilc! !Ac! ll,:!L'Atic!, ai•,ttgrt't: lhUl .-•,dmli11,,; l'l1 •I a11tl bt.'ndil, tll ,I.I'\, be~ 0118 '.:IIJll I, a11 

i.-~.ue for the en:,I t,lenefi1 anal~· 1:. ·1 ~ e agree that a llowing persistently higher prices and fuel 
economies of future MY s to impact the scrappage of the on-road tleet but not considering the 
costs and benefits of those MYs is inconsistent. However, changes to the scrappage model 
mitigate this issue. As noted in Section I.A. I .a)( I )(b)(i)(c) and I.A. I .a)( I )(b)(ii), updates to the 
time series strategy and the way that new vehicle fuel economy is modelled in the FRM 
scrappage model change the form of how new vehicle prices and fuel economy enter the 
equation. First, addressing the autocon-elation by taking the first difference of variables with 
first order integration instead of including lags of the dependent variables means that cost per 
mile variables and new vehicle prices are captured as changes rather than in levels. This means 
that constant, but higher, new vehicle prices in the augural standards will not continue to impact 
the scrappage rates of existing vehicles. More specifically, higher prices ofMYs 2030 and 
beyond in the augural case wil l no longer result in lower scrappage rates for prior MYs. Further, 
since new vehicle cost per mile is no longer explicitly included, but rather the amount of fuel 
savings consumers of new vehicles value at the time of purchase is excluded from the new 
vehicle prices series, differences in new vehicle fuel economies for MYs beyond 2029 will no 
longer impact the scrappage rates of earlier MYs. This naturally takes care of the concern raised 
by several commenters that the accounting for costs and benefits due to changes in MYs 2030 
and beyond was incons istent due to the scrappage model. 

"
6
' !Text Fonhcoming] 
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(c) Estimmion of the FRM Scrappage Models 

(i) Framing Dynamic Scrappage Models in the 
Literature 

(a) I lo\\ Fud Econom) <.1andJrd< Impact 
\'chick· ~crappJge 

As noted above, any increase in price (net of the portion of reduced fuel savings valued 
by consumers) wi ll increase the expected life of used vehicles and reduce the number of new 
vehic les entering the fleet (the Gruenspecht effect). ln this way, increased fuel economy 
standards ma\ slow the turnover of the fleet and the entrance of any regulated attributes tied only 
to new vehicles. Gruenspecht tested his hypothesis in his 1981 dissertation using new vehicle 
price and other determinants of used car prices as a reduced form to approximate used car 
scrappage in response to increasing fuel economy standards. 

Greenspan and Cohen ( 1996) offer additional foundations from which to think about 
vehicle stock and scrappage. Their work identifies two types o f scrappage: engineering 
scrappage and cyclical scrappage. Engineering scrappage represents the physical wear on 
vehicles which results in their being scrapped. Cyclical scrappage represents the effects of 
macroeconomic conditions on the relative value of new and used vehicles- under economic 
g,wwth the demand for new vehicles increases and the value of used vehicles decl ines, resulting 
in increased scrappage. In addition to al lowing new vehicle prices to affect cyclical vehicle 
scrappage a la the Gruenspecht effect, Greenspan and Cohen also note that engineering 
scrappage seem...:d to increase where EPA vehicular-criteria pollutant emissions standards also 
increaseg ; as more costs ~\, .:nl towards compliance technologies, ii l•e.:nmt> Hlt~Ft' <'?<pen ,h ~ 
10 maintaiR aRd rerair more eomplicatea pa1t. ana scrappage increases~. Jn this way, 
Greenspan and Cohen identity two ways that fuel economy standards could affect vehicle 
scrappage: I) through increasing new vehicle prices, thereby increasing used vehicle prices, and 
finally, reducing on-road vehicle scrappage, and 2) by shifting resources towards fuel-saving 
technologies- potentially reducing the durability of new vehicles l>:, lllill,iAI.! them n1t,re 

~ -
lb) Aggregate ,s. Atomic Data Source., in the 

l. i1era1ure 

One important distinction in literature on vehicle scrappage is between those that use 
atomic vehicle data (data following specific individual vehicles), and those that use some level of 
aggregated data (data that counts the total number of vehicles ofa given type). The decision to 
scrap a vehicle is made on a n individual vehicle basis, and relates to the cost of maintaining a 
vehicle, and the value of the vehicle both on the used car market, and as scrap metal. Generally, 
a used car owner will decide to scrap a vehicle when the value of the vehicle is less than the 
value of the vehicle as scrap metal, plus the cost to maintain or repair the vehicle. In other 
words, the owner gets more value from scrapping the vehicle than continuing to drive it, or from 
selling it. 
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Recent work is able to model scrappage as an atomic decision due to the availability ofa 
large database of used vehicle transactions. Work by authors including Busse, Knittel, and 
Zettelmeyer (20 l 3), Sallee, West, and Fan (201 O), Alcott and Wozny (2013), and Li, Timmins, 
al")d von Haefen (2009) consider the impact of changes in,gasoline prices on used vehicle values 
and scrappage rates. In turn, they consider the impact of an increase in used vehicle values on 
the scrappage rate of those vehicles. They find that increases in gasoline prices result in a 
reduction in the scrappage rate of the most fuel efficient vehicles and an increase in the 
scrappage rate of the least fuel efficient vehi_cles. This has important implications for the validity 
of the average fuel economy values linked to model years, and assumed to be constant over the 
life of that model year fleet within this study. Future iterations of such studies could further 
investigate the relationship between fuel economy, vehicle usage, and scrappage, as noted in 
other places in this discussion. 

While the decision to scrap a vehicle is made atomically, the data available to'NHTSA on 
scrappage rates and ,,ariables that influence these scrappage rates are aggregate measures. This 
influences the best available methods to measure the impacts of new vehicle prices on existing 
vehicle scrappage. The result is that 'this study models aggregate trends in vehicle scrappage, 
and not the atomic decisions.that make up these trends. Many other works within the literature 
use the same data source and genera! scrappage construct, including those by Walker ll 968), 
Park (1977), Greene and Chen (1981 ), Gruenspecht (1981 ), Gruenspecht (1982), Feeney and 
Cardebring (1988), Greenspan and Cohen (1996), Jacobsen and van Bentham (201 S ), and Bento, 
Roth, and Zhuo (2016.). These works all use aggregate vehicle registration data as the source to 
compute vehicle scrappage. 

Walker (1968) and Bento, Roth and Zhuo (2016) use aggregate data directly to compute 
the elasticity of scrap page from measures of used vehicle prices. Walker (l 968) uses the ratio of 
used vehicle Consumer Price Index (CPI) to repair and maintenance CPI. Bento, Roth, and Zhuo 
(2016) use used vehicle prices directly. While the direct measurement of the elasticity of 
scrappage is preferable in a theoretical sense, the CAFE model does not predict future values of 
used vehicles, only future prices of new ,1ehicles. For this reason, any model compatible with 
the current CAFE model must estimate a reduced form similar to Park (1977), Gruenspecht 
(1981 ), and Greenspan and Cohen (1996), who use some fonn of new vehicle prices or the ratio 
of new vehicle prices to maintenance and repair prices to impute some measure of the effect of 
new vehicle prices on vehicle scrappage. 

\c) Hiswri~al Tr.:nds i11 Vd1ide Dllral>ilily 

Waker ( 1968), Park (I 977), Feeney and Cardebring (1988), Hamilt,on and Macauley 
(1999), and Bento, Ruth, and Zhuo (2016) all note that vehicles change in durability over time. 
Walker {1968) simply notes a significant distinction in expected vehicle lifetimes pre- and post
World War I. Park (1977) discusses a 'durability factor' set by the producer for each year, so 
that different vintages and makes will have varying expected lifecycles. Feeney and Cardebring 
(1988) show that durability of vehicles appears to have generally increased over time both in the 
U.S. and Swedish-fleets using registration d_ata from each country. They also note that the 
changes in median lifetime between the Swedish and U.S. fleet track well, with a 1.5-year lag in 
the U.S. fleet. This lag is likely due to variation in how the data is collected-the Swedish 
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vehicle registration requires a title to unregister a vehicle, and therefore gets immediate 
responses, where the U.S. vehicle registration requires re-registration which creates a lag in 
reporting further discussed in Section I.A. I.a)( I )(c)(ii)( b). 

Hamilton and Macauley ( 1999) argue for a clear distinction between embodied versus 
disembodied impacts on vehicle longevity. They define embodied impacts as inherent durability 
simi lar to Park's producer supplied 'durability factor' and Greenspan's 'engineering scrappage' 
and disembodied effects as those which are ::environmental,:: such ,b hiuh\\J\ ,ali:1, ,md 
migration tn the <>llnh..:lt. not unlike Greenspan and Cohen's ' cyclical scrappage.' They use 
calendar year and vintage dummy variables to isolate the effects~ oncluding that the 
t:11', irn111mm tal di~cmbndicd factors are greater than any pre-defined 'durability factor.' Some of 
their results could be due to some inflexibil ity of assuming model year coefficients are constant 
over the life of a vehicle, and also some correlation between the observed life of the later model 
years of their sample and the 'stagflation' 1263 of the I 970's. Bento, Ruth, and Zhuo (20 16) find 
that the average vehicle lifetime has increased 27 percent from 1969 to 2014 by sub-setting their 
data into three model year cohotts. To implement these findings in the scrappage model 
incorporated into the CAFE model, this study takes pains to estimate t he effect of durability 
changes in such a way that the historical durability trend can be projected into the future; for this 
reason, the agencies include a continuous 'durability' factor as a function of model year vintage. 

(ii) Polk/lHS Registration Data 

As in the NPRM, NHTSA uses proprietary data on the registered vehicle population from 
I HS/Polk for the scrappage models. I HS/ Polk has annual snapshots of registered vehic les counts 
beginning in calendar year (CY) 1975 and continuing until CY20 17. Notably, the data collection 
procedure changed in CY2002, which requires some special consideration (discussed below). 
The data includes the fo llowing regulatory classes as defined by NHTSA: passenger cars, light 
trucks (c lasses I and 2a), and medium and heavy-duty trucks (classes 2b and 3). Polk separates 
these vehicles into another classification scheme : cars and trucks. Under their schema. pickups. 
vans, and SUVs are treated as trucks, and all other body styles are included as cars. In order to 
build scrappage models to support the model year (MY) 2021-2026 light duty vehicle (LDV) 
standards, it was important to separate these vehicle types in a way compatible with the existing 
CAFE model. 

Two compatible methods existed by which the agencies could aggregate scrappage rates: 
by regulatory class or by body style. Since, for CAFE purposes, vans/SUVs are sometimes 
classified as passenger cars and sometimes as light trucks (depending upon vehicle-specific 
attributes) and there was no simple way to reclassify some SUVs as passenger cars within the 
Polk dataset, the agencies chose to aggregate survival schedules by body style. This approach is 
also preferable because it is consistent with the level of aggregation of the VMT schedules. 

" 6 ' Continued high inllation combined with high unemployment and slow economic gro\\1h. 
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Since usage and scrappage rates are not independent of each other, if average usage rates are 
meaningfully different at the level of body style, it is likely that scrappage rates are as we IL 

Once stratified into body style level buckets, the data can be aggregated into population 
counts by vintage·and age. These counts represent the population of vehicles ofa given body 
style and vintage in each calendar year. The difference between the counts of a given vintage 
and vehicle type from one calendar year to the next is assumed to represent the number of 

vehicles of that vintage and type scrapped in each year. 

One issue with using snapshots of registration databases as the basis for computing 
scrappage rates is that vehicles are not removed from registration databases until the last valid 
registration expires-for example, if registrations are valid for a >ear, vehicles will still appear to 
be registered in the calendar year in which they are scrapped. To correct for the scrappage that 
occurs during ·a calendar year, a similar correction as that in Greenspan and Cohen (1996) is 
applied to the Polk dataset. It is assumed that the real on-road count of vehicles of a given MY 
registered in a given CY is best represented by the Polk count of the vehicles of that model year 
in the succeeding calendar year (Polkcv+ 1 ). For example, the vehicles scrapped between 
CY2000 and CY200l will still remain in the Polk snapshot from CY2000 (PolkcY2ooo), as they 
will have been registered at some point in that calendar year, and therefore exist in the database. 
Using a simplifying assumption that all States have annual registration requirements,u64 vehicles 
scrapped between July l ", 1999 and Ju!y l ", 2000 will not have renewed registration between 
July I •l, 2000 and July l ", 2001, and will not show up in Polkcy2001 . The vehicles scrapped 
during CY2000 are therefore represented by the difference in count from the CY2000 and 
CY2001 Polk datasets: Polkcriooi - PolkcY2ooo· 

For new vehicles (vehicles where MY is greater than or equal to CY), the count of 
vehicles will be smaller than the count in the following year-not all of the model year cohort 
will have been sold and registered. For these new mode! years, Greenspan and Cohen assume 
that the Polk counts will capture all vehicles which were present in the given calendar year and 
that approximately one percent of those vehicles will be scrapped during the year. Importantly, 
this analysis begins modeling the scrappage of a given model year cohort in: CY = MY+ 2, 1165 

so that the adjustment to new vehicles is not relevant in the modeling because it only considers 
scrap page after the point where the on-road count of a given MY vintage has reached its 
maximum. 

ll6'Jn foture analysis, it may be possible to work with State-level information and incorporate State-specific 
registration requirements in the calculation ofscrappage, but this correction is beyond the initial scope of this 
rulemaking analysis. Such an approach would be extraordinarily complicated as States can have ve,y dlfferent 
registrntion schemes, and, forther, the approach would also require estimates of the interstate and international 
migration of registered vehicles. 
'"°" Calculating scrappagc could begin at CY~MY+l, as for most model year th.e vast majority of the fleet will have 
been sold b)' July 1~ of the succeeding CY, but for some exceptional model years, the maximum count of vehicles 
for a viritage in the Polk data set occurs at age 2. 
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Prior to calendar year 2002, Polk vehicle registration data was collected as a single 
snapshot on July pt of every calendar year. All vehicles that are in the registration database at 
that date are included in the dataset. For calendar years 2002 and later, Polk changed the timing 
of the data collection process to December 31'1 of the calendar year. In addition to changing the 
timing of the data collection, Polk updated the process to a rolling sample. That is, they consider 
information from other data sources to remove vehicles from the database that have been totaled 
in crashes before December 31 '1, but may still be active,in State registration records. 

The switch to a partially rolling dataset will mean that some of the \"ehicles scrapped in a 
calendar year will not appear in the dataset and their scrappage will wrongly be attributed to the 
year prior to when the vehicle is scrapped. While this is less than ideal, these records represent 
only some of the vehicles scrapped during crashes and scrappage rates due to crashes should be 
relatively constant over the 2001 to 2002-time period. For these reasons, the agencies expect the 
potential bias from the switch to a partially rolling dataset to be limited. Thus, the Greenspan 
and Cohen adjustment applied does not change for the dataset complied from Polk's new 
collection procedures. As indicated in [Figure Ill-I J, the scrappage counts computed from the 
old Polk snapshot series represent vehicles scrapped between July I" of a given calendar year 
and the succeeding July 1", and is computed for CY1976-2000. The new Polk snapshot series 
represents vehicles scrapped between December 3'1 '1 of a given calendar year and the succeeding 
calendar year, and is computed for CY2002-2016. 

Polk1001..Po/k]()IJ()= 
Vehicles scrapped 

between July I, 1999 
aud July I, 2000 

Polk2002..Polk1001 = 
Vehicles scrapped 

between July I, 2000 
and Dec.31.2001 
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Vehicles scrapped 

between Dec. 31, 2001 
and Dec. 31, 2002 
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December 31. 2001 
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Figure VI-41- Visualization of Greenspan-Cohen Adjustment and Polk Data 
Collection Change 

There is a discontinuity between the old and new methods so that the computed 
scrappage for calendar year 2001 represents the difference between the vehicle count reported in 
PolkcY2oo2 and PolkcY2ooi- Polkcr2ooi represents all vehicles on the road as of July 1'\ 2000. 
and Polkcrzool represents all vehicles on the road as of December 31, 2001. For this one 
timespan, the scrappage will represent vehicles scrapped oyer a l 7-month time period, rather 
than a year. For this reason, the CY2001 scrappage data point is dropped, and because of the 
difference in the time period of vehicles scrapped under the old and new collection schemes; an 
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indicator for scrappage measured before and after CY2001 was considered; however, this 
indicator is not statistically significant, and is dropped from the preferred model. 

1c!) \ipduted rR\! Dma,~t 

As n9ted in section l!A.1, some commenters expressed concern about the Inability of the 
scrap page model to predict the scrappage rates of vehicles over age 20. The inability was in 
large part due to the limited data on the scrap page rates of older vehicles. NHTSA has worked 
with Polk/I HS to construct some of the historical registration databases using the new 
methodology for the purposes of other research. As a result, the agency has registration data 
using both Polk collection methods for CY's 200 l-2012. Importantly, the old Po!k dataset 
censored data on older vehicles, with CY's 1975-1993 including vehicles ages 0-15 and each 
successive CY past 1993 adding one additional age to the dataset-so that by 2000 ages 0-22 are 
included. The new datasets do not censor data on older vehicles, giving these datasets an 
advantage over the old datasets--for this reason, NHTSA uses as many years of the new data as 
is available. 

The NPRM analysis also used all of the available data using the new methodology at the 
time of publication (CY's 2005-2015), Since the NPRM was published, NHTSA has gained 
access to registration data using Polk's new methodology for CY's 2002-2005 and CY's 20 I 6-
2017. Table Vl-98Tab!e VI-98 shows the calendars years of data in the NPRM and the final rule 
datasets by age, as well as the total number of data points for each age. There are a total of330 
and 420 data points for ages over 15 in the NPRM and final rule datasets, respectively. That 
represents almost a 30 percent increase in the number of data points for vehicles over 15, and a 
50 percent increase in the number of data points for the oldest vehicles considered in the dataset 
(ages 27-39). This additional data on older vehicles allows the new scrappage models to better 
predict the survival rates of older vehicles than the NPRM models. 

Table VI-98 - Summary ofNPRl\il vs. Final Rule Datasets by Vehicle Age 

NPRMCYs Count Final Rule Count 
Ages CYs 
0-15 1975-2015 41 1975-2017 43 
16 1994-2015 22 1994-2017 24 
17 1995-2015 21 1995-2017 23 
18 1996-2015 20 1996-2017 22 
19 1997-2015 19 1997-2017 21 
20 1998-2015 18 1998-2017 20 
21 1999~2015 17 1999-2017 19 
22 2000-2015 16 2000-2017 18 
23 2001-2015 15 2001-2017 17 
24 2002-2015 14 2001-2017 17 
25 2003-2015 13 2001-2017 17 
26 2004-2015 12 2001-2017 17 
27-39 2005-2015 11 2001-2017 17 
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( ~I \fodcl~ ofth~ Grn.:n~pcdn Fffo:t L:scd in 
Oih~r PoliC) Considcrmions 

This is not the first estimation of the 'Gruenspecht Effect' for rulemaking policy 
considerations. In their Technical Support Document (TSO) for its 2004 proposal to reduce 
emission's from motor vehicles, CARE outlined how they utilized the CAR BITS vehicle 
transaction choice mode! in an attempt to capture the eftect of increasing new vehicle prices on 
vehicle replacement rates. They considered data from the National Personal Transportation 
Survey (NPTS) as a source of revealed preferences and a University of California (UC) study as 
a source of stated preferences for 1he purchase and sale of household fleets under different prices 
and attributes (including fuel economy) of new vehicles. 

The transaction choice model represents the addition and deletion of a vehicle from a 
household fleet within a short period of time as a "replacement" of a vehicle, rather than as two 
separate actions. CARB's final data set consists of 790 vehicle replacements, 292 additions, and 
213 deletions; they do not include the deletions, but assume any vehicle over 19 years old that ls 
sold is scr;ipped. This allowed ('ARB to capture a slowing of vehicle replacement under higher 
new vehicle prices. That said, because their model does not include deletions, it does not 
explicitly model vehicle scrappage, but assumes all vehicles aged 20 and older are scrapped 
rather than resold. CARB calibrated the model so that the overall fleet size is benchmarked to 
Emissions FA Ct ors (EMF AC) fleet predictions for the starting year; the simulation then 
produced estimates that match the EMF AC predictions without further calibration. 

The CARB study captures the effect on new vehicle prices on the fleet replacement rates, 
and offers some precedence for including an estimate of the Gruenspecht Effect. However, 
because vehicles that exited the fleet without replacement were excluded, we do not learn the 
efle\.'.t of new vehicle prices on scrappage rates where the scrapped vehicle is not replaced. New 
and used vehicles are substitutes, and therefore we expect used vehicle prices to increase with 
new vehicle prices. And because higher used vehicle prices will lower the number of vehicles 
whose cost of maintenance is higher than their value, we expect the replacements of used 
vehicles tO slow, but we also expect that some vehicles that would have been scrapped without 
replacement under lO\VCt new vehicle prices will now remain on the road because their value will 
have increased. The agencies' aggregate measures of the Gruenspecht effect includes changes to 
scrappage rates both from slower replacement rates, and from slower non-replacement scrappage 
rates. 

\ fl Car Allown11ce Rd,atc Si stem l"Ca,ll 1'01· 
l'lunl.ers'J 

On June 14, 2009, the Car Allowan'ce Rebate System (CARS) became law, with the 
intent to stimulate the economy through automobile sales and accelerate the retirement of older, 
less fuel efficient and less safe vehicles, The program offered a $3,500 to $4,500 rebate for 
vehicles traded-in for the purchase of a new vehicle. Vehicles were subject to several program 
eligibility criteria: first, the vehicle had to be drivable and continuously registered and insured by 
the same owner for at least one year; second, the vehicle had to be less than 25 years old; third, 
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the MSRP had to be less than $45,000; and finally, the new vehicle-purchased had to be more 
efficient than the trade-in vehicle by a specified margin. The fuel economy improvement 
requirements by body style for specific rebates are presented in Table Vl-99Table VI-99. 

Table VI-99- CARS Fuel Economy Improvement Required for Rebates by 
Regulatory Class 

$3,500 Rebate S4,S00 Rebate 
EJinibility Eli..-ibilitv 

Passenger 4-9MPG 10+ MPG 
c" Jmnrovement lmnrovement 

Light Truck 2-5 MPG S+MPG 
Jmnrovement lmnrovement 

The program was originally budgeted for$\ billion dollars and· to end on November I, 
2009, but that amount was spent far more quickly than expected and the program received an 
additional $1.85 billion in funding. Even with that additional funding. the program only lasted 
through August 25, 2009, expending $2.85 billion on 678,359 eligible transactions. To ensure 
that the replaced vehicles did not remain on the road, the vehicles were scrapped at the point of 
trade-in by destroying the engine. While the program resulted in the replacement of more 
vehicles and at a faster rate than expected, critics have·argued that many qfthe·trade-ins \vould 
have happened even if the program had not been in place, so that any economic stimulus to the 
automobile industry during the crisis cannot be attributable to the CARS program. Further, 
others have argued [SOURCE] that forcing the scrappage of vehicles that could still remain on 
the road has negative environmental impacts that could outweigh any environmental benefits of 
the reduced fuel consumption from the accelerated retirement of these less efficient vehicles. 

Li, Linn, and Spiller (2010) use Canada as a counterfactual example to identify the 
portion of CARS trade-ins attributable to the.policy, Le., trade-ins that would not have happened 
anywhere if the program were not in place. They argue that the Canadian market is largely 
similar to the U.S. market, in part based upon the fact that 13 to 14 percent of households 
purchased new vehicles one year pre-recession in both countries. They also argue that the 
economic crisis affected the Canadian economy in a similar manner as it affected the U.S. 
economy. While they note that Canada offered a small rebate of $300 to vehicles traded in 
during January, 2009, hey further note that only 60,000 vehicles were traded in under that 
program. Using those assumptions, Li, et al., applied a difl:erence-in-difference methodology to 
isolate the effect of the CARS program on the scrappage of eligible vehicles. Li, et al., found a 
significant increase in the scrappage only for eligible U.S. vehicles, suggesting they isolated the 
effect of the policy. They conclude that of the 678,359 trade-ins made under the program, 
370,000 of those would not have happened during July and August 2009. They conclude that the 
CARS program reduced gasoline consumption by 0.9-2.9 billion gallons, at $0.89-$2.80 per 
gallon saved. 

The agencies find the evidence from Li, et al., persuasive toward the inclusion of a 
control for the CARS program during calendar year 2009. The importance- is discussed further 
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both in the data section, Section [xxx], which provides more evidence for the effect of the CARS 
program, and in the model specifications Section [xxx], which describes the control used for the 
effect of the program. This ensures that the measurements of other determining factors are not 
biased by the exceptional scrappage observed in calendar year 2009. 

(iii) Updated Final Rule Modeling 

(Text Forthcoming]. 

I a> Chang~~ tn Lhl' 1 irn~ Series S1ra1eg~ 

As discussed in Section (b)(i)(c), the agencies recons idered the time series strategy for 
the fi nal rule in response to comments. The first step in doing so is to test the time series 
properties of the dependent and independent variables. The agencies use the Augmented 
Dickey-Fuller (ADF) unit root test implemented in the 'C ADFtest' R package to test for 
stationarity .1266 The agencies tine! that the logistic scrappage rate is 1(0), or stationary in levels. 
Since the dependent var iable is stationary, there is no long-term trend in scrappage rates to 
capture. Lags of dependent variables need not be included, but their stationary forms should be 
used in the regressions. The followi ng table summarizes the order of integration of each of the 
considered regressions; the regression forms represent the fo,111 o f the variable that is included in 
the considered models.1267 All the variables considered are either 1(0) or I( I), meaning that they 
should be run in either levels or first differences, respectively. This significantly simplifies the 
regressions. Two unintended, positive outcomes of this change in time series strategy are that 
the coefficients on variables are easier to interpret and the models are less likely to be overfit. In 
th is way, the shift to address concerns about the time series strategy (discussed in Section 
(b)(i)(c)) also addresses commenter concerns outlined in Section (b)(i)(a). 

~ -

Table VI-100 - Summary of Order of Integration of Considered Scrappagc 
Variables 

- .. - -- ~ 

·- -
~ - ·-

. ·· ·-

-

Bus iness cycle indicators GDP grow1h rates, unemployment rate, per- 1(0), 1(1 ), I( I). 1(1) Levels. difference, 

Prices of purchase/use Used vehicle prices (e11dogenous--omined), N/A. 1(1), 1(1) NIA. difference, 

"•• Lupi.Claudio (20 19. September 7). Package 'C/\Ftest.' Retrieved from l111r,; cr.111 .r
projc·ct.nr~ \\ eh pal'.~31!.C~ l' :\Dl test (' A Dlh.:~t. pdf. 

- • • aa 

[48] Note: some of1hese variables were considered or added in response to commenlS presented in Sections 
I.A. I.a)( I )(b)(ii), I.A . I.a)( I )(b)(iii), and I.A. I.a)( I )(b)(iv). and may 1101 be prescn1 in the NPR.M. 
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Priccsiquantity supply of 

Control for quality 

... 
Nada prices. quantity new vehicles sold 1(1),l(l) Difference, 

Used to new horsepower to weight ratio, !{0), ((])' Levels, difference 

(hi Final Rt1le Preferred w1J Sen,iiivi;y 
Srcci!iculinns 

After consideration of comments on, and subsequent peer review of, the NPRM analysis, 
the agencies updated the scrappage model specifications for the final rule. Section O through 
J.A.1.a){l )(c)(iii)(f) discuss other considered specifications and variables. The equation below 
represents the final form of the scrappage equation included in the central and sensitivity 
analysis: 

Share Remainino.,r.a * (P3 + p, • Age.,r.CY )+ 

Diff(New Price - FS)a • (Ps + P6 * Age,wc,· + p., • Age2 m·.a +Pa• Age3 
MY.CY)+ 

P,, • Diff(Fuel Price)cr+ p10 * Diff(CPI00M,,y )cY-t- p,, • GDP Growthcv + 

(P,, + P,3 *[Age~ 25]) • CY2009 + (/]14 + p,5 • (Age ~ 25]) • CY2010 + FE"y 

Here, "S" represents the instantaneous scrappage rate in a period, so that the dependent variable 
is the log it fonn of the scrappage rates. Lo git models ensure that predicted values are bounded~ 
in this case between zero and one. It is not possible to scrap more than all the remaining 
vehicles, nor fewer than zero percent of them, which is illustrated in the graph below: 
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Log\tCUIVe 

or-----------~=== ;--
' 

Value of Sum of Coeffi• ent5 

Figure VI-42- Example Logit Curve 

Solving for instantaneous scrappage yields the following: 

s 
el./J1X1) 

l+eIP;X;!• 

In the equation above, L {31 X; represents the right-hand side oft he above model 
specification. Within the right-hand side of the equation, Age represents the age of the model 
year cohort in a specific calendar year, defined by the Greenspan and Cohen adjustment 
discussed in Section J.A.1.a)(I )(c)(ii)(b). The coefficient on the cubic age term is assumed to be 
zero for the van/SUV and pickup specifications as this term is not necessary to capture the 
general scrappage trend for these body styles. Share Remaining represents the share of the 
otiginal cohort remaining at the start of the period. These two components represent the 
engineering portion of scrap page-the inherent durability of a model year and the natural life 
cycle of how vehicles scrap out of a model year cohort as the cohort increases with age. The 
determination of these specific forms is discussed in detail in Section 0. 

New Price - FS represents the average price of new vehicles minus 30 months of fuel 
savings for all body styles. The central analysis assumes the coefficient on the age interactions 
for this term are zero for all body styles, but a sensitivity case allows the elasticity of scrappage 
to vary with age. Fuel Price represents the real fuel prices, weighted by fuel share of the model 
year cohort being scrapped. CP I00M represents the cost per I 00 miles of travel for the specific 
body style of the model year cohort being scrapped under the current period fuel prices and using 
fuel shares for that model year cohort. These measures capture the response ofscrappage rates 
to new vehicle prices, fuel savings, and to changes in fuel prices that make the used model year 
cohort more or less expensive to operate. Because these measures are all I( 1 ), as discussed 
above in LA.I .a){l )(c)(iii)(a), the first difference of all of these variables is used in modelling. 
The other specific modelling considerations that resulted in this form of modelling the new and 
used vehicles markets are discussed in Sections I.A. I .a)( l)(c)(iii){d). 
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GDP Gro,1'111 represents ihe GDP growth rate for the current period. This captures the 
cyclical components of the macro-economy. Section I.A.1.a)(l )(c)(iii)(e) discusses how this 
specific measure was -chosen, and what other measures were considered as alternative or 
additional independent variables. 

CY2()09 and CY2010 represent calendar year dummies for 2009 and 2010 when the 
CARS program was in effect; this controls for the impact of the program, [Age c': 25] represents 
an indicator for vehicles 25 years and older. The interaction of the calendar year dummies with 
this indicator allows for the effect of the CARS program to be different for vehicles under 25 
versus vehicles 25 atid older. Since only vehicles under 25 were eligible for the program (see the 
discussion Of the program in Section I.A.1.a)( I )(c)(ii)(f)), this flexibility is important to correctly 
control for the program. 

Finally, FE represents a set of model year fixed effects used to control for heterogeneity 
across different model years. This is related to the durability and engineering scrappage, The 
NPRM model did not include fixed effects because it fit a parametric relationship to model year 
as a continuous variable as a way to capture durability. This change in how the durability effect 
is modelled is discussed further in Section [x.xx]. Further, Section [xxxJ discusses trends in the 
fixed effects ahd how these are projected forward within the CAFE model. 

{el Jl.1uJding Durabilit) Trends over Tim~ 

As noted in the NPRM, the durability of successive model years generally increases over 
time. However, this trend is not constant with vehicle age-the instantaneous scrappage rate of 

vehicles-is generally lower for later vintages up to a certain age, but increases thereafter so that 

the final share of vehicles remaining converges to a similar share remaining for historically 
observed vintages. The NPRM parameterized this trend by using the natural log of the model 

year as a continuous variable interacted with a polynomial form of the age variable-this 
predicted an increasing but diminishing trend in vehicle durability for younger ages. The 

analysis for the final mle makes a change that allows more flexibility in durability trends. 
Below, we consider the survival and scrappage patterns by body style. 

There is no clear trend in durability for pickups. Like SUVs/vans, this makes 
parameterizing by using a form of vintage as a continuous variable problematic. Such a 

parametric form does not allow for each model year to have its own durability pattern. 
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There is no clear trend in durability for pickups. Like SllVs/vans, this makes 

parameterizing by using a form of vintage as a continuous variable problematic. Such a 

parametric fonn does not allow for each model year to have its own durability pattern. 

Figure [xxx] shows the survival and scrappage patterns of different vintages with vehicle 

age for cars, SU Vs/vans and pickups, respectively. Cars have the most pronounced durability 

pattern. Figure VI-43Figure Vl-43 shows that newer vintages scrap slower at first, but that scrap 
more heavily so that the final share remaining of cars is more or less constant by age 25 foi- all 
vintages, 

Sllare of Jn!tlal cu F1ee1Remalnlng Instantaneous CH Serap))llge Rates 

Figure VI-43 - Survival and Scrappage Patterns ofCars by Greenspan Age 

SUVs/vans have a less pronounced durability pattern. Model year 1980 actually lives 
longer than model years 1985 and 1990. This is likely due to a switch ofSUVs/vans to be based 
on car chassis rather than pickup chasses over time. However, through the later model years, the 
durability trend is more like that of cars. The lack of a continuous trend in durability of 
SUVs/vans make how this trend is captured particularly important Below we discuss a change 
in how the durability trend ls modelled for the final rule, which is more flexible than the NPRM 
model. 
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Figure VJ-44 - Survival ofScrappage Patterns ofSUVs/Vans by Greenspan Age 

There is no clear trend in durability for pickups. Like SUVs/vans, this makes 
parameterizing by using a form of vintage as a continuous variable problematic. Such a 
parametric form does not allow for each model year to have its own durability pattern. 
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Figure VI-45 - Survival and Scrappage Patterns of Pickups by Greenspan Age 

As noted above, the NPRM model used the natural log of model year as a continuous 
variable interacted with age to capture an increasing but diminishing trend of vehicle durability 
for the younger ages. However, enforcing a parametric form on a continuous model year 
excluded the possibility of including model year specific fixed effects and required that 
durability have a parametric trend with successive vintages. As seen above, SUYs/vans and 
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pickups certainly do not follow such a trend, so that this constraint was too restrictive, at least for 
these body styles. The final rule analysis makes an adjustment that allows for an initial increase 
in the durability ofa model year to persist, while including fixed effects and relaxing the 
parametric assumption. 

Instead of regressing the natural log"Ot'the vintage Share in the remaining models, shown 
in Table Vl-101Table VI-101 through Table V[-103Table Vi-103, we use the share remaining in 

the previous period as an independent variable, Since the logistic instantaneous scrappage rate is 
stationary (it is independent of the previous periods' logistic instantaneous scrappage rate), the 
share remaining should not be endogenous. The share remaining in ode ls for the final rule 
include model year specific fixed effects and project a linear trend in durability by fitting a 
regression through the fixed effects. This latter part still requires a parametric assumption about 
durability (discussed in Sectioh 0), but not while jointly estimating other coefficients. In this 
way, the other coefficients should not be biased by projecting the durability trend forwards in the 
implementation of the scrappage regressions within the CAFE model. 

Table Vl-10 I - Car Relationship of Durability Trend to Age 

Share Preferred Share Share NPRMMY 
Variable Remaining, Remain'ing, Remaining, Specification 

Quadratic Linear Constant 
Difll:New Price - Fuel Savings) -0.0000951 *** -0.0001009*0 -0.0000912*** -0.0000831 *** 

(0.0000013) (0.0000014) (0.0000020) (0.0000017) 
GDP Growth Rate 0.0456642•** 0.0469495"'** 0.0563901 *** 0.0527792*** 

0.0008774) (0.0010729\ (0.00106431 (0.0017232) 
Di[flRea! Gas Price) -0.4458118*** -0.5176484" ... -0.6428521**"' -0.2615620*** 

0.0200234) {0.0166983) (0.0220153) {0.0263263) 
Diffl:Used Cost Per lOO miles) 0.0524257*** 0.0620020*** 0.0714549*** 0.0072033 

(0.0038726) (0.0034245) {0.0045965) (0.0047873) 
Share Remaining -3.1435300**~ -3.4186938""'* -1,4338395*** 

0.0414626) (0.0343009) {0.0256165) 
Share Remaining• Age 0.3120942*** 0,1806424*** 

(0.0072003) (0.0026794) 
Share Remaining* Age2 -0.0121010*** 

(0.0005793) 
Log(MY-1959) -1.5494447*** 

.00327]0\ 
Log(MY-1959)* Age 0.Q945327H>I< 

{.00234351 
Log(MY-1959) *Age2 -0.0024088*** 

.0001305) 
Age 0.0578317"** 0.0951732*** 0.4360045*** 0.165]64Qh>I< 

0.0070468) (0.0058835) (0.0021804) 0.00957491 
Age' -0.0019635*** -0.0063290*** -0.0205609•*• -0.0103672**~ 

0.0003689) (0.0002880) 0.00011301 (0.00058471 
Age' -0.0000414*** 0.0000472*** 0.0002313**' 0.0001654"'** 

(0,0000061) ,0.0000047) (0.00000251 0.0000050) 
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CY2009, Ages 25+ 0.4512855*** 0.4920502*** 0.4029622*** 0.1144864*** 
(0.03143]4l 10.02189111 (0,0'.!52641) (0,0250570) 

CY20 I 0, Ages 25-;- 0.2995697*** 0.2372077*** ,0.1398496*** 0.2852590*** 
(0.02382031 (0.01221881 (0.0233336) 10.0268955) 

CY2009 0.0732048•** 0.2075985*** 0.0839JOJH• 0.2290536*** 
0.0190192) (0.0094498) 0.0121392) (0.0172472) 

CY'.!010 0.2273621 *** 0.3150729*** 0.4052745*** 0.1095964*** 
(0.0135031) (0.0089111) (0.0169191) /0.0189317) 

Adi-R2 0.8989188 0.90010'46 0.8957709 0.8746106 
AIC 213 201 , 231 371 
Woodrid11e AC P-Value1 0,0026154 0.0145811 i 0.0010401 0.0000001 

'"p•0,001."p O.Dl.•p<0.05 .. p 0 0.1 

. Nooo, \\'oold•idg; Te,1 fo, ARI >J foue, lo FE'. l',ael Models ;rnplemeaocd ""P""""'' from the R Pad,,~, ·p1rn· Th< o,Jl h) pOOhes;s i, th,t 1he,e i, 1<,io1 
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Table VI-102 - SUVs/Vans Relationship of Durability Trend to·Age 

Share Preferred Share _Share NPRlvI MY 
Variable Remaining, Remaining, Remaining, Specification 

Ouadratic Linear Constant 
Diff(New Price - Fuel Savings) -0,0000228h* -0.0000356*"'* -0,0000299*** -0.0000264*** 

(0.0000013) (0.0000013) (0.000001 I) (0.0000032) 
GDP Growth Rate 0.0695386*** 0.0657111*** 0.0795823'"** 0.0802932*** 

(0.0012301) (0.0009900) {0.0010000) (0.0010867) 
Diff(Real Gas Price) -0.2764171*** -0.4362834**• -0.2895806*"'* 0.2825669*** 

(0.0257452) 10.0278925) {0.0231274) (0.0545445) 
Diff(Used Cost per 100 Miles) 0.0524134*** 0.0717750*** 0.053]272*H -0.0237569** 

(0.004359SJ (0.0043034) (0.0034518) (0.008 ! 900) 
Share Remaining 0.0297029 ~3.3452757H-* 0.7119660*# 

(0.0901657) (0.0554430) (0.0222985) 
Share Remaining* Age -0.062J384U>f< 0.1825513*** 

(0.0073936) ro.0030923) 
Share Remaining* Age' 0.011213!*** 

(0.0003223) 
Log(MY-1959) -1.6397949*** 

(.0027097) 
Log(MY-1959}*Age 0.2071080*** 

(0.0020895\ 
Log(MY-1959) * Age2 -0,00610\9#* 

(0.0000999Y 
Age 0.2466527*'* 0.0460123'** 0.4015673*** -0.3256119*** 

(0.0063507) (0.0055806) (0.0015458) (0.0072432\ 
Age' -0.0065623*** -0.0029204*** -0.0095063*** 0.0107678*** 

{0.0001252) 10,0001212) (0.0000358) (0.0003243) 
CY2009. Ages 25+ 0.3581448* 0 0.6247703*** 0.3282078*** 0.1279913* 

/0.0206753) (0.0191476) (0,0248535) (0.0497896) 
CY:2010. Ages 25+ 0.3022435*** 0.1385811"'** -0.0734390*• 0.2482407*** 

(0.0215352) (0.0298242) (0.0223489) (0.0343923) 
CY2009 0.4353784*** 0.1828926*** 0.6678445'"*"' 0.6956480*** 

(0.0155607) 0.0129064) (0.0236451 l (0.034256]\ 
CY20!0 0.0924318*** 0.2424634*** 0.3936159*** 0.0549556* 

(0.0167183) 0.0126816) (0.0158770) 10,0250943) 
R' 0.9033051 0.9049046 0.8845334 0.8521034 
AIC 173 160 288 511 
Woodridl!e AC P•Value 0.0035220 0.0486846 0.0000051 0.0000001 

"' p• Ull<JI." I'' 001, •p <0.U5.. P' <l.l 
'Not<e Wooldiidge Tosi For AR(l I Emm In FE P~nel Models implem<llted ,s •p~,n.,,· from the R p.._1.,~, ·phn' Th, null h;pothcsl, i>thatthm i, =ial 

,om,lation ,n co,'~""• ;,:,1h" a r•,,.,IWl>.OS sum,""" 1hu the'""'" an, not "'"'lit rorrelar<d. 
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Table VI-103 - Pickup Relationship of Durability Trend to Age 

Share Preferred Share Share NPRMMY 
Variable Remaining, Remaining, Remaining, Specification 

I fluadratic Linear Constant 
Diff(New Price - Fuel Savings) -0.0000674*** -0.0000816*** -0.0000581"** -0.0000480*** 

(0.0000019) I 10.0000018) (0.0000017) I 10.0000021) 

GDP Growth Rate 0.0736057°• 0.0582337*** 0.0602333*** 0.0647886*** 
(0.0011368\ I ,0.00129981 '0.0009533' (0.00106()]\ 

Diff{Rcal Gas Price) -0.2864880*** -0.5001835*-** 0.0798291 ** -0.1311305*** 
(0.0334947) I I0.0334884) (0.02998771 (0.0234005\ 

DifflUsed Cost per 100 Miles) 0.0441250*** 0.0646677*** -0.0097471 0.0438846*"* 
10.0056864) I 10.00571051 (0.0052524) /0.0036373) 

Share Remaining -1.5573629*** -1.9174078*** 0:5012308*** 
(0.1003296\ {0.0731793) 10.0306657) 

Share Remaining*Age 0.1049521*** 0.]310775*** 
(0.0054214) I l0.00349271 

Share Remaining* Age' 0.0012152***-
I /0.0002025) 

Log(MY-1959) -1.5218779*** 
(0.0028797) 

Log(:MY-f959)*Age 0.0725954*** 
(0.0025993) 

Log(MY-1959) *Age2 -0.0017046 ... 
(0.000! 111 l 

Age 0.0776425*** 0.0528728*** 0.2629608*** 0.0222991*** 
(0.0064930) {0.0055778) '0.0015738) (0.0081504) 

Age2 -0.0023773*** -0.0018482*** -0.0057176*** -0.0004665 
(0.0001126) I !0.oooo995l (0.0000225) 10.0003253) 

CY2009, Ages 25+ 0.0705278* -0.0770359* 0.1636518*** 0.0084647*** 
(0.0354674) I 10.0343983) (0.0337895) (0.0210629) 

CY2010, Ages 25+ 0.3659284*** 0.4057619*** 0.2123575*** 0.2115845*** 
(0.0136404) I !0.0129972\ (0.01531481 10.0108309) 

CY2009 0.5757490*** 0.5752367*** 0.5852774**+ 0.6417981*** 
(0.0170277) I to.01707421 (0.02059561 10.0165040) 

CY2010 0.1908829*** 0.2808360*** 0.2236518*** 0.0751358*** 
10.0074929) /0.00700261 10.0129120) (0.0075012) 

R' 0.9228605 0,9193500 0.9170718 0.8615196 
AJC -45 -48 -32 300 
Woodrid"e AC-P-Value 0.6073232 0.6683055 0.0516705 0.0000001 

••• p< 0001. •• p<i)OI,' p <.(1.05 •. p~O.I 
1 Note; Wo.,1J,idl"' Ti;sl Fo, AR(l) fon« In rE Paad Model, implemen,ed"' •p»a~~lt- jrom tho R Pll<h,i,o 'plm". Tbo null O)pothes;s istha<thm, ;; ,..,i,I 

,o~eiatlon in 111< ,mm. ,o '""' , r· vol "'··D.0$ '"IW"'" ,oa, thee= ""' ""' ><ri,11), w,t<IJLcsl. 

As Table Vl-10 IT able VI- I 01 shows, the NPRM specification and both the constant and 
the quadratic forms of the age interaction with the share remaining variable to capture the 
durability effect show evidence of autocorrelation. The linear fonn oft he interaction of age and 
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share remaining does not show evidence of autocorrelation and also has the lowest AIC and 
highest adjusted R-squared. For these reasons, this is the preferred specification of the durability 
effect. Since the share remaining coefficient is negative and larger than the positive coefficient 
on the share remaining interacted with age, a cohort that has a higher share remaining at an early 
age will ha,'e a lower instantaneous scrappage rate in this period until a cenain age and then a 
higher scrappage rate after that age. To find the age where the sign of the share remaining 
coefficient will switch from predicting a lower instantaneous scrappage rate to a higher one, we 
must take the ratio of the coefficient on the share remaining variable to the share remaining 
interacted with age-this suggests that at age 19, the sign o(the share remaining variable flips. 
That is, the instantaneous scrappage rate of cars is predicted to be lower if the share remaining is 
higher until age 18, after which a high_er share remaining predicts a higher instantaneous 
scrappage rate. 

As Table VJ- \02Table VI-! 02 shows, the linear interaction of age and share remaining is 
the only specification of the durability effect for SUVs/vans that do not slmw autocorrelation in 
the error structure. The linear interaction ofage and share remaining has the lowest AIC and 
highest R-squared; for this reason, this is the preferred specification of the durability effect for 
SUVs/vans. The signs for share remaining and share remaining interacted with age show a 
similar trend as that to cars. Taking the ratio again of the share remaining to the share remaining 
interacted with age, for ages O to 18 a higher share remaining predicts lower ins_tantaneous 
scrappage, and for ages beyond 18 it predicts a higher instantaneous scrappage rate. 

As Table Vl-103Table Vl-103 shows, all but the NPRM specification of the durability 
effect for pickups do not show autocorrelation in the error structures. However, similar to cars 
and SU Vs/vans, the linear interaction of age and share remaining has the lowest AIC and highest 
adjusted R-squared. For this reason, this is the preferred specification for all body styles. 
Taking the ratio of the coefficient on share remaining to share remaining interacted with age 
shows that a higher share remaining will predict a lower instantaneous scrappage rate in-the next 
period for ages 0 through 14, hut a higher instantaneous scrappage rate' for ages 15 and older. 

Using the prefeJTed forms of the engineering scrappage rates for each body style as the 
reference point, Section I.A. La)( l)(c)(iii)(d) considers different fonns to predict the Gruenspecht 
effect for each body style. Section O uses the preferred engineering and Gruenspecht fonns to 
consider alternative macroeconomic variables to predict the effects of the business cycle. 
Finally, Section I.A.I .a)(] )(c)(iii)(f) uses the preferred engineering, Gruenspecht and business 
cycle fonns to consider the inclusion of other additional independent variables. 

Table Vl-104 

Table VI-104 through 

(di Modeling lmpa<:ls orNe" Vehicle :-forket 
un lls~d Scrappagc Rate~ 
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Table Vl-106 
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Table Vl-106 show the relationship between car, SUV/van, and pickup scrappage rates 

and changes in neiv vehicle price and fuel economies. The agencies consider two methods in 

response to comments outlined in Section[xxx]: 1) changes in average new vehicle prices net of 

30 months of fuel savings (consistent with the technology selection and sales model) and 2) 

change in average new vehicle prices, change in average fuel prices, changes in new vehicle cost 

per mile and changes in new vehicle file! consumption. We allow the elasticity of average new 

vehicle prices net of 30 months of fuel savings to vary by age by including interaction terms. 

Table VI- I 04 - Relationship of Car Scrappage to New Vehicle Prices and Fuel Economy 

Preferred, Net Net Fuel Sen,itivity. Net Separate Price, 
Variable Fuel Savin_gs, Sa\ings, Linear Fuel Savings, Fuel Economy, 

Constant Q1.1adratic Cost Per Mile 
Diff(New Price- Fuel Savings) -0.0001009*** -0.0001525*** -0.0002447*** 

{0.0000014) 0.0000016) 10.0000049) 
Ditf(New Price - Fuel Savings)*Age 0.0000028+** 0.0000234*** 

0.0000001) i0.0000006) 
Diff(New Price - Fuel Savings)*Age" -0.0000006**• 

(0.0000000) 
Difl\New Price) -0.0001102*** 

(0.00253601 
DifflNew Cost per 100 miles) 0.3104217*** 

(0.0203082) 
Dift\New Gallons per 100 miles) 0.6786587*** 

10.0244078) 
GDP Grov,th Rate 0.0469495*** 0.0533102*** 0.0515414*** 0.0579894*** 

(0.0010729) 0.00089831 (0.0010808) 0.00113161 
Diff(Real Gas Price) -0.5176484*** -0.6193021*** -0.2984000*** -1.3561326*** 

r0.0166983\ 0.0177331) ·o.0164970\ 0.0674843) 
Diff(Used Cost per 100 Miles) 0.0620020**"' 0.0948952 .. "' 0.0101592** 0.0507081 *** 

(0.0034245) 0.00362061 0.0031673) 0.0044548) 
Share Remaining -3.4186938•*• -3.2610500*** -3.2047307*** ·J,0292926*U 

0.0343009\ f0.03474561 '0.03597591 {0.05186!2) 
Share Remaining*Age 0.1806424*** 0.1830840"'** 0, 1728009*** 0.1435656*** 

'0.0026794) 10.0030767) 0.0030742\ 10.00428351 
Age 0.0951732*** 0.0935496*** 0.1139102*** 0.1338257* 0 

10.0058835) 10.0058767\ 10.0065524) 10.0088632) 
Age~ -0.0063290*** -0.0055859*** -0.0067346*** -0.0068805*** 

(0.00028801 10.00030051 10.0003194\ /0.0004261) 
Age3 0.0000472*** 0.0000283*** 0.0000494*** 0.0000364*** 

0.00000471 10.0000050\ 0.0000051 I 10.0000068) 
CY2009, Ages 25+ 0.4920502*** 0.3763375*** 0.3773918*** 0.3351997*** 

'0.0218911) (0.02721601 /0,0262295) I0.02817841 
CY2010, Ages 25+ 0.2372077*** 0.0292782• 0.1973215*** 0:2797734•*· 

/0.0'122188\ 10,01465481 10.0219700\ (0.01170041 
CY2009 0.2075985*·* 0.2500054•** 0.0226063 0.1804066*"'• 

0.0094498) (0.0142794) 10.0150853) (0.0!671501 
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i CY2010 0.31507'.1.9*** 0.4262344*** 0.2643185*4* 0.43]0]6)*H 

10.0089111) 0.0117008\ (0.0134019 0.01487541 
Adi-R' 0.900I046 0.8978312 0.9018271 0.9015194 
AIC 201 220 191 195 
Woodridae AC P-V11l11e' 0.0145811 0.0042689 0.0046674 0.0040304 

•••r,o.~01.••~·fitt1.•p,o.u1. r•,!U 
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Table Vl-105 - Relationship ofSUVs/Vans Scrappage to New Vehicle Prices and Fuel 
Economy 

Preferred, Net Net Fuel Sensitivity, Net Separate Price, 
Variable Fuel Savings, Savings, Linear Fuel Savings, Fuel Economy, 

Constant Ouadratic Cost Per Mile 
Diff{New Price - Fuel Savings) -0.0000356*** 0.0000'.'.61 **" -0.0000432*** 

(0.0000013) (0.0000017\ ,0.00000\isi 
DiffiNew Price - Fuel Sa\'ingsJ*Agc -0,0000034*** 0.0000090*** 

(0.0000001) io.0000013• 
Diff\Ncw Price - Fuel S;ivings)* Age"' -0.0000005*** 

(0.0000000) 
DifflNew Price) -0.0000584*** 

(0.0018598) 
DitllNew Cost per 100 miles) 0.2481953*** 

(0.Q121297) 
Diff(New Gallons per 100 mileS) 0.1813089*** 

I IQ.0359516) 
GDP Gro,\1h Rate 0.0657111 u* 0.0725973*** 0.0693090*f* 0.0809516*** 

(0,0009900' (0.0006582\ I 10.00140361 {0.0014299) 
DifflReal Gas Price) -0.4362834***' -0.3113836*** -0.443093SU>I< -0.9867794*** 

(0.0278925) (0.0214827\ '0.0409938\ (0.0524833\ 
Diff(Used Cost per 100 Miles) 0.0717750*** 0.0508437*** 0.069J220U* 0.0049118 

0.0043034) (0.0034454\ ; IQ.0062875) {0.0042336) 
Share Remaining -3:3452757*** -2.4944456*** -3.0893] !4*U -2.5080J04*H 

0.0554430\ 0.0244459'1 (0.11244361 (0.0482793) 
Share Remaining* Age 0.1825513*** 0.1734217*** 0, 199785QU>I< 0.1433111*** 

'0.00309231 0.0015555\ '0.0062640• (0.00280]6\ 
Age_ 0.0460123**• 0.1006019*·* 0.0505098*** 0.1170863*** 

10.0055806) io.00242ss, '0.0110255' (0,0047866\ 
Age2 -0.0(}29204*** -0.0037523*** -0.002685] *-h -0.0042930*** 

(0.00012\2' (0.00004991 (0.0002315) 10.0001036\ 
CY2009, Ages 25+ 0.6247703*** 0.5644086*** 0.5463005**• 0.4J93]02*U 

0.0191476' '0.01089021 (0.03249821 {0.02392901 
CY20l0,Ages25+ 0.1385811*** 0.7182072*** 0.6472086*** 0.3589860**• 

10.0298242) 10.0204022\ 0.0486646\ 10.0259557\ 
CY2009 0.1828926*** 0.3981442*** 0:2907002*** 0.4807127*** 

f0,0129064) (0.0148314) (0.01638]9\ (0'.02031341 
CY2010 0.2424634*** 0.0010099 0,1464127*** 0.1562764**• 

f0.01268\6\ 10,0144798) f0.0144448\ 10.0182688) 
Adl-R! 0.9049046 0.8986186 0.9074788 0.9040243 
AIC 160 205 146 170 
Woodrid"e AC P-Value1 0.0486846 0,0051432 0.1316248 0.0013532 

... p ~o.<101 ... p, ~-''1. • p, o.o,. p, 0.1 
l~•o,e: Wooldridge T<St For AR(I) Emm In FE f'lmel ~!adds implemen1ed a, ·ou,oes1' fn,m lhe R PocSage "µIm . Too oull h;polh<sis ;, ti,,t rher, li ""1>1 

romlation in th,'""""-"' !hst' [>"''''"'"'" o, '"~~'" Ohat "'""""'"'""'"'"'II~ ,o,-«laoed. 
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Table VI-106 - Relationship of Pickup Scrappage to New Vehicle Prices and Fuel 
Economy 

Preferred, Net Net Fuel Sensitivity, Net Separate Price, 
Variable Fuel Savings, Sa\'ings, Linear Fuel Savings, Fuel Economy, 

Constant Quadratic Cost Per Mile 
DiftlNew Price - Fuel Savings) -0.00008!6*** -0.0000905*** -0.0000897**~ 

(0.00000181 (0.0000034) 10.0000056) 
Diff(New Price - Fuel Savings)* Age 0.0000011 *"'* 0.0000031 *"'"* 

0.0000002) '0.0000007) 
Diff(New Price - Fuel Savings)* Age~ -0.Q0Q000J-U* 

(0.0000000) 
Diff(New Price) -0.0000691 *** 

10.0000023) 
Diff(New Cost per 100 miles) -0.0700731 ** 

(0.0258251) 
omrNew Gallons per JOO miles) 0,0888778 

(0.0567126) 
GDP Growth Rate 0.0582337'• 0 0.0629675**" 0.0736610*** 0.0697134*** 

(0.0012998) (0,0013398) ro.00124281 (0.0018850) 
Diff{Real Gas Price) -0.5001835•0 -0.3690695*u -0.2775117°* -0.0308644 

(0.0334884) 0.0270939) (0.0489257) 0.1293132) 
Diff{Used Cost per JOO Miles) 0.0646677*** 0.0545742*** 0.0394331 *** 0.0643693*"'* 

0.0057105) /0.0044944) (0.0080011) (0.0066350 
Share Remaining -1.9174078*** -1.6788108*** -J.9996605*** -1.8378628*** 

0.0731793) {0.0697507) 10.0820169) 0.0987950) 
Share Remainirig* Age 0.1310775*** 0.1189495*** 0.1255976*** 0.1160186*** 

10.0034927) (0.0034509) (0.0047108) 10.0044129) 
Ag, 0.0528728*** 0.0784198"'** 0.0654055"6,I 0.0852044*0 

/0.0055778) 10.0053503\ (0.0073660) /0.0076383) 
Age" -0.0018482*** -0.0023633*** -0.0022842*** -0.0026838*** 

(0.00009951 /0.0000967) 0.0001495) 0.0001337) 
CY20Q9, Ages 25+ -0.0770359* 0.1707557*** 0.3712211*** 0.2832358*** 

0.0343983) f0,0301821\ 0.0325056) /0.0338548) 
CY20!0, Ages 25+ 0.4057619*** 0.3217917*** 0.3532757*** 0.3053384*** 

/0.0129972) /0.01 !3259) 0.0173499) (0.0126055) 
CY2009 0.5752367* 0 0.4566868U• 0.3745724•0 0.463J546*U 

{()_0170742) (0.0176878) 0.0153374) 10.0199130) 
CY2010 0.2808360*** 0.2585071 **~ 0.2023225*** 0.2776303*** 

(0.0070026) 10.0101544) 0.0113509) (0.0111400) 
Adi-R1 0.9193500 0.9239067 0.9236018 0.9229934 
AIC -48 -82 -66 -73 
Woodrid<'eAC P-Vnlue1 0.6683055 0.7468139 0.8100610 0.8961065 

••• p-< 0.001. ••p <' 0.111. • p ' 0.05 •• p < 0.1 

'Nol<e ll'ooldcadse T,,, Fm AR(l \Error.In FE Pund Models ;mpl<m<n<O<l"' ·p~\anest· fmm the R P.-"'lob'< ·p1m· The null h;potl,e,;, is Lha, lhe,e h s,;,tnl 

eo,r<l,,ion in th• mots. ,o thac a p.valoe-'"O.OS '"=~ 1ho< tile error< a,e oot se<iall) c,m,la~d. 

604 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

For all body styles, the specification of the Gruenspecht effect as the change in new 
vehicle prices net of fuel savings does not show signs of auto-correlated errors. However; for 
cars and vans/SUVs, the specification which separates the effect of new vehicle prices and fuel 
economy does show evidence of autocorrelation. For this reason, the changes in new vehicle 
fuel prices net of fue! savings is the preferred specification of the Gruenspecht effect. 

The agencies consider the interaction of the change in average new vehicle prices with 
vehicle age. This relaxes an assumption that the elasticity of scrappage rates to change in new 
vehicle prices is constant. For cars and vans/SUVs the linear interaction of change to new 
vehicle prices net of fuel savings show evidence of autocorrelation. The quadratic interaction of 
age with change ir1 new vehicle prices shows autocorrelation with cars. For this reason, the 
agencies consider'the constant elasticity of scrappage rates to changes in new vehicle prices to be 
the preferred specification (as the only specification that does not show evidence of 
autocorrelation for all body styles). However, we do consider the quadratic fonn of the elasticity 
with age as a sensitivity case (even though there is evidence of autocorrelation (but only in the 
car specification)). This allows the agencies to test the impact ofrelaxing the assumption around 
constant elasticity on CAFE model ou_tcomes. 

(cl Comld~ring Ahcrnutiw'Additionul 
~fa¢nl<:con,m1i~ lndic;M()r, 

Table Vl-107Tab!e VI- I 07 through Table VI-! 09Table Vl-109 show alternative 
macroeconomic indicators for cars, vans/SUVs and pickups, respectively. The agencies consider 
unemployment rate and per capita personal disposable income as alternatives to GDP growth rate 
to capture the cyclical component of the macro economy. The unemployment rate and the per 
capita personal disposable income are both 1(1 ), so that the first difference of each is the fonn 
included. for the car and van/SUV specifications, the,specifications replacing GDP growth rate 
show evidence of autocorrelation in the error structures. For this reason, the GDP. growth rate is 
the preferred specification for the cyclical components of instantaneous scrappage rates, as in the 
NPR!vf models_ 

As discussed in Section (b)(iii){c), some commenters were concerned with the exclusion 
of interest rates. In response, the agencies considered including the change in interest rates fot 
the otherwise preforred specification. For vans/SUVs the model has a higher AIC and shows 
evidence of autocorrelation in the error structures. For pickups, the sign changes on the change 
in cost per mile when the interest rate is included, which would be an implausible result. Finally, 
the AIC for cars is nearly identical regardless as to whether the interest rate is included. For 
these reasons, the agencies continue to exclude the interest rate from the preferred specification. 
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Table VJ-107 - Consideration of Other Macroeconomic Variables on Car Scrappage 
Rates 

Preferrc<l, GDP Personal llnemp!oyment Interest Rate 
Variable Disposable Rate 

Income 
DifflNew Price - Fuel Savings) -0.0001009*** -0.0000733**" -0.000087,8*"'* -0.0000819*** 

(0.0000014) (0.0000012) 0.0000013l 0.00000211 
GDP Growth Rate 0.0469495*** 0,0434237*** 

(0.00107'.!9) 10.0009779'\ 
DifflPer Capita Personal Income) 0.0540494*** 

(0.0016139) 
Difl{Uncmployment Rate} -0.04Q9J69H* 

0.0012396) 
DifflReal Interest Rate) -0.0247118*** 

(0.0010245'\ 
Diffl,Real Gas Price) -0.5176484*** -0.7474005**"' -0J5]3089*U -0.4670990*** 

(0.0166983\ 10.02420601 (0.0279906) (0.0265618) 
DiffiCPM}*JO0 0.0620020**" 0.[Q698J6U* 0.0329797t** 0.0442433*** 

(0.0034245) {0,0049867\ (0.0056238) (0_0051490) 
Share Remaining -3.4186938·** -3.6898124*** -2.7131136*** -'.!.6895961 *** 

(0.0343009'\ 10.0348410) 10.0376662) 10.0417920) 
Share Remaining* Age 0.1806424*"'* 0.1987995*** 0.0972431*** 0.1043302*** 

(0.00267941 (0.0036700) (0.00300\2\ {0.003960'.!i 
Age 0.0951732*** 0.0348470*** 0.2564925*** 0.2522376~"'* 

(0.0058835\ {0.0074265) {0.0059689\ (0.0082082\ 
Age' -0.0063290*** -0.00'.!9379*** -0.0144680*** -0,0J34434U* 

f0.0002880) 10.0004242) 10,00032531 f0.0004331} 
Age3 0.0000472* 0 -0.0000133. 0.0001702*** 0.0001476*** 

10.00000471 (0.00000741 (0,0000058) (0,00000721 
CY2009, Ages 25,j• 0.4920502*** 0.6819249~** 0.1666291*** 0.4596079*** 

(0.021891 n (0.0400925) (0.02018131 r0.02912501 
CY2010,Ages25+ 0.2372077*'"~ 0.2689731 tn 0.0340868* 0.2121147*** 

f0.0122188) 10,0177096) (0.01359361 10.0157184) 
CY2009 0.2075985*** -0.0209967. 0.1615951*** 0.0757698*** 

(0.0094498) (0.0114898) {0.00865071 '0.0135610) 
CY2010 0.31507'.!9 .. * 0.3017509*** 0.4747621 *** 0.1645683*** 

ro.0089111 J '0.0081213} 10.0126914\ '0.0153439\ 
Ad"-R2 0.9001046 0.8945928 i 0.8937426 0.9006071 
AIC 201 241 i 247 200 
Wooldridac AC P-Valae1 0.0145811 0.0078107 I 0.0073598 0.0272093 
••• p•,0.001 "P •c0.01.' P' D.ll\ .. p ·O,I 

' No"· l>.oolddds,.1 "' r"' 'I{( I) ~ITO!S lo FE P>nel Model, lmpl<in<a1,<-<l "' ·p~art,_.,,· /mm th, R ~ • .cl¥ ·rim·. Th, .,11 h)p<"bcsi, isth"1 '"'"' i»eri,I 
,oITo[,tion io Ol>e erroK ,o ,n,, , p-,;lue··G.05 sogge,l< that thccmm = not ,c,i,lly ,o~elat;,d, 
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Table VI-108 - Consideration of Other Macroeconomic Variables on SUV/Van 
Scrappage Rates 

Preforred, GDP Personal Unemployment lnterest Rate 
Variable Disposable JC,,e 

Income 
Diff(New Price - Fuel Savings) -0.0000356*0 0.0000114*** 0.0000135*** -0.0000048** 

(0.0000013) ro.0000011) (0.0000011 l IQ.00000]8) 
GDP Gro\\1h Rate 0.06571!1*** 0.0754813*** 

I0.0009900) /0.0015051) 
Diff(Per Capita Personal Income) 0.1119676*** 

(0.0025691 I 
Diff(Unemploymem Rate) -0.0357122*** 

(0.0025642) 
Diffl.:Real lnte_restRate) 0.0413835*** 

(0.0014089) 
Ditl\Real Gas Price) -0.4362834*** -0.4396005*** -0.4086418*** -0.2069678*** 

10.0278925) (0.0249243) (0.0195155) 10.0315331) 
Diffl. Used Cost per 100 Miles) 0.0717750*** 0.0886952*0 0,0770162*** 0.0623373*** 

'{0.0043034) r0.0038069) 10.0031840) (0.0051993) 
Share Remaining -3.3452757*** -2.9184918*** -2.9366013*** -2.4082569*** 

10.0554430) 10.0400020) 10.0412519) 10.0601728) 
Share Remaining* Age 0.1825513*** 0.1807410*** 0.1743960*** 0.1513631*** 

(0.0030923\ 10.002419!) (0.0025336\ '0.0031041) 
Age 0.0460123*** 0.0713979*** 0.0710222*** 0.1219095*** 

fQ.0055806) (0.0038387) (0.0042322) 0.0057170) 
Age2 -0.0029204*"'* -0.0034257*0 -0.0033801*** -0.0043665*** 

10.0001212) (0.0000796) 10.000091 ll 0.0001162\ 
CY2009, Ages 25+ 0.6247703*** 0.5454099*** 0.4717237*** 0,6022986..,_* 

0.0191476) (0.0264507) 10.02703141 0.0l534l3l 
CY20!0, Ages 25+ 0.1385811 *** 0.3875841*"'* 0.2518103*** 0.4590574*** 

(0.0298242\ 0.02705201 10.0296445) {0.03372571 
CY2009 0.1828926* .. 0.4528347*** 0.1601410*** 0.4215380*** 

0.0129064) 0.0204744) 10.0221085) ro.0183494\ 
CY2010 0.2424634*** 0.1198086*** 0.1605894*** 0.1780595*** 

0.0126816) /0.0181028) '0.0184065) (Q.0211695) 
Adi-Rl 0.9049046 0.8975155 0.8919612 0.9030893 
AIC 160 210 246 175 
WooldridPeAC P-Value1 0,0486846 0.0008142 0,0003350 0.0021439 
"•,✓ u.um.••p•<>o•.•r•o.o;. r··u.1 
'Not<, Woold1id~• Test For AR(]) Emm In rE f'aoel ~fodel, ;mpl,ment<d a, 'p"and from the R Package 'plm' The aull h, poth,~s isthaothm i, scd,I 

oo<r<lotioo In tho""""·"' \h,t, p--,,lue..u.u; '°1'1'"' ,h,1 ,.., '"'"' "'° ""' ><n,nyoum,l,<c"O. 
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Table Vl-109 - Consideration of Other Macroeconomic Variables on Pickup Scrappage 
Rates 

Prcforrcd, GDP Personal Unemployment lnterest Rate 
Variable Disposable Rate 

Income 
Diff(New Price - Fuel Savings) -0.0000816*** -0.0000469*** -0.0000486*** -0.0000642*** 

/0.0000018} 10.00000151 /0.0000020) (0.0000017) 
GDP Gro\\th Rate 0.0582337°* 0.0630611*"'* 

(0.0012998) (0.0014781) 
Diff(Per Capita Personal Income) 0.0000921 *** 

(0.000002\) 
Diff(Unemployment Rate} -0.0557550**"' 

(0.0018932) 
Diff(Real Interest Rate) -0,0089649*** 

(0.0011178) 
Diff(Real Gas Price) -0.5001835*** -0.4553242**" -0.2698308*** 0.0209017 

! r0.0334884) 10.0373881) /0.0262847) (0.0259166) 
Diff(Used Cost per 100 Miles) 0.0646677*** 0.0717665*** 0.0478561*** -0.0019728 

(0.00571051 /0,0056154) /0.00392241 (0.0043907) 
Share Remaining -1.9 ! 74078*** -2.2916011*** -2.4626888*** -0.6779801*"* 

(0.0731 793) i0.0729752) /0.0656099\ '0.0579344 l 
Share Remaining*Agc 0.1310775* ... 0.1388447'"** 0.1437682**"' 0.0892708* 0 

/0.0034927) 10.0032202) (0.0029693) (0.00310621 
Age 0.0528728*** 0.0328745*** 0.0289234*** 0.1492870*** 

10.0055778) (0.0056070) (0.0048643) (0.0045037) 
Age2 -0.0018482*** -0.0016701*** -0.0017219*** -0.0034159*** 

10,0000995) 0.000\023) 10,0000858) 0.00008161 
CY2009, Ages 25+ -0.0770359* 0.}080259*U 0.1936565*** 0,0805754* 

ro.0343983) (0.0292822) (0.0254670) {0.0316744) 
CY2010, Ages 25+ 0.4057619*** 0.3136625*** 0.3788601-*** 0.3276065* ... 

'0.01299721 10.0106841\ 10.00838861 10.00895101 
CY2009 0.5752367U* 0.316360] 0 • 0.3757922*** 0.51034060• 

10.0170742) 10.0158230) (0.0177027) 10,0187843\ 
CY2010 0.2808360*** 0,2272847**• 0.2175536*** 0.1509629*** 

(0.0070026) 0.01078181 (0.0109206) 0.0071344) 
Adi-Rl 0.9193500 0.9204734 0.9213566 0.9223507 
AIC .48 .56 .63 .59 
Wooldridt>e AC P-Value1 0.6683055 0.5538016 0.5238969 0.3997390 

'"'"" \Vool<iriog, r.,_, Fnr ARI I) Errors lo FE r,nel Model, ;mpl"""'"d >< ·p,rnrtest' trom tic R P;clog< ·rim· Tl10 oull li)po1hosi," thot '°'"' is serial 
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(fl C\m-;id~ring Otht•r :\J<.Htional \'airiahb 

Table VI-I JOT able Vl-110 through Table Vl- l 12Table Vi-112 show specifications that 
consider additional variables not included in the preferred specifications. As discussed in 
Section (b)(iii)(a). some commenters criticized the fact that maintenance and repair costs were 
excluded from the scrappage models. ·In response to comments, and since the maintenance and 
repair costs are l(l ), the agencies considered including the difference in maintenance and repair 
costs. When included, changes in maintenance and repair costs show the expected sign-when 
maintenance and repair costs are higher, instantaneous scrappage rates are predicted to be higher 
(as used vehicles are more expensive to maintain). When included, the AIC is higher for the car 
and van/SUV specifications. That is, including the change in maintenance and repair costs does 
not improve the fit of the models. Because of this, and because there is no obvious v<ay to 
predict future change to maintenance and repair costs (as discussed in the NPRM), the preferred 
specification continues to exclude maintenance and repair costs. 

As discussed in Section (b)(iii)(b), some commenters criticized the exclusion of steel and 
iron scrap prices from the scrappage models, In response to comments, and since this variable is 
also I( I), the agencies considered including the change in steel and iron scrap prices. When 
included, the AIC of cars and vans/SUVs is higher. Further, the car specification includes 
evidence of autocorrelation in the error structures. In addition, there is no known projection of 
steel and iron scrappage prices, so that the agencies would have to make projections to include 
this variable in the scrappage models. Accordingly, the central case continues to exclude steel 
and iron scrap prices. 

As discussed in Section (b)(iii)(d), some commenters and peer reviewers suggested that 
controlling for aggregate measures of model year cohorts, such as performance, might correct 
some unexpected signs. The preferred specification already addresses these concerns. Further, 
because fixed effects are included for model years, we cannot include aggregate model year 
specific attributes that are constant over the lifetime of the cohort. The agencies do consider the 
ratio of the average horsepower to weight of a model yeat' cohprt to the new vehicle cohort, as 
this will change along with changes to'the horsepower to weight ratio over successive calendar 
years. Including this variable resu'!ts in a higher AIC for cars and vans/SUVs and shows 
evidence of autocorrelation in the errors for these two body styles. For this reason, the preferred 
specification excludes this metric, 

The agencies also considered including new vehicles sales directly as a predictor of 
instantaneous scrappage rates. Since new vehicle sales are I( I), the difthence in new vehicle 
sales is the included fonn. Including the change in new vehicle sales results in a higher AIC for 
cars and vans/$UVs. It also introduces evidence of autocorrelation in the error structure for the 
car model, and reduces the effect o,fthe change in fuel prices by two orders of magnitude for 
vans/SUVs. It seems unlikely that the magnitude of the effect of fuel prices would so drastically 
vary between body styles. For t_hese reasons, the 'preferred specifications exclude the change in 
new vehicles sales. The agencies also considered including changes in vehicle stock, but this 
similarly did not improve the fit of the scrappage models-and doing so limited the ability to 
link the sales and scrappage models as some commenters suggested (see Sections (b)(iv)(a) and 
(b)(iv)(b))'. 
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Table VI-110 - Consideration of Additional Variables to Predict Car Scrappage Rates 

Maint'Repair Iron Steel Horsepower to New Sales 
Variable Costs Scrao Prices Weii!ht Ratio 
Diff(New Price - Fuel Savings) -0.0001087*** -0.0000886•** -0.0000823*** -0.0000459*** 

0.00000121 (0.0000017) 0,0000014\ (0.0000018) 
GDP Gro\\1h Rate 0.0502099*** 0.0493837*** 0.0285846*'' 0.0736989*** 

(0.0008717) (0.0010346) (0.0009415) (0.0011973\ 
Diff{Maintenance/Repair Prices) 0.0313706*** 

(0.0004552) 
Diffl.lron/Steel Scrap Prices) 0.0003056*"'* i 

(0.00001 }2) ' (HPtoWgt)used -0.662868] **"' 
(Hp to W (0.0579964) 

Diffl:New Sales) -0,0800166*** 
(0.0018404) 

Diff(Real Gas Price) -0.5468416*** -0,7639903*** -0.2797159*** -0.6566466*** 
10.0132709) 10.0223095\ (0.0263170) (0.02048581 

Diff(Used Cost per l 00 Miles) 0.0927501*** 0.1127770*** 0.0345106*** 0.0995253*** 
(0.0030171) {0.0043350\ {0.0054954) (0.0039039) 

Share Remaining -3.8985127**~ -3.4297719**• -2.7571607*"'* -3.3879423*"'* 
(0.0359838) I 10.0379884) (0.0373302) {0.03862S:7) 

Share Remaining* Age 0.2087872*** 0.1834034*** 0.1604072*** 0.1866613*** 
(0.0029530) /0.0029540\ (0.0033622) (0.0032920) 

Age 0.019581 I** 0.0855228*** 0.!442607*** 0.1076485*** 
(0.0060100) (0,0056929) (0.00121:rn (0.0067687) 

Age" -0.0034450*** -0.0051356*** -0.0969872*** -0.0064523*** 
(0.0002779) (0.0002355) (0.0003721) (0.0003493) 

Age3 0.0000097* 0.0000181*** 0.0000379*** 0.0000472*** 
(0.00000421 (0.0000034) (0.00000641 (0.00000581 

C\'2009, Ages '.?.5+ 0.2676016*** 0.5625097*** 0.1502497*** 0.5429818*** 
io.0280985) i0.02503581 (0.03032481 (0.02792571 

CY2010. Ages 25+ 0. 1365566*'** 0.3294714*** 0.1125183*** 0.2282722*** 
(0.0063622\ I 10,0107638) (0.0183628) /0.0141275) 

CY2009 0.0903772*** 0.1582771*** 0J260676*H -Q.081850Q*U 
ro.01144221 (0.0161136) /0.01284901 I r0.0158483) 

CY2010 0.4434154*** 0.22\6806*H 0.3309674*'"* 0.2888475~n 
(0.00730191 10.0099448) (0.0122406'\ 'f0.0100828) 

Adi-R2 0.8994398 .8994063 ,8982419 .8981068 
AIC 209 209 226 218 
\Vooldrid<'e AC P-Value' 0.0140185 .0093507 .0032309 .0081854 
'"P· O.OOL"p 0 -0,0l.'p<O.O.<,.p•,OI 

'Not<· Wooldrid_,-e k,t f'o, AR(IJ Emm In Fl( i'aoel Mod,6 implornon1<-d a, "r>'\~n,~· from'"" R Pocloge 'olrn'. Tito null ll;pothe,i, i, th<t1 th.mis ,.,i,I 
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Table VI-111 - Consideration of Additional Variables to Predict SUV Nan Scrappage 
Rates 

Maint/Repair Iron Steel Horsepower to New Sales 
Variable Costs Scrap Prices Weight Ratio 
Diff(New Priee - Fuel Savings) -0.0000040*** -0,0000274*** -0,0000'2J6U* 0.0000092*** 

0,0000010) (0.0000009) 0.0000016) (0.0000017\ 
GDP Growth Rate 0.0741921 *** 0.0775522*** 0.0726144*** 0.0825597'** 

10,0009918) (0.0005037) (0.0010902) (0.0012160) 
Diffl:MaintenancdRepair Prices) 0.0329469*** 

(0,0005843) 
Diffilron!Steel Scrnp Prices)' 0.0004911°• 

(0.0000117) 
(HP to Wgt)usea. -0.6454368*** 
(Hp to W11t (0.0623521) 

DifflNew Sales) -0.0442621"** 
(0.0020407) 

DifflReal Gas Price) -0.2798381 h• -0.6606965*** -0.6606965*"'* -0.0026490 
10.0202630) (0.01697611 m.0169761) (0.0228525) 

Diffl:Used Cosl per I 00 Miles) 0.0752267*** 0.0940092*** 0.0940092*** 0.0168291*** 
(0.0032825 1 (0.0025752) W.0025752) i0.0033850) 

Share Remaining -2.5305882*** -1.8325438*** -2.2211977*** -2.2575427*** 
(0.0291093) m.0334686\ /0.0631267) (0.04456491 

Share Remaining• Age 0.1694026*** 0.1170733*** 0.1457258*** 0.1434476*** 
(0.00!8095) (0.0017931) (0.0033540) (0.0024570) 

Ag, 0,1078797**• 0.1881191*' .. 0.1222155•*• 0.1347715" .. 
/0.0031752) (0.0035330) (0.0056946) (0.0046475\ 

Age2 -0.0040207*** -0.0058335*** -0.0044221 *** -0.00-14682*** 
/0.0000682) /0.0000752) 10.0001227) I 10.0000998) 

CY2009, Ages 25+ 0.5650111 *** 0.9640493*** 0.5271317*** 0.6906880**• 
/0.0302038) /0.0228757) /0.0177598) (0.0319239) 

CY2010,Ages25+ 0.3936247*** 0,8445298~** 0.3576068"** 0,27812Q8,U~ 
/0.02284451 /0.0254420) /0.0281587) I 10.02831431 

CY2009 0.3088721*** 0.1909450*** 0.4297493*** 0.3339696°" 
I 10.0188302) (0,0157400\ 110.0179765\ 10.0204543) 

CY2010 -0.0064301 -0.0208016 0.0730745*** 0.0092963 
/0.0162095\ 10.0)84329) (0.0192466) /0.0179028) 

Adi-Ri 0.9025463 0.8925155 0.9000385 0.9004698 
AIC 179 244 196 193 
Woodrid<>eAC P-Value1 0.0487565 0.0171649 0.0041075 0.1046916 .. 
'No1"· Woo!tlOdj,eTesi Fm AHi l I bm,; In fE Panel Mnd<ls implcmcn1c,;I a, 'P"•ncst· '"'"' !he R l';ac1'ag,; ·pl,n', Tb<nul< la)p<J<ti<,is "!hat U1m j; >«i•l 
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Table Vl-112 - Consideration of Additional Variables to Predict Pickup Scrappage Rates 

Maint!Repair Iron Steel Horsepower to New Saks 
Variable Costs Scran Prices Weiaht Ratio 
Diff(New Price - Fuel Savings) -0.0000487*** -0.0000700*** -0.0000623**• -0.0000307*"'* 

(0.0000020) (0.00000:!0l 10.0000023) (0.0000020\ 
GDP Growth Rate 0.0700443*** 0.0566533*** 0.0673307*** 0.0893179*** 

/0.0012637) 10.0015045) (0.001074!) (0.00307571 
Diff(Maintenance!Repair Prices) 0.0228660*** 

(0.0007310) 
Difl{lron1Steel Scrap Prices) 0.0001221*** 

{0.0000210) 
(HP to Wgt)used -0.1333160* 

CHPto W (0.0567827) 

Diff(New Sales) -0.0677648•** 
f0.0029545) 

Diff(Real Gas Price) -0.1786887*** -0.3556862*** -0.3922035*** -0:2082228*** 
(0.0174561) 10.0358686) <0.0242830) (0.0317423) 

Diff{Used Cost per I 00 Miles) 0.0514159*** 0.0586369*** 0.0619813*** 0.0501307*** 
(0.00264841 (0.0059307) (0.003898 ! ) /0.004746]) 

Share Remaining -1.5629672*** -1.5285909*** -1.8320104*** -1.4612872n* 
/0.0456494) 10.0747036) (0.0630918) 10.0618426) 

Share Remaining•Age 0.1276477*** 0.1301143°• 0.1258025*** 0.1227434*** 
(0.0016361) 10.0036870) (0.0030144) 10.0027493) 

Age 0.0864407*** 0.0796399*** 0.0698511*** 0.0964679*** 
(0,00325771 (0.0057986) (0.0048809) 10,0045567) 

Age' -0.0024071 *** -0.0022014*•* -0.0023048*** -0.0025145*** 
(0.00005111 0.0001046\ (0.0000815) 10.0000768) 

CY2oo'9, Ages 15+ 0.1434502*** 0.0898232** 0.0576144 0.2203882*** 
<0.01959971 (0.0346743) (0.0332635) (0.0174245) 

CY10l0, Ages 25+ 0.3409843*** 0.3790355*** 0.3107753*** 0.3177551 *** 
(0.0080248) 10.0142254) (0.00786621 (0.0095090) 

CY2009 0.3588073*** 0.5099969*** 0.5087433*** 0.3620659*** 
10.0146924) 0.0188307) (0.0155468) (0.0186262) 

CY2010 0.1000215*** 0.1611616*** 0:1979427*** 0.1663230*** 
(0.0092390) 0.0139655) (0.0092854) 10.01071951 

Adi-Ri 0.9254116 .9239856 .9235905 .9273131 
AIC -95 -83 -80 -112 
Woodridge AC P-Valne1 0.5081298 .9660689 .6977294 0.0298730 
••• p < IWOL" p ..ctl Ill. • p ., 0.05, . p •'0.1 

' Note: Woolaridse r,~ f'm AS(J) Em.,, I" fE Pond M,xlds ,mrl«n,o<«l » 'f""""'r fmm "" R Paci"!-"' 'rim". The""" h)rnahes,, is""' thece,i, .mial 

correln1'"'1 io th< mo,,."" th,, o p•.ol"'' O.Ol sowsts tll" th<"""''" nnl mTali/ ,o,,,l,recl 
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tg:l Pro.kcting dutuhilit; in tlw CAFf: Ol()dl'i 

The left graphs in Figure Vl-46Figure Vl-46 through Figure VT-46Figure Vl-46 show the 
fixed effects for the preferred scrappage specifications for cars, vans/SUVs, and pickups, 
respectively. For all body styles, there is a.general downward trend in the fixed effects. This 
suggests an increase in the durability of successive model years. However, since the panel 
datasets are not balanced, there is likely potential bias for the fixed effects that include only 
certain ages. This makes projecting the durability increase from the fixed effects a little more 
complicated than merely fitting to all fixed effects. First, we must determine what part of this 
trend is likely due to increases in vehicle durability (and should be projected forward) and which 
part of the trend may conflate other factors. 

The right graphs in Figure VJ-46Figure VJ-46 through Figure Vl-46Figure Vl-46 show 
the average obser\'ed logistic scrappage rates by mode! year for all ages where data exists. As 
can be seen, the average observed scrappage rates decline dramatically for model years after 
1996 for all body styles. There are two reasons this trend exists. First, as Figure Vl-46Figure 
Vl-46 through Figure VI-46Figure Vl-46 show, the instantaneous sCrappage rate generally 
follows an inverted u-shape with respect to vehicle age. The instantaneous scrappage rates 
generally peak between ages 15 and 20 for all body styles. Model year 1996 is the first model 
year which will be at least age 20 at'the last date of available data (calendar year 2016). This 
means that all model years newer than 1996 have likely not yet reached the age where !he 
instantaneous scrappage rate will be 1he highest for the cohort. Accordingly, the tixed effects 
could be biased downwards (consistent with the sharper downward slope in the fixed effects for 
most body styles for model years beyond 1996) because of the unbalanced nature of the panel, 
and not because of an actual increase in inherent vehicle durability for those model years. 

The second reason the average logistic scrappage rates for model years before 1996 is 
more stable is because each data point in the average has increasingly less effect on the average 
as more data exists. For model years 1996 and older there are at least 18 data points (we start the 
scrappage at age 2, by which point effectively all ofa mode_l year has been sold), and each will 
have a smaller effect on the average than for newer·model years with fewer observations. For 
!hese reasons, the average observed logistic scrappage rate is more constant for model years 
before 1996. As a result, we do not consider the trend in fixed effects after model year 1996 to 
rely on enough historical data to represent a trend in vehicle durability, as opposed to a trend in 
the scrappage rate with vehicle age. 

In considering which model year fixed effects should. be considered in projecting 
durability trends forward, another important factor is whether there are discrete shifts in the types 
of vehicles that are in the market or categoty of each body style over time. For cars, an 
increasing market share of Japanese automakers which tend to be more durable over time might 
result in fixed effects for earlier model years being higher. This trend is shown in the fixed 
effects in [xxx] Figure VI-46Figure VI-46. which follow a steeper trend before mode! year 1980, 
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Figure Vl-46 - Trends in fixed effect~ for preferred car specification 

For vans/SU Vs, earlier model years are more likely to be built on truck chassis (body-on
frame construction) instead of car chassis (unibody construction). Since pickups tend to be more 
durable, the earlier fixed effects are likely to be lower for Vans/SUVs for earlier model years. 
The 1984 Jeep Cherokee was the first unibody construction SUV.1108 As Figure Vl-47Figure 
Vl-47 shows, the fixed effects before 1986 show inconsistent trends; these are likely due to 
changes in what was considered a van/SUV over time. For this reason, the agencies build the 
trend of fixed effects from model years 1986 to 1996. 

'"' https://www.autoguide.com/auto-n1;w:;/2018/01/10-interesting-facts-from-the-hlston'•Df-the-jeep-cherokee.html 
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Va...SW Fl•ed ~OCIS Average Observed LoglsUc Scrapp•go !lo!< i,y MV 

).······ .. : 

-·-r- ----------

""' '''"'' 

figure VJ-47 - Trends in Fixed Effects for Preferred Van/SUV Specification 
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Figure Vl-48 - Trends in Fixed Effects for Preferred Pickup Specification 

While the tre_nd for pickups and cars could be extrapolated before 1986, the agencies opt 
to keep the fixed effects included constant for all body styles. Thus, the projections are built 
from model year 1986 to model year 1996 fixed effects (the filled in data points in Figure 
Vl-48Figure Vf-48 through Figure V1-48Figure Vl-48). Table Vl-l 13Table VJ-J 13, below, 
shoi,vs the linear regressions shown as the line on the left side offigure Vl-48Figure Vl-48 
through Figure Vl-48Figure VI-48. The durability cap represents the last model year where the 
durability trend is assumed to persist. We cap the durability impacts at model year 2000, as data 
beyond this point does not exist for enough ages to detennine if durability has continued to 
increase -since this point. The implication of this cap, is that model years after 2000 are assumed 
to have the same initial durability as model year 2000 vehicles. Since there is a limit to the 
potential durability of vehicles, this acts as a bound, on this portion of the scrappage model. 

615 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

Table Vl-l 13 - Durability Inputs in the CAFE Model 

Inputs Cm Vans/Sl)Vs Pickups 
Beta Coefficients 

p,, lntercent 21.13195 25.488 54.52891 
Pn MY -0.01141 -0.01364 -0.02879 
p,. MY Durabilitv Cao 2000 2000 2000 

The durability projections enter the scrappage·equation in the C' AFE modelling in 
accordance to the following equation: 

la ( s,.,,.,cY ) =Po~ Age.,y,c,- + {31 • Age' 11ycy + P2 • Age'Mr'CY + 
1-SMY,CY ' ' ' 

Share Remainin9MY.CY • ({33 + /34 • AgeMv.c,•)+ 

Diff(New Price - FS)CY • (Ps + Ps ~ Age.,,-,c, + P, • Age2 MY.CY + Pa • Age' MY.CY)+ 

/39 • Diff(Fuel Price)cr+ P,o • Diff(CPl00M,n )er+ 

{311 • GDP Growth"'.+ /J12+{J13 • MYMY - ifelse[MY,fY>/314 , /J,a • (MY,"' - /J14), 0) 

The intercept enters as a constant added to the predicted logistic of the instantaneous 
scrappage rate. The model year slope enters as the model year for all model years older than 
2000 and enter., as 2000 for all model years 2000 and newer. 

Once the predicted logistic scrappage rate is calculated in the CAFE model (including the 
projections ofthdixed effect portion of the equation), the future population of model year 
cohorts can be predicted. The instantaneous scrappage can be calculated directly from S, ft 
identifies the share of remaining vehicles in each calendar year that·are scrapped in the next year. 
The population of vehicles in the next calendar year can be calculated as follows: 

PopulationMY,CY+i = PopulationMY,CY * (1 - SMY,CI'). 

This process is iteratively calculated at the end of the CAFE model simulation to determine the 
projected population of each model year in each future calendar year. This allows the calculation 
of vehicle miles travelled, fu°'l usage, pollutant and CO2 emissions, and associated costs and 
benefits. The CAFE model documentation further details how the scrappage model is projected 
within the simulations.1169 

JhJ Updmes to !he Decay ru11c1il>n 

The scrappage models described above fit the historical data of car and truck scrappage 
well, but when used to project the scrappage of future model years they over-predict the 
remaining cars and trucks for ages greate'r than 30 in an unrealistic manner. Nearly six percent 

"'
0 [[ext Fonhwming] 
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of the MY20 I 5 van/SUV fleet and eight percent of the pickup fleet is projected to persist until 
age 40. This is unrealistic, and likely due to the fact that the agencies do not observe enough 
model years for those ages and over-predict the impact of durability increases for those ages. 
For this reason, we are using the curves with an accelerated decay function to predict 
instantaneous scrappage beyond age 30 for pickups and SUVs/vans. The implementation and 
parameter stricture of the decay function have not changed since the NPRM model. Table 
VJ- l 14Table VJ-114, below, shows the inputs used for the final rule analysis. 

Table VI-114 -Decay Function Inputs 

Inputs Cm Vans/SUVs Pickups 
Beta Coefficients 

p,, Decav A11:e 30 30 30 
p,. Final Survival Rate 0.01 0.025 0.025 

The final survival rate has not changed since the NPR.M:, but the input Decay age has 
changed. In the NPRM, the decay function was specified to begin after age 20, while the decay 
function begins after age 30 in the final rule analysis. This input change wa_s possible because 
the scrappage model for the final rule predicts shares remaining in line with observed historical 
trends through age 30, rather than through age 20. This improvement in the model fits for older 
ages is driven both by the shift of the modelling of the durability effect discussed in Section 0 
and the increase in available data on the scrappage rates of older vehicles discussed in Section 
I.A. I .a)(\ )(c)(ii){d). Overall, this outcome suggests that the final role model predicts the 
scrap page rates of older vehicle better than the NPRM model. 

As in the NPRM, the decay function is implemented in'the model using the following 
conditions: 

If(age</115 ), 

eLf1,Xi) 

s = "1-+-,'r",,"x~,, 

And: 

PopulationMY,CY+1 = PopulationMY,CY * (1 - SMY,CY ). 

lf(age>=.815 ), 

PopulationMr.cr+1 = PopulationMY,CY:.fJ,, * exprare>t 

Where: 

And: 
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in ( (p,.J ) 
PopulationMr.cr 13 

rate = 15 

40 - P1s 

Here, the population for ages beyond the start age of the decay function depends on the 
population of the cohort at that start age and the final share expected for that body style at age 
40. The rate of decay necessary to make the final population count equal that observed in the 
historical data is applied. 

[Text forthcoming] 

(iv) Projections and Implications for Lifetime 
VMT 

(4) The Rebound Effect 

(a) The Rebound Effect in the NPRM 

The fuel economy rebound effect-a specific example-ofthe well-documented energy 
efficiency rebound effect for energy-consuming capital goods-refers fo the tendency of motor 
vehicles' use (as measured by vehicle-miles traveled, or VMT) to increase When their fuel 
economy is improved and, as a result, the cost per mile (CPM) of driving declines. Amending 
and establishing CAFE and C01 standards at a lower degree of stringency than the baseline level 
will lead to comparatively lower fuel economy for new cars and light trucks, thus increasing the 
amount offoel consumed to travel each mile. The resulting increase in CPM will lead to a 
reduction in VMT over the lifetime of new vehicles, an example of the rebound effect working in 
reverse. In the NPRM, the agencies assumed a fuel rebound effect of20 percent, meaning that a 
5 percent decrease in fuel economy would result in a one percent decrease in the annual number 
of miles driven at each age over a vehicle's lifetime. 

Many of the comments received on different components oflhe CAFE model can be 
traced back to the agencies' rebound selection. The agencies recognize that the value selected 
for the rebound effect influences overall costs and benefits associated with the regulatory 
alternatives under consideration as well as the estimates of lives sa\'ed under various regulatory 
alternatives, and that the rebound estimate, along with fuel prices, technology costs, and other 
analytical inputs, is part of the body of information that agency decision-makers have considered 
in determining the final levels of the CAFE and col standards. The agencies also note that the 
rebound effect diminishes the economic and environmental benefits associated with increased 
fuel efficiency. 

For the analysis supporting the NPRM, the agencies conducted a thorough re
examination of the basis for the estimate of the fuel economy rebound effect used to analyze the 
impacts of CAFE and C01 emission standards for model years 2012-16 and 2017-21. This was 
prompted by three developments. First, more recent updates of the 2007 study by Small and Van 
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Dender that had provided the basis for assuming the 10 percent rebound effect used in those 
previous analyses reported larger values. Second, projected growth in the income measure used 
in those authors' 2007 study, which. was anticipated to reduce the·magnitude ofthc rebound 
effect over the future period spanned by those analyses, did not occur during the decade 
following the 2007 study's publication. Finally, extensive new research on the rebound effect 
had become available since those previous analyses were conducted, and while its findings were 
mixed, many of those more recent studies reported values significantly above the agencies" 
previous I 0% estimate. 

In the NPRM, the agencies first summarized estimates of the fuel economy rebound 
effect for llght-duty vehicles in the U.S. from studies conducted through 2011, when the agencies 
originally surveyed research on this subject. As the accompanying discussion in the proposal 
indicated, the research available through 2011 collectively suggested that the rebound effect was 
likely to fall in the range from 20 percent to 25 percent, although the then-recent study by Small 
and Van Dender (2007) pointed to smaller values, particularly for future years. The agencies 
then identified 16 additional studies of the rebound effect that had been conducted since their 
original survey, and the NPRM discussed the various approaches they used to measure the 
magnitude of the.rebound effect, their data sources and estimation procedures, reported findings, 
and strengths and weaknesses of each study. 

Based on this re-examination, the agencies concluded that currently available evidence 
did not appear to support the 10 percent estimate relied upon in previous rules, and identified a 
value of 20 percent as more representative of the totality of evidence, including both the research 
covered by the earlier and more recent studies examined in the NPRM. While acknowledging 
the wide range of estimates reported in more recent research-which extended from zero to more 
than 80 per'cent-the agencies noted that the central tendency ofrecent estimates appeared to !ie 
in the same 20-25 percent range suggested by their extensive review of earlier research. The 
agencies also recognized that a 10 percent estimate differed markedly from the 10 percent 
estimate used in the regulatory analyses for the 2010 and 2012 final rules, but noted that it 
represented a return to the value NHTSA originally used to analyze the impacts of CAFE 
standards for model years prior to 2011. 

(b) Comments 011 the Rebound Effect Used in the 
NPRM 

The agencies received numerous commen,ts on the decision to revise their previous estimate oft he 
rebound effect, vlrtuclly ell of which echoed a few common arguments, First, commenters generally 
agreed that the most appropriate measure fort he agencies to rely on is the current long-run fuel 
economy rebound effect for U.S., clthough a few suggested that using an estimate of its short-run value 
might be preferable.1270 However, many commenters argued that some of the more recent studies the 
agencies relied upon to support the revised 20 percent estimate may have limited relevance to the 
appropriate measure for analyzing the current rule, and that the agencies should place more emphasis 
on those thatcommenters asserted were more approp_riate to rely upon. 

'"" For example . . ,ee Resources for the Future. NHTSA-2018-0067-11789, p. 30. Prominent among those arguing 
that a short- to medium-term rebound effect is more appropriate f6r the agencies' analysis ls IP!, NHTSA-2018-
0067-12213, p. 61. 
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To identify the most relevant research, some commenters proposed applying various selection criteria 
to choose which studies were most appropriate to rely on when estimating the value of the rebound 
effect to use in this analysis. While commenters proposed using certain criteria as "filters"-that is, to 
eliminate any studies that did not meet those criteria-they also suggested applying other criteria to 
emphasize studies with particular features they argued made them more relevant to identifying the 
current value of the rebound effect for the U.5.1171 Among these suggested criteria were the following: 

• Exclude estimates based upon data from outside the U.S.; 

• lnclude only estimates based upon "more recent" dam, usually taken to mean those 
published within approximately the last decade; 

• View estimates based on the U.S. 2009 National Household Travel Survey skeptically, or 
-exclude them from consideration completely; 

• Emphasize estimates derived from vehicle use and fuel economy data spanning multiple 
years (such as aggregate time-series or panel data), while according less weight to those 
based on a single-year cross section (such as most household survey data); 

• Emphasize estimates of the rebound effect that measure the response of vehicle use to 
variations in fuel efficiency, rather than in fuel cost per mile driven or fuel price per 
gallon; 

• Emphasize estimates that rely on identification Strategies that account for potential 
endogeneity in fuel economy (as would result, for example, ifhouseholds with high 
levels of demand for travel purchase vehicles with higher fuel economy): 

• Emphasize estimates based on measures of vehicle use obtained from odometer readings; 

'"' 
• Emphasize estimates that explicitly control for purchase -prices of new vehicles in order 

to account for changes in new vehicle prices due to CAFE standards. 

A few commenters Illustrated how applying these criteria could reduce the large number of published 
studies of the rebound effect to a limited subset that suggested a smaller value than 20 percent.1m 
Using multiple criteria to exclude or de-emphasize studies that did not meet all of those applied, these 
commenters argued that the most appropriate value for this analysis was closer to (or possibly even 

m, See for example IP!, NHTSA-2018-0067-122!3, pp. 58-64; EDF, NHTSA-2017-0069-0574, pp. 16-19; 
California Office of the Attorney General et al., NHTSA-2017-0069-0625, p. 4; Stat~,;; ofCalifomia et al. and the 
Cities of Oakland et al., NHTSA-2018-0067-11735, p. 78; Resources for the Future, NHTSA-2018-0067-11789, p. 
3; CARB, NHTSA-2018-0067-11873, p. 120; Aluminum Association, NHTSA-2018-0067-( 1952, p. 5; NCA T. 
J\'HTSA-2018-0067-11969, p. 34; and North Carolina Department of Environmental Quality, NHTSA-2018-0067-
12025, p. 12. among others. 
":n One example is Gillingham, NHTSA-2018-0067-12403. pp. 16-30. 
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below) the 10-percent estimate the agencies used for the previous rulemaking. 1m However, one 

commenter noted that applying these criteria individually to exclude any estimates not meeting them 
had almost no effect on formal measures of the' central tendency (the mean and median values) of the 
remaining estimates.1m This commenter suggested that only by applying two or more of these criteria 

jointly and excluding any studies that did not meet all of those applied could the universe of research on 
the rebound effect be reduced to a subset supporting a lower value than the 20 percent figure the 
agencies used to analyze the NPRM. 

Commenters also identified several additional recent studies that were not included in the 
agencies' review of recent evidence for the NPRM, and suggested revised interpretations of the 
empirical estimates reported in twci studies that had been included (the agencies also clarified a 
third). Commenters represented these additional studies as generally supporting lower values 
than the agencies' revised 20 ·percent estimate, although this appeared to be a selective 
interpretation of some of the results they reported. m, Other commenters asserted that the two 
most commonly-demonstrated features of the rebound effect are that it varies directly with fuel 
prices and declines in response to rising income over time, and argued that the latter suggests 
that a declining value is likely to be more appropriate for analyzing the longer-term impacts of 
this final rule.1276 

Some commenters suggested that the rebound effect is asymmetrical, meaning that 
drivers are more responsive to price increases than price decreases. These comm enters asserted 
that the asymmetrical nature oft he rebound effect favors a lower estimate.1277 Similarly, other 
commenters suggested that the rebound effect had to be lower than 20 percent because 
congestion would limit additional driving. 1278 

(CJ Agencies' Response to Comments on the NPR,\1 

In response to commenters who argued that the agencies' estimate of the rebound effect 
should be reduced, because research that incorporates the effects of congestion or allows 
asymmetrical responses to price changes suggests lower values, the agencies note that,_for the 

ml See for exampJe,JPI, NHTSA-2018-0067-12213, pp. 58-64; EDF, NHTSA-2Dl7-0069-0574, pp. 16-19; 
California Office of the Attorney General et al., 1'i'HTSA-20J7-0069-0625, p. 4; and CARB, NHTSA-2018-0067-
11873, p. 120, among others. 
1274 Alliance of Automobile Manufacturers, NHTSA-2018-0067-12386, Anai;hment. 
ms For example, some commenters (e.g., Gillingham, NHTSA-2018-0067-J 2403, Table 2, p. 24) rcpro:scnted the 
recent analysis of vehicle use data from Texas by Wenzel and Fujita as reporting a rebound effectofS-15 percent 
which appears to be based on those authors' e.stimates ofthe responseoh·ehide u:se to changes over time in fuel 
prices alone. This range appears to ignore those :same authors' estimates ofthe sensitivity of vehicle use to variation 
in fuel costs per mile, which provides a more direct measure of the fuel economy rebound effect because it 
incorporates fuel economy as well as fuel prices. Those estimates range from 7-40 percent, with most falling in the 
interval from 15-25 percent;see Wenzel and Fujita (2018), Table 4-12, p. 38. 
"'" See particularly Small, NIITSA-2018-0067-7789, p. 3. 
,m EDF, Nl:ITSA-2017-00{,9-0574, Comment, 37-38. 
,rn For-example, the South Coast Air Quality Mamgement District argued that, logistically, rebound cannot exist in 
Southern California because "any rebound effect will only worsen congestion in Southern California, such a result 
cannot be predicted." NHTSA-201 8-0067-11813 at [].[]. 

621 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*"'* 

final rule's analysis, those factors would be difficult and perhaps even inappropriate to 
incorporate in their analysis. In the case of congestion, the agencies note that their estimate of 
the rebound effect-like research on the rebo'und effect in general-represents a change in 
aggregate VMT, and has no dear implication about how that change in travel is likely to be 
distributed over times of the day or geographic locations. i27g 

As for possible asymmetry in the response of vehicle use to clianges in driving costs, the 
CAFE model applies a single estimate of the rebound effect for all changes in cost-per-mile, and 
cannot accommodate a rebound effect that varies with the magnitude or direction of changes in 
driving costs, which would be necessary to capture asymmetrical or non-linear responses to cost 
changes, The agencies also remind commenters that this rule will result in an increase in driving 
costs, for which the research they cite generally suggests a larger value of the rebound effect is 
appropriate. In any case, using a different estimate of the rebound effect to analyze impacts of 
raising and lowering standards would not promote consistency or replicability, both desirable 
characteristics of regulatory analysis. 

The agencies decided to include the previously omitted studies raised by commenters in 
their rebound analysis supporting the final rule, but do not feel that they suggest a value different 
from that used to analyze the proposal. Adding these studies to the list of recent research 
discussed in the NPRM, deleting one unpublished analysis, and revising the entries for selected 
studies to reflect more accurately the values reported by their authors produces a more extensive 
catalog of recent research, which is summarized in Table VI-I l 5Table "1-115 below. 

ms The agencies' estimme of increased congestion costs associated with additiorial driving due lo the rebound effect 
implicitly assumes that increased driving will be distributed according to current travel patterns, producing similar 
proponional increases at various hours of the da)' and geographic locations. Such an assumption is made out of 
necessity to model congestion and noise; the agencies acknowledge that the rebound effect is unlikely to affect 
vehicle use in such a uniform fashion. , 

622 



*** EO 12866 Review Draft Do Not Cite, Quote or Relea!)e During Review"'** 

Tttble VI-I 15 - Recent Estimates of the Rebound Effect/Or Light-Duty Vehicles 

Authon; (Date) Nation Time Period Data 
Range Of 
Estimates 

Bar!a el al. (2009) Canada 1990-2004 10 Canadian provinces 8-20% 
Bento (2009) U.S. 2001 150,000 househokl vehicles 21-38% 
Waddud (2009) U.S. 1984-2003 U.S income quintiles 1-25% 
Hun..,.1 et al (2010) U.S. 1966-2004 50 U.S. states 16-24% 
Gillin<>Mm (2011) Calilbrnia 2001-09 1 million vehicles 1% 

Ai1iovk: am Haas (2012) E.U. 1970-2007 6 E. U. nations 44% 
Greene (2012) U.S. 1966-2007 annual aggregate values 8-12% 
Su(2012) U.S. 2009 45,000 households 11-19% 
Wan<>efa/. (2012) Hong Kong 1993-2009 annual aggregate ·values 45% 
Linn(2013) U.S. 2009 230,000 household vehicles 20-40% 
F'rondeland Vance (2013) Germany 1997-2009 2,165 households 46- 70% 
Liu(2014) U.S. 2009 1.420 households 39-40% 
Gillingham(2014) Califumia 2001-09 5 million vehicles 22-23% 
Weber and Fan;i(2014) Switzerland 2010 8,000 household vehicles 19-81% 
Gillingham et al (2015) Pennsylvania 2000-2010 7 million vehicles 8-22% 
Hymel& Small (2015) U.S. 2003-09 50 U.S. states 4-18% 
Westelal. (2015) U.S. 2009 166,000 new vehicles 0% 
De Borger et al (2016) Derumrk 2001-11 23,000 households 8-10% 
Stapleton et al (2016) Great Britain 1970-2011 annual aggregate values 13-23% 
Langer et al (2017) Ohio 2009-13 229,000 driver-months 12% 
Stanleton et al (2017) Great Britain 1970-2012 annual aggregate values 22-30% 
Wenzel and Fujita (2018) Te= 2005-2010 32 million vehicles 7-40% 
Knittel and Sandler (2018) Califomia 1996-2010 36 million vehicles 5-27% 

As evidenced in Table VI-I J5Table VI-115,-studies continue to have a wide range of 
estimates, but collectively the research looks remarkably similar to the historical estimates. The 
newer studies suggest that a plausible range for the rebound effect is 10-50 percent. The central 
tendency of this range appears to be roughly 30 percent. 

In response to comments proposing the application of specific -criteria to eliminate or 
reduce the consideration accorded to studies without certain features thought to increase the 
relevance of their findings, the agencies note that measuring the rebound effect is both 
conceptually and technically challenging, and that analysts have used many different approaches 
in an attempt to surmount these challenges. The agencies' view is that each of the studies 
included in its previous survey and in Table VI-I J 5Table VI-115 above provides some useful 
evidence on the likely value of the rebound effect, and while all have some conceptual or 
theoretical weaknesses, each nevertheless provides some useful insights into the appropriate 
magnitude of the rebound effect for the current analysis. 
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As a general approach io estimating parameters that are uncertain, the agencies prefer to 
rely on the totality of empirical evidence, rather than restricting the available evidence by 
categorically excluding or according less weight to that do not meet selection criteria that may 
not be widely agreed upon. From this perspective, analyses that rely on different measurement 
approaches, data sources, and estimation procedures all have the potential to provide valuable 
information for choosing the most representative value. The agencies also view sound 
measureinent strategies and careful empirical analysis using reliable data as equally important 
teatures when compared to a study's vintage or geographic scope. Examining the widest 
possible range of research also enables useful comparisons and "cross-checks" on the estimates 
that individual studies report. 

Notwithstanding this more inclusive perspective, the agencies endorse certain of the 
characteristics preferred by commenters, although the agencies view them as indicators ofa 
strong study, rather than a,bright-line test of whether to accord it any weight rather than 
discarding it from consideration. Specifically, the agencies agree with many commenters that 
both the extended time span encompassed by their analysis of the impacts of CAFE and CO; 
standards and the long expected lifetimes of vehicles subject to this final rule means that 
estimates of the long-run rebound effect are most relevant for purposes of the final rule 
analysis. 1280 The agencies also agree with commenters that estimates based upon more recent 
data are generally preferable, bnt nevertheless note that older studies that combine careful 
analysis with unusually reliable or novel data can offer evidence that remains useful.1

!Bl The 
agencies also concur with some commenters' argument that estimates of the rebound effect that 
are derived from the relationship of vehicle use to foe! efficiency, rather than to fuel cost per 
mile or gasoline prices, are likely to provide more direct measures of the fuel economy rebound 
effect itself, which is the desired parameter for the purposes of this analysis. Finally, the 
agencies generally view identification strategies and econometric methods that account or 
control for potential endogeneity in fuel economy as likely to provide more reliable estimates. 

ln contrast, the agencies view other criteria proposed by commenters as unnecessarily 
restrictive, particularly when they are used to disqualify otherwise informative research from 
consideration. For instance, categorically excluding from consideration non-U.S. studies
which the agencies agree should be treated cautiously-seems likely to exclude useful evidence, 
particularly recognizing some of those studies' access to unusually reliable data on vehicle use 
and fuel economy and use of sophisticated econometric analysis. In addition, many foreign 
studies have been conducted in nations with income levels comparable to the U.S., and in some 
cases levels of auto ownership that are beginning to approach U.S. levels. Furthermore, driving 

"'" Most of the vehicles affected by today's standards will remain on the roads for at least a decade, with a 
significant fraction surviving considerahly longer. As such, long-run estimates are more likely to reflect the lifetime 
mileage accumulation of the new fleet than either short·run or medium-run estimates. Furthermore, a long-run 
rebound estimate better reflects the cumulafa·e impact of successive CAFE and CO, standards such as those adopted 
by the agencies beginning as early as 2010. 
"'

1 One example is the study by Greene ct al. (1999), which used advanced econometric analysis of unusually 
detailed and reliable data on household demographic and economic characteristic.~, how;eho!d members; use of 
individual vehicles, and fuel purchases to estimate the response of households' use of individual vehicles to their 
actual on-road fuel economy. and its implications for total household driving. 
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habits throughout the U.S. are not homogenous. In fact, some regions in the U.S. may exhibit 
diiving habits that more closely resemble those in some foreign nations than driving patterns in 
other regions ofthe u.s. 1:is:: 

In response to some commenters' recommendation that the agencies more heavily weigh 
studies using data spanning multiple years than those relying on data for a single year, the 
agencies note that household surveys, the most common form of data for a single year, provide 
cross-sectional variation in vehicle use and other characteristics that is helpful for identifying the 
desired long-run measure of the rebound effect. Household surveys are also an importarit source 
of information that enable analysts to measure the response of individual vehicles' use to 
variation in their fuel economy, while also controlling adequately for household characteristics 
that affect travel patterns and vehicle use. Household survey data can also ,enable analysts to 
identif'.y the vehicle substitution patterns within multiple-vehicle households that are increasingly 
responsible for producing the rebound effect, while even modest-scale household surveys include 
many more observations than are typically available in aggregate time-series or panel data. 

These strengths of course need to be balanced against the potential drawbacks ofrelying 
on a one-time snapshot of households' behavio.r during a single time period. Surveys also 
frequently rely on owner-reported estimates of vehicle use and usually requite analysts to impute 
vehicles' fuel economy ratings from lim[ted and sometimes incomplete information on the 
specific vehicle models and vintages that households report owning. One result is that estimates 
of the rebound effect derived from household survey data may be based on inaccurate estimates 
of vehicles' use and fuel economy. Assuming the errors in measuring these variables are 
random, the errors would increase the uncertainty surrounding the estimates of the rebound 
effect, but would not bias the estimate. 

In contrast, studies using nationwide aggregate or average measures of vehicle use and 
fuel economy or fuel ·cost rarely provide adequate independent variation to support reliable 
estimates of the response of vehicle use to variation in fuel economy, even where extended time 
series are available, while State-level measures of these variables are subj_ect to potentially 
extreme measurement error that can compromise estimates of these relationships.1" 3J Moreover, 
controlling- for the many other demographic and economic faqors likely to affect vehicle use 
using national or even State-level aggregate data presents difficult challenges. 

Finally, the agencies note that no single selection criterion proposed by commenters 
noticeably reduces the central tendency displayed by the universe of estimates of the rebound 
effect, and multiple criteria must be applied s.imultaneously 10 restrict the universe to a subset of 
studies that points toward a significantly lower value than the 20 percent estimate the agencies 

"'" For example, drivers in Overland Park, Kansas likely respond to changes in fuel prices and fuel economy 
differently than drivers in Manhattan, New York. 
lliJ For example, State-level estimates of travel by individual vehicle classes such as cars and light.duty trucks often 
exhibit implausible year-to-year variability due to the measurement procedures states employ and the difficulty of 
distinguishing among different l)'pes of vehicles. At the same time, the potential geographic ~mismatch" between 
State-level vehicle use a'nd fuelsa!es complicates any effort to measure fuel efficiency or fuel costs at the State 
level. 
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used to analyze the proposal. Applying multiple criteria drastically reduces the number of 
studies that remain available to guide the agencies, while at the same time discarding potentially 
valuable information provided by research those criteria exclude from consideration.1~

84 Doing 
so would thereby necessarily reduce the confidence that the agencies can have in the resulting 
estimate. 

Regarding some commenters' assertion that the rebound effect is known to decline in 
response to rising income, and that t his observation warrants using a lower value for long-term 
future evaluation of the standards' effects, the agencies note that some evidence based on 
household and vehicle use surveys suggests that the rebound effect increases with the level of 
household vehicle ownership, which is itself highly correlated w ith income. Together with 
forecasts of limited future growth in most measures of U.S. household income, this finding casts 
some doubt on whether the rebound effect is likely to decline over the time period spanned by 
the agencies' analysis.1~85 

The agencies also note that one of the studies cited in Table VJ-J J 5Table Vl-115 above 
(DeBorger et al., 20 16) finds that the decline in the fuel economy rebound effect with income 
reported in the earlier analysis by Small and Van Dender (2007)- on which the agencies relied 
in reducing their original estimate of the rebound effect to IO percent- results entirely from a 
reduction in drivers' sensitivity to fuel prices as their incomes rise, rather than from any effect of 
rising income on the sensitivity of vehicle use to fuel economy.1286 This latter measure- which 
DeBorger et al. find is quite small and has not changed s ignificantly as incomes have risen over 
time-is the most direct measure of the fuel economy rebound effect, so their analysis calls into 
question its widely-assumed sensitivity to income. 

Finally, because there is not a clear consensus around a single rebound estimate within 
the literature, the agencies believe it is important to benchmark their analysis with other large 
scale surveys of the literature published by neutral observers. In one early survey, Greening, 
Greene, and Diliglio (2000) reviewed studies that estimated the rebound effect for light-duty 
vehicles in the U.S., concluding that those re lying on aggregate time-series data found it was 
likely to range from I 0-30 percent. while those using cross-sectional analysis of household 
vehicle use suggested a larger rebound effect, in the range of25-50 percent.1" 87 Sorrell et al. 
(2009) found that the magnitude of the rebound effect for personal automobile travel is likely to 

1284 As an illustration, excluding non-U.S. studies reduces the number of recent analyses surveyed in the proposal 
from 15 to 8, while eliminating those tha1 re ly on the 2009 National Household Travel Survey (NHTS) discards 
another 5. leaving only 3. 
" " For exa mple, the widely cited I HS Markit Long-Term Macroeconomic Outlook for Spring 2019 projects that per 
Capita disposable personal income in the U.S. will grow at 1.6 percenl a nnually over 1he nex1 30 years; see Federal 
Highway Administration. Forecasts of Vehicle M iles Traveled (VMT): Spring 2019, Table 2, available at 
https: ,,,,,,.lln,a.dm.!.!n\ pttlic, information w.tilc~ \fllt ,mt fi.lreca::,l "iUm.cfm . 
.,,. DeBorger. B. , Mulalic, I.. and Rouwendal, J., "Measuring the re bound effect with micro data: A lirsl difference 
approach." Jouma/ of Em'iromnenral Economics and Ma11age111e11t. 79 (20 16), pp. 1-1 7. 
"

87 Greening, L.A .. Greene, D.L. and Diliglio. C., "Energy efficiency a nd consumption- the rebound effect- a 
survey." Energi' Policr, Vol. 28 (2000), pp. 389-401. 
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fall in the 10-30 percent range, with some evidence suggesting that the lower end of that range 
might be most appropriate. 1" 8R 

Most recently, a meta-analysis of74 published studies of the rebound effect conducted by 
Dimitropoulos et al. (2018) estimated that the long-run rebound effect ranges from 22-29 percent 
when measured by the response of vehicle use to variation in fuel efficiency (the authors' 
preferred measure), from 21-41 percent when it is measured using the variation fue! cost per unit 
distance, and from 25-39 percent using fuel price per gallon. 12R9 The authors concluded that "the 
magnitude of the rebound effect in road transport can be considered to be, on average, in the area 
of20%," but noted that the long-run estimate was about 32 percent. 1290 A subsequent published 
study by these same authors (Dimitropoulos et al. (2018)) concludes that the most likely estimate 
of the long-run rebound effect is in the range of26-29 percent, but could range from as low as 15 
percent to as high as 49 percent at income levels, development densities, and fuel prices that are 
currently representative of the U.S.1291 

(d) Selecting a Value of the Rebound EjfectjOr 
Evaluating the Impacts of this Rule 

After reviewing the evidence on the rebound effect pre,·iously summarized in the NPRM, 
c6mments the agencies received, other recent studies of the rebound effect that were not 
summarized in the NPRM but suggested by commenters, and published surveys ofliterature, a 
reasonable case can be made to support values of the rebound effect at least as high as 30 
percent. The totality of evidence, without categorically excluding studies on grounds that they 
fail to meet certain criteria, and evaluating individual studies based on their particular strengths, 
suggests that a plausible range for the rebound effect is 10-50 percent. The central tendency of 
this range appears to be at or slightly above its midpoint, which is 30 percent. Considering only 
those studies that the agencies believe are derived from unusually reliable data, employ 
identification strategies that are likely to prove effective at isolating the rebound effect, and 
apply rigorous estimation methods suggests a range of approximately 10-45 percent, with most 
of their estimates falling in the ! 5-30 percent range. 1292 

mi Sorrell, Steve, John Dimitropoulos, and Matt Sommerville, "Empirical Estimates of the Direct Rebound Effect 
A Review," Energy Policy 37(2009), pp. 1356-71. 
mo Dimitropoulos, Alexandros, Walid Oueslali, and Christina Sintek, "The rebollnd effect in road transport: a 
meta-analysis of empirical studies," Paris, OECD Environment Working Papers, No. I 13: see esp. Table 5, p. 25 
(and accompanying discussion). 
ll9\' id. al 28. 
1201 Dimitropoulo.s, Alexandros, \Valid Oueslati, and Christina Simek, "The Rebound Effect in Road Transport: A 
Meta-Analysis of Empirical Studies," Energy Economics 75 (2018), pp. 163-79; .<ee esp. Table 4, p. 170, Table 5, p. 
172 (and accompanying discussion), and Appendix B, Table B.V., p. 177. 
""'- As indicated previously, these are the selection criteria proposed by commenter,; "ith which !he agencies 
concur. In chronological order, the studies the agencies feel best meet those criteria include Greene et al. ( 1997), 
Small and Van Dender (2007) and subsequent updates by Hymel. Small, and Van Dender (2010,2015), Linn (2016), 
Anjovic and Haas (20121. Gillingham (2014), and DeBorger e! al. (2016). Other studies the agencies believe 
warrant serious consideration because they offer some or most of these same advantages include those by Liu et al. 
(2014), Knittel and Sandler (2018), and Wenzel and Fujita (2018). 
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At the same time, the agencies conclude that a reasonable case can also be made to 
support values of the rebound effect falling in the 5-15 percent range. This argume nt rel ies on 
using the criteria proposed by commenters to restrict the studies considered to include recently 
published analyses using U.S. data, and to accord the most weight co research that relies on 
measures of vehicle use derived from odometer readings, contro ls for the potential endogeneity 
of fuel economy, and estimates the response of vehicle use to variation in fuel economy itself, 
rather than to fuel cost per distance driven or fuel prices. This approach suggests that the 
rebound effect is likely in the range from 5-15 percent, and is more likely to lie toward the lower 
end of that range. The agencies note that est imates of very low or no rebound effect c ited by 
some commenters are either misinterpretations of the findings reported by thei r authors, or do 
not represent measures of the fuel economy rebound effect.1 ~QJ 

Finally, the agencies note t hat surveys of evidence on the rebound effect have 
consistently found that the most appropriate estimate falls in the range of I 0-40 percent. These 
find ings have remained surprisingly consistent over time, despite a rapidly expanding universe of 
empirical evidence that includes estimates drawn from more diverse sen ings, and reflects 
cont inuing improvements in the data they rely upon, an expanding range of strategies for 
identilYing the rebound effect and distinguishing it from other influences on vehicle use, and 
advances in the econometric procedures analysts use to est imate its magnitude. 

For the aforementioned reasons, t he agencies have elected to retain the 20 percent 
rebound effect used to analyze the effects of the NPRM on vehicle use and fuel consumption for 
analyzing the comparable effects of this fi nal rule. As explained above and in the NPRM. older 
research suggests a rebound of20 to 25 percent. The new research in Table VJ-115Table Vl-115 
supports a similar-or even larger- range. Extensive survey studies support a rebound at or 
above 20 percent. As such, the agencies feel 20 percent is a reasonable- and probably even 
conservative-estimate of the totality of the evidence. While a lower estimate may be 
reasonable under certain circumstances, the agencies are uncomfortable making the requisite 
assumptions regarding which specific criteria should be used to identify relevant studies and 
relying on a subset of the literature for the central analysis. However, recognizing the 
uncertainty surrounding the rebound value, we also examine the sensitivi ty of those estimated 
impacts to values of the rebound ranging from IO percent to 30 percent, both in isolation and in 
conjunction with plaus ible variation in other key parameters. 

(5) Vehicle Miles Traveled (V.lv!T) 

VMT directly influences many of the various effects of fuel economy and CO~ standards 
1ha1 llc:1.i ,i, 111 111.1'«•1 u• .t .itlc'I 111 tlcknrn11111g 1111<11 It·, d, 111 ,1o11tdo11tl~. For example, fuel 

t:!'lJ For example, some commente rs misinterpret Greene's (2012) inability to identify a sta tistically significant 
estimate of the response of vehicle use 10 variation in fuel economy as evidence that its true value is zero. Similarly. 
some commenters misinterpret the result reported by West et al. (20 I 7) that buyers of more fuel-efficient vehicles 
did not increase their d riving as evidence that fuel economy itself has no eftect o n veh icle use, when-as the study 's 
authors and some commente rs acknowledge-it reveals instead that buye rs regarded those vehicles as providing 
inferior transportation service and drove them less as a consequence. Because the agencies repeatedly insist that 
vehic le attributes other than fuel economy will not change as a consequence of this rule, those authors' finding is of 
limited or no relevance to the analysis supporting this rule. 
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savings is a function of a vehicle's efficiency. miles driven, and fuel price. Similarly. factors like 
criteria pollutant emissions and fatali ties are direct functions ofVMT. In the CAFE model, 
VMT is the product of average usage per vehicle in the fleet and fleet composition, which is 
itself a function of new vehicle sales and vehicle retirement decisions, otherwise known as 
scrappage. T hese three components-average vehicle usage, new vehicle sales, and older 
vehicle scrappage--jointly determine total VMT projcckd fi,r i-A-each alternative. 

As the fo llowing discussion explains, today's VMT analysis provides aggregate results 
comparable to other well-regarded VMT estimates. However, because the agencies' analysis 
looks at the incremental costs and benefits across alternatives (see section [xxx]), it is more 
important that the analysis capture the variation ofVMT across a lternatives than accurate ly to 
predict total YMT -tf % ·•H within a scenario. As such, the agencies note that today's VMT 
estimates are logical, consistent, and precise across alternatives. Furthermore. as w ill be 
described in further detail below. while the agencies, in response to comments, have decided to 
modify their approach to calculating VMT and to use di fferent VMT estimates than those used in 
the NPRM, the general trends between alternatives are comparable. 

Comm enters addressed a number of topics related to the total amount of estimated YMT, 
the incremental differences in estimated YMT between regulatory a lternatives, and per-vehicle 
\/MT estimates in the NPRM analvsis. In general, commenters felt that the NPRM's VMT 
numbers were inaccurate and shou"ld not b;relied on for the analysis.1'94 Some commenters 
were more specific and argued that the tota l amount of estimated VMT projected in the NPRM 
started at too low a level, and increased too much over the years simulated. Similarly, some 
commenters argued that the agencies' estimates were too different from other recognized 
estimates and suggested that the agencies benchmark YMT proj ections to other sources to ensure 
both a consistent starting point and comparable YMT throughout the calendar years analyzed. 

A few commenters objected to the underlying mileage accumulation schedules, which 
form the basis for per-vehicle VMT estimates in CAFE Model simulations. Such commenters 
speculated that revisions to these schedules undertaken in 20 I 6 might be the reason for 
discrepancies in total YMT. Other commenters were less concerned about how VMT was 
computed within each scenario but were apprehensive about di fferences in VMT estimates 
across regulatory alternatives. For instance, Honda argued that, ''[a)ssuming all other parameters 
are held constant-and excluding the rebound effect- it is not obvious why one scenario should 
have d ifferent total VMT than another." 1195 While commenters generally provided few specific 
recommendations about the level to which VMT estimates should be constrained among 
a lternatives, several commenters argued that VMT projections would benefit from consideration 
of travel demand modeling. 

The agencies carefully assessed all comments. To address them, the agencies have 
revised their calculation of estimated VMT in two, significant respects. First, in response to 
comments regarding the mileage accumulation schedules, the agencies have revised the 
schedules using panel data. Second, to deal with commenters' concerns w ith the fl uctuation of 

""' See, e.g., Securing America's Energy Future. NHTSA-20 18-0067-1 I 981 a t 37-38. 
12'15 Honda, NHTSA-2018-0067-1 1818, at 17. 
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estimated "'non-rebound" YMT across regulatory alternatives, the agencies have created a 
method that constrains "non-rebound" YMT across regulatory alternatives. The agencies believe 
these two changes collectively resolve the substantive issues raised by commenters. The total 
YMT for the final rulemaking (FRM) analysis now aligns with estimates of the Federal Highway 
Administration (FHWA) and the only d ifferences in YMT between alternatives is attributable to 
changes in the fleet's fuel economy. T he fo llowing sections d iscuss these changes in detail. 

(a) Integration of sales. scrappage, and VMT 

Additionally, some commenters (RFF, IP!, NRDC) argued that a superior, and perhaps 
even necessa1y, approach would be to incorporate a model that considers j oimly the decision to 
buy, use, and retire vehicles at the household level. As RFF posited "a household makes 
decisions about its vehicle ownership and use jointly: people don ·r buy new vehicles or get rid of 
existing ones without considering how these actions will affect the use of their vehicles."1296 IPI 
further argued that "[i]n sum, VMT is influenced by vehicle choice and vehicle choice is 
influenced by YMT. And a 'unified model of vehic le choice and usage' is necessary."1297 While 
the agencies agree that a joint household consumer choice modcl- ifonc could be developed 
adequately and reliably to capture the myriad circumstances under which families and 
individuals make decisions relating to vehicle purchase, use and d isposal-would reflect 
decisions that are made at the household level, we do not agree that it is necessary, or necessarily 
appropriate, to model the nationa l program at that scale in order to produce meaningful results 
that can be used to infon11 policy decisions. The most useful information for policymakers 
relates to national impacts of potential policy choices. No other element of this analysis occurs 
at the household level, and the error associated with allocating specific vehicles to specific 
households over the course of three decades would easily dwarf any error associated with the 
estimation of these effects in aggregate. We have attempted to incorporate estimates of changes 
to the new and used vehicle markets at the highest practical levels of aggregation, and worked to 
ensure that these effects produce fleetwide VMT est imates that are consistent with the best, 
current projections given o ur economic assumptions. While future work wi ll always continue to 
explore approaches to improve the realism of CAFE/CO2 simulation, there are important 
differences between small-scale econometric studies and the kind of flexibility that is required to 
assess the impacts of a broad range of regulatory alternatives over multiple decades. We have 
read and evaluated the comments on the NPRM. incorporating many suggestions that we believe 
improve the fidelity of this analysis- taking particular care to be conservative with our analysis. 
The modifications we have made in response to these comments are described below (and in the 
RIA). 

(b) Mileage accumulation schedule 

To account properly for the average value of consumer and societal costs and benefits 
associated with vehicle usage under various CAFE and CO2 alternatives, it is necessary to 
estimate the portion of these costs and benefits that will occur each calendar year for each model 
year coho1t. Doing so requires some estimate of how many miles the average vehicle of each 

1296 RFF, NHTSA-2018-0067-1 1789. at 5. 
'"" IP!, Appendix. NHTSA-2018-0067-12213, at 80 (internal citation omitted). 
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body type is expected to drive at each age. The agencies call these "mileage accumulation 
schedules." For this final rule, the agencies are modif)'ing the mileage accumulation schedules, 
largely in response to comments. 

(i) Data 

As mentioned in previous sections, NHTSA purchased a data set containing 70 million 
vehicle odometer readings from Polk in part to create the vehicle mileage' accumulation 
schedules used in the NPRM. In the proposal, the agencies explained that Polk data was newer 
and we believed qualitatively superior to the 2001 and 2009 National Household Travel Survey 
(NHTS) data used in prior rules.ms Consistent with previous analyses, 1299 the agencies used ,a 
cross-sectional sample of the Polk data for the NPRl'vl. Cross-sectional data is like a "snapshot" 
in time. Rather than tracking vehicles over a period, the sample contained a single odometer 
reading from each vehicle sampled. In other words, the sample contained observations of the 
total lifetime accumulation of miles (represented by its odometer reading) through CY2015 of all 
MYs still present on ihe road. The cross-sectional sample was limited in the number of vintages 
included in the sample. While the sample was suitable to capture the heaviest usage ages (age 
zero to 15 years), it contained no observations for vehicles older than 16 years. This required the 
agencies to rely on mileage accumulation schedules developed from other data sources to 
produce annual VMT rates for older vehicles. Furthermore, in order to develop a schedule of 
mileage accumulation by age, it was necessary to assume that each vehicle traveled the same 
number of miles each year to reach its odometer reading, e.g. ifa MY 2007 vehicle had an 
odorrieter reading of 88,000 in CY2015, the analysis assumed the vehicle drove 11,000 miles 
each year from CY2007 to CY2015. 

The agencies acknowledged that this approach missed some of the nuances of car 
ownership. 00° For example, vehicles are commonly part of multi-vehicle household fleets and 
their usage changes over time as households buy new vehicles and replace older ones. Similarly, 
most vehicles belong to multiple owners over the course of their useful lives, each of whom may 
have different patterns of usage. The most significant limitation of using cross-sectional data is 
the presence of an attrition bias. As a cohort ages, vehicles that have been used more heayily are 
more likely to be retired at each age than vehicles that are driven less. As the mQSt heavily
driven vehicles drop out of the fleet, the remaining vehicles, which likely have been driven less 
at each age throughout their lives, wi11 have lower odometer readings. Making the common, but 
necessary assumption that each vehicle is driven uniformly at each age results in lower miles
per-age estimates because of this attrition bias. In the schedules used for the NPRM, the effect 
of this bias occurred during the ages where each mode! year coh\:irt typically scraps at the highest 
rates -9 to 15 years. These limitations led to lower estimate_s, which led commenters such as 
EDF to state "(g]iven that the Volpe Model VMT falls far short of confident measurements of 
gasoline consumption, these mileage accumulation schedules need to be increased." 1301 The 

12" See, e.g., 83 FR at 43089-90 (Aug. 24, 2018}. 
"'' Previous rules were based on odometer data from the 2001 National Household Travel Survey (NHTSJ. S. Lu. 
"Vehicle Survivability and Travel Mileage Schedules,'· Report Number: DOT HS 809 952 (January 2006). 
'~'" See 83 FR at 43092 (Aug.24.2018). 
IMH EDF,Appendix. B (Rykowski comments), NHTSA-2018-0067-12108, at 46. 
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agencies note that many of these data limitations were present in previous CAFE ~ 
analyses.1301 

Several commenters noted the agencies' reliance on cross-sectional data, and urged the 
use of panel data instead to develop mileage accumulation schedules. For example, API argued 
that cross-sectional data cannot accurately capture mileage accrual and suggested "the agencies 
re-consider the use of the [Polk] data for developing revised mi leage accumulation schedules 
unless the data can capture mileage accumulation rates versus age on an individual-vehicle 
basis." 1303 The NPRM discussed the possible use of panel data in the future and the benefits that 
doing so could provide.13114 

In response to these comments, the agencies created new mileage accumulation schedules 
based on panel data for this final rule. Unlike cross-sectional data, panel data includes a 
temporal element, which resolves the limitations imposed by cross-sectional data. The data 
source used for the final rule contains sequential readings of individual vehicles over time, and 
the vehicles are tracked at the VIN level. Polk accumulates readings about individual vehicles 
through state inspection programs, title changes, and maintenance events, among other sources. 
The Polk data includes observations of a specific vehicle's odometer readings over the course of 
many years, capturing the accumulated lifetime mileage at multiple ages. By using the 
observation date and accumulated miles (represented by the odometer reading), the agencies can 
compute the rate of driving (miles per year, or month) between observations for each vehicle. 
This is a superior method to assuming that the rate of accumulation, over all ages, is simply the 
ratio of odometer to age, as commenters noted. In particular, calculating the rates of mileage 
accumulation using successive observations of the same vehicle explicitly resolves the anrition 
bias and matches the approach to estimating driving rates with panel data in other studies.1305 

The panel dataset has another advantage over other sources: because it tracks individual 
vehicles over time, we have more precise information about each vehicle's useful age. In 
previous analyses, the agencies were forced to assume that "age" was simply equal to the 
calendar year minus the model year in which the vehicle was produced. For example, a MY20 I 0 
vehicle was assumed to be five years old in 2015. This created, as API stated, a "discontinuity in 
the values between year I and year 2" within the schedules.1306 It is common for vehicles 
produced in a given model year to be sold and registered over the course of multiple calendar 
years. Thus, a MY20 IO vehicle assumed to be five years old in 2015, could have been registered 
for the first time in CY2012 and might have a real driving age of three years, rather than five, 
simply because it sat on a dealership lot for a couple of years before being purchased. The Polk 
data allows us to identify the first registration date of each vehicle in the sample and compute its 

1.1oe See. e.g., NHTSA Final Regula tol)' Impact Analysis: Corporate Awrage Fuel Economy for MY 1011-MY 1016 
Passenger Cars and Light Trucks, NHTSA-2010-0 131, al 372-79. 
13o3 API, EPA-HQ-OAR-2018-0283-4548. at I 0. 
1304 See 83 FR at 43092 (Aug. 24, 2018). 
'3"' See. e.g .. Kenneth Gillingham. Alan Jenn, and Ines M.L. Azevedo (20 15), "Heterogeneity in the Response 10 

Gasoline Prices: Evidence from Pennsylvania and Implications for the Rebound Effect, Energy Economics," 
Volume 52, Supplement I, 20 15, Pages S4 I-S52, ISSN 0140-9883, available at 
https:/ldoi.org/10. 1016/j .eneco.2015.08.01 I. 
" 116 APL EPA-HQ-OAR-2018-0283-5458, at 9-10. 
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true driving age at each point in time. This not only improves the precision of the mileage 
accumulation rate in the first year, but in subsequent years as well. The odometer data used in 
the NPRM had another limitation: odometer readings were grouped into cohorts by nameplate, 
for which only distributiona l information was available. It was necessary to use the mean 
odometer reading for each cohort at each age. but in cases where the distribution was skewed. the 
mean could be misleading. Making the same assumption about registration date, as each cohort 
contained information about the average registration date. further compounded the potential for 
distortion. 

To the extent that comm enters objected to the NPRM' s use of Polk data on the basis of it 
being proprietary, the agencies note that ~ proprietary data ha, hc·cn u,.:di , rnAmwn in , u1m• 
mb1 rulemakings, and, specifically, Polk data has been used for CAFE ..+tttH-1..> analyses on 
multiple occasions previously. For the 2016 final medium- and heavy-duty rule .,ml I 1, .,11 I \I\. 
iii .. ,,;,011,·i,· .~ used Polk odometer data to develop the vehicle mileage accumulation 
schedules.1307 Further, the specific data set was c ited and is avai lable for acquisition through 
Polk. 

Recently, the 2017 National Household Travel Survey has become available as a possible 
data source to develop mileage accumulation schedules. While attractive from the standpoint of 
transparency, it ,ullt r , 111111111c <1111, ll<iv. "' J,11c1 ••lll«' u «I t .. ,lt~\ <:' l,,1, I''"'"""' ,11<:"t!ll i<' 
H'f'nfttt•-tt-1,+r it represents a cross section of odometer readings at a single point in time, requiring 
the assumption that the rate of usage is simply reported odometer divided by vehicle /age, or an 
extrapolation ofrespondents' daily travel behavior into representative annual schedules~ 
CRA11He111er, sugJes1ed •,• a• ,111011r ,l!>'. umptioR. \ddi11,1Aall~. all ,,1 119e "dl1111eh,T 111 lhe m?\~t'sl 
NH JC, are sdl' F<'flDFlt't.l. lce1Ji112 w <JL1t'_,1it11mlill' rdialiilit~ t1f lRt! ifltli, itlual datd poi At, lantl 
At11Ul:il~ ret:mtl ALIAiReP, i11 Hian~ ea'.,t'.d. Finally, the NHTS I', i1iteAdetl 1t1 Re' u r~rt' e111a1i 1>t! 

' <llllt')lt' of 11, .. 11 oc•h11,(,/.,. f!Ul H11t ii rt'pre ,mlat i, t' snmple ll f ·,c·hic ,4.... Rt'_ ear~R liiL fuu1itl lAal 
.;reutiAg a rtyll't.•,u11,11i, ·e ,umple t11' '9et1,t:'A1•l1L cc111 rt'rre t!AI a o1,;Ailic<1!ll dmll<'AJ:!t'. a·, pa.,1 
itern1i1111; t•flAt:' 1',I IT'-i lia,,. •~ ,tt'tiitlli1;all~ 11',l'r ,!l!Hpler:I higf.1 i11,·01'flt' hou ,,.J111IJ ,_ I I,c' lldlt11 e , I 
~ sample also explicit ly excludes vehicles used for commercial purposes, which nonetheless 
compose a meaningful portion of the new vehicle market, accumulate miles of travel, and 
consume fuel. The data set on which the mileage accumulation schedule used for this final ru le 
is based contains at least two readings (and freq uently several) for over 70% of the registered 
light duty vehicle population in 20 I 6. 

(ii) Methodology 

The data used to construct the schedules initially included between two and ti fty 
odometer readings from each of over 251 million unique vehicles. \\lhile most of the readings 
had plausible reading dates, odometer counts, and implied usage rates, some of the readings 
appeared unrealistic and received additional scrutiny. We used a set of criteria to identify and 
remove readings that were likely record errors. For example, odometer readings predating the 
commercial release of the vehicle, showing negative VMT accumulation over time, or taken too 

uo, See. e.g .. 81 FR 73478, 73 746 (Oct. 25, 20 I 6 ); see also 8 I FR 492 17 (Jul. 27, 2016). 
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c losely together to provide meaningful insight into annual vehicle usage were removed from the 
analysis. 1308 Such sanitization of real datasets is typically necessary, and each step in the process 
was recorded and described in conform ity with standard econometric practice. I.'()<) 

Similar to the NPRM, the remaining readings were sorted into five categories: cars, 
SUV's/vans, pickups, MOHD pickups/vans, and chassis. The car, SUVs/vans and pickup 
categories match the definitions used to build the VMT schedules used in the NPRM, as wel l as 
those used to build the scrappage model. Table VI- I I 6 shows the number of YINs, reading 
pairs. and average readings per VIN by body style. 

Table Vl-11 6 - Summary of Polk/lHS VMT VI and Reading Data by Body Style 

Body Style Number of Number of Mean 
VIN's Reading Readings 
Included Pairs per VIN 

Car 92.016,334 287.512. 165 4.1 

SUVslvans 66,857.1 17 '"'12,656,710 4.2 
Pickups 29,926,984 83,208,986 3.8 
MOHD 10,5 15,168 27,4 18.353 3.6 
pickups/vans• 
Chassis* 486,47 1 I, 186,653 3.4 
Total 199,802,074 61 1,982,867 4.1 

*Not used in this final rule analysis. in par! in response to comments. 

Once the dataset was cleaned, we created a sample of one million reading pairs, where 
each pair represented an initial odometer/date reading and a subsequent odometer/date reading 
from the same vehicle. Ana lysis of the entire dataset was too computationally demand.ing and 
statistically unnecessary. Two conditions were created for sampling. The first controlled for 
Polk's censoring in the odometer readings recorded in the dataset (described below), and the 
second ensured the usage data was not biased by survival and that it represented usage rates over 
a relatively short period of time compatible with the beginning of the FRM analysis. Further 
analysis suggests that shorter periods between readings is still corre lated with higher usage rates 
so that further filtering of the data sample was considered in the regression analysis. Once these 
filters were applied, we considered several polynomial fits to the average odometer readings. 
These fits inform the final usage rates by age and body style used in th is FRM analysis. The 
detai ls are further described below. 

One element of the usage data (mentioned above as the first condition control) required 
the agencies to filter the dataset. The odometer readings recorded are censored at 250k miles_l310 

For t his reason, we exclude readings recorded exactly as 250k miles. The censoring could bias 
estimates of usage rates if odometer readings and future usage rates are correlated, which they 

1308 Refer to Chapter X.XX of the FRIA for a full accounting of the process used to clean the Polk odometer data. 
1309 See. e.g .. Osborne, Jason W., Best Practices in Data Cleaning, SAGE Publications, Inc. January 2012. 
1310 Polk codes any vehicle whose odometer exceeds 250K miles as 250K miles exactly. regardless of the actual 
odometer reading: · · ~ 
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likely are. While we hope to reconcile this limitation of the dataset in future work, the benefits 
of observing actual usage data through 30 years (rather than average odometer readings by model 
through 15 years) far outweigh the limitation. Still, we filtered out these censored data points, 
since the actual odometer readings for such vehicles are likely higher than reported. 

T he Polk dataset is conditional on survival so that it represents the usage of vehicles on 
the road at the time of the sample (the end of the first quarter of 2017). In this way, it captures 
the actual observed usage rates of vehicles surviving to their current age in the dataset. An issue 
with this is that all readings of a vehicle are included in the sample. 1 f usage rates from earlier 
ages and survival are correlated, which they likely are, then including the readings for a 30-year
old vehicle when it was IO years old will bias the estimated usage rates of I 0-year-old vehicles 
downward because vehicles that survive to advanced ages tend to be used less than vehicles that 
are retired at earlier ages for the same model year. As noted above, the HTS data used in the 
N PRM suffered from the same problem. To mitigate this issue, we applied a second filter when 
sampling the data set: we only included readings where the reading date of the second reading in 
the pair is January 2015 or later. This reduces the potential bias from the joint probabil ity of 
usage and survival to only those vehicles scrapped between January 2015 and the first quarter of 
2017. This balances losing information for older, less represented ages by excluding too much 
data on these vehicles and severely biasing the estimates of usage by age. 

For estimates within the CAFE model the average usage is the relevant measure. Table 
Vl-1 17 - shows the average usage rates for cars by age as wel l as linear, quadratic, and cubic 
polynomial fits on these points.1311 The average usage rates follow a relatively smooth pattern, 
but appear to decline at an accelerating rate for the o ldest ages. The linear equation captures this 
trend for o lder vehicles, but underestimates early ages. The quadratic fit shows a diminishing 
decrease in the usage of older vehicles which may overestimate their use. The cubic fit captures 
the early age usage trends and the accelerating decrease in the usage of o lder ages. For this 
reason, we used the cubic curve as the basis for the new VMT schedules by age. 

1311 In general, the objective of a polynomial regression is to capture the nonlinear re lationship between two 
variables. Whi le the fit produces a nonlinear curve, it is linear in the coeflicients. Choosing the lowest degree of the 
polynomial function that captures the inflection points in the data preserved degrees of freedom and ensures that 
applying the polynomial function to observations outside the range of data (as done here for ages beyond 30) is well 
behaved. 

635 

Commented [A360]: RE\'ISE: \\ h, i, this o bias·.• bn·t 
the goal 10 mea~ure- acc-uratel) hO\\ far IU-)t>Ur-old \t·hidt.') 
go·.1 lfsorne go for ~honer distanC\.'-S. wh) does it matter. in 
lenm, of mem,uring hO\\ for to-: ear-old , ehkles go. that 
lhnw \,ehiclc\ la.-,1 longer? 



*** EO 12866 Review Draft Do Nor Cite, Quote or Release During Review*** 

Table VI-117 - Car Averages and Predictions from Polynomial Fits by Age 
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Age Averages Linear Squared Cubed 

0 16,003 15,072 15,604 15,922 

1 15,505 14,762 15,188 15,379 

2 14,259 14,452 14,779 14,864 

3 14,468 14,142 14,377 14,378 

4 14,286 13,832 13,983 13,917 

5 13.676 13,522 13,595 13,481 
6 13,040 13,212 13,216 13,068 

7 P,593 12,902 12,843 12,677 

8 12,278 12,592 12,478 12,305 

9 11,967 12,282 12,121 11,952 

10 ll,61 I ll,972 11,770 11,615 

11 ll.167 I !,662 11,427 I 1,294 

12 l(),898 11.352 11,092 10,986 

13 10,500 11,043 I0,763 10,690 

14 10,297 10,733 W,443 10,405 

15 10,197 10,423 10,129 10,129 

16 9,923 10,113 9,823 9,860 

17 9,715 9,803 9,.J24 9,597 

18 9,489 9,493 9,232 9,338 

19 9,212 9,183 8,948 9,081 

20 8,786 8,873 8,671 8,826 

21 8,489 8,563 8,402 8,570 

22 8,302 8,253 8,139 8,313 

23 8,366 7,943 7,884 8,051 

24 7,703 7,633 7,637 7,785 

25 7,689 7,323 7,397 7,511 

26 7,073 7,013 7,164 7,229 

27 6,701 6,703 6,938 6,938 

28 6,402 6,394 6,720 6,635 

29 5,965 6,084 6,510 6,319 

30 6,545 5,774 6,306 5,988 

31 6,050 5,464 6,l 10 5,641 

32 3,295 5,l 54 '5,921 5,277 

33 NA 4,844 5,740 4,893 

34 NA 4,534 5,566 4,488 

35 NA 4,224 5,399 4,061 

36 NA 3,914 5,240 3,610 

37 NA 3,604 5,088 3,133 
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38 NA 3,29-1- 4,943 2,629 

39 NA 2,984 4,805 2,096 

Table VJ-118 - shows the observed and predicted average usage rates by age for 
SUVs/vans, Al! the polynomial fits predict the observed average usage rates reasonably well. 
However. the linear fit under predicts the usage of the oldest vehicles, and the cubic fit predicts 
higher usage rates for yehicle ages beyond age 30, The quadratic fit predicts reasonable usage 
rates for alf observed and out-of-sample ages through age 40. For this reason, the quadratic fit 
was used as the basis for the SUV mileage schedule. 
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Table VI-118 - SUV Nan Averages and Predictions from Polynomial Fits by Age 
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Age A,·erages Linear Squared Cubed 

0 16,284 15,795 16,234 16,042 

I 15,802 15,457 15;805 15,692 

2 14,834 15,l 19 15,383 15,335 

3 14,844 14,780 14,966 14,971 

4 14,871 14,442 14,557 14,601 

5 14,390 14,104 14,153 14,227 

6 13,682 13,765 13,756 13,850 

7 13,240 13,427 13,366 13.469 

8 12,948 13,088 12,982 13,088 

9 12,818 12,750 12,605 12,706 

JO 12,443 12,412 12,234 12,325 

II 12,001 12,073 ll,870 J 1,945 

12 11,692 11,735 ll,512 11,568 

13 11,258 11,396 11,161 11,196 

14 10,928 11,058 10,816 10,828 

15 !0,496 10,720 10,477 10,466 

16 !0,160 10,381 10,146 10,111 

17 9,788 10,043 9,820 9,764 

18 9,468 9,705 9,501 9,426 

19 8,897 9,366 9,189 9,098 

20 8,537 9.028 8,883 8,782 

21 8,436 8,689 8,583 8,478 

22 7,993 8,351 8,290 8,187 

23 8,271 8,013 8,004 7,911 

'4 7,568 7,674 7,724 7,650 

25 7,325 7,336 7,450 7,405 

26 7,380 6,997 7,183 7,179 

27 6,758 6,659 6,923 6,970 

28 7,123 6,321 6,669 6,782 

29 6,431 5,982 6,4?1 6,614 

30 10,738 5,644 6,180 6,467 

31 3,958 5,306 5,946 6.344 

32 NA 4,967 5,718 6,245 

33 NA 4,629 5,496 6,170 

34 NA 4,290 5,281 6,121 

35 NA 3,952 5,072 6,100 

36 NA 3,614 4,870 6,106 

37 NA 3,275 4,674 6,142 
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38 NA 2,'!37 4,485 6,207 

39 NA 2,598 4,303 6,304 

Table VI-119 - shows the observed and predicted average usage rates for pickups by age. 
The observed rates initially decline at an increasing rate, the decline diminishes and appears to 
accelerate again for the oldest ages. The linear fit underestimates the usage rates for the 
youngest and oldest ages and overestimates middle-aged vehicles. The quadratic fit reasonably 
predicts the observed average usage rates but 'predicts an increase in usage rates for the oldest 
ages out of the observed sample. The cubic fit reasonably predicts the observed averages and 
appears 1o capture the diminishing decline of usage for the oldest ages observed in the in-sample 
averages. For this reason we used the Cubic fit as the basis for the pickup VMT schedules. 
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Table Vl-119 - Pickup AYerages and Predictions from Polynomial Fits by Age 
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Age Averages Linear Squared Cubed 

0 18,749 16,377 18,375 18.964 

I 17,874 16,034 17,633 17,986 

2 17,213 15,691 16,918 17,076 

3 16,618 15,348 16,230 16~31 

4 15,863 15,006 15,570 15,449 

5 14,91 I 14,663 14,938 14,726 
6 13,638 14,320 14,333 14,060 

7 !2,981 13,977 13,756 13,448 

8 12,662 13,634 13,207 12,886 

9 12,306 13,291 12,684 12,372 

JO 11,865 12,948 12,190 11,903 

II 11,433. 12,605 !'1,723 11,476 

12 11,300 12,262 11,284 11,088 

13 10,840 11,919 10,872 I0.737 

14 10,503 11,576 10,487 10,418 

15 10,122 11,233 10,131 10,131 

16 10,063 10,890 9,802 9,871 

17 9,661 10,547 .9,500 9,635 

18 9,426 10,204 9,226 9,421 

19 9,185 9,861 8,979 9,226 

20 8,744 9,518 8,760 9,047 

21 8,689 9,175 8,569 8,882 

22 8,582 8,832 8,405 8,726 

23 8,634 8,489 8,269 8,577 

14 8,596 8,146 8,160 8,433 

25 8,332 7,803 8,079 8~90 
26 8,430 7,460 8,025 8,146 

27 8,231 7,117 7,999 7,998 

28 7,430 6,774 8,000 7,842 

29 7,315 6,431 8,029 7,676 

30 7,821 6,088 8,086 7,497 

31 9,039 5,745 8,170 7,302 

32 NA 5,402 8,282 7,089 

33 NA 5,059 8,421 6,853 

34 NA 4,716 8;588 6,593 

35 NA 4,374 8,782 6,305 

36 NA 4,031 9,004 5,987 

37 NA 3,688 9,254 5,635 
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38 NA 3,345 9.53] 5,248 

39 NA 3,,002 9,835 4,821 

As in the NPRM, the current schedule differs by body-style to represent different usage 
profiles that we observed in the data. While more stratification is possible, it is unlikely to 
provide much additional value. Table VJ-120 shows the annual mil'es driven at each age for 
passenger cars, SUVs (and CUVs and minivans), and pickup trucks at each age of their useful 
life, conditional upon surviving to that age. 
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Table VI-120- Comparison ofNPRM and FR mileage accumulation schedules 

Cars- Cars- FR SUV- SUV-FR Pickup- Pickup- FR 
NPRM NPRM NPRM 

17.071 15,922 17.276 16,234 18,872 18,964 
14.729 15,379 15,499 15,805 15,950 17,986 
14,611 14,864 15.237 15,383 15,464 17,076 
14,284 14,378 15,091 14,966 14,745 16,231 
13,973 13,917 14,859 14,557 13,73-1 15 449 
13,549 13,481 14,-125 14,153 12,545 14,726 
12,370 13,068 13,611 13,756 11.267 14,060 
10,999 12,677 12,561 13,366 9,879 13,448 
9,514 12,305 J 1,403 12,982 8,579 12,886 
8,047 11,952 10,162 12,605 7,409 12,372 
6.728 11,615 8,841 12,234 6,394 11,903 
5,650 11,294 7,534 11,870 6,382 11,476 
5,271 10,986 6,319 11,512 6,072 11,088 
4,987 10,690 5J84 11,161 5.839 10,737 
4,940 10,405 4,880 10,816 5.835 10,418 
4.812 10,129 4,733 10,477 5,687 J0,131 
4.705 9,860 4.598 10,146 5,534 9,871 
4,611 9,597 4,460 9,820 5,433 9,635 
4,509 9,338 4,333 9,501 5,315 9,421 
-4.414 9,081 4,216 9,189 5,195 9,226 
4,322 8,826 4,090 8 883 5,074 9,047 
4,243 8,570 3,991 8,583 5,02-1 8,882 
4,161 8,313 3,894 8,290 4,920 8,726 
4,080 8,051 3,803 8,004 4.893 8,577 
4,008 7,785 3,723 7,724 4,854 8,433 
3,933 7,511 3,639 7 450 4,750 8,290 
3,887 7,229, 3,570 7,183 4,690 8,146 
'3,842 6,938 3,520 6,923 4,689 7,998 
3,799 6,635 3,476 6,669 4,7S7 7,842 
3,764 6,319 3.429 6,421 4,745 7,676 
3,717 5,988 3.395 6,180 4,676 7,497 
3,704 5,641 3,400 5,946 4,702 7,302 
3,714 5,277 3,383 5,718 4,762 7,089 
3,745 4,893 3,392 5,496 4,814 6,853 
3,788 4,488 3,388 5,281 4,960 6,593 
3,769 4,061 3,406 5,072 4,895 6,305 
3,742 3,610 3,394 4,870 4,684 5,987 
'3,7S3 3,133 3,373 4,674 4,776 5,635 
3,760 2,629 3.408 4,485 4,830 5,248 
3,742 2,096 3,385 4,303 4,7:,0 4,821 

(c) Benchmarking total VA·!T 
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In order to assess the fuel consumption and environmental impacts of regulatory 
alternatives, it is desirable to have a representation of aggregate travel and fuel consumption that 
is both reasonable and internally consistent. Some commenters suggested that the·aggregate 
totals presented in the NPRM deviated from other published estimates, and argued that the entire 
analysis was therefore an unreliable source of information for decision-makers to consider. For 
example, EDF stated, "the NHTSA model 'projects' aggregate, nationwide VMT levels for 2016 
and 2017 that are about 20 percent lower than fonnal government estimates by EIA and 
FHWA."1.1 12 EDF further stated, "[b]etween 2017 and 2025, fleetwide VMT grows by 3.1% per 
year in the Volpe Model, while.it only grows 0.5% per year in the 2018 Annual Energy 
Outlook.'' 1313 EDF also suggested, "[o]ne obvious way to assess the accuracy of the schedules is 
to compare the projections of the Volpe Mode! of total fleetwide fuel consumption ln a recent 
calendar year with actual gasoline sales."1J 14 

The Federal Highway Administration (FHWA) publishes annual VMT estimates for the 
light-duty vehicle fleet, the most recent of which is calendar year 2017. The NPRM estimate of 
total light-duty VMT was 2.22 trillion miles in calendar year 2016. The. FHWA estimate for 
light duty VMT in 2016 was 2.85 trfllion miles.1315 While the definitions oflight-duty are not 
identical in the two cases (where FHWA excludes trucks with 10,000 lbs. GVW, the agencies· 
analysis excludes trucks with GVW greater than 8,500 lbs. from its light duty definition), that 
definitional discrepancy is not significant enough to account for the difference in the total VMT. 
While some commenters suggested that we compare simulated fuel consumption to published 
estimates from EIA to detennine the validi_ty of our VMT assumptions, such a comparison 
requires accurate assumptions about the true on-road fuel -efficiency of registered vehicles over 
forty model years in addition to their annual usage. Comparing simulated VMT directly to 
FHWA measurements requires fewer assumptions and is a more meaningful comparison. 

Substituting the updated mileage accumulation schedules for the NPRM schedules, and 
using the calendar year 2016 fleet from the NPRM, produces an estimate of total light duty VMT 
in 2016 that is about 2.85 trillion miles - nearly identical to the FHW A estimate for 2016, 
despite the use of different estimation methods and data sources. FHWA 's estimate of total 
light-duty VMT in 2017 is 2.88 trillion miles, 1316 while the estimate produced by the simple 
product of the mileage accumulation schedule on the estimated on-road fleet is 2.94 trillion 
miles, a difference of about two percent. While not as close as the estimate for Calendar year 
2016, the discrepancy is still small considering that the estimates are obtained through entirely 
different methods. One important source of disctepancy with FHWA's 2017 VMT estimate is 
the,fact that the CAFE model simulation assumes all of the vehicles produced in a given model 
year are driven for the entire calendar year matching the vintage1317. This means, for calendar 

"" EDF, Appendix A, NHTSA-2018-0067-12!08, at 59. 
,31, EDF, Appendix B (.Rykowski comments), NHTSA-2018-0067-12108, at 44, 
rn, Id. al 43. 
,m See Highway Statistics 2017, Table YM-l, available at 
h1tps:llwww.fhwa.dot.gov/policyinfonnationlstatisticsi2017/,m 1 .cfm. 

"" Id. 
,in The CAFE model uses an annual timcstep, meaning that each time period represenls one year. Because calendar 
years are (obviously) years, and all of the other inputs (discounting and inflation, macroeconomic variables. fuel 
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year 2017, the initial year of the simulation used to support this rule, MY2017 vehicles are 
assumed to have been both registered and driven for the entirety ofCY2017. As a result, it 
naturally overestimates the true VMT for calendar year 2017. The analysis accounts for this 
discrepancy by adjusting calendar 2017 total VMT downward by one percent, and the 
discrepancy in total VMT caused by conflating model years and calendar years dissipates over 
time. 

While we have established that the years for which we have data are sufficiently similar 
to published VMT estimates, the question of projection still remains. FHW A, in its forecasts of 
VMT (Spring 2019), 1318 forecasts-a compound annual growth rate of0.8% for light-duty vehicles 
between 2017 and 2047 in its baseline economic outlook. However, that projection uses a 
different set ofmacroe,conomic conditicins and fleet assumptions than this analysis. To compare 
CAFE model simulations of total VMT to the FHWA projections, we ran the FHWA model with 
a comparable set of assumptions to the greatest extent possible. 131 gmo llsing similar economic 
gro\vth assumptions, our reference case total light-duty VMT grows at a compound rate of0.63 
percent per year between 2017 and 2050. Using comparable assumptions in the FHWA model 
produce an annual growth rate of0.66 percent. Again, these differences are remarkably low for 
models created with different methods, and lead to trivial variances, for the purposes of our 
analysis, in total VMT. The relevant annual projections for the baseline scenario appear in Table 
VI-121 -. 

prices, 1.0.IT, etc.) represent annual values, the timestep in the CAFE model is a calendar year. However, model 
years start prior to the calendar year for which they are named, and new model year sales continue (albeit only 
slightly) after their cnlendaryear ends. Tn order to account for model year sales on their tme timing relative to 
calendar years, the model would need to be restructured to use a quarterly timestep. While this would improve the 
fidelity between calendar year and mo<lel year for sales, obtaining quarterl)' projections of nearly every other 
variable in the analysis would be complicated {if not impossible). For this reason, the model conflates "model year" 
and "calendar year" for the analysis, even though it is a simplification. 
llln See "FHW A Forecasts of Vehicle Miles Traveled (VMT): Spring 2019," Office of Highway Policy Information, 
available at https!llwww.thwa.dot.gov/policyinformation/tables/vmt/vmt_ forecilst_sum.pdf. 
1·' 10 See "FHWA Travel Analysis Framework: Development of\'l\-tTForecasting Models for Use by the federal 
Highway Administration," Volpe, available at 
https:1/www .fhwa.dot.gov/policyinformation/tables/vmtlvmt_ model_ dev.pdf. 
mo In particular, we ran the FHWA VMT forecasting model with the same; personal dispo,;able income, population, 
fuel prices (all of which come from AEO2019), and simulated on-road fieet fuel economy in 1he baseline. 
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Table Vl-121 - Comparing projections of total light-duty VMT 
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Year FH,WA CAFE. Percent 
Projection Model Difference 
(Trillion Projection 
VMT) (Trillion 

VMT) 

2017 2,88 2.91 I.I 

2018 2,97 2.98 0.5 

2019 3.05 3.05 OJ 
2020 3.10 3.10 0.0 

2021 3.13 3.13 0.1 

2022 3.17 3.18 0.2 

2023 3.21 3.22 O.J 

2024 3.25 3.26 0.4 

2025 3.28 3.29 0.5 

2026 3.30 3.33 0.7 

2027 3.33 3.36 0.8 

2028 3.35 3.38 1.0 

2029 3.37 3.41 1.2 
2030 3.39 3.43 1.2 

2031 3.41 3.45 13 

2032 3.43 3.48 1.2 

2033 3.46 3.50 1.2 

2Q34 3.47 3.5] LI 

2035 3.49 3.53 1.0 

2036 3.51 3.54 0.9 

2037 3.52 3,55 0.7 

2038 3.53 3.56 0.6 

2039 3.54 3.56 0.5 

2040 3.55 3.56 0.4 

2041 3.55 3.56 0.2 

2042 3.56 3.56 0.1 

2043 3.56 3.56 (0.0) 

2044 3.56 3.56 (0.2) 

2045 3.57 3,55 (0.3) 

2046 3.57 3.55 (0.5) 

2047 3.56 3.54 (0.6) 

2048 3.56 3.54 (0.7) 

2049 3.56 3.53 (0'.8) 

2050 3'.56 3.53 (1.0) 
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{d) Preserving total VJ\,fT across regulator,· 
alternarives 

In the NPRrv1. the combined effect of the sales and scrappage responses created small 
percentage differences in total VMT across the range of regulatory alternatives. 13: 1 However, as 
the Environme ntal Group Coalition noted, even a 0.4 percent difference can result in "692 bill ion 
additional VMT under the CAFE standards and 894 billio n under the CO2 program."10"" Since 

VMT is related to many of the costs and benefits of the program, VMT of this magnitude can 
have meaningful impacts on the incremental net benefit a nalysis. This point was made by a 
number of comrnenters who were concerned about the magnitude and direction of differences in 
VMT between regulatory a lternatives (IPL EDF, CBD, CARB).13!., 

More generally, commenters argued that non-rebound VMT should be held constant 
across regulatOI)' alternatives, regardless of the number of new vehicles sold and registered 
vehicles scrapped. For example. CBD commented that the "total number of VMT should be 
determined based on demand for travel. not arbitrarily driven by fleet size." CARB added that 
fleet size can change across the a lternatives '·as long as the VMT schedules are adjusted to 
account for overa ll travel activity that is distributed over a larger number of vehicles." 13!~ 

CAT, Global, Auto All iance, EDF, IPI, and Honda made simi lar arguments_D~S 

While commenters generally provided few specific recommendations about the level to 
which VMT should be constrained among alternatives, several of them argued that \/MT 
project ions would benefit from consideration of travel demand mode ling. UCS, CBD, NCAT, 
and others suggested that the overall level of light-duty Vl\1T in a given year should reflect the 
broader economic context in which travel occurs.1326 For example, Honda stated, " [i]ncreasing 
VMT is closely associated with increased economic activity."1327 

The agencies agree that the total demand for VMT should not vary excessively across 
alternatives am:I .1a1ee as much m 1he i',l'R\1.132x That said. it is reasonable to assume that fleets 
with differing age distributions and inherent cost of operation wi II have slightly different annual 
VMT, absent VMT associated with rebound mi les; however, the difference could conceivably be 
smal l. To address these comments ,md 1, 1.11« c111 in1,m1iemall~ eORA:'F\ al1\ e "l'l'l t1c1u , the 
agencies decided to constrain "non-rebound" VMT (defined more explicitly below) to be 
identical across regulatory alternatives in this analysis using the FHWA VMT demand model to 

"
21 The agencies explained in the NPRM that some amount of this difference was due to the rebound effect, and that 

"non-rebound" VMT between alternatives differed by as much as 0.4%. See 83 FR at 43099 (Aug.24.2018). 
,m Environmental Group Coalition, Appendix A, NHTSA-2018-0067-12000, a t 180. 
"" See, e.g.. Id.; EDF. Appendix 8 (Rykowski commenls), NHTSA-2018-0067- 121 08, at 42-46; IPI, Appendix, 
NHTSA-2018-0067-12213: at 79; CARB. Detailed Comments, NHTSA-20 18-0067-11873. a t 237-242. 
1324 CARB, Detail ed Comments, NHTSA-2018-0067-11873, at 238 (internal citation omitted). 
u,; See. e.g .• Global. Attachment A. NHTSA-2018-0067-12032. al A-26-A-30; NCAT. Comments. NHTSA-2018-
0067-1 1969, at 28-32; EDF. Appendix A. NHTSA-20 18-0067-12 108. at 30; IPI. Appendix. NHTSA-2018-0067-
12213, at 80-85; Honda, NHTSA-2018-0067-12 11 I. 
' 32• See. e.g.. NCA T, Comments. ·NHTSA-2018-0067-11 969, at 31-32; Environmental Group Coalition, Append ix 
A, NHTSA-2018-006 7-12000. at I 75-76. UCS, Technical Appendix, NHTSA-2018-0067-12039, at [xxx]. 
" " Honda, Supplemental Analysis, NHTSA-2018-0067-121 1, at 4. 
'"' See 83 FR at 43099 (Aug. 24, 2018). 
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detem1ine the constraint; therefore, the only difference in total VMT between regulatory 
alternatives is the rebound miles attributable to differences in fuel economy resulting from the 
regulatory a lternatives. >,t>•,,mhdc. ,. a. e,11laincJ iA tile '-,PIV,1 unJ rt',t't1lt>J in tht' c'th'A·,i'd 
<JUttmii.ui, .. rt' uhs 13t111li.,l1etl ,, ilh 1h.: ",PR\1. ~ettin~ a ,itlt' 1h .. rt'Pflt:mJ cfle.:1. 11,;,;.rega1~n
E1·, e0,1im1Ut'd in th<' >,PRI\I v.tts mu,;.hl) con 1un1 ttt:rnc, ullt'rn,lli~,. -\#ht~h tliflt'rt'nct', lflU) 

ict,we appearetl large in aR olutt' tcmr . .,,,pt...:inll: v, l,en agi:;rc.,;a1cd arn.1 ;,, man~ .-alcndur: t',lr-. 

antl i,;11(1Filll;! 1lu uR,forl:, ing an,nMI h1lul ,1uan1i1it' ,. li,e tlifleMttt'· .. ,..rt' nc, .:nh,:d,u, \ c·•:· .,mall 
in r.?laii, t! h?mb ,,nail enm1gh hi b<? ,1ell ,., ifhiH the rang<? or measurt!n~ent er e1,tima1ioH error 
for, inuall~ an: nf1l,t' 111her int1.it. In. nr uulflLIL ut~ 1hr agcnt'ie · andl:, ,i . I! i, LIRt'lt'ur 11h,t-l,cr 
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To constrain non-rebound VMT, the agencies needed to create a definition of non
rebound \/MT and a method for calculating it. The agencies used the FHW A \/MT forecasting 
model to produce a forecast of non-rebound VMT. to which total non-rebound \/MT in every 
regulatory alternative is constrained in each year, regardless of the fleet size or d istribution of 
ages in the fleet. ln calendar years where total non-rebound VMT determined by the size of the 
fleet and assumed usage of each vehicle is lower than the constraint produced from the FHWA 
model, VMT is added to that total and allocated across vehicles to match the non-rebound 
forecast (preserving the constraint). These additional miles are then carried throughout the 
analysis as vehicles accrue costs and benefits. Because non-rebound \/MT is being held constant 
for the FRM analysis across the set of regulatory alternatives in each calendar year, the only 
difterence in VMT among the a lternatives in any calendar year results from differences in fuel 
economy improvement re lative to MY2016 that occur as a result of the standards , i i ,11 1,. 1hc 

1cbc<u 1d cfl~<JJ. Finally, in subsection (D), the agencies calculate the changes in total VMT 
attributable to fuel economy. otherwise known as the rebound VMT. 

(i) Defining non-rebound VMT 

In order to constrain non-rebound VMT. it is first necessary to define " non-rebound 
VMT'' more precisely. The N PRM defined the rebound effect as the overall e lasticity of travel 
with respect to changes in the cost per mi le (CPM). CPM has two components. The first 
component of CPM is fuel prices-we expect vehicles to be driven less if fuel prices go up. all 
e lse equal. The second component ofCPM is fuel economy. Therefore. the NPRM defined the 
percentage change in CPM, for a given scenario, model year, and calendar year, as: 13

~" 

Equation Vl-6 - Full change in cost-per-mile of travel 

%/J.CPMs,v,Mr.cr = 

Where FP is fuel price, FE is fuel economy, and REF refers to the reference FE value of 
a given age (in particular, FE 2016-ICY _ MY1, which is the FE of the MY cohort that was age CY -

'3"" See 83 FR at 4309 I I Aug. 24, 2018). 
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MY in CY 20 I 6). In the equation above, FEsN.MY.CY refers to the observed fuel economy of the 
MY cohort (typically appl ied at the vehicle level) for a given scenario (SN) in calendar year CY. 

The CAFE model uses one value, the value specified as the rebound effect, to measure 
CPM e lasticity. 1',dturnll:,. tlhe CAFE model produces the same magnitude of change in travel 
for equivalent changes in fuel prices and fuel economy. Constructing such a proj ection of future 
VMT (from 2017 to 2050) that sets aside the rebound effect required constructing inputs that 
were consistent with that perspective. In particular, it was necessary to separate the price 
response associated with the change in fuel prices relative to the year on which we based the 
mileage accumulation schedule (end ofCY20 l6), and the change in \/MT associated with only 
the improvements in fuel economy, re lative to MY2016, that occur for future model years at the 
forecasted fue l price. 

As vehicles age, we expect their VMT to decrease in the presence of a non-zero rebound 
effect ifrising fue l prices over time increase their per-mile cost of travel, and the rebound effect 
represents the degree to which their travel is reduced for a percentage change increase in 
operating cost. lt is intuitive that, as the cost of fue l rises over time, a vehicle with a fixed fue l 
economy would be driven less if gasoline costs $3.50/gallon than it would be if gasoline costs 
$2.50/gallon. Such a response is also consistent with economic principles (and literature),mo 
and so it is included in the "non-rebound" VMT that we constrain across a lternat ives in each 
calendar year. 

Similarly, the annual mileage accumulation of cohorts in the inherited fleet is clearly 
affected by fuel price, but also by evolution. Setting aside any fue l economy improvements in 
vehicles sold and entering the on-road fleet between 2017 and 2050, the average fuel economy of 
each age cohort is going to improve over that period. The travel behavior of the on-road fleet 
was last observed through calendar year 2016 in the Po lk data (discussed in (b)(i i)), when a 20-
year-old car was part of the model year 1997 cohort, and had an average fuel economy of23.4 
MPG. However, the fleet continually turns over. In 2035, the 20-year-old car will be a member 
of the model year 2016 cohort, and have an average fuel economy of 29 .2 MPG (assumed to be 
the average fuel economy ofMY2016 vehicles when they were new).1331 I f fuel prices persist at 
2016 levels (in real dollars), then that 25 percent improvement in fuel economy would reduce the 
cost per mile of travel for 20-year-old vehicles relative 10 the observed values in calendar year 
2016, and lead to an increase in travel demand for vehicles of that age. Importantly, this 
transition to more efficient age coho1t s occurs in al l of the regulatory alternatives. Considering 
only the fue l economy levels of vehicles that exist prior to the first year of simulation (2017), a 
secular improvement in the fuel economy of the on-road fleet would occur with no further 

, , 3u See. e.g .. Goodwin, P., J. Dargay, and M. Hanly. Elasticities of road 1raffic and fuel consumption with respect to 
price and income: a review. Transport Reviews. 24:275-292, 2004. 
rn, In practice, vehic les wil l scrap a t different rates over time, even within a body-style. Some nameplates and 
manufactu rers have reputations for longevity and individual vehicle models with different fuel economics may seem 
like better candidates for repairs under particular fuel price scenarios. In light of this, the fuel economy for a g iven 
body-style will likely not continue to be the sales-weighted average fuel economy when the cohort was new, even 
without accounting for degradation and changes to the o n-road gap over time. We make this assumption here out of 
necessity. 
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improvements in fuel economy from new vehicles in model years 2017 to 2050. As the fleet 
turns over, its fuel efficiency will gradually resemble that of the model year 2016 cohort, up to 
the point at which each age cohort is as efficient as the model year 2016 cohort. rn:! 

The notion of"non-rebound" V.MT is a construct necessary to support this regulatory 
analysis by controlling for VMT attributable to reasons other than rebound driving, but present 
only in theory. Using our symmetrical definition of rebound to represent the expected response 

to changes in CPM, regardless of-whether those changes occur as a result of changes in fuel price 
or fuel economy, it is well established that demand for VMT responds to the cost of travel. To 
isolate the change in VMT for which the regulatory alternatives are responsible, we have also 
included the VMT attributable to secular fleet turnover (through MY2016) in the total "non
rebomi.'d" VMT projection. In particular, this means that the conventional rebound definition 
used in previous analyses, is replaced in the ''non-rebound'' VMT estimation with a more limited 
definition; 

Equation VI-7 - Fuel price and secular improvement component of elasticity 

%t.NonRhdCPMi1Y,CV = ( 
FP !!!fil) 

FEMll/(201G,MI") - FEREF 

Where FP is fuel price, FE is fuel economy, and REF refers to the reference FE value of 
a given age (in particular, FE REF= FE 2010--(("Y - MYi, which is-the average FE of the MY cohort 
that was age (CY - MY) in CY 2016). ln Equation Vl-7, FE:,..t1N(10l6,\1YJ refers to the observed 
fuel economy of the model year being evaluated up to and including the 2016MY cohort. This 
construction explicitly accounts for the improvement in fuel economy between MY2016 and all 
the historical ages (through MY! 977) with respect to the change in (real) fuel prlce relative to 
calendar year 2016. Thus, the VMT associated with the rebound effect in this analysis only 
accounts for changes to CPM that result from the amount of fuel economy improvement that 
occurs relative to MY2016. The full elasticity definition (in Equation Vl-6) differs from that in 
Equation VI-7 in only one way; the fuel economy in the denominator of the first term is the fuel 
economy ofthe model year being evaluated, rather than being the minimum of the actual mode! 
year and model year 2016. 

Combining this demand elasticity with the endogenously estimated vehicle population 
and the mileage accumulation schedule provides·an Initial estimate of non-rebound VMT, as in 
Equation Vl-8. 

'-"' Vehicles scrap at different rates over time, and there are important differences by body style for both scrappage 
rates and mileage accumulation. This discussion is intended to provide intuition, without all of the computa!ional 
nuance that exists in the model's implementation. 
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Equation Vl-8 - Unadjusted total non-rebound VMT in a calendar year 

Ages Styles 

NonReboundVMT = L L VMTA,s · (1 + %1lNonRbdCPMMr,cr · e) · Populationcr.As 

' < 

In Equation Vl-8, V7v1Trepresents the non-rebound mileage accumulation schedule (by 
age, A, and body style, SJ, Population is the on-road vehicle population simulated by the C' AFE 
Model {in calendar year CY, for each age, A, and body style, S), e is the elasticity of demand for 
travel (the rebound effect, assumed to be-0.2 in this analysis). 

However, there are factors beyond the CPM that affect light-duty demand for VMT. The 
FHWA VMT forecasting model includes additional parameters that can mitigate or increase the 
magnitude of the effect of fuel price changes on demand for VMT. In particular, the model 
accounts for changes to per-capita personal disposable income (and lJ.S. population) over time. 
This means that even if fuel prices are increasing over the study period (as they are in the central 
case), and fleetwide fuel economy improves only through fleet turnover (as it does in the 
simulated "non-rebound" case), total demand for VMT can still grow as a result of.increases in 
these other relevant factors. Not only does the forecast of non-rebound VMT continue to grow 
in the non-rebound case, it does so at a faster rate than Equation Vl-8 produces. Thus. in order to 
preserve non-rebound VMI in a way that represents expected VMT demand, we must constrain 
non-rebound VMT in each alternative to match the forecast produced by the FHWA model using 
the fuel price series from the central analysis, AEO2019 reference assumptions for per-capita 
personal disposable income, and fleel\vide fuel economy values produced by simulating the 
effect of fleet turnover (only) in the CAFE model.1333 

(ii) Constraining non-rebound VMT 

For this final rule, total "non-rebound" VMT is calculated for each calendar year, based 
on the initial starting point described above in Section (c) and a series of growth rates calculated 
from a forecast produced by running central analysis values through the FHWA light-duty VMT 
forecasting-model. In any future calendar year, "non-rebound" VMT is calculated as a product 
of the initial CY20l 7 total and a series of compound growth rates: 

Equation Vl-9 - Total non-rebound VMT constraint in each calendar year 

" [l (1 + Tcy) • TotalVMT2017 

2017 

Where CY is calendar year, r is the compound annual growth rate (unique to each CY), 
and TotalVMT is the calendar year tot;d light-duty VMT estimated by the CAFE Model using the 
annual VMT for each body style and age in the mileage accumulation schedule (defined in Table 
VI-120), the population of each age/style cohort in CY2017, and the initial difference between 
operating costs in 2016 and 2017. The compound annual growth rates, rcr, in Equation VI-9 are 

,m [Text Forthcoming] 
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derived from the inter-annual differences in the forecast of total non-rebound VMT that we 
cr_eated using the FHW A model. 

We used the FHWA forecasting model to produce two distinct VMT forecasts (both of 
which appear in Table VI-122 -). The first of these is identical to the-forecast of total VMT 
reported in Table Vl-121 -, and represents the AEO2019 reference case assumptions with tl1e 
exception of average on-road fuel economy, which was simulated using the CAFE model to 
simulate new vehicle fuel economy, new vehicle sales, and vehicle retirement under the baseline 
standards. The forecast in the second column of Table Vl-122 - is identical to the first, except 
that the average on-road fuel economy accounts for only the effect of fleet turnover on fuel 
economy improvements (new vehicles are assumed to be only as fuel efficient as the MY2016 
cohort, discussed above). 
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Table VJ-122 - VMT projections (trillion miles) 

Year Tota! VMT Non-rebound Non-rebound Non-rel;iound 
(FHWA VMT(FHWA VMT VMT 
model) mode!) constraint endogenous 

(CAFE (CAFE Model) 
Model) 

2017 2.88 2.88 2.91 2.93 

2018 2.97 2.97 2.97 2.91 
2019 3.05 3.04 3.03 2.95 

2020 3.10 3.09' 3.07 2.95 

2021 3.13 3.12 3./)9 2.97 

2022 3.17 3.16 3.12 3.00 

2023 3.21 3.19 3.14 3.01 

2024 3.25 3.22 3.16 3.02 

2025 3.28 3.25 3.18 3.03 

2026 3.30 3.27 3.20 3.04 

2027 3.33 3.28 3.2! 3.04 

2028 3.35 3.29 3.22 3.04 

2029 3.37 3.30 3.22 3.04 

2030 3.39 3.32 3.23 3.05 

2031 3.4 I 3.33 3.24 3.05 

2032 3.43 3.35 3.25 3.05 

2033 3.46 3.36 3.26 3.05 

2034 3.47 3.37 3.27 3.05 

2035 3.49 3.38 3.28 3.05 

2036 3.51 3.39 3.28 3.05 

2037 3.52 3.39 3.29 3.05 

2038 3.53 3.40 3.29 3.05 

2039 3.54 3.40 3.29 3.04 

2040 3.55 3.40 3.29 3.04 

2041 3.55 3.40 3.29 3.03 
2042 3.56 3.40 3.29 3.03 

2043 3.56 3.39 3.29 3.02 

2044 3.56 3.39 3.29 3.02 
2045 3.57 3.39 3.29 3.01 

2046 3.57 3.38 3.28 3.01 

2047 3.56 3.38 3.28 3.00 

2048 3.56 3.37 3.27 3.00 

2049 3.56 3.37 3.27 2.99 

2050 3.56 3.36 3.17 2.99 
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The third column is the non-rebound VMT constraint produced by the CAFE model, to 
which non-rebound VMT is constrained to in every regulatory alternative (under central analysis 
assumptions regarding fuel prices and economk growth). The non-rebound VMT constraint is 
produced endogenously by the model in each run ba~ed on the estimated VMT for calendar year 
2017 and a series of growth rates intended to reproduce the general groVvth trend in light-duty 
VMT under the set of"non-rebound" assumptions in the Fl-lWA model (Equation Vl-9 - ).1m lt 
differs from the "non-rebound" forecast produced by the FHWA model by one to three percent 
in any year. This adjustment was both an attempt to match the FHWA model's projection of 
total VMT (including rebound) in the baseline, and an acknowledgment that differing levels of 
modeling resolution and construction are likely to produce slightly different projections. ln 
general, the one to thr_ee percent difference in non-rebound VMT is within the range of 
projections based on the confidence intervals of the coefficients that define the FHWA 
forecastin'g model. 

The fourth column in Table VJ-122 - represents the unadjusted "non-rebound" VMT 
produced by the CAFE Model using Equation VI-8. The reader will observe that in every 
calendar year, this total is lower than the non-rebound VMT constraint. This occurs because the 
projected fuel prices in the central analysis increase much faster than the tleetwide fuel economy 
(in the non-rebound case). This increases CPM and, as a consequence, reduces demand for VMT 
based on the price elasticity of demand for travel (rebound effect). However, the FHWA model 
accounts for additional variables that recognize the economic context in which this file] price 
projection occurs. In particular, the model accounts for changes in the U.S. (human) population 
and changes to personal disposable income over the same period. These factors act to attenuate 
the demand response to rising fuel prices, producing a rising demand for VMT even as the CPM 
rises for several years. 

In order to co11strain non-rebound VMT to be identical in each year across regulatory 
alternatives, it is necessary to add VMT to the unadjusted total, endogenously calculated by the 
CAFE Model in each calendar year. These additional miles, denoted Amiles for this discussion, 
represent the simple difference between the annual VMT constraint (column 3 of Table Vl-122 -) 
and the unadjusted VMT defined in Equation VI-8(above) in each calendar year. 

Equation Vl-10 - Difference between VMT constraint and unadjusted non-rebound VMT 

dMilescy = VMTConstraintcv - NonRehoundVMTcv 

Because each regulatory scenario produces a unique on-road fleet (in tenns of the number 
of vehicles, the distribution of ages among them, and the resulting distribution of fuel 
economies), the total unadjusted VMT in each calendar year (given by Equation Vl-8 - ) will be 
unique to each regulatory scenario. As a corollary, tlmiles.;)' \Viii also be unique to each 
regulatory scenario. By distributing Amiles,, across the vehicle fleet in each calendar year, the 
CAFE Model scales up the unadjusted non-rebound VMT to equal the non-rebound VMT 
constraint in each calendar year, for each regulatory alternative. While there are a number of 

'-"' TI,is ensures internal consistency with the set of assumptions provided II) the user, but can lead to differences 
between the non-rebound V/1,IT constraint in the central analysis and one that is genemted under a different sci of 
assumptinns (as in the sensitivit)' analysis. for example). 
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ways to reallocate !>.miles,; across the on-road fleet in order to match the non-rebound VMT 
constraint, the fact that unadjusted VMT is always lower suggests an obvious approach. 

The primary goal of reallocation is to adjust total non-rebound VMT so that it is 
identically equal to the V~IT constraint in every calendar year for each regulatOI}' alternative, 
while conserving the general trends of the mileage accumulation schedule - which represents a 
good estimate of observed usage at the start of the simulation. In particular, the reallocation 
approach should preserve the basic ideas that annual mileage decreases with vehicle age because 
newer _(and more efficient) vehicles are more likely to be driven additional miles than their older 
counterparts, and mileage accumulation varies by body style. To accomplish the reallocation, 
the CAFE Model computes a ratio that varies by body style, calendar year, and regulatory 
alternative. The ratio captures the share of additional VMT that can he absorbed by the 
registered vehicle population of each body style based on their relative representation in the fleet, 
so that per-vehicle totals across ages remain sensible (even if the distribution of body styles 
should change over time as the new vehicle market evolves). Then this quantity is further scaled 
by the total VMT for a given body style in the calendar year for which L',,miles has been 
computed. The resulting ratio is then used to scale the unadjusted miles from Equation VI-8, so 
that the new slim of annual (non-rebound) VMT across all ofthe vehicles in the on-road fleet 
equals the constraint. For a single calendar year, CY, and a single body style, S, the scaling ratio, 
R, is computed as: 

Equation Vl-11 - Calculating the scaling factor to reallocate non-rebound VMT 

_1 Il\9 Populations,A 
11Mr escr · s, , L Yes L39 Population R- so .S,A 

s,CY - NonReboundVMTcr 

In Equation Vl-11, Population, refers to the on-road vehicle population for a given age 
and body style (summed over the full range of ages in the simulation, where vehicles are 
modeled to survive for, at most, forty years). The fract,ion in the numerator calculates the fleet 
composition by body type. 1>35 As long as the unadjusted non-rebound VMT produced by the 
CAFE Model is smaller than the VMT constraint for all years and regulatory alternatives (and it 
is), this scaling ratio allows the CAFE Model to add miles to the annual total in a way that 
preserves the basic ideas of the mileage accumulation schedule and achieves equality with the 
constraint. In particular, the total adjusted non-rebound VMT is then calculated as: 

IJ.WWo also considered basing this ratio on each body style's share ofiotal \'MT in that calendar year. However, 
that approach has !he potential to result in allocations that add (or remove) too many miles per vehicle, depending,on 
!he age distribution and size of each body style co~ort. \\11ile that approach better preserves the age distribution of 
Vl\IT within a style, capturing tbe differences in age distribution of the population in each scenario is an objective of 
the·VMT accounting. ln testing, lhe differences in approach were small (about 0.1% difference). 
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Equation Vl-12 - Total adjusted VMT that preserves non-rebound VIVIT constraint 

Ayes Styles 

AdjNonRbdVMT = L L NonReboundVMTcY,A.S * ( 1 + Rs,cY) 

' ' 
To make each alternative match the VMT constraint, Equation Vl-12 allocates miles (in 

this case, adds) to each vehicle ln a calendar year by multiplying-the product of the mileage 
accumulation schedule (for that style vehicle, at that age). the %1'>NrbdCPM (described in 
Equation VI-7), and the elasticity (the rebound effect of -0.2) with the appropriate scaling ratio 
(defined in Equation VI-11). The "Allocated Miles" in Table Vl-116 are the result of this 
calculation for a passenger car in CY2020. 

Unlike some of the accounting, which focuses on the impacts to a model year cohort of 
vehicles over the course of its useful life, the rebound constraint and reallocation are calendar 
year concepts. The constraint represents demand for VMT absent "rebound miles" (defined 
more explicitly above) in a specific calendar year. Thus, this reallocation occurs in every 
calendar year. and a vehicle of a model year cohort will likely experience many of these 
reallocation events during its simulated useful lite. The resulting survival weighted mileage 
accumulation is discussed in detail in the discussion ofVMT resulting from simulation found in 
Section (e), but an example of the annual reallocation is provided here. 

In the baseline alternative, the non-rebound VMT constraint in CY2020 is about 3.068T 
miles, but the endogenously computed "non-rebound" VMT is only 2.955T miles. This creates a 
difference, ti.miles201u_ of 1 i2.6B miles that must be added to the total unadjusted non-rebound 
VMT in calendar year 2020 and allocated across the on-road fleet in that year to preserve total 
non-rebound VMT. Over time, this discrepancy between the FHWA model's-projection and the 
unadjusted total non-rebound VMT grows to about 230 billion miles, While the other classes 
operate identically, this example uses the reallocation that occurs to passenger cars to illustrate 
the mechanics ofreatlocation. Rising fuel prices depressing lion-rebound VMT (relative to the 
mileage schedule) over time is a general trend that emerges for all body styles, as shown for 
passenger cars in Table VI-123 -. 
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Table Vl-123 - CY2020 passenger car VMT reallocation to preserve non-rebound 
constraint 
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Age Model Year Unadjusted Non- Adjusted Non- Vehicle Mileage 
Rebound VMT Allocated Rebound VMT Accum1.1\ation Schedule 

(TableVl-119) 

0 2020 14,958 590 15,548 15,922 

I J0J9 14,479 571 15,050 15,379 

2 2018 14,077 555 14,632 14,864 
3 2017 13,615 537 14,152 14,378 

4 2016 13,275 524 13,798 13,917 

' 2015 13,046 515 13,561 13,481 

6 2014 12,538 495 13,033 13,068 

7 2013 12,259 484 12,742 12,677 

8 2012 11,943 471 12,414 12.305 

9 2011 I 1,431 4S1 11,882 11,952 

10 2010 11.239 443 11,682 11,615 

II 2009 10,821 427 11,248 11,294 

12 2008 10,451 412 10,863 10,986, 

13 2007 10,135 400 10,535 10,690 

14 2006 9,797 386 10,183 10,405 

15 2005 9,563 377 9,940 10,129 

16 2004 9.285 366 9,651 9,860 

17 2003 9,042 357 9,399 9,597 

18 2002 8,740 34S 9,085 9,338 

19 2001 8,495 335 ls,830 9,081 

,0 2000 8,244 325 8,569 8,826 

21 1999 8,003 316 8,319 8,570 

22 1998 7,813 308 8,121 8,313 

23 1997 7,551 298 7,849 8,051 

24 1996 7,332 289 7,621 7,785 

25 1995 7,053 278 7,331 7,511 

26 1994 6,782 267 7,049 7,229 

27 1993 6,494 256 6,750 6,938 

" 1992 6,148 242 6,391 6,635 

29 1991 5,906 233 6,139 6,319 

30 1990 5,596 221 5,816 5,988 

31 1989 5,339 211 5,,550 5,641 

32 1988 5,051 199 5,251 5,277 

33 1987 4,686 18S 4,870 4,893 

34 1986 4,288 169 4,457 4,488 

35 1985 3,886 153 4,039 4,061 

36 1984 3,490 138 3,628 3,610 
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37 1983 3,119 123 3,242 3,133 

38 1982 2,629 104 2,733 2.629 

39 1981 2,116 83 2.]99 2,096 

The number of miles added to each age vehicle is generally less than t_he difference 
between the unadjusted non-rebound VMT (for a given age) and the mileage schedule. Thus, 
adding the requisite miles to each age does not distort either the shape- of the schedule with age, 
nor does it create annual usage estimates that are out of line with observed usage. The example 
shown here uses the baseline alternative to illustrate the reallocation ofVMT in 2020. but this 
reallocation differs by alternative. In less stringent regulatory alternatives, new vehicles are less 
expensive; this increases new vehicle sales and accelerates the retirement of older vehicles 
(relative to the baseline). In those cases, the unadjusted non-rebound VMT is higher, ,',,miles 
smaller, and corresponding allocation of ,',,miles smaller~ though still consistently positive. 

Commenters encouraged us to use a demand model to avoid creating unrealistic VMT 
projections that failed to account for factors that exogenously influence total demand for VMT. 
which we have done here. 1336 Had we instead used the baseline case, regardless of whether it 
happens to be the most or least stringent alternative, as the non-rebound VMT constraint, both 
the non-rebound VMT and VMT with rebound would have differed meaningfully from both 
other government forecasts and from the projections produced by the demand models underlying 
those forecasts. By producing and enforcing a non-rebound constraint based on results from a 
travel demand mode'!, we ensure realism in the projections of total VMT under each regulatory 
alternative-and ensure that the costs and benefits associated with rebound VMT result only from 
fuel economy improvements in the regulatory alternatives considered. 

(e) VlvrFresultingfrom simulation 

This section has already demonstrated that total VMT projections from the simulation are 
consistent with FHWA projections of total light duty VMT using the same set of economic 
assumptions. Lifetime mileage accumulation is now a function of the sales model, scrappage 
model, mileage accumulation schedules (described in Table VI-120). and the redistribution of 
VMT across the age distribution of registered vehicles in each calendar year to preserve the non
rebound VMT constraint. 

The definition of"non-rebound" VMT in this analysis determines the additional miles 
associated with secular fleet turnover and fuel price changes. Conversely, rebound miles 
measure the VMT difference due to fuel economy impro~·ements relative to MY2016 
(independent of changes in fuel price, or secular fleetwide fuel economy improvement resulting 
from the continued retirement of older vehicles and their replacement with newer ones). In order 
to calculate total VMT with rebound, we apply the rebound ,elasticity to the full change in CPM 
and the initial VMT schedule, but apply the rebound elasticity to the incremental percentage 
change in CPM between the non-rebound and full CPM calculations to the miles applied to each 

m< See, e.g., NCAT, Comments, NHTSA-2018-0067-l 1969, at 31-32; Environmental Group Coalition, Appendix 
A, NHTSA-2018-0067-12000, at 175-76; UCS, Technical Appendix, NHTSA-2018-0067-12039, at [xxx]; Honda, 
Supplemental Analysis. NHTSA-2018-0067-1211, at 4. 
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vehicle during the reallocation step that ensured adjusted non-rebound VMT matched the non
rebound VMT constraint. 

Equation Vl-13- Total VMT with rebound miles 
Ages Styles 

L ,L (VMTA.s · (1 + %.d.CPMMY.cv · e) + .4MilesA.s.cv · (1 + (%.d.CPMMv,cv 
A s 

- %.4NonRbdCPMMv,cv). E)). PopulationCY,A,S 

Where VM1\sis the initial VMT schedule by age and body-style, %LI.NonReboundCPM 
and o/ob.C'PM are defined in Equation VI-7and Equation VI-6, respectively, and .dMiles i.s.cr is 
the per-vehicle miles added by the reallocation described in Equation YI-l 2. The additional 
miles that are added to each vehicle in the reallocation step (.dMi/es.-1 .. 1·,(T) are multiplied by th.e 
difference between the percentage changes in CPM (full and non-rebound, respectively) because 
the %ANonRbdCPM was used to derive the allocated miles and using the foll CPM change to 
scale the allocated miles would count that change twice. Taking the difference avoids 
overestimating the total mileage in the presence of the rebound effect. The "rebound miles" will 
be the difference between Equation Yl-13 and Equation Yl-9 for each alternative. To. the extent 
that regulatory scenarios produce comparable numbers of rebound miles in early calendar years, 
the impacts associated with those miles net out ilcross the alternatives in the benefit cost analysis. 

Table Vl-124 displays the annual survival-weighted VMT at each age of a .MY2025 
vehicle, by regulatory class including and reallocation needed to preserve the VMT constraint 
and a11 rebound miles (using a 20% rebound effect). im 

1·"" Annual survival-weighted \.']\.ff is calculated by dividing the annual VMT ofa JvfY cohort by the total 
population of the cohort purchased. As such, Table Vl-123Table V!-123 and Table Vl-l24Tab!e Vl-124 report 
different types of values. 
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Table Vl-124 - MY'.1:025 lifetime VMT-comparisons, by regulatory class 
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Age Passeng_er Passenger Passenger Light Truck, Light Light Truck, 
Car, Final Car, NPRM Car, 2012 Final Rule Truck, 2012 Rule 
Rule Ruic NPRM 

0 17,060_ 17.313 16,761 17,717 17,830 17,828 

I 16,420 15,021 16,149 17,036 15,656 16,978 

2 15,820 14,907 15,757 16,393 15,371 16,246 

3 15,155 14,604 15,143 15;733 15,129 15,599 

4 14,534 14,318 14,658 15,071 14,695 15,093 

5 13,941 13,931 14,220 14,341 13,975 14,538 

6 13,193 12.648 13,635 13,635 12,849 13,159 

7 12,480 11,248 12,039 12,902 11,582 12.s::n 

8 11,729 9,761 11,480 12,187 10,319 11,812 

9 10,851 8,176 !0,838 11,384 8,916 !0,875 

JO 9,947 6,728 10,086 10,52'.! 7,492 9,881 

II 8,951 5,400 9,306 9,640 6,279 8,960 

12 7,946 4,626 8,505 8,737 5,111 8,090 

13 6,907 3,916 7,697 7,776 4,030 7,157 

14 5,917 3,506 6,877 6,863 3,513 6,398 

15 4,986 3,070 6,037 5,965 3,058 5,651 

16 4,155 2,660 5,142 5,130 2,603 4,998 

17 3,434 2,282 4,258 4,400 2,208 4,376 

18 2,823 1,934 3,396 3,733 1,850 3,765 

19 2,328 1,643 2,659 3,183 1,550 3,225 

20 1,918 1,400 2,021 2,707 1,293 2,706 

21 J,608 1,206 1,533 2,322 1.098 1,149 
22 1,354 996 1,189 1,991 939 1,940 

23 1,148 820 921 1,717 810 1,640 

24 987 678 722 1,497 701 1,452 

25 854 557 597 1,308 599 1,299 

26 748 463 501 1,16] 520 1,214 

27 658 385 408 1,030 452 1,068 

28 583 320 342 918 395 930 

29 522 268 291 82] 343 847 

30 469 224 82 743 299 754 

31 372 189 70 612 266 669 

32 293 161 59 501 235 573 

33 231 138 48 409 208 479 

34 181 117 38 336 186 382 

35 141 100 28 275 163 287 

36 110 85 19 227 143 201 
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37 87 74 - 190 126 -
38 66 63 - 153 114 -
39 50 54 - 124 99 

TOTAL 210,966 175,989 2 13,5 13 23 I ,387 183.004 225,844 

As earl ier portions of this sect ion have shown, the second decade of useful life now 
shows significantly higher uti lization than the N PRM analysis for both passenger cars and light 
trucks. While the current lifetime accumulation is similar to the values produced in the 2012 
final ru le, those values were simulated to occur under fuel prices that were consistently 40 
percent higher than the prices in this analysis (when adjusted for inflation).1338 Under 
comparable prices, lifetime mileage accumulation would have been considerably higher. 

(fl Soles. Scroppoge ond Vlv/T Integration 

The VMT construct described above, while an improvement over the version presented in 
the NPRM for the reasons explained, does not represent the ful ly integrated model of ownership, 
usage, and retirement decisions that some commenters argued would be preferred or even 
required to assess properly the impacts of CAFE/CO2 standards. In part icular, Resources for the 
Future commented that integrating sales, scrappage and YMT would "make the analysis 
internally consistent and wi II account for the fact that households do not make scrappage and 
vehicle use decisions in isolation."133

q IPI concurred and expanded in their comment, stating "a 
unified model of vehicle choice and usage' is necessary." 1>~0 

The implication of such commenters is that the agencies have ignored important benefits 
of more stringent standards by not explicitly considering household decisions at the level of 
household vehicle fleet management. However, the opposite may be true. A recent BER 
paper134 1 finds that households engage in attribute substitution while managing the set of 
attributes in the ir vehicle portfolios.1342 In pa11icular, the a uthors argue that attribute substitution 
within a household's vehicle portfolio may erode up to 60 percent of the intended fue l economy 
benefits of the footprint-based CAFE/CO2 standards, as the higher fuel economy of owned 
vehicles reduces demand for efllciency in the next bought vehicle, a ll else equal. This suggests 
that examining effects at the household level may not be as beneficial, or as meaningful, as some 
commenters might hope. 

While commenters have suggested ambitious models of dynamic relationships at the 
household level, moreover, it is not clear that such a model is cu1Tently possible. Capturing the 
heterogeneous preferences of households across purchase, usage, and retirement decisions at the 
same level of detail required to produce meaningful estimates of regulatory compliance costs is 
beyond the current scope of this analysis. While the agencies agree that expected usage 

"'' The 2012 final rule a lso assumed n 10% rebound effect, which would have further affected lifetime mileage 
accumulation. 
,m [Text Forthcoming) 
'"" [Text Forthcoming] 
IJ..II [Text Forthcoming) 
'"' [Text Forthcoming] 
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influences the household decision of which vehicle to purchase, how long to hold it, and how to 
manage the usage and retirement of other vehicles within a household fleet, we do ndt agree that 
such a detailed model is a necessary prerequisite to assess the impacts of CAFE and tailpipe COc 
emissions standards, nor that it is necessarily appropriate to do so given that the agencies are 
examining aggregate national fleetwide effects of such standards. Fmthermore, in the most 
recent peer review of the CAFE Model, one reviewer remarked that while the sales and VMT 
would benefit from a household choice model, "the decision to scrap a vehicle (remove it from 
the national in-use fleet) and the decision to purchase a new vehicle often are not made by the 
same household. No U.S. national-level transportation demand models (that this reviewer ls 
aware of) tackle the issue with this level of complexity."1·1H 

Each iteration of these regulatory analyses has endeavored to improve the accuracy and 
breadth of modeling to capture better the relevant dynamics of the markets affected by these 
policies. We intend to address current limitations in future rulemakings, and meanwhile believe 
that the scope of the current analysis is reasonable and appropriate for infonning decision
makers as to the effects of different levels of CAFE and tailpipe CO2 emissions stringency. 

(6) lf'hat is the mobifi,ty benefit thar accrues to vehicle owners? 

(a) .'vfobility benefits in the NPRlll anaZrsis 

As the proposal noted, the increase in travel associated with the rebound effect provides 
benefits, that reflect1he value to drivers and other vehicle occupants of the added - or more 
desirable - social and economic opportunities that become accessible with additional travel. The 
fact that drivers and their passengers elect to make more frequent or longer trips to gain access to 
these opportunities when the cost of driving declines demonstrates that the benefits they gain by 
doing so exceed the costs they incur, including the economic value of their travel time, fuel and 
other vehicle operating costs, and the economic cost of safety risks drivers assume. The amount 
by which the benefits of this rebound additional travel exceed its economic costs equals the net 
benefits drivers and their passengers experience, usually referred to-as increased consumer 
surplus. 

Under the proposal, the fuel cost of driving each mile would have increased as a 
consequence of the lower fuel economy levels pennined, thus reducing the number of miles that 
buyers of new cars and light trucks would drive, since the well-documented fuel economy 
rebound effect operates in reverse. l:<4~ The agencies' analysis of the proposed rule described the 
resulting loss in consumer surplus, and calculated its annual value using the conventional 
approximation, which is one half of the product of the increase in vehicle operating costs per 
vehicle-mile and the resulting decrease in the annual number of miles driven. Because the value 
of this loss depends on the extent of the change in fuel economy, it varied by model year, and 
also differed among the alternative standards that the NPRM considered. 

"'J [Cite Birky, CAFE Model Peer Review] 
"'' Normally, tl1e fuel economy rebound effect refers to an increase in vehicle use'that results when increased fuel 
economy reduces the fuel cost for driving each mile. 
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The agencies' analysis specifically recognized that the economic value of any additional 
travel prompted by the fuel economy rebound effect must exceed the additional fuel costs drivers 
incur, plus the- economic cost of safety risks they and their passengers assume. m 5 Thus, when 
vehicle use was projected to decline in response to lower fuel economy, the agencies noted that 
the resulting loss in benefits must have more than offset both the savings in fuel costs and the 
value of drivers' and passengers' reduced exposure to safety risks. In the accounting of benefits 
and costs for the preferred alternative, the loss ofbenefits associated with reduced mobility was 
recognized by reporting losses in travel benefits that exactly offset the value of reduced risks of 
being involved in both fatal and non-fatal crashes. 

In addition, the accounting reported a loss in mobility benefits from reduced use of new 
cars and light trucks, which included a component that exactly offset the fuel savings from 
reduced driving, together with the loss in consumer surplus that foregone travel would otherwise 
have provided. Including this first component was necessary to offset the fact that the savings in 
fuel costs had already been recognized elsewhere jn the accounting, by deducting those savings 
from the increase in fuel costs resulting from lower fuel economy to arrive at the reported net 
increase in fuel costs. Thus, the resulting value of the net loss in travel benefits was exactly 
equal to the loss in consumer surplus that any travel-foregone in response to higher fuel costs 
would otherwise have provided. 

(b) Comments 011 the agencies· treatment of mobility 
benefits in the NPRM 

The agencies received only two comments referring to their treatment of mobility 
benefits in the analysis-supporting1he proposed CAFE and CO2 standards. The California Air 
Resources Board (CARB) noted that the accounting of benefits and costs resulting from the 
proposal included losses in mobility benefits that offset the reduction in fatality costs related to 
the decline in new vehicle use from the fuel economy rebound effect. While CARB did not 
comment on the agencies' inclusion of losses in mobility benefits in their accounting, it did 
object to the fact that the agencies also reported the numerical change in fatalities that could be 
ascribed to the rebound effect, and considered the improvement in safety it reflected when 
selecting their proposed a!temative. 13

41, Similarly, the Institute for Policy Integrity (IP!) termed 
the agencies' reliance on the estimated change in the number of fatalities as partial justification 
for selecting their preforred alternative as arbitrary, while at the same time arguing that the 
reduction in driving due to the rebound effect had no net welfare lmpact. 1347 

In response to these comments, the agencies observe that considering changes in the 
actual number of fatalities as. well as the welfare effects.of changes in drivers' and passengers' 

1145 Althongh it did not attempt to estimate operating costs other than those for fuel or the value of drivers' and 
passengers' travel time, the benefits from any additional travel that occurs voluntarily mus1 also at least compensllte 
for these costs. 
""'" California Air Resources Board (CARB), NHTSA-2018-0067-11873, at pp. 12!. 
1141 lnstitute for Policy Integrity (]Pl), NHTSA-2018-0067-12213, at pp. 11. Jn fact, the agencies did not treat the 
reduction in driving-as having no net impact on welfare, since as nplained immediately above, the loss in consumer 
surplus benefits on the foregone driving was not accompanied by any offsetting cost savings, Therefore, the dedlne 
in driving in response to the rebound effect resulted in a net loss in welfare. 
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exposure and valuation of the risks of being involved in fatal crashes represents a sound 
approach to assessing the impacts of proposed CAFE and CO2 standards. The safety 
implications of a lternative future standards are clearly a legitimate and highly visible 
consequence for the agencies to consider when evaluating their relative merits, as are the 
implications of changes in the safety risks for the economic welfare of car and light truck users. 
Thus, the agencies see no inconsistency or duplicat ion in separately considering both factors as 
part of their assessment of alternative future standards. 

(c) Mobili(r benefits in the.final rule 

The analysis supporting this final rule continues to treat losses in mobility benefits in the 
same manner the agencies previously d id when analyzing the alternatives considered for the 
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proposed rule. Because there are several subtleties in this treatment, we have included Figure 
VI-49Figure V/-49 below to clarify its details. In the figure, the demand curve shows the 
relationship of annual use of new cars (and light trucks), which can be thought of as their total or 
average annual vehicle-miles driven, to the cost per mile of driving. 

Figure V/-49 - Treatment of Mobility Benefits from Reduced Driving 

The initial cost per mile OCo consists of the per mile economic costs of the risks of being 
involved in fatal and non-fatal crashes, shown by the heights of Og and gd on the vertical axis, 
together with per-mile fuel costs at the baseline level of fuel economy, the height of segment 
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dC(1• n
43 Annual miles driven at this initial per-mile cost are shown by the distance OMo on the 

horizontal axis in the figure. When fuel economy declines from its baseline level under one of 
the regulatory alternatives considered, fuel costs per mile increase from dCo to dC1, but the per
mile economic costs of crash risks {both fatal and non-fatal) are unaffected, so total costs per 
mile driven rise to OC1. In response to this increase in the per,mi!e fuel and total cost of driving, 
annual use declines to OM1. 

The resulting loss in total benefits when vehicle use declines from OMo to OM1 is the 
trapezoidal area M1acMo, but most of this loss is offset by cost savings from reduced driving, so 
the net welfare loss is considerably smaller. Specifically, the rectangle M1hiMo represents a 
reduction in the total economic costs of the risk that drivers and passengers will be involved in 
fatal crashes when the decline in driving reduces their exposure to that risk. The dollar value of 
this area thus appears in the agencies' accounting of costs and benefits as both a benefit from that 
reduction in risk and an exactly offsetting loss in benefits from reduced mobility. The same is 
true of the rectangle hefi, the do!lar value of which corresponds·to both the reduction in the 
economic cost of non-fatal crash risks and an identical loss in mobility benefits. 

Total fuel costs for driving OMo miles are initially the rectangular area dCocf, and the 
decline in driving to OM1 that results as per-mile fuel and total driving costs rise changes total 
fuel costs to the rectangle dC1ae. Because these two areas share rectangle dCob",, the net change 
in fuel costs reported in the agencies; accounting consistq of the dollar value of rectangle CoC1ab, 
minus that of rectangle ebcf. The economic value of the loss in mobility benefits the agencies 
report in their accounting is the trapezoid eacf, but part of that area consists of rectangle ebcf, 
and is thus exactly equal to the savings in fuel costs from reduced driving. Since this savings has 
been already incorporated in the reported change in total fuel costs, and it offsets part of the 
reported loss in mobility benefits, leaving only the loss in consumer surplus that travelers would 
otherwise have experienced on foregone reduced driving, the value of triangle bac, as the net loss 
in mobility benefits. i:i49 

This discussion assumes that drivers correctly estimate and consider - or "internalize" -
the risks of being involved in both fatal and non-fatal crashes that are associated ·with their 
additional driving. However, as is noted in the discussion of the potential effects of the rule on 
the mass of vehicles and its resulting impact on safety, consumers may value safe!)' risks 
imperfectly. This possibility is accounted for in the final nile analysis by assuming the portion 
oft he added safety risk that consumers internalize to be 90 percent. in Figure VI-49Figure 
VJ-49 above, this would be reflected by including a total social cost per mile that is higher than 
the Co and C1 values for the baseline and reduced MPG cases shown in the graphic by IO percent 
of the conibined cost of fatal and non-fatal crash risks (the distance Odon the figure's vertical 
axis), while reducing the costs of safety risks that drivers do consider to 90 percent of the values 
shown. The higher social costs would offset a portion of the consumer surplus associated with 
ad_ditional mobility (in each case), and result in a small "deadweight loss" over the region where 

134' Per-mile fuel c'<lsts are equal to the dollar price of fuel per gallon, divided by fuel economy in mlles per gallon. 
For simplicity, this figure omits non-fuel operating costs, vehicle maintenance and depredaclon, and the value of 
occupants' travel time. Including them would no! change the analysis. 
1'4• Thus the change in driving is nc;,t welfare--neutral, as JP] assened in the comment cited pre,·iouslJ·: instead, it 
results in a net loss in v,elfare. 
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the social cost of driving exceeds the demand curve. These impacts are also fully accounted for 
in the final rule analysis . 

(7) What is the sales swplus that accrues to vehicle owners? 

Buyers who would not have purchased new models with the baseline standards in effect 
but decide to do so in response to the changes in new vehicles' prices with less demanding 
standards in place will also experience increased welfare. Collective benefits to these "new" 
buyers are measured by the consumer surplus they receive from their increased purchases. 

At the proposed rule stage, the agencies elected to exclL1de the consumer surplus 
associated with new vehicle purchases because " it is not entirely certain that sales of new cars 
and light trucks [would] increase in response to [the] proposed action.''135° Consumer surplus is 
a fundamental economic concept and represents the net value (or net benefit) a good or service 
provides to consumers. It is measured as the difference between what a consumer is willing to 
pay for a good or service and the market price. 0MB circular A-4 explicitly identifies consumer 
surplus as a benefit that should be accounted for in cost-benefit analysis. For instance, 0MB 
Circular A-4 states the "net reduction in total surplus (consumer plus producer) is a real cost to 
society," and elsewhere elaborates that consumer surplus values be monetized "when they are 
significant." 1351 

The decision to exclude consumer surplus for new vehicles at the proposed rule stage was 
an error and inconsistent with Ol\1B's guidance on regulatory analysis. The agencies are 
confident that lower vehicle prices, holding all else equal, should stimulate new vehicle sales and 
by extension produce additional consumer surplus. That prel iminal)' decision was also 
inconsistent with other parts of the agencies' analysis . For instance, the agencies calculate the 
lost consumer surplus associated with reductions in driving owing to the increase in the cost per 
mile in less stringent regulatory cases, as discussed in [Mobility Benefits Section]. The surpluses 
associated with sales and additional mobility are inextricably linked as they capture the direct 
costs and benefits accrued by purchasers of new vehicles. The sales surplus captures the savings 
to consumers when they purchase cheaper vehicles and the additional mobility measures the cost 
of higher operating expenses. It would be inappropriate to include one without the other. 

The shaded area in Figure VJ-50Figure Vl-50 reflects the consumer surplus calculated for 
new vehicle sales. Line Cu reflects the baseline vehicle cost. The final rule is expected to reduce 
the cost of light duty vehicles, as represented by dotted line C ·. Consistent with other sections of 
the analysis, the agencies assume that consumers value 30 months of fuel savings. Under the 
final rule, consumers are expected to experience higher fuel costs than they would under the 
baseline scenario, shi fting costs from line C · to line C,. The consumer surplus is equal to the 
area under the curve between Qu and Q J. 

1352 

"'" See PRJA at 954. 
,;~, 0MB Circu lar A-4. at 37-38. 
1312 The exact calculation is 0.5 • the increase in sales • the reduction in the cost of light duty vehicles net of the 
increased fuel cost. 
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(8) Forgone improvements to other vehicle attributes 
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(9) Refueling benefit 
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those vehicles. Second, given increased production costs, they reduce sates of new vehicles and 
scrappage of existing ones, causing more VMT to be driven by older and less etlicient vehicles 
which require more refueling events for the same amount of VMT driven. Finally, they may 
change the number of electric vehicles that are produced, and shift refueling to occur at a 
charging station, rather than at the pump-changing per-vehicle lifetime expected refueling 
costs. While there are multiple ways that fuel economy standards alter refueling costs, the 
proposal accounted for only the first. Before the inclusion of the sales and scrappage models, 

which fi rst appeared in the PRM analysis for the first time a CAFE/ CO2 rulemaking, the 
agencies did not have the means to capture the other two effects. While the agencies modeled 
the sales and scrappage effects, they did not extend the results to refueling time. This oversight 
was noted by commenters, and the fi nal rule model now includes these additional factors. The 
basic calculation for all three effects is the same: the agencies multiply the additional amount of 
time spent refueling by the value of time of passengers. which is assumed to be t he same for all 
three effects . 

(a) Value o(Time 

The calculation of the value of time remains relatively unchanged from the proposal and 
fo llows the guidance from DOT's 2016 Value of Travel Time Savings memorandum ("VTTS 
Memo").1359 The economic value of refueling time savings is calculated by applying valuations 
for travel time savings from the VTTS Memo to esti111ates of how much ti111e is saved across 
alternatives. 136<1 -

IPI commented that the agencies used old data to calculate the refoeling benefit in the 
proposal. Specifically, I Pl pointed out that the data used in the proposal seemed ''to come from 
t he 2003 version of[the VTTS Memo]."1361 For the final rule, the analysis uses the most recent 
VTTS memo along with updated wages. The value of travel time depends on average hourly 
valuations of personal and business time, which are functions of annual household income and 
total hourly compensation costs to employers. The nationwide median annual household 
income, $56.5 I 6 in 20 I 5, is divided by 2,080 hours to y ield an income of $27.20 per hour. Total 
hourly compensation cost to employers, inclusive of benefits, in 2015$ is $25.40.'36~ Table 
V l-125Table VI- 125 demonstrates the agency's approach to estimating the value of travel time 
($/ hour) both urban and rural (intercity) driving. This approach relies on the use of DOT
recommended weights that assign a lesser valuation to personal travel t ime than to business 
travel time, as well as weights that adjust for the distribution between personal and business 

1119 United Stales Department ofTransprn1ation, The Value of Travel T ime Savings: Departmental Guidance for 
Conducting Economic Evaluations. (20 16). available at 
http:-: \\\\\\.lr.ll1S(l:4:'rt:lt i<1l1.!.!0 \ sit~ ... dttl.~~•\ lih.•, d(1C:,. ::11101111~0R i.:,i~i.:d0 u::1}\'. 
1360 VTTS Memo Tables I , 3, and 4. 
136 1 IPI, Appendix, NHTSA-2018-0067-12213. at 51. 
"

61 Ibid atl I. 
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trave l. 1363 In accordance with DOT guidance, wage valuations are estimated with base year 2015 
dollars and end results a re adj usted to 2018 dollars. 

Table Yl-125 - Estimating the Value of Travel Time for Urban and Rural ( Intercity) 

T ravel ( $/hour, 2015 Dollars) 

Urban Travel 

Personal Travel Business Travel Total 
Wage Ra1c ($/hour) $27.20 $25.40 -
DOT - Recommended Value ofTra\'cl T ime Savings, 

50% 100% -as% of Wage Rate 

Hourly Valuation (=Wage Rate• DOT-
$13.60 $25.40 -Recommended Value) 

% of Total Urban Travel 95.4% 4.6% 100% 

Hourly Valuation (Adjusted for % of Total Urban 
$12.97 $117 $ 14.14 Tra\'el) 

Rural (Intercity) Travel 
Personal Travel Business Travel Total 

Wage Rate ($/hour) $27.20 $25.40 

DOT - Recommended Value of Travel lime Savings, 
70% 100% as % of Wage Rate 

Hourly Valuation (=Wage Rate* DOT-
$ 19.04 $25.40 Recommended Value) 

% of Total Rural Travel 78.6% 21.4% 100% 

f Hourly Valuation (Adjusted for % of Total Rural 
Travel) $14.97 $5.44 $20.40 

Estimates of the hourly value of urban and rural travel time ($14.14 and $20.40, 
respectively) shown in the above table, must be adjusted to account for the nationwide ratio of 
urban to rural driving.1364 This adjustment, which g ives an overall estimate of the hourly value 
of travel time-independent of urban or rura l status- is shown in Table Yl- 126Table Yl- 126. 

1363 Business travel is higher than personal travel because an employer has additional expenses, e.g. taxes and 
benefits costs, above and beyond an employee ·s hourly wage. In 1hc proposal, the agencies erroneously used the 
same va lue for persona l and business travel, which was inconsistent with the \/ITS Memo. 
n,;.i Estimate of Urban vs. Rural trave l weights from FHWA December 2018 Traffic Volume Trends. Monthly 
Report, Table 2 - Cumulative Monthly Vehicle-Miles o f Travel in Billions. Available at 
llitmi.~ ,, \\ ,, .111\\J~~Jin in format inn tra, el nHmitoriou I 8dc1..·t, t paue3.ctin. 
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Table Vl- 126 - Estimating Weighted Urban/Rural Value of Travel Time ($/hour, 20 I 5 
Dollars) 

Unweighted Value ofTrnvel Weight (% of Total Weighted Value of Travel 
Time ($/ho111·) Miles Driven) Time (S/hour) 

Urban Travel $ 14.14 69.9% $9.89 

Rural Travel $20.40 30.1 % $6.14 

Total - 100.0% $1603 

Note that the calculations a bove consider the value of travel time for only one occupant. 
To estimate fully the average value of vehic le travel time per vehicle, the agencies must account 
for the presence of all additional passengers during refueling trips. The agencies estimated 
average vehicle occupancy using survey data gathered as part of our 20I0-20 11 National 
Automotive Sampling System's Tire Pressure Monitoring System (TPMS) study.1365 The study 
was conducted at fuel ing stations nationwide and researchers made observat ions regarding a 
variety of characteristics of thousands of individual fue ling station visits from August. 20 I 0 
through April, 20 1 I. Among these characteristics of fue ling station visits, the tota l number of 
occupants per vehicle were observed. Average vehicle occupancy was calculated and multiplied 
by the value oftraveJ time per occupant. As shown below in Table Vl-1 27Table Vl-127 this 
adjustment is performed separately for passenger cars and for light trucks, yielding occupancy
adjusted valuations of vehic le travel time during refueling trips for each fleet. 

Table Vl- 127 - Estimating the Value of Travel Time for Light-Duty Vehicles ($/hour, 
20 15 Dollars) 

Passenger Cars Light Trucks 

Average Vehicle Occupancy During Refueling Trips (persons) 1.21 1.23 

Weighted Value of Travel Time ($/hour) S16.03 $16.03 

Occupancy-Adjusted Value of Vehicle Travel Time During 
$ I 9.39 $19.71 Refuel ing Trips ($/hour) 

136' 20 11 T ire Pressure Monitoring Systems Special Study, available at 
https: na,hstats.nhba.dot.~m ,\pi l'uhlic \ ie,d'uhl ication XI '-11 IJ (updated 20 17). 
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Lastly, the occupancy-adjusted value of vehicle travel time is converted to 2018 dollars 
using the GDP detlator as shown below. 1366 

Table Vl- 128 - Value of Vehicle Travel Time in 2018 Dollars ($/hour, 2018 Dollars) 

Passenger Cars Light Trucks 

Occl1pancy-Adjusted Value of Vehicle Travel Time During $10.45 $10.79 
Refueling Trips ($/hour) 

IPI commented that the exclusion of children from the NPRM's refueling time analysis 
was inconsistent with DOT's 20 16 Value of Travel Time Savings memorandum ("VTTS 
Memo"). IPI c laimed that the VTTS Memo "consider[ed] whether the value of travel time is 
different for parents versus children, but ultimately conclude[ d] that 'it must be assumed that all 
travelers' VTTS are independent and additive."' !Pl also quoted language from page 13 of the 
VTTS Memo that "[a]lthough riders may be a family with a joint VTTS or passengers in a car 
pool or transit vehicle with independent values, these circumstances can seldom be distinguished 
[ ... ] therefore, all individuals are assumed to have independent values." and that it is 
" inappropriate to use different income levels or sources for difterent categories oftraveler."1367 

IP! further asse1ted that excluding passengers under age 16 from the calculation of travel 
time savings was inconsistent with the best practices of benefit-cost analysis. IPI noted that 
Circular A-4 does not distinguish between children and adults except when monetizing health 
effects. IP! then cited Dale Whittington and Duncan MacRae as stating "there is a clear 
consensus that children should be counted in cost-benefit analysis." Finally, IPI commented that 
Congress intended that the agencies consider the economic impact to children when setting 
standards. 1368 

The agencies point out that the first passage from the VTTS Memo cited by I Pl does not 
conclude, or even deliberate, that the VTTS of children is the same as adults, but instead states 
that the VTTS of children, parents and other passengers should be independent and additive.136

q 

Assuming that the opportunity cost of children's time is zero is compatible with this practice. 
Likewise, IP! concluded from the text on page 12 that it was inappropriate to use different 
incomes for children. However, !PJ's analysis suffers from two e rrors. The two quotes from 
page 12 reside in a section of the Y-ITS Memo entitled Special Issues, which provides guidance 
on three distinct topics. The first quoted text comes from a paragraph advising how to treat 

""' Bureau of Economic Analysis, NIPA Table 1.1 .9 Implicit Price Detlators for Gross Domestic Product, available 
at http~: apps.hea.µn, i I ahk indc~JJ.ipa.rhn.,. 
1367 See IPI, Appendix, NHTSA-2018-0067-1~2l3, at 52-53 (citing Un ited Stales Depanment ofTransponation 
("DOT"), The Value of Travel T ime Savings: Depanmental Guidance for Conducting Economic Evaluations. 
(2016). available al https://www.transpor1ation.gov/sites/do1.gov/ft les/docs/20 I 6%20Revised%20V). 
" 68 See IPI. Appendix, NHTSA-2018-0067- 12213, at 53-54 (internal ciiations omined). 
1369 See VTTS Memo at 5. 
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vehicles with multiple passengers, while the second is from an ensuing topic about passenger 
incomes. It is baseless to assume that the conclusion of the second topic holds true for the first. 

Second, assuming !Pl intended to comment that age is a "category of traveler" for which 
"ii is inappropriate to use different income levels,'' the agencies note that such an Interpretation is 
tenuous. The VTTS Memo clearly recognizes that some categories of travelers should have 
different levels of income, 1370 and provides two examples. 1m As children are not part of ihe 
workforce, they do not have wage incomes. Therefore, it is not wild speculation that they do not 
bear a financial opportunity cost associated with their time spent in vehicles during refueling.1371 

As such, excluding children from the calculation of the refueling benefit is consistent with 
DOT's guidance. 

Turning to IPI's commeots on best practices and Congress' 'intent, the agencies agree that 
the benefit-cost analysis should include children when appropriate, TI1e majority of the 
components of the CAFE model (e.g., safety analyses) include children. However, children are 
excluded from the analysis-when it is appropriate (e.g. employment). For this specific valuation, 
it is reasonable to assume the value ofa child's time is not equivalenrt6 an adult's. However, in 
acknowledgement of any unce1tainty, a sensitivity analysis has been included in [Section xxx] 
demonstrating the impact of valuing children's time as equal to adults' by including them in the 
average vehicle occupancy rates applied in the refueling analysis and using the full VTTS for 
personal travel. As this would be the maximahalue for children, the combination of this 
sensitivity analysis and the main analysis show the full range ofpossible values. As is clearly 
demonstrated by the sensitivity analysis, the effect of this issue is so minor that it is, at most, a 
very small factor in the decision-making. The agencies will continue to consider this issue in 
future CAFE and co~ rulemakings. 

JP! also noted that the only portion of the TPMS publicly available was the "User's 
Codin'g Manual." Specifically, IP! argued that "the agencies' failure to make m•ai!able the full 
data and methodology used to calculate these averag~ occupancy figures frustrates any 
meaningful public review." The agencies disagree. JP! was able to submit a meaningful 
comment about the agencies' decision to exclude children from the occupancy-adjusted value of 
vehicle travel time. Furthermore, comm enters knew that the agencies intended to use occupancy 
estimates to calculate the refueling benefit; however, the agencies did not receive any alternative 
estimates or methodologies from commenters. 

mo The full text quote<l by JP! reads, "[e]xcepl.fi;,r spec/fie distinc'lfons, we consider it inappropriate to use different 
income levels or sources for different categories oftra\'ekr." VITS Memo at 12 (emphasis adde<l). The VTTS 
Memo further comemplates that it is appropriate to assign different incomes if"estimates [of income are] derived by 
reJiable rind focused research[.,.] in specific cases." Id. 
'"' The VITS Memo provides specific guidance on how to differentiate between personal and business tra\'e), and 
air or high speed rail from other modes of transportation. See VTTS Memo at 12. 
Im The TJ\1PS study affords the agencies the opportunity to distinguish bet\1een adults and passengers, a luxury not 
avaliahfo in every instance. Furthermore, there may be certain instances where it is appropriate to value the VTTS 
of children the same as adults, e.g. rules focusing primarily on the VITS ofchildren. 
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(b) Accounting.for improved Fuel Economy of ICE 
Vehicles 

The methodology for calculating the refueling benefits associated with improved fuel 
economy in new vehicles remains unchanged from the proposal. The CAFE model calculates 
the number ofrefueling events for each ICE vehicle in a calendar year. This is calculated as the 
number of miles driven by each vehicle in that calendar year divided by the product of that 
vehicle's on-road fuel economy, tank size, and an assumption about the average share of the tank 
refue led at each event, as follows: 

M ilescy,veh 
Refuel Eventscv.ve1, = -------'----

FEveh • Tankveh • Shareveh 

The model then computes the cost of refueling as the product of the number of refueling 
events, total time of each event and value of the time spent on each event (computed as average 
salary), as below: 

Costcv.veh = Refuel Eventscv.veh • (Event Timeve11 ) • Time Value 

The event time of a vehicle is calculated by summing a fixed and variable component. 
The fixed component is the number of minutes it is assumed each event takes, independent of 
any assumptions about tank size or share refueled at each event (the time it takes to get to and 
from the pump). The variable component is the ratio of the average number of gallons refueled 
for each event (the product of the tank size and share refueled) and the rate at which gallons flow 
from the pump. This is shown below: 

. . Tankveh * Shareveh 
Event Ttmeveh = Fixed veh + -------

Rate 

ln order to calc ulate the refueling time cost, as described above, the CAFE model takes 
the following inputs: the value of time, the fixed time component of each refueling event, share 
of the tank refueled at each event, rate of flow of fue l from the pump, and vehicle tank size. The 
first of these is taken from DOT guidance on travel time savings. The fixed t ime component, 
share refueled, and rate of flow are calculated from survey data gathered as part of our 2010-
2011 National Automotive Sampling System's Tire Pressure Monitoring System (TPMS) 
study .1373 Finally, the vehicle fuel tank sizes are taken from manufacturer specs for the reference 
fleet and historical averages are calculated from popular models for the existing vehicle fleet, as 
described, below, in the section on including the legacy fleet. 

The agencies estimated the amount of saved refueling time using survey data gathered as 
part of the aforementioned TPMS study. In this nationwide study, researchers gathered 
information on the total amount oftime spent pumping and paying for fuel. From a separate 
sample (also part of the TPMS study), researchers conducted interviews at the pump to gauge the 

1373 2011 Tire Pressure Monitoring Systems Special Study. available at 
hn11~: ffitsh,1m,.nhba.uo1.gm . \ pi Puhlic \ ·ie11 Puhlica1inn XI c-110 (updated 20 I 7). 
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distances that drivers travel in transit to and from fueling stations, how long that transit takes, 
and how many gallons of fuel are purchased. 

The agencies focused on the interview-based responses in which respondents indicated 
the primary reason for the refueling trip was due to a low reading on the gas gauge. Such drivers 
experience -a co~t due to added mileage driven to detour to a filling station, as we!! as added time 
to refuel and complete the transaction at the filling station. The agencies believe that drivers 
who refuel on a regular schedule or incidental to stops they make primarily for other reasons 
(e.g., using restrooms or buying snacks) do not experience the cost associated with detouring in 
order to locate a station or paying for the transaction, because the frequency of refueling for 
these reasons is unlikely to be affected by fuel economy improvements. This restriction was 
imposed to exclude distortionary effects of those who refuel on a fixed {e.g., weekly) schedule 
and may be unlikely to alter refueling patterns as a result of increased driving range. The 
relevant TPMS survey data on average refueling trip characteristics are presented below in Table 
VI-129Table Vl-129. 

Table VI-129 -Average Refueling Trip Characteristics for Passenger Cars and Light 
Trucks 

Round- Round-
Trip Trip Time 

Gallons of Distance Tim•e to Fill 
Fuel to/from 

to/from and Pay 
Total Time 

Purchased Fueling 
Fncling (minutes) 

(minutes) 

Station 
Station 

(miles) 
(minutes) 

Passenger Car_s IO 0.97 2.28 4.1 6.38 

Light Trucks 13 1.08 2.53 4.3 6.83 

IPJ commented that it was inappropriate for the agencies to exclude benefits from 
reducing the frequency of refueling events where the primary reason for stopping at a fuel station 
was not to refuel a vehicle. IPI agrued that fuel efficiency impacts from relaxed standards would 
affect all drivers regardless of their rationale for refueling, by requiring either more frequent or 
marginally longer refueling events. 1374 We note that the language in the NPRM suggested that 
the agencies eliminated 40% of the potential benefit from fewer refueling stops-where 40% 
represents the fraction of refueling stops that were routinely scheduled or otherwise not made in 
response to a low fuel reading1375-and this appears to have been the origin of IP l's concern. In 
fact,the agencies did not apply a 40% discount factor to the refueling benefits; instead, we 
calculated the tota! number of additional refueling events that would result from alternative 
CAFE levels, and valued them based on an assumption that their characteristics (e.g. vehicle 
occupancy) would malch those.of drivers who refueled due IQ a low fuel reading. 

To the extent that lower fuel economy affects those who refuel on a routine schedule or 
incidental to stops made primarily for other reasons. the per-event cost would actually be limited 

im IPl, Appendix, NHTSA-20!S-0067-12213', at 54-55. 
,m See 83 FR 43088 (Aug. 24, 2018). 
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to the extra time spent pumping a slightly larger volume of fuel. However, we note that by 
assuming that al! extra fuel consumed under lower CAFE standards results in added refueling 
trips, we are adopting a conservative assumption, in the sense that it maximizes the disbenefits of 
alternatives to the current standards. 

IP! also expressed concern that the agencies may have excluded the fuel costs and added 
emissions from additional miles driven in the course of the more frequent refueling events that 
would be required with more lenient CAFE standards, and correspondingly lower on-roal fuel 
economy.137

" In the NPRM, the agencies asserted that these added costs are reflected in their 
overall estimates of fuel cost savings, while any increase in emissions is also reflected in the 
reported changes in total emissions. However, !Pl noted that the agencies did not clearly explain 
how these cost savings and emissions reductions are actually accounted for in their methodology. 

The agencies' methodology fully accounts for both of these impacts through its 
calculation of-changes in the use of new cars and light trucks due to the fuel economy rebound 
effect, which captures the impact on their aggregate use (VMT) that results from changes in the 
fuel cost of driving each mile. Studies that estimate the rebound effect analyze the relationship 
between VMT per time period and fuel economy or per-mile fuel costs, using data for individual 
vehicles, fleet-wide a'"·erage values, or aggregate estimates for an entire fleet. Regardless of the 
level of aggregation they employ, their measures of vehicle use invariably include travel for all 
purposes, including any extra miles driven in the course of refueling. 

Thus, the estimates of the rebound effect-the response of vehicle use to changes in fuel 
economy or per-mile fuel costs-inevitably capture any change in the number of miles driven for 
the purpose of refueling that occurs in response to higher or lower fuel economy. This change 
reflects the net effect of more or less frequent refueling trips required by their baseline or "pre
rebound" level of use, and any change in the number of refueling trips associated with increased 
or reduced driving in response to the rebound effect. 

As a consequence, the agencies' estimates of changes in aggregate fuel consumption and 
fuel costs incorporate--that is, are net of-the volume and cost of fuel consumed by changes in 
vehicle use that result from the rebound effect, il}cluding any change in driving associated with 
more or less frequent refueling. Similarly, the agencies' estimates of changes in emissions 
resulting from vehicle storage and use (referred to as "tailpipe" or "downstream" emissions) are 
derived by applying per-mile emission factors to changes in aggregate vehicle travel, so they 
necessarily incorporate changes in vehicle use for all purposes, including more or less frequent 
refueling. 

Furthermore, as the agencies demonstrated in the proposal with a practical example, the 
benefit associated with fewer miles spent refueling is less than 23¢ per year for new vehicles. 

"'" !Pl, Appendix, NHTSA-20l 8-0067-l22l3, at 55. 
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The cumulative impact of this benefit amounts to less than one tenth of percent of the costs of the 
rule. 1377 

Because all of the a lternat ive standards evaluated in this rulemaking would permit lower 
fuel economy levels than under the baseline standard, per-mile driving costs would be higher and 
total vehicle use would dec line in response. Although some (perhaps most) new vehicles would 
require more frequent refueling, the agencies' est imates of the change in aggregate use of new 
vehicles retlects (i.e., is net of) any increase in driving associated with more frequent refueling 
stops. As a result, the agencies' est imates of changes in total fuel consumption, aggregate fuel 
costs, and emissions resulting from rhe lower fuel economy levels that relaxing CAFE standards 
would permit reflect the nel reduction in use of new cars and light trucks d ue to the fuel economy 
rebound effect, after considering any additional miles that would be driven in the course of more 
frequent refueling stops. 

We assume that a ll of the round-trip time necessary to travel to and from the fueling 
station is a part of the fixed time component of each refueling event. However, some portion of 
the time to fi ll and pay is also a part of the fixed time component. For this reason, we use an 
assumption that each refueling event has a fixed time component of 3.5 minutes. 

Cars have average tank sizes of about 15 gallons, SU Vs/vans of about 18 gallons, and 
pickups of about 27 gallons (see Table Yl-1 32Table Vl-132 through Table Yl-134Table Yl- 134 
in the section on including the legacy fleet). It is a reasonable assumption that the average 
passenger car has a tank of 15 gallons and the average light truck has a tank of 20 gallons (there 
are more SUYs/vans than pickups in the light truck fleet). From these assumptions, we can 
calculate that the average refueling event fills approximately 65% of the fuel tank for both 
passenger cars and light trucks. This value is used as an input in the CAFE model for all three 
body styles (cars, SUYs/vans, and pickups). 

Finally, the rate of the pump flow can be calculated either as the total gallons pumped 
over the assumed variable time component (approximately 3 minutes) or as the difference in the 
average number of gallons fil led between light trucks and passenger cars over the difference in 
the time to fill and pay between the two c lasses. The fi rst methodology implies a rate between 3 
and 4 gallons per minute. A lthough the second methodology implies a rate of 15 gallons per 
minute, there is a legal restriction on the flow of gasoline from pumps of IO gallons per 
minuteY78 Thus, we assume the rate of gasoline pumps ranges between 4 and 10 gallons per 
minute, and we use 7.5 gallons per minute-a value slightly above the midpoint of that range
as the average flow rate in the CAFE model. 

The calculations described above are repeated for each future calendar year that light
duty vehicles of each model year affected by the CAFE standards considered in this rule would 
remain in service for each regulatory alternative. The resulting cumulative lifetime valuations of 

077 See 83 FR at 43088. Also, note that the ~3 cents estimate was derived for a less stringent alternative than 
today's standards and included taxes which would have been removed had the agencies calculated this n umber 
separately. 
'"" 40 CFR 80.22 (j). Regulation of Fuels and Fuel Additives - subpan B. Controls and Prohibitions, available at 
Imps: II \1\1, l:m .ct1rndl.cdll ,rr Int ~II Rll.22. 
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time savings account for both the reduction overtime in the number of vehicles of a given model 
year that remain in service and the reduction in the number of miles (VMT) driven by those that 
stay in service. After calculating the absolute value for each regulatory alternative using the 
methodology and inputs described above, the model calculates the incremental value relative to 
the baseline as the refueling cost or benefit for that regulatory alternative. More efficient 
vehicles have to be refueled less often and refueling costs per yehicle decline. In previous rules 
this was sufficient to account for the majority ofany changes in cost of refueling under different 
CAFE standards as the modelling pennitted, since the volumes of new vehicles and existing 
vehicles on the road v..as assumed to be constant under all possible standards .. However, when 
sales and scrappage models are included the distribution of new and vehicles varies and a 
different number of miles will be driven by new and used vehicles in each regulatory alternative. 

(c) Including the Legacy Fief/ 

Under more stringent regulatory alternatives, more miles will be driven by older and less 
efficient vehicles, and the effect is to reduce or eliminate any refueling benefit from increasing 
the fuel efficiency of new vehicles. Failing to include the existing fleet makes the costs of 
refile ling artificially lower under more stringent standards because new vehicle sales are lower 
and not only because new vehicles are more efficient. This update to the calculation of the 
absolute refueling costs corrects this·oversight present in the NPR.M cost-benefit analysis by 
calculating fleet-wide absolute refueling costs before considering the incremental change relative 
to the baseline. 

For other portions of the CAFE model, we track the legacy vehicles by body style and 
vintage, using average measures for fuel economy, horsepower and curb weight. To estimate 
refueling costs for these vehicles, we need measures of average fuel tank sizes by body style and 
vintage. The agencies are unaware of any data that directly estimates this value, but an estimate 
can be derived from publicly available data on fuel tank sizes of 17 high-volume nameplates 
with long histories. We average the tank sizes by body style and use these historical values as 
estimates of the average by body style and vintage. The vehicles included, their fuel tank sizes, 
and the averages are reported in Table VI-132Table VI-132 through Table VI-134Table VI- 134 
for cars, vans/SUVs, and pickups, respectively. The averages are used to represent the fuel tank 
sizes by vintage and vehicle body style. The agencies used the fuel tank sizes from Table VJ-130 
to Table Vl-131 to detennine the number of refueling events and time spent refueling to compute 
refueling costs using the-methodology described in the previous section, Section [xxx]. 

Table VT-132 - Fuel Tank Size of High-Volume Car Models and Averages by Vintage 

Model Honda Honda Toyota Toyota Forn Chevy '" Vear Civic Accord Corolla Camry Mustang Corvette Average 

1975 10 13.2 12.4 17 13.2 
1976 10 13.2 13.2 12.4 17 13.2 
1977 10 13.2 13.2 12.4 17 13.2 
1978 10.6 13.2 13.2 12.4 24 14.7 
1979 10.6 13.2 13.2 12.5 24 14.7 
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1980 10.8 13.2 13.2 16.1 12.5 24 15.0 

1981 10.8 13.2 13.2 16.1 12.5 24 15.0 

1982 12.2 15.9 13.2 16.1 15.4 24 16.1 

1983 12.2 15.9 13.2 14.5 15-4 24 15.9 

1984 12.2 15.9 13.2 14.5 15.4 20 15.2 

1985 12.2 15.9 13.2 14.5 15.4 20 15.2 

1986 12.2 15.9 13.2 14.5 15.4 20 15,2 

1987 12.2 15,9 13.2 15.9 15.4 20 15.4 

1988 11.9 15,9 13.2 15.9 15.4 20 15.4 

1989 11.9 15.9 13.2 15.9 15.4 20 15.4 

1990 11.9 16.9 13.2 15.9 15.4 20 15.6 

1991 11.9 16.9 13.2 15.9 15.4 20 15.6 

1992 11.9 16.9 13.2 18.5 15.4 20 16.0 

1993 li.9 16.9 13.2 18.5 15.4 20 16.0 

1994 11.9 16.9 13.2 18.5 15.4 20 16.0 
1995 11.9 16.9 13.2 18.5 15.4 20 16.0 

1996 11.9 16.9 13.2 18.5 15.4 20 16.0 

1997 11.9 16.9 13.2 18.5 15.4 19.1 15.8 

1998 11.9 17.2 13.2 18.5 15.7 19.1 15.9 

1999 11.9 17.2 13.2 18.5 15.7 19.1 15.9 

2000 11.9 17.2 13.2 18.5 15.7 18.5 15.8 

2001 13.2 17.2 13.2 18.5 15.7 18.5 16.1 

2002 13.2 17.2 13.2 18.5 15.7 18.5 16.l 

2003 13.2 17.2 13.2 18.5 15.7 18.5 16.l 

2004 13.2 17.2 13.2 18.5 15.7 18 16.0 

2005 13.2 17.2 13.2 18.5 16.6 18 16.l 

2006 13.2 17.2 13.2 18.5 16.5 18 16.1 
2007 13.2 17.2 13.2 18.5 16.6 18 16.1 
2008 13.2 18.5 13.2 18.5 16.6 18 16.3 
2009 13,2 18.5 13.2 18.5 16.6 18 16.3 

2010 13,2 18.5 13.2 18.5 16 18 16.2 

2011 13.2 18.5 13.2 18.5 16 18 16.2 

2012 13.2 18.5 13.2 17 16 18 16.0 
2013 13.2 17.2 13.2 17 16 18 15.8 
2014 13,2 17.2 13.2 17 16 18.5 15.9 
2015 13.2 17.2 13.2 17 16 18.5 15.9 

2016 12.4 17,2 13.2 17 16 18.5 15.7 
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Table Vl-133 - Fuel Tank Size of High-Volume Van/SUV Models and Averages by 
Vintage 

Jeep 
Model Jeep Ford Grahd Chevy ''"' Honda Toyota 5UVs 
Year Wrangler EMplorer Cherokee Blazer Escape CR-V Rav4 Average 

1975 31 31.0 

1976 31 31.0 

1977 31 31.0 

1978 31 31.0 

1979 31 31.0 
1980 31 31.0 

1981 31 31.0 

1982 31 31.0 

1983 31 31.0 

1984 31 31.0 

1985 31 31.0 
1986 31 31.0 

1987 20 31 25.5 

1988 20 31 25.5 

1989 20 31 25.5 

1990 20 31 25.S 

1991 20 19.3 30 23.1 
1992 20 19.3 30 23.1 

1993 20 19.3 23 30 23,l 

1994 20 19.3 23 30 15.3 21.S 
1995 20 19.3 23 20 15.3 19.5 

1996 20 21 23 19 15.3 19.7 

1997 19 21 23 19 15,3 15.3 18.8 
1998 19 21 23 19 15.3 15.3 18.8 
1999 19 21 20.5 19 15.3, 15.3 18.4 
2000 19 21 20.5 19 15.3 15.3 18.4 

2001 19 21 20.5 19 16 15.3 14.7 17.9 
2002 19 22.5 20.5 19 16 15,3 14.7 18.1 
2003 19 22.5 20.S 19 16 15.3 14.7 18.1 

2004 19 22,5 20.S 19 16 15.3 14.8 18.2 
2005 19 22.5 20.5 19 16.5 15.3 14.8 18.2 

2006 19 22.5 20.S 22 16.5 153 15.9 18.8 
2007 19 22.S 21.1 22 16.5 15.3 15.9 18.9 
2008 22.5 22.5 21.1 22 16.5 15.3 15.9 19.4 

2009 22.5 22.5 21.1 22 16.5 15.3 15.9 19.4 
2010 22.5 22.5 21.1 16.S 15.3 15.9 19.0 

686 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review *H 

2011 22.5 18.6 24.6 17.5 15.3 15.9 19.1 

2012 22.5 18.6 24.6 17.5 15.3 15.9 19.1 

2013 22.5 18.6 24.6 15.1 15.3 15.9 18.7 

2014 22.5 18.6 24.6 15.1 15.3 15.9 18.7 

2015 22,5 18.6 24.6 15.1 15.3 15.9 18.7 

2016 22.5 18.6 24.6 15.1 15.3 15.9 18.7 

Table Vl-134 - Fuel Tank Size of High-Volume Pickup Models and Averages by Vintage 

Model Ford Dodge Chevy Ford Pickups 
Year Fl50 Ram Silverado Ranger Average 

1975 39.2 39.2 

1976 39.2 39.2 

1977 39.2 39.2 

1978 39.2 39.2 

1979 39.2 39.2 

1980 37.5 37.S 

1981 37.5 26 31.8 

1982 37.5 26 31.8 

1983 37.5 26 19 27.S 

1984 37.5 26 19 27.5 

1985 37.5 26 19 27.S 

1986 37.5 25 19 27.S 

1987 37.S 26 19 27.S 

1988 37.5 25 19 27.S 

1989 37.5 25 19 27.5 

1990 37.5 25 19 27.5 

1991 37.5 26 19 27.5 

1992 37.5 25 19 27.5 

1993 37.5 30.5 18.8 28.9 

1994 37.S 30.S 18.8 28.9 

1995 37.5 30.5 18.8 28.9 

1996 37.5 30.5 18.8 28.9 

1997 30 30.5 18.8 26.4 

1998 30 30.S 18.5 26.3 

1999 30 30.5 30 18.5 27.3 

2000 30 30.5 30 18.5 27.3 

2001 30 30.5 30 '18.5 27.3 

2002 30 30.5 30 18.5 27.3 

2003 30 30.5 30 18.5 27.3 

2004 30 30.5 30 18.5 27.3 
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2oos 30 30.5 30 18.5 27.3 

2006 30 30.S 30 18.5 27.3 

2007 30 30.S 30 18.S 27.3 

2008 30 30.5 30 18.5 27.3 

2009 26 29 30 18.S 25.9 

2010 26 29 30 18.3 25.8 

2011 26 29 30 18.3 25.8 
2012 26 29 30 28.3 

2013 26 29 30 28.3 

2014 26 29 30 28.3 

2015 23 29 30 27.3 

2016 23 29 30 27.3 

(d) Including Electric Vehicle Recharging 

ln addition to adding the refueling costs associated with the "legacy fleet,·· this update 
adds the co.St to recharge electric vehicles to the total refueling costs. Excluding the time spent 
recharging ignores a real cost borne by owners of electric vehicles, one which was noted by 
multiple commenters. For example, Ariel Corp. and \'NG.co LLC commented that, "EVs 
require significant changes in consumer fueling behavior given the need to park at recharging 
points for long periods oftime."1379 

In order to do so, it is important to first understand how many electric vehicle charging 
events will require the driver to wait and for how long. The answer to this question depends on 
the range of the electric vehicle and the length of the trip. 1380 For trips shorter than the range, the 
driver can recharge the vehicle at times that will not require them to be actively waiting and thus 
there is no recharging cost. Only for trips where the vehicle is driven more miles than the range 
will the driver have to stop at mid-trip, a time that is assumed to be inconvenient, to recharge the 
vehicle at least enough to reach the intended destination. 

The agencies use trip data from the National Household Transportation Survey (NHTS) 
to estimate the frequency and expected length of trips that exceed the range of the electric 
vehicle technologies in the simulation (200 and 300 mile ranges). 

The NHTS data is collected from a representative random sample of U.S. households. 
The survey collects data on individual trips by mode of transportation. A trip is defined by the 
starting and ending point for any personal travel, so that vehicle trips wi!l capture any time a car 
is driven. The survey includes identificati,0n numbers for households, individuals, and vehicles, 
and mode of transportation (including the body style of the vehicle for vehicle trips), and the date 
of the trip. Although some trips made in the same day may allow for convenient charging in 
between trips, we assume that travel in the same day exceeding the range wi!I involve the driver 
waiting for the vehicle to charge. The agencies then sum the total number ofmi!es driven by the 

im Ariel Corp. and VNG.co LLC, Comment, NHTSA"20!8-0067"7573, at 13. 
uio While the range ofEVs is dependent on a number of factors, such as that grade, acceleration. and weather, the 
agenciesrnke a conservative approach and assume a best-case scenario. 
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same vehicle· in a single day and assume that charging stations are not conveniently available to 
the driver in between. 

Some oft he trips in the NHTS have missing information about the duration or length of 
the trip; we exclude these trips from the dataset. We then subset the dataset into three body 
styles-cars, vii.ns/SUVs, and pickups-consistent groupings with how we estimate the VMT 
schedules and scrappage rates. The agencies exclude data on taxis and rental cars as the body 
style of the vehicle for these trips is not specified (they make up only 0.3 percent of the dataset, 
so their exclusion is unlikely to alter the estimate). Table VJ-135Tab\e VJ-135, below, shows the 
resulting quantiles of the distribution of daily travel foi all vehicles considered in the final 
dataset. This will include multiple days of travel for the same vehicle if more than one day of 
trip data is recorded in the NHTS. 

Table Vl-135 - Distribution of Per-Vehicle Daily Miles by Vehicle Type 

Percentile No, Obs. 0'" 25th soih 75'" !00'h 

Cec 113,256 0 8 18 38 1,256 

SUVs/Vans 79,260 0 8 18 38 1,425 

Pickups 31,733 0 9 20 42 1,343 

Rentals 723 0 13 32 91 910 

Taxis 1,673 0 3 7 15 422 

The data in Table VI- l 35Tab,le Vl-135 shows that excluding taxis and rentals may be the 
best choice even if we knew their body styles. For taxi trips, we only know how many trips an 
individual driver makes in a day. The number of trips that the taxi cab itself makes in a day is 
unknown. As can be seen, the distribution of"daily" travel is to the left for taxis because not all 
trips for those vehicles are repol'\ed. Thus, including these vehicles would incorrectly skew the 
daily travel rates downwards. 

The distribution of trip lengths for rental cars, on the other hand, is generally to the right 
of trips taken privately-owned vehicles. This is likely because. individuals are travelling longer 
distances when they are on vacation or otherwise out-of-town. It seems likely that individuals 
renting cars for longer trips will not' choose electric vehicles for such temporary travel. Thus, 
including these trips in the diltaset would likely overestiinate the number of mid-trip charging 
·events necessary for ordinary travel in a way that will not match what actually occurs. 
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From the final body style datasets, ,ve are able to calculate two measures that allow for 
the constrnction of the value ofrecharging time. First, we calculate the expected distance 
between trips that exceed the range of200-mile and 300-mile BEVs (BEV200 and BEV300, 
respectively). We calculate this as the quotient of the sum of total miles driven by each 
individual body style and the total number of trips exceeding the range, as shown below: 

Lrrip € style Trip Length 
Charge Frequency5tyle.Range = _. [T . L h R ] 1381 

L..Trip•Style rtp engt > ange 

This calculates the expected frequency of enroute recharging events, or the amount of 
miles traveled per inconvenient recharging event. This is used later used to calculate the total 
expected time to recharge a vehicle. 

The second measure needed to calculate the total expected recharging time is the 
expected share of miles driven that will be charged in the middle of.a trip (causing the driver to 
wait and lose the value of time), In order to calculate this measure we sum the difference of the 
trip length and range, conditional on the trip length exceeding the range for each body style. We 
then divide this figure by the sum of the length of all trips for that body style. See the equation 
below; 

rrrip., styie([Trip Leny th > Ranye] * (Trip Length - Range)) 
Share Chargedstyle,Ra11ge =< _, · h 

£.Trip€ style Tnp Len gt 

TI1e calculated frequency of inconvenient charging events and share of miles driven that 
require the driver to wait for BEV's with 200 and 300-mile ranges are presented in Table 
VI-l 36Table Vl-136, below. As the table shows, cars are expected to require less frequent 
inconvenient charges-and a smaller share of miles driven will require the driver to charge the 
vehicle in the middle of a trip. Pickups and vans/SUVs have fairly similar measures, with vans 
and SUVs requiring slightly more inconvenient charging than pickups. 

Table Vl-136- Electric Vehicle Recharging Thresholds by Body Style and Range 

Body Style c,n Vans/SUVs Pickups 

Miles until mid-trip 2,000 1,500 1,600 
charging event, BEV200 

Miles until mid-trip 5,200 3,500 J,800 
charging event, BEV300 

131• The denominator counts the number ofinronvenientrecharging events by body style. It is not a measurement of 
VMT. 
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Share of miles charged 6% 9% 8% 
mid-trip, BEV,200 

Share ofmiles charged 3% 4% 4% 
mid-trip, BEV300 

The measures presented in Table VJ- 136Table Vl-136, above, can be used to calculate 
the expected time drivers of electric vehicles of a given body style and range will spend 
recharging at a time that will require them to wait. First we calculate the expected number of 
refueling events for a vehicle of a given style and range in a given calendar year. This is shown 
below as the expected miles driven by a vehicle in a given calendar year divided by the charge 
frequency ofa vehicle of that style and range (from Table VI-136Table VI-136). 

Milescrven 
Recharge Eventscy veh ,- (Style u Range) = h ' 1382 

' , C arge Frequencys,yie,Ranpe) 

Next, we calculate the number of miles charged for a vehicle of a given style and range in 
a specific calendar year. This is the product of the number of miles driven by the vehicle and the 
share of miles driven that require an inconvenient charge for a vehicle of that style and range 
(from Table VI-136Table VI-136), as presented below: 

Miles Chargedcr.veh ,- (Style u Range) = Milescr,Veh * Share Chargedstyle,R,mge 

We then calculate the expected time that a driver of an electric vehicle of a given style 
and range will spend waiting for the vehicle to charge. This is the product of the fixed amount of 
time it takes to gefto the charging station and the number of recharging events plus the quotient 
of the expected miles that wm require inconvenient charging over an input assumption of the rate 
of which a vehicle of that style and range can be charged in a given calendar year (expressed in 
units of miles charged per hour). We set the fixed amount ohime it takes to get to a charging 
station equal to the average time it takes for an ICE vehicle to get to a gas station for a refueliqg 
event, as discussed above. 1383 This i's shown below, 

. . Miles Chargedcr.veh 
Charge Timecy velt ~ (Style u Range) = (Fixed Veit * Recharge E'ventscvVeh) + Cl R 

' ' large atecr,Veh 

The expected time that a driver will wait for their vehicle to charge can then be multiplied 
by the value of time estimate, as is done with gasoline, diesel, and ESS vehicles (see the section 
describing the current accounting for refueling time costs aboye), 

'-'" Note that :Ernp ,style Trip Length and Milescy,veh are different values. MilesCY,Veh is the estimated amount of 
VMT predicted by VMr while :Er,ip esryle Trip Length is the sum of trips obser..-e<l by the NHTS study. 
'"-' The agencies note that this is a conservative estimate. Gas stations vastly outnumber publicly available 
recharging stations an<l are often in more convenient locations. 
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It is wo11h a fina l note to talk about how plug-in hybrids are treated in the modelling 
(which remains unchanged from the NPRM). Presumably, plug-in hybrids that are taken on a 
trip that exceeds their electric range will be driven on gasoline and the driver wi ll recharge the 
battery at a time that is convenient. For this reason, the electric portion of travel should be 
excluded from the refueling time calculation. The gasoline portion of travel is treated the same 
as other gasoline vehicles so that when the tank reaches some thresho ld, the vehicles is assumed 
to be refueled with the same fixed event time and the same rate of refoeling flow. 

T he NPRM calculation of refuel ing benefits did not account for the impacts of fleet 
turnover- specifically the impact on --Jegacy" fleet vehicles and new e lectric vehicles. However, 
when the quantities of vehicles on the road varies between scenarios it becomes important to 
calculate the refueling costs for all vehic les since fuel economy and tank sizes (and therefore 
range before refueling) vary with vintage. T his updated analysis adds these elements to the 
calculation of the refueling time and costs and is thus a more accmate estimation of the refuel ing 
benefit. 

(10) Energy security 

By amending existing standards, the final ru le is expected to increase domestic 
consumption of gasoline by a relatively minimal amount relative to the baseline standards 
finalized in 2012 for EPA, producing a correspondingly small increase in the Nation's demand 
for crude petroleum, a commodity that is traded actively in a worldwide market. [Text 
Fo11hcoming] Altho ugh the U.S. accounts for a sufficient (albeit diminishing) share of global oil 
consumption that the resulting increase in global petroleum dem and wil l exert some upward 
pressure on worldwide prices, the rule is projected to increase global petroleum demand by let 
than one percent from 2017 through 2015, so its effects on global prices is likely to be minimal. 

U.S. consumption and imports of petroleum products has three potential effects on the 
domestic economy that are often referred to collectively as "energy security externalities," and 
increases in their magnitude are sometimes c ited as possible social costs of increased U.S. 
demand for petroleum. First, any increase in global petrole um prices that results from higher 
U.S. gasol ine demand will cause a transfer of revenue to oil producers worldwide from 
consumers of petroleum products and throughout the world, and not just from domestic buyers of 
new cars and light trucks, because consumers throughout the world are ultimately subj ect to the 
higher global price that results. A lthough this transfer is simply a shift of resources that 
produces no change in global economic welfare, the financial drain it produces on the U.S. 
economy is sometimes cited as an external cost of increased U.S. petroleum consumption, 
because consumers of petroleum products are unlikely to consider it. 

As the U.S. approaches self-sufficiency in petroleum production (the nation is expected 
to become a net exporter of petroleum by 2020), however, this transfer is increasingly jiwn US 
consumers of re.fined petroleum products to US petroleum producers, so it not only leaves 
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welfare unaffected, but even ceases to be a fi nancial burden on the U.S. economy.13
:;.i 

evertheless, uncertainty in the nation's long-term import-export balance makes it difficult to 
project precisely how these effects might change in response to increased consumption. 

Higher U.S. petroleum consumption can also increase domestic consumers' exposure to 
oil price shocks and thus increase potential costs to all U.S. petroleum users (including those 
outside the light duty vehicle sector, whose consumption would be unaffected by today's final 
rule) from possible interruptions in the global supply of petroleum or rapid increases in global oil 
prices. Because users of petroleum products are unlikely to consider the effect of their increased 
purchases on these risks, and hccauso: thc,c dtci:1, ma, haH· um,euuc·n.:e, l11J the· 11\cr.il l ho:ahh 
uf the ei:ono1m. their economic value is often cited as an external cost of increased U.S. 
consumption. Finally, some analysts argue that domestic demand for imported petroleum may 
also influence U.S. military spending; because the increased cost of mil itary activities would not 
be reflected in the price paid at the gas pump, this is often alleged to represent a third category of 
external costs form increased U.S. petroleum consumption. 

Each of these three costs could rise incrementally as a consequence of increases in 
U.S. petroleum consumption of the very limited magnitude likely to result from the fi nal rule. 
This section describes the extent to which each cost is expected to increase as result of this 
action, whether it represents a significant economic cost (or simply a transfer of resources), and 
how the agencies have measured each cost and incorporated it into their analysis. 

(a) U.S. Petroleum Demand and its Effect 011 Global 
Prices 

Figure VI-5 I Figure VJ-5 1 illustrates the effect of the increase in U.S. fuel and petroleum 
demand anticipated to result from reducing CAFE and CO2 standards on global demand for 
petroleum and its market price. The marginal increase in domestic demand can be represented as 
an outward shift in the U.S. demand curve for petroleum from its position at Dus.o with the 
baseline standards for future model years in effect, to Dus.1 with the final rule standards replacing 
them. Because global demand is simply the sum of what each nation would purchase at different 
prices, the outward shift in U.S. demand causes an identical shift in the global demand schedule, 
as the figure shows. 1385 

138' The United States became a net exporter of o il on a weekly basis several times in late 2019, and EIA 's AEO 
2019 projects that will do so on a sustained, long-term basis by 2020; sec EIA, AEO 2019 Reference Case, Table 21 
l1ttp,: \\ 1111 .cia.Qm dna, net his1 l.call-landler.ash~'-' n=pek\:s- \1 llnllh2&f'ac.J 

'-185 The figure exaggerates the U.S. share of to tal global consumption, which currently stands a t 20 percent, for 
purposes of i I lustration. 
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Figure VI-51 - Effect of U.S. Petroleum Demand on Global Prices and Purchases 

The global supply curve for petroleum slopes upward, reflecting the fact that it is 
progressively costlier for oil-producing nations to explore for, extract, and deliver additional 
supplies of oil to the world market.1386 Thus the upward shifts in the U.S. and world demand 
schedules cause an increase in the global price for oil, from Po to P1 in the figure. U.S. purchases 
of petroleum intrease from Qus,o lo Qi;~,h but the resulting increase in global consumption from 
Q0.o to Qc;.1 will be slightly smaller than the increase in U.S. demand,and purchases, because the 
amount of petroleum other nations purchase will decline slightly in response to its higher price. 
Spending on petroleum by U.S. buyers who purchase the additional oil will increase by the area 
Qus.oacQus.1, the product of its new, higher price P1 and the increase in lLS. consumption, 01.:s.1 
-Qus.o, while spending by U.S. consumers whose purchases remain unchanged will increase by 
the product of their previous purchases Qus.o and the price increase Pi-Po, or the area P1abPo. 

CARB asserted in their comments, that the NPRM analysis was biased against the 
baseline standards because the fuel prices in the NPRM were based on a unique run ofDOE's 
NEMS model that included the baseline.1387 They argued that the proposal would have reduced 

" 86 The figure depicts the relationship bet,veen the global supply of petroleum and its worldwide price-during a 
singly time period. The global supply curve for petroleum has been shifting outward overtime in response to 
increased investment in exploration, the ability of refineries to utilize feedstocks olhi,rthan conventional petroleum, 
and technological innovations in petroleum extraction. The combination of these developments may also have 
reduced its upward slope, meaning that global supply now increases by more in response to increases in the world 
price than it once did. 
1.m NHTSA-20 l 8-0067-11873. 
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fleet average fuel economy, leading to increased demand and subsequently higher fuel prices 
faced by consumers. As a result, the additional fue l costs associated with the proposal (relative 
to the baseline) should have been even higher than estimated because the fuel price faced by 
drivers in that scenario would have been higher than in the baseline. However, while the 
difference between the base line and preferred alternative could create differences in fleet fuel 
economy in a manner that could influence prices at the pump, those differences are like ly to be 
small. In response to CARB' s comments, the agencies conducted additional runs with NEMS to 

compare the fuel price under the baseline standards and the fuel price under the proposed 
standards. Through 2050, ihe fuel price difTerence bet\veen the alternatives was never higher 
than two percent. The standards being finalized in th is rule are cons iderably closer to the 
baseline than were those in the proposal. 

SAFE commented that the United States is a ''price-taker" in the global market and "must 
accept the prevailing global oil price since it lacks sufficient market power to influence 
decisively this price."1388 This comment, however, is directly at odds with both the economics o 
the world oil market shown in Figure 1-1 above and other comments asserting that the increase in 
U.S. gasoline demand resulting from this rule will increase U.S. and global petroleum demand, 
thus increasing world oil prices. In response to the comment from SAFE, the agencies applied a 
forecast of fuel prices in today 's a nalysis that considers the revised standards. This assumption 
increases the cost of forgone fuel savings in the preferred alternative, relative to the baseline. 

In Figure Vl-5 lfigure Vl-51. the increase in the price of oil from Po to P1 w ill mean that 
global consumers who previously purchased the quantity of o il Qc.oat its lower price will now 
pay more for that same amount. Specifically, previous purchasers will pay the additional area 
P1dePo, whose value is the increase in price P1-Po multiplied by the volume they original ly 
bought, Qc..o. Of this increase in revenue to oil producers, the rectangular area P1abPo - which 
as indicated above is the product of the increase in price P1-Po and prev ious U.S. purchases Qus.o, 
and thus measures the increase in spending by previous U.S. consumers - is simply transferred 
from U.S. consumers to global oi l suppliers.13s9 The remaining fraction of increased payments to 
producers, the rectangular area adeb, whose va lue is the product of the price increase P1 -Po and 
previous purchases by other nations, which were Qc.o- Qus.o, is a transfer from consumers 
o utside the U.S. to global oil producers. 

The total increase in global spending - including the additional spending by U.S. 
consumers as well as by those in other nations - on the amount of oil they previously purchased 
is simply a transfer of revenue from consumers of petroleum products to oi l producers. This 
transfer can be described as a "pecuniary" externality, since it describes the effect of the price 
increase on wealth allocation, but is considered separately from any effects on quantity produced 
a nd consumed. Some of the increase in payments by U.S. consumers for the petroleum products 
they originally consumed may be made to foreign-owned oil producers, and thus represents a 

,m NHTSA-2018-0067-1 198 1. 
" "" Note that global o il suppliers include domestic as well as US-owned foreign suppliers. 
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financial drain on the U.S. economy, while the remainder is received by domestic producers and 
thus remains within the U.S. economy.'390 

To an increasing extent. however, the additional payments by U.S. consumers that result 
from upward pressure on the world oil price are a transfer entire(v within the Nation's economy, 
because a growing fraction of domestic petroleum consumption is supplied by U.S. producers. 
The U.S. is projected to become a net expor1er of petroleum in 2020- and in fact became a net 
exporter in September 2019- and as the Nation moves toward that status, an increasing share of 
any higher costs paid by U.S. consumers of petroleum products becomes a gain to U.S. oil 
producers. 1391 When the U.S. becomes self-sufficient in petroleum supply- which is now 
anticipated to occur in the year this final rule publishes-the em ire value of increased payments 
by U.S. petroleum users that results from relaxing CAFE and co~ standards will have the same 
effect as if it were simply a transfer within the U.S. economy. As a consequence, the financ ial 
burden that transfers from U.S. consumers to foreign producers places on the U.S. economy will 
disappear. 

Over almost the entire time period spanned by the analysis of th is final rule, any increase 
in domestic spending for petroleum caused by the effect of higher U.S. fuel consumption and 
petroleum use on world oil prices is expected on balance to be a transfer within the U.S. 
economy and thus produce no drain on domestic economic resources. For this reason-and 
because in any case such transfers do not create real economic costs or benefi ts- increased U.S. 
spending on petroleum products that results from increased U.S. fuel demand and any resulting 
upward pressure on petroleum prices stemming from this action is not included among the 
economic costs accounted for in this fina l rule. 

(b) Macroeconomic Cosrs of U.S. Perroleum 
Consumption 

In addit ion to influencing global demand and prices, U.S. petroleum consumption 
imposes further costs that are unlikely to be reflected in the market price for petroleum, or in the 
prices paid by consumers of refined products such as gasoline. 139

~ Petroleum consumption 
imposes external economic costs because it exposes the U.S. economy to the risk of rapid 
increases in prices triggered by global events that may also disrupt the supply of imported oil, 

i ;90 Neither transfer. however. has an effect on domestic or global economic welfare. 
139 1 The U.S. Energy Information Administration EIA estimates that the United States exported more total crude oil 
and petroleum products in September and October of 20 19, and expects the United States to continue to he a net 
exporter. See Short Term Energi• Outlook Norember 2019, available at 
https: \\\\\\ _t'iG.go, oullool..s sleo arl.'.hi\t;.'~ mi, 19.p<l[ 

" "' See. e.g. , Bohi, D. R. & \V . David Montgomer)' ( 1982), Oil Prices. Energy Sernriry. and Import Polin· 
Washington, D.C. - Resources for the Future, Johns Hopkins University Press; Bohi, D. R., & M.A. Toman ( 1993), 
"Energy and Security - Externalities and Policies," Energy Polic:r 21: I 093-1 109; and Toman, M. A. ( I 993). "The 
Economics of Energy Security - Theory, Evidence, Pol icy." in A. V. Kneese and J_ L. Sweeney, eds. ( I 993), 
Handbook of Natural Resource and £11erg_r Economics. J'v/. Ill, Amsterdam - North-Holland, pp. 1167-1218. 
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and U.S. consumers of petroleum products are unlikely to take such costs into account when 
making their decisions about how much to consume. 

Sudden interruptions in oil supply and rapid increases in its price can impose significant 
economic costs, because they raise the costs of producing all commodities whose manufacture 
and distribution consumes petroleum, thus temporarily reducing the level of output that the U.S. 
economy can produce using its available supplies of labor and capital. The magnitude of any 
reduction in economic output depends on the extent and duration of the increases in prices for 
petroleum products that result from a disruption in global oil supplies, as well as on whether and 
how rapidly prices return to their pre-disruption levels-which in turn depends largely on the rest 
of the world's capability to respond to interruptions by increasing production elsewhere. Even if 
prices for oil retum completely to their original levels, however, economic output will be at least 
temporarily reduced from the level that would have been possible with uninterrupted oil supplies 
and stable prices, so the U.S. economy will bear some transient losses it cannot subsequently 
recover. 

Supply disruptions and price increases caused by global political events tend to occur 
suddenly and unexpectedly, so they can also force businesses and households to adjust their use 
of petroleum products more rapidly than if the same price increase occurred gradually. Rapid 
substitutions between energy derived from oil and other forms of energy, as well as between 
energy and other inputs, and other changes such as adjusting production levels and downstream 
prices, can be costly for businesses to make. As with businesses, sudden changes in energy 
prices and use are also difficult for households to adapt to quickly or smoothly, and doing so may 
impose at !east temporary costs or losses in utility for the various adjustments they make. 

Interruptions in oil supplies and sudden increases in petroleum prices are both uncertain 
prospects, and the costs of the disruptions they can cause must be weighted or adjusted by the 
probability that they will occur, as well as for their uncertain duration. The agencies estimate 
this expected cost of such disruptions by combining the probabilities that price increases of 
different magnitudes·and durations will occur during the future period spanned by their analysis 
with the costs of reduced U.S. economic output and abrupt adjustments to sharply higher 
petroleum prices. Any change in the probabilistic "expected value" of such costs that can be 
traced to higher U.S. fuel consumption and petroleum demand stemming from this final rule to 
establish less demanding fuel economy standards is considered to be an external cost of the 
adopting it. 

A variety of mechanisms exist to "insure" against higher petroleum prices and reduce 
their costs for adjusting to sudden price increases, including making purchases or sales in oil 
futures markets, adopting energy conservation measures, diversif)'ing the fuel eeonomy levels 
within the set of vehicles owned by the household, locating where public transit provides a viable 
alternative to driving, and installing technologies that permit rapid fuel switching. Growing 
reliance on such measures, coupled with continued improvements in energy efficiency 
throughout the economy, has certainly reduced the Vulnerability of the U.S. economy to the costs 
of oil shocks in recent decades. 
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Thus, there is now considerable debate about the magnitude and continued relevance of 
potential economic damages from sudden increases in petro leum prices. The petroleum intensity 
of the U.S economy has declined considerably and global oil prices are dramatically lower than 
when analysts first identified and quantified the ri sks they create to the U.S. economy. Further, 
not only has the Nation dramatica lly increased its own petroleum supply, but other new global 
supplies have emerged as well, both of which reduce the potential impact of disruptions that 
occur in unstable or vulnerable regions where oil is produced. 

As a consequence, the potential macroeconomic costs of sudden increases in oil prices 
are now likely to be considerably smaller than when they were originally identified and 
estimated. Research by the National Research Council (2009) argued that non-environmental 
externalities associated with dependence on foreign oil are small , and perhaps trivial."93 

Research by Nordhaus and by Blanchard and Gali have a lso questioned how harmful to the 
economy oil price shocks have been, noting that the U.S. economy actually expanded 
immediate ly after the most recent oil price shocks, and that there was little evidence of higher 
energy prices being passed through to higher wages or prices. 1394 

Since these studies were issued in 2009 and 2010, the petroleum intensity of the U.S. 
economy has continued to decline while domestic energy production has increased in ways and 
to an extent that experts fai led to predict, so that the U.S. became the world's largest producer in 
2018.139; The U.S. shale oi l revolution has both established the potential for energy 
independence and placed downward pressure on prices. Lower oil prices are also a result of 
sustained reductions in U.S. consumption and globa l demand resulting from energy efficiency 
measures, many undertaken in response to previously high oil prices. 

'-'
0

-' National Research Council, Hidden Costs of Energy - Unpriced Consequence., of Energy Production and Use. 
ational Academy of Sciences. Washington. D.C. (2009). 

'-104 Nordhaus argues that one reason for limited vulnerability to oil price shocks is that monetary policy has become 
more accommodating to the price impacts. while another is that U.S. consumers and businesses may determine that 
such movements are temporary and abstain from passing them o n as in flationary price increases in other parts of the 
economy. He also notes that changes in productivity in response to recent o il price increases are have been 
extremely modest, observing that "energy-price changes have no eltect on multi factor productivity and very little 
effect on labor productivity." at p. 19. Blanchard and Gali (2010) contend that improvemenL, in monemry policy. 
more flexible labor markets, and the declining energy intensity of the U.S. economy (combined with an absence of 
concurrent shocks to the economy from other sources) lessened the impact of o il price shocks after 1980. They find 
that "the effects of oil price shocks have changed over t ime. with steadily smaller effects o n prices and wages, as 
well as on output and employmem ... Thc message ... is thus optimistic in that it suggests a transformation in U.S. 
institutions has inoculated the economy against the responses that we saw in the past." at p. 414. See William 
Nordhaus, '"Who's Afraid of a Big Bad Oil Shock?" Available at 
http: aid,u:con.,,11~.i:du - nordhau:-- hom~pa1!~ Bit! Bad Oil ~hod~ \lt.:dinµ.p<lf; and Blanchard, Ol ivier and Jordi 
Gali, J., "The Macroeconomic Effects of Oil price Shocks - Why are the 2000s so Different from the 1970s?," in 
Gali, Jord i and Mark Gertler. M .. eds., The International Dimensions ofMone1a,:,· Policy, University of Chicago 
Press. February (2010). pp. 373-421. avai lahle at~"" .nher.om diap1~rs dl5 I 7.pdr. 
1395 See U.S. Energy lnfonnation Administration EIA. Tod,!r in Energy August 2//. 2019. available at 
Imps: "'"' .eia.~o, 1oda, inencr~, dewil.php?id- -lll'l7~; Today in Energy September 12. 1018. available a l 

https: \\ \\ ,, .eia.1.!.u, toda, i1h:ncr~, de1ail.php'.'iJ=J 7(15.3 
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Reduced petroleum intensity and higher U.S. production have combined to produce a 
decline in U.S. petroleum imports- to approximately 20% of domestic consumption in 20 17-
which permits U.S. supply to act as a buffer against artificial or natural restrict ions on global 
petroleum supplies due to mil itary conflicts or natural disasters. In addition, the speed and 
re latively low incremental cost with which U.S. oil production has increased suggests that both 
the magnitude and (especially) the duration of future o il price shocks may be limited, because 
U.S. production offers the potential for a large and relatively swift supply response. 

And while some risk of price shocks certainly still exists. even the potential for a 
large and swift U.S. production response may be playing a role in limiting the extent of price 
shocks anributable to external events. The large-scale anack on Saudi Arabia's Abqaiq 
processing facility-the world 's largest crude oil processing and stabilization plant---on 
September 14, 2019 caused "the largest single-day [crude oi l] price increase in the past decade," 
of between $7 and $8 per barrel, accord ing to EIA. Jo% The Abqaiq facility has the capacity to 
process 7 million barrels per day. or about 7 percent of global crude oil production capacity. By 
September 17, only three days later, however, EIA declared 

Saudi Aramco reported that Abqaiq was producing 2 mill ion barTels per day, and 
they expected its ent ire output capacity to be fully restored by the end of September. In 
addition, Saud i Aramco stated that crude oil exports to customers will continue by 
drawing on existing inventories and offering additional crude oil production from other 
fields. Tanker loading estimates from th ird-party data sources indicate that loadings at 
two Saudi Arabian export facilities were restored to the pre-anack levels. Likely driven 
by news of the expected return of the lost production capacity, both Brent and WTI crude 
oi l prices fell on Tuesday, September 17.1M 

Thus, the largest single-day o il price increase in the past decade was largely resolved 
within a week, and assuming very roughly that average crude oil prices were $70/barre l in 
September 2019 (slightly higher than actual), an increase of$7/barrel would represent a 10 
percent increase as a result of the Abqaiq attack. Contrast this with the 1973 Arab oil embargo, 
which lasted for months and raised prices 350 percent.1398 Saudi Arabia could have experienced 
increased revenue resulting from higher prices following the Abqaiq anack, but instead moved 
rapidly to restore production and tap reserves to control the risk of resulting price increases. In 
doing so, the Saudis likely recognized that sustained. long-term price increases would reduce 
their ability to control global supply (and thus prices and their own revenues) by relying on the ir 
lower cost of production.1099 

,,., https://www.eia.gov/todayinenernv/detail.php?id=414 J 3 

""' Id. 
" 98 See Jeanne Whalen, "Saudi Arabia's oi l troubles don ' t rattle the U.S. as they used to," Washington Post. 
September 19, 20 19, available at https://w\\w.washingtonpost.com/business/2019/09/ t 9/saudi-arabias-oil-troubles
dont-rattl e-us-1 i ke-thev-used/ . 
' 3"" See, e.g., "Dynamic Delivery: America's Evolving Oil and Natural Gas Transportation Infrastructure," National 
Petroleum Council (2019) at 18, avai lable at: l111p,: d, namicdeli"'" .npc.orl! do11 nloads.phl' · 
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Some commenters asserted that U.S. shale oil resources cannot serve as "swing supply" 
to provide stability in the face ofa sudden, significant global supply disruption (Jason Bordoff. 
SAFE). 1400- 1401 Despite its greater responsiveness to price changes, comm enters argued that lead 
t ime to bring new shale resources to market (6-12 months) is inferior to " true spare capacity" 
( like Saudi Arabia's large oil fields) because it cannot be deployed quickly enough to mitigate 
the economic consequences resulting from rapidly rising oil prices. BordotT, however, also notes 
that shale oil projects' lead times are st ill shorter-and possibly much shot1er-than conventional 
oil resource development. So, while new U.S. oil resources may take some time to respond to 
supply disruptions, they are nevertheless likely to provide a stabi lizing influence on supply. 

This is especially true for price increases that occur more slowly. When Beccue and 
Huntington updated their 2005 estimates of supply disruption probabil ities in 2016, 1402 they 
found that the probability distribution was generally flatter-suggesting that supply disruptions of 
most potential magnitudes were less likely to occur under today's market conditions than they 
had estimated previously in 2005. In particular, Beccue and Huntington find that supply 
disruptions of between two and four million barrels per day are significantly less likely than the ir 
previous estimates suggested. Although their recent study also estimated that larger supply 
disruptions (nine or more million barrels per day) are now s lightly more likely to occur than in 
previous estimates, disruptions of that magnitude are extremely unlikely under either set of 
estimates. 

Based on this review of the literawre, the agencies concede that shale resources may not 
be able to stabilize oil markets fully to prevent a price increase associated with a large supply 
disrupt ion elsewhere in the world. However, if supply disruptions are small enough, or move 
slowly eno ugh, U.S. resources may be an adequate stabil izer. 

The agencies reviewed fut1her research that emphasizes the continued threat to the U.S. 
economy posed by the potential for sudden increases in g loba l petroleum prices.1403 For 
example, Ramey and Vine (2010) note "remarkable stability in the response of aggregate real 
variables to o il shocks once we account for the extra costs imposed on the economy in the 1970s 
by price controls and a complex system of entitlements that led to some rationing and 
shortages."1404 In contrast, another recent study found that while the likely effects of sudden oil 
price increases have become smaller over time, the declining sensitivity of petroleum demand to 

"°" NHTSA-20 18-006 7-1 198 1. 
""' NHTSA-2018-006 7- 10718. 
""' Beccue.Phillip, Huntington. Hillard. G .. 2016. An Updated Assessment of Oil Market Disruption Risks: Final 
Report. Energy Modeling Forum, Stanford University. 
1'"·' Hamilton (201~) reviewed the empirical literature on oil shocks and concluded that its findings arc mixed, 
noting that some recent research (e.g .. Rasmussen and Roitman, 201 I) finds either less evidence for significant 
economic effects of oi l price shocks or declining effects (Blanchard and Gali 10 I 0). while other research finds 
evidence of their continuing economic importance. See Hamilton. J. D .• ·'Oil Prices, Exhaustible Resources, and 
Economic Gr0\\1h," i11 Handbook of Energv and Climate Change available at 
hnp: ... -con\\ch.uc:,,,dxdu jhnmilto lmndhook dimate.p<llhttp: t'('Oll\\Ch.uc:-.J.\..'du jhamiho h;,indho,rik ,.:limatc.pr.JI: 
''°' Ramey, V. A., & Vine, D. J. "Oil, Automobiles. and the U.S. Economy - How Much have Things Really 
Changed?'" National Bureau of Economic Research Working Paper 16067 (.lune 20 10). Available at 
hup: \11111.nher.on; rapers 11 1601>7.p<l l'. 

700 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

prices means that any future disruptions to oil supplies will have larger effects on petroleum 
prices, so that on balance their economic impact is likely to remain significant.1405 

Some commenters (SAFE, CARB, Fuel Freedom Foundation. !Pl) expressed skepticism 
that the United States could become a net petroleum exporter in the future without the 
continuation of the baseline standards. They cautioned that the global oil market is inherently 
uncertain, and Bordoff cautioned that A merica' s shale resources may not last as long, or be as 
easy to develop, as they currently appear.1406 If the U.S. does not become a net exporter of 
petroleum as anticipated, any wealth effects from a high price of oi I would continue to accrue to 
foreign owners of oil reserves. In addition, several of these commenters (CARB, SAFE, Bordoff, 
Zozana) argued that, regardless of whether or not the U.S. becomes a net petroleum exporter, its 
levels of petroleum consumption make it still vulnerable to price shocks arising in the global oil 
market. 

The agencies believe that the United States lacks the power (s ignificantly) to control the 
global oil price and as a consequence remains vulnerable to the effects ofto oil price spikes, 
regardless of our own oil output. Geopolitical factors influence the global oi l price- unstable 
regimes are often unreliable suppliers, large suppliers attempt strategically to manage supply to 
influence price or retain market share, and international negotiations around politically sensitive 
topics can influence the production behavior of firms in oil-rich nations. All of these factors, as 
well as wars and natural disasters. can influence the global supply and the market price for oil. 

In this analysis, any increase in the expected value of potential costs from 
economy-wide d isruptions caused by sudden price increases that results from higher U.S. fuel 
and petroleum demand is accounted for separately from the direct cost for increased purchases of 
petroleum products. Consumers of petroleum products are unlikely to consider their 
contributions to these costs when deciding how mL1ch energy to consume, because those costs 
will be distributed widely throughout the economy, falling largely on businesses and households 
other than those whose decisions impose them. Thus they represent an external ( or "social") cost 
that users of petroleum energy such as transportation fuel are unlike ly to internalize fully, and the 
agencies analysis includes the estimated increase in these costs among of the social costs 
stemming from the final rule. Whi le increased U.S. petroleum production may impose some 
limits on their potential magnitude, their underlying source continues to be domestic petroleum 
use rather than imports. 

Although the vulnerability of the U.S. economy to oil price shocks depends on aggregate 
petroleum consumption rather than on the level of oil imports, variation in U.S. oil imports may 
itself have some effect on the frequency, size, or duration of sudden oil price increases. The 
expected value of the resulting economic costs would also depend partly on the fraction of U.S. 
petroleum use that is supplied by imports. While total U.S. petroleum consumption is the 
primary determinant of potential economic costs to the Nation from rapid increases in oil prices, 
the estimate of these costs that have been relied upon on in past regulatory analyses-and in this 

1•
0! Baumeister, C. and G. Peersman (2012), "The role of time-varying price e lasticities in accounting for volatility 

changes in the crude oil market," Journal <>/'Applied £conometrics 28 no. 7. November/December 2013, pp. I 087-
1109. 
1406 NHTSA-20 18-0067- 10718. 
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analysis-is nevertheless expressed per unit (barrel) of imported oil. When they are converted to 
a per-gallon basis, they thus apply to fuel that is either imported in refined fOJm, or refined 
domestically from imported crude petroleum. 

Table Vl-137Table Yl-137 reports the per-gallon estimates of externa l costs from 
potential oil price shocks this analysis uses to estimate the increase in their total value likely to 
result from this final rule. These values are identical to those used in the recent Draft TAR and 

in the previous analysis of CAFE and CO2 standards for model years 2017-2025, except that they 
have been updated to reflect 2016 prices for this analysis. They depend in part on projected 
future oil prices, U.S. petroleum consumption and imports, a nd the total value of petroleum 
purchases in relation to U.S. economic output (as measured by Gross Domestic Product). Since 
values were last updated by the agencies for the prior actions mentioned above, all of these 
factors have evolved in directions that would reduce them. so the figures in Table VI- I 37Table 
Yl- 137 are likely to overestimate t he increase in expected costs to the U.S. economy from 
potentia l oi l price shocks calculated in this analysis, perhaps significantly.1407

· 
1408 

Table Yl-137 - Change in Expected Cost of Petroleum Price Shocks from Increased Fuel 
Imports (2016 Dollars per Gallon) 

Year Low Middle High 

2021 $0.065 $0.142 $0.232 

2025 $0.074 $0.159 $0.258 

2030 $0.086 $0.183 $0.296 

2035 $0.101 $0.214 $0.343 

2040 $0.115 $0.243 $0.389 

2050 $0.115 $0.243 $0.389 

Because they are expressed per gallon of fuel that is imported (either in already-refined 
form, or refined from imported petroleum), applying these estimates requires the agencies to 
project ofany increases in U.S. petroleum and fuel imports that are likely to result from the 
higher level of fue l consumption anticipated to occur as a result of this fina l rule. As discussed 
in detail elsewhere in this final rule, the agencies have elected to reta in their previous assumptio n 

i.07 Specifically, the g lobal petroleum prices projected in EIA 's Annual Energy Outlook 2018 Reference Case range 
from 33-57% below those used to develop the estimates reported in Table 8-16. U.S. petroleum consumption and 
imports are now projected 10 be 3-8% and 20-27% lower than the forecast values used to construct the estimates in 
the table. Finally, total petroleum expenditures are now projected to average 1.5-2.4% of U.S. GDP. in contrast to 
the 3.8-4.0% shares reflected in the values reported in Table 7-16. Each of these differences suggests that the values 
in Table 8-16 overstate the current magnitude o f potential costs to the U.S. economy from the risk of petro leum 
price shocks, and together t hey suggest that this overstatement may be s ignificant. 
'"68 T he costs reported in Table 8- 16 also depend on the probabilities or expected frequencies of supply interrupt ions 
o r sudden price shocks of d ifferent sizes and d urations. A recent (2016) reassessment o f the probabilities on which 
these estimates are based (which were developed in 2005) concluded that they had not changed significantly 2005, 
so the values in the table would not have changed for this reason; see Beccue, Phillip C. and Hillard G. Huntington. 
An Updated Assessment of Oil Market Disruption Risks - Final Repon EMF SR I 0. Stanford Un iversity Energy 
Modeling Forum (February 5, 2016) available at Imps: emf.,tanfnrd,edu puhlic:ition, ,·ml~sr-1 ll-11n.ds1,·d
a:-i~e~~111ent-ni 1-mar~t't-di s ru [)l inn-risk~-
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that 50 percent of any increase in fuel consumption attributable to its adoption wil l be imported 
in refined form. However, they have revised their previous assumption that 90 percent of the 
remaining increase would be refined domestically from imported petroleum to instead assume 
that 100 percent of the remaining increase would be refined from imported petroleum. 

Potential Effects of Fuel Consumption and Petroleum Imports on U.S. Military Spending 

A third potential effect of increasing U.S. demand for petroleum is an increase in U.S. 
military spending to secure the supply of oil imports from potentially unstable regions of the 
world and protect against their interruption. I fan increase in fuel consumption that results from 
reducing CAFE and COc standards lead to higher mil itary spending to protect oil supplies, this 
increase in outlays would represent an additional external or social cost of the agencies ' action. 
Such costs could a lso include increased costs to maintain the U.S. Strategic Petroleum Reserve 
(SPR), because it is intended to cushion the U.S. economy against disruptions in the supply of 
imported oil or sudden increases in the global price of oil. 

While several commenters argued that current U.S. military expenditures are uniquely 
attributable to securing U.S. supplies of petroleum from unstable regions of the g lobe - the 
M iddle East, in particular-should be considered as a cost of this action (CARB, SAFE, Zonana), 
they seemed to confuse those costs with the marginal impact of increased oil consumption 
(relative to the baseline) on U.S. m ilitary activity and its costs. However, the agencies disagree 
with commenters that incremental changes to domestic consumption of oil for light-duty 
transportation could meaningfully change the scope or scale of the U.S. Department of Defense 
mission in the Persian Gulf region. Instead, they side with the Fuel Freedom Foundation, which 
noted in its comment, "[i)ncrementally decreasing petroleum consumption does not s ignificantly 
decrease the military spending to protect and ensure its flow around the world."1409 

SAFE estimated a per-gallon cost of mil itary externalities associated with U.S. 
dependence on petroleum products, and imponed petroleum specifically.1410 T heir low estimate 
of$0.28/gallon assumes $81 bill ion per year for protection of the global petroleum supply and 
divides those costs by the number of gallons consumed by U.S. drivers. In contrast, a similar 
analysis by Crane, et a l, stated, "our analysis addresses the incremental cost to the defense 
budget of defending the production and transit of oil. It does not argue that a partia l reduction of 
the U.S. dependence on impo11ed oil would yield a proportional reduction in U.S. spending that 
is focused on this mission. The effect on military cost from such changes in petroleum use 
would be minimal."1411 We thus do not believe that any incremental petroleum consumption that 
may result from this final rule will influence any fraction of U.S. defense spending that can be 
ascribed to protecting the global oil network. 

Eliminating petrole um imports (to both the U.S. and its national security all ies) entirely 
might permit the Nation to scale back its mi litary presence in oil-supplying regions of the globe 

14"" NHTSA-2018-0067-12016. 
!4IC) HTSA-2018-0067- 1198 1. 
14 11 Crane, K., A. Goldthau, M. Toman, T. Light. S. E. Johnson, A. Nader, A. Rabasa, & H. Dogo. Imported Oil and 
U.S. National Security, Santa Monica, CA. The RAl'-JD Corporation (2009) available at 
l1ttp.._: \\" \\ .rand.{m! puh:-. 1111,nogr::iph..., \ IGX.,X.html. 
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to-the extent that such interventions are driven by narrow concerns for oil production rather than 
other geopolitical considerations, but fhere is little evidence that U.S. military activity and 
spending in those regions have varied o,·er history in response to fluctuations in the Nation's oil 
imporls, or are likely to do so over the future period spanned by this analysis. Figure 
Vl-52Figure VI-52 shows that military spending as a share of total U.S. economic activity has 
gradually declined over the past several decades, and that any temporary-although occasionally 
major-reversals of this longer-term decline have been closely associated with U.S. foreign policy 
initiatives or overseas wars. 

v,,,,,,,,, 

" 

" l'IU 1%6 1'1169 l91l l?1!i 1,m 1,a1 1m 1~37 l,,O l')H 1?% 19" lotl IDII~ l~ 101] lOII lOl7 

Figure Vl-52- Historical Variation in U.S. Military Spending(% of U.S. Gross Domestic 
Product) 

Figure VI-53Figure VI-53 superimposes U.S. petroleum consumption and imports on the 
history of military spending shown in the previous figure. Doing so shows that the decline in 
U.S military spending throughout most of this period documented in the previous figure 
coincided with an overall increase in the value of both the Nation's total petroleum purchases 
and its imports of foreign oil relative to total economic output. This history suggests that U.S. 
military activities-even in regions of the world that have historically represented vital sources 
of oil imports-serve a broader range of security and foreign policy objectives than simply 
protecting oil supplies. 

SAFE further-argued in its comments that the Americas' involvement in ·wars in the 
Persian Gu!fregion, starting with the first Gu!fWar and continuing through the Iraq War, has 

704 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review h* 

been a direct consequence of our dependence upon oil. In particular, they state that "[w]hi!e 
there is debate over the precise role of oil in America's wars in the greater Middle East, several 
retired military members of SAFE's ESLC and other defense budget-experts that were consulted 
for'this report believe the connection is clear."1412 However. neither today's action, nor the 
baseline standards, has the ability to change the historical wealth transfer that created powerful 
nations in the Middle East. Attributing the cost of the Iraq War, for example, to oil dependence 
does not directly support an assertion that a marginal reduction in oil dependence could have 
reduced the cost of that conflic_t. 

Defense Spendmg, Domestic Oil Consumpt,on. and Petroleum Net Import> J> a Sharenf 

,·, GDP, 1962-2.018, percent 
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Figure Vl-53 - Historical Variation in U.S. Military Spending in Relation to U.S. 
Petroleum Consumption and Imports(% of U.S. Gross Domestic Product) 

Further, the agencies were unable to find a record of the U,S. government attempting to 
calibrate U.S. military expenditures, force levels, or deployments to any measure of the Nation's 
petroleum use and the fraction supplied by imports, or to an assessment of the potential 

14" NHTSA"1018-0067-11981. 

705 

··· ... 
2017 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

economic consequences of hostilities in oil-supplying regions of the world that could disrupt the 
global market.1413 Instead, changes in U.S. force levels, deployments, and spending in suc.h 
regions appear to have been governed by purposeful foreign policy initiatives, unforeseen 
political events, and emerging security threats, rather than by shifts in U.S. oil consumption or 
imports. 1414 

The agencies thus conclude that U.S. mi litary activity and expenditures are unlikely to be 

affected by even relatively large changes in consumption of petroleum-derived fuels by light 
duty vehicles. Certainly, the historical record offers no suggestion that U.S. military spending is 
likely to adjust significantly in response to the increase in domestic petroleum use that would 
result from reducing CAFE and CO2 standards. 

Nevertheless, it is possible that more detai led analysis of military spending might identify 
some relationship to historical variation in U.S. petroleum consumption or impo1ts. A number of 
studies have attempted to isolate the fraction of total U.S. mil itary spending that is attributable to 
protecting overseas oil supplies.1-1 15 These efforts have produced varying estimates of how much 
it might be reduced if the U.S. no longer had any strategic interest in protecting global oil 

" " Crane et al. (2009) analyzed reductions in U.S. forces and associated cost savings thai could be achieved if oi l 
security were no longer a considerntion in military planning, and disagree with this assessment. Afler reviewing 
recent allocations of budget resources they concluded that " ... the United States does include the security of oil 
supplies and g lobal transil of oi l as a prominent e le ment in its force plann ing" at p. 74 (emphasis added). 
Nevertheless. the ir detailed analysis of individual budget categories estimated that even eliminating the protection of 
foreign oi l supplies cu111ple1ez1• as a military mission would reduce the current U.S. defense budget by approximately 
12-15%. See Crane, K .• A. Goldthau. M. Toman, T . Light, S . E. Johnson. A. Nader. A. Rabasa, & 11. Dogo, 
lmporred Oil and U.S. Nario11al Securi(r .• Santa Monica. CA. T he RAND Corporation (2009) available a t 
https: \\\\ \\ .rand.on.! pubs mono~raph.s \1(i~3Kh1111l. 
'"' Crane et al. (2009) also acknowledge the d ifficulty of rel iably allocating U.S. mi litary spending by specific 
mission or objective, such as protecting foreig n oil supplies. Moore et a l. ( 1997) conclude that protecting oil 
supplies cannot be dis tinguished reliably from othe r s trategic objectives of U.S. military activity. so that no clearly 
separable component of military spending to protect oi l flows can be identified. and its value is likely to be near 
zero. Similarly, the U.S. Council on Foreig.n Relations (2015) ta kes the view tha t significant foreign policy missions 
will remain over the foreseeable future even without any imperative to secure petroleum imports. A dissenting view 
is that of Stem (2010). who argues that other policy concerns in the Persian Gulf derive from U.S. interests in 
securing o il suppl ies, or from other nat ions' reactions to U.S. policies that attempt to protect i1s o il supplies. See 
Crane, K .. A. Goldthau, M. Toman, T. Light, S.E. Johnson, A. Nader, A. Rabasa. a nd H. Dogo, lmporled Oil and 
U.S. Na1io11al Securi1_1•., Santa Monica, CA, The RAND Corporation (2009) available at 
Imps: W\\ \\ .ra nd.nrg pu h, 1110111wr"ph, \lt i!s,X.html; Moore, John L .. E.J. Carl, C. Behrens, and John E. Blodgett, 
"'Oil Imports - An Overview and Update of Economic and Security Effects." Congressiona l Research Service, 
Environment a nd Natural Resources Pol icy Divis io n, Report 98, No. I (1997). pp. 1-14: Council on Foreign 
Relations, "'Automobile Fue l Economy Standards in a Lower-Oil-Price World", November 2015: and Stem. Roger J. 
"United States cost of military force projection in the Persian Gulf, 1976-2007," Energr Policv 38. no. 6 (June 
20 I 0), pp. 2816-25, hnps: """ s,·ien,·edirect.c-om s,·ie nce artide pii !,,0Jtl I~::! 15 1 lltl00 I 'I~·~, ia" ,,Jl)ihuh. 
'"' These include Copulos. MR. ''America·s Acl1illes Heel • The Hidden Costs of Imported Oil." Alexandria VA -
TI,e National Defense Council Foundation, September 2003 - I -153, available at 
http://ndcf.dyndns.org/ndcf/e nerg.ylNDCFHiddenCostsoflmported_Oil.pdt; Copulas, MR. "'The Hidden Cost o r 
Imported Oi l--An Update.'· The National Defense Council Foundation (2007) avai lable at 
http://ndcf.dyndns.org/ndd7energy1NDCF _Hidden_ Cost_ 2006 _summary _paper.pd f; De I ucchi. Mark A. & James .I. 
Murphy. ·•us military expenditures to protect the use of Persian Gulf oil for motor vehicles," Energy Polic1· 36. no. 
6 (June 2008). pp. 2253-64; and National Research Council Committee on Transitions to Alternative Vehicles a nd 
Fuels, Tra11sitio11s to .4/tematfre Vehicles and Fuels (2013). 
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SLtpplies. However, none has identified an estimate of spending that is likely to vary 
incrementally in response to changes in U.S. petroleum consumption or imports. 

or have any of these studies tracked changes in spending that can be anributed to 
protecting U.S. interests in foreign oil supplies over a prolonged period, so they have been 
unable to examine whether their estimates of such spending vary in response to fluctuations in 
domestic petroleL1m consumption or imports. The agencies conclude from this review of 

research that U.S. military commitments in the Persian Gulf and other oil-producing regions of 
the world contribute to worldwide economic and political stability, and insofar as the costs of 
these commitments are attributable to petroleum use, they are attributable to oil consumption 
throughout the world. rather than simply U.S. oi l consumption or imports. 

It is thus unlikely that military spending would rise in response to any increase in 
U.S. imports that did result from this final rule. As a consequence, the analysis of alternative 
CAFE a nd CO2 emission standards for future model years applies no increase in government 
spend ing to support U.S. military activities as a potential cost of allowing new cars and light 
trucks to achieve lower fuel economy and thus increasing domestic petroleum use. 

Similarly, while the ideal size of the Strategic Petroleum Reserve from the standpoint of 
its potential stabilizing influence on global oil prices may be related to the level of U.S. 
petroleum consumption or imports, its actual size has not appeared to vary in response to either 
of those measures. The budgetary costs for maintaining the SPR are thus similar to U.S. military 
spending in that, while they are not reflected in the market price for oil (and thus do not enter 
consumers' decisions about how much to use), they do not appear to have varied in response to 
changes in domestic petroleum consumption or imports. 

As a consequence, the analysis does not include any potential increase in the cost to 
maintain a larger SPR among the external or social costs of the increase in gasoline and 
petrole um consumption likely to result from reducing future CAFE and CO2 standards. This 
view al igns with the conclusions of most recent studies of military-related costs to protect U.S. 
oil imports, which generally conclude that savings in milita1y spending are unlikely to result 
from incremental reduct ions in U.S. consumption of petroleum products on the scale of those 
that would resulting from adopting higher CAFE or CO2 standards. 

(II} Social cost of carbon 

In the proposal, the agencies projected costs resulting from fuel consumption and 
emissions of CO2 us ing estimates of anticipated climate-related economic damages within U.S. 
borders per ton of CO2 emissions, which we referred to as the domestic social cost of carbon 
(domestic SC-CO2). The domestic SC-CO, estimates, which were originally developed by EPA 
for an earlier regulatory analysis, represent the monetary value of damages to the domestic 
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economy likely to be caused by future changes in the c limate that resu lt from incrementa l 
increases in CO2 em issions during a given year.1

-1
16 

These damages include changes in agricultural productivity, adverse effects on human 
health, property damage from increased flood risk, and changes in costs for managing indoor 
environments in commercial and residential buildings (such as costs for heating and air 
conditioning), among other possible damages. 

The agencies described the SC-CO2 estimates used in the NPRM analysis as interim 
values developed under Executive Order 13783, which are to be used in regulatory analyses until 
revised values that incorporate recommendations from NAS can be developed.1417 E.O. 13783 
directed agencies to ensure that estimates of the social cost of carbon used in regulatory analyses 
are consistent with the guidance contained in 0MB Circular A-4, " including with respect to the 
consideration of domestic versus internationa l impacts and the consideration of appropriate 
discount rates."1418 

Circular A-4 states that analysis of economically significant regulations ·'should focus on 
benefits and costs that accrue to citizens and residents of the United States.'' and the agencies 
followed this guidance by using estimates of the SC-CO2 that included only domestic economic 
damages. In response to Circular A-4's fwther guidance that regulatory analyses "should 
provide estimates of net benefits using [discount rates of] both 3 percent and 7 percent," the 
agencies presented estimates of the proposed rule's economic impacts - including the costs of 
climate damages likely to result from increased CO2 emissions - that incorporated both discount 
rates. The PRIA included a detailed discussion of the analyses used to construct estimates of the 
domestic SC-CO2 us ing these discount rates. 1419 

14' 6 For a description of the procedures EPA used to develop these values, see U.S. Environmenta l Protection 
Agency. Reg11lwmy lmpacr Ana(l'sis far rhe Praposed Emission G11idelines for Greenhu11se Gas £111issio11s.fi'u111 
Existing Electric Utilitv Ge11erating U11irs: Rerisions ro Emission G11ideline lmplememing Regular ions: Rerisio11s ro 
New Source Review Program. EPA-452/R- 18·006. August 2018 (hnm,: \\\\ \\ .t:p,1.1!0\ -..itc~ prlldllt:"1il'll lih::- :o I~-
08 dornments uti liti"s ria propos"d ace '0 18-08.od l). Section 4.3. pp. 4-J to 4-7. The sources and potential 
magnittode o f uncertainties surrounding the SC-CO, estimates are described in Chapter 7 of that same document, pp. 
7- 1107-10. 
'
417 The guidance followed by EPA in developing the SC-CO, val toes tosed in the NPRM analysis appears in 

President of1he United States, Executive Order 13783, ''Promoting Energy Independence and Economic Gro\\1h," 
March 28. 2017, Federal Register. Vol. 82, No. 6 1, Friday, March 31, 2017, pp. 16093-16097. 
(hllps: "'"'-~"' i11tl,.o,o, content pk~ FR-JOI 7-03-3 1 pdf JOI 7-0657(,.p<ll) The recommendations of the National 
Academies are reported in National Academies of Sciences, Engineering, and Med icine, Valuing Climare Damages: 
Updating Es1imafion ofrhe Social Cosr ofCarbo11 Dioxide, Washington. D.C., Jam1ary 20 17. Revised values 
incorporating this guidance have not yet been developed. 
http~_: \\ "'\ .1~ap.edu 1.:a.1ah,L! .,• 651 , aluin4•-~limatc-da111n1:?c~-upda1i11~~1i1nali@-of-the.:.~Qi;i_al-i.::p~_t-0_f 
" 18 E.0 . 13783, p. 16096. 
,.,. See NHTSA and EPA, Preliminary Regulatory Impact Analysis: The Safer Affordable Fuel-Efficient (SAFE) 
Vehic les Rule for lVlodel Year 202 1 - 2026 Passenger Cars and Light Trucks, .itlly 2018 (updated August 23. 2018, 
October 16. 20 18). Chapter 8. Appendix A. 
https: "" ".nht,;J.{!OI sites nhtsa.do1.~01 fiks documents Id cafr co2 nht,:, 2 I 27-aPb "Pa nria I~ I II I 6.ndL 
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The estimates of the domestic SC-COc the agencies used in their analysis supporting the 
proposal increased over future years, partly because emissions during future years are anticipated 
to contribute larger incremental costs. Future values of the SC-CO2 also increase because U.S. 
GDP is growing over time, and many categories of climate-related damage are estimates as 
proportions of GDP. The agencies' estimates of the domestic SC-CO2 for emissions occurring in 
the year 2020 were $1 and $8 (in 2016$) per metric ton of CO2 emissions using 7 and 3 percent 
discount rates, and these values were projected td increase to $2 and $10 (again in 2016$) by the 
year 2050. 

As the,agencies indicated in the NPRM, the SC-CO2 estimates are subject to several 
sources of uncertainty. In accordance with guidance provided by 0MB Circular A-4 for treating 
uncertainty in regulatory analysis, the PRJA included a detailed discussion of how the analysis 
used to develop the interim SC-CO2 estimates incorporated sources of uncertainty that could be 
quantified. lt also demonstrated bow considering the uncertainty introduced by applying 
discount rates over extended time horizons could affect the estimated values. H~n To reflect this 
uncertainty, the analysis supporting the proposed rule examined the s_ensitivity of its estimated 
costs and benefits to using higher values for the SC-CO2 ($9-14 per metric ton), which were 
derived using a lower "intergenerational" discount rate of 2.5 percen1.u21 

(a) Comments on the NPRA1 Value/Or the SC-CO2 

The agencies received extensive comments on the values of the SC-CO2 used in the 
NPRM analysis. Broadly, these comments stressed the following concerns: 

• Estimating SC-CO: domestically systemically underestimates the benefits of stricter 
standards. 

• The agencies' SC-CO2 omits potential costs due to foreign social and political disruptions 
caused by climate change that affect the U.S. 

• The 7 percent discount rate used in the agencies' main or central analysis is inappropriate 
because it represents an opportunity cost of capital rather than a rate of time preference 
for current versus future consumption opportunities, and climate change wil! affect future 
consumption. 

(b) Domestic vs. Global Value for SC-CO2 

Many 'comm enters assened that it was inappropriate for the agencies to use a domestic 
SC-CO2 value for analyzing benefits or costs from changing required levels of fuel economy in 
the NPRM analysis, primarily because doing so could lead regulatory agencies to adopt measures 
that provide inadequate reductions in emissions and protection from potential climate change. 

As noted in the NPRivl and above, the SC-CO2 estitilates the agencies used to estimate 
climate-related economic costs from adopting less demanding fuel economy and CO2 emissions 
were developed in response to the issuance of E.0. 13783. The agencies remind comm enters 

i,,o See Preliminary RIA, Chapter 8, Appendix A. 
14

" Preliminary Regulatory Impact Analysis, Tables 13-8 and 13-9, pp. 1547-1550. 
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that E.O. 13783 directed federal agencies to ensure that estimates of the social cost of carbon 
used in their regulatory analyses are consistent with the guidance contained in Ol'vlB Circular A-
4, "inc luding with respect to the consideration of domestic versus international impacts and the 
consideration of appropriate discount rates,"1422 C ircular A-4 states that analysis of 
economically significant proposed and final regulations "should focus on benefits and costs that 
accrue to cit izens and residents of the United States." 1423 The agencies adhered closely to this 
guidance in evaluating the economic costs and benefits in the proposal and this final ru le by 
using the domestic value of the SC-CO2 in our central analysis. 

Commenters argued that Circular A-4 allows the agencies to use a global SC-CO2 in their 
central analysis. For example, IPl et al. commented that "Circular A-4's reference to effects 
'beyond the borders' confirms that it is appropriate for agencies to consider the g lobal effects of 
U.S. greenhouse gas emissions."1m While the agencies agree that Circular A-4 allows the 
agencies to consider foreign impacts in certa in ci rcumstances, we d isagree that Circular A-4 
allows us to use a global SC-CO2 in our centra l analysis. Circular A-4 states any non-domestic 
effects calculated "should be reported separately."1425 As such, ifwe had used a global SC-CO2, 
we would be compelled by Circular A-4 to separate the SC-CO2 into domestic and foreign 
components, and include only the former in our central analysis. 

Furthermore, today's a nalysis w ill likely have global impacts beyond climate change. 
For example, freei ng manufacturers who compete in the U.S. domestic automobile market from 
burdensome fue l efficiency standards -Yri+l-ma\ enable them to dedicate time and resources to 
becoming more competitive in g loba l markets, and is thus likely to affect product innovat ion and 
performance throughout the global auto market. It would be inconsistent to report the global SC
CO2 while ignoring other global costs and benefits. The agencies do not have a method for 
analyzing the impacts of CAFE and COc standards on a global scale. and did not receive any 
suggestions about how to conduct such an analysis from commenters. As such, the agencies 
have decided to focus their attention on domestic impacts, which are more readi ly measurable. 

(c) Scope ofDomestic Climate Damages 

Some commenters asserted that even if the agencies are required to use a domestic SC
CO~, the specific value employed by the agencies underestimated the domestic impacts of 
climate change. They argued the agencies failed to incorporate economic costs associated with 
social or economic disruptions caused by climate change in regions of the world that were more 
vulnerable to its effects, but that could "spill over" to impose damages to the U.S. via their 
effects on migration patterns, international trade flows, or other mechanisms that connect 
nations. Other commenters argued that E.O. 13 783 does not prohibit the agencies from using the 
estimates or practices developed by the JWG to develop new estimates of the SC-CO2. and 

1421 Executive Order 13783, p. 16096. 
1423 While House Office of Management and Budget. Circular A-4: Regulatory Analysis, September 17, 2003. p.15. 
(httm,: ''"'"' ·\' l1itehou°'t:.Ll\)\ ~ite~ \\hitdwu,c.!.!t.H till!~ umt, circu lar-.. A-4 a~..J .pdO. 
1424 J£>1 etal.. 
1415 0MB Circular A-4, p. 15. 
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asserted that the IWG's methods and resulting estimates continue to represent the best available 
practices. 

However, all of the IWG's estimates measure the global SC-CO2, while as discussed 
previously, the agencie$ c1rc , ,t> l1,!t1tn!li.11, li1,,-.:11 to use a domestic SC-CO2 and thus "-'t'i"<' 

ttttttl>h- ,,, 11 , 11l!!._rely!.!.!h on the IWG estimates. To develop interim estimates of the domestic 
SC-CO2 that were consistent with the IWG's procedures. EPA used the same three climate 

economic models the !WG employed previously to calculate the domestic SC-CO2. Two of 
those three models directly estimate the U.S. domestic SC-CO2, which represents the economic 
costs resulting from climate change that are like ly to be borne within U.S. borders.1426 The third 
model the IWG used previously does not estimate the domestic SC-CO2 directly, but EPA 
approximated domestic U.S. costs from future climate change as IO percent of its estimate of 
their global value, based on results from a companion model developed by the same author. 1427 

Thus the agencies believed that the SC-CO2 values they used in the PR.1\ll analysis represented 
the most reliable estimates of domestic economic costs from future climate change that were 
available for use in evaluating the proposal. 

The agencies were unable to develop an estimate of the domestic value for SC-CO2 that 
incorporated any of these alleged spillover effects, due both to their speculative nature and to the 
absence of credible empirical estimates of their potential magnitude. Likewise, commenters did 
not provide appropriate estimates of these spi II overs. 

rd) Discounr Rate Used 10 Construct rhe SC-CO2 Value 

Many commenters also objected to the agencies use ofan SC-CO2 value that 
incorporated a 7 percent discount rate in the NPRM analysis. Some of these comments reflected 
a misperception that the agencies used such a value in their main or central analysis. when in fact 
it was only used in a sensitivity analysis case as described below. Other comments appeared to 

1426 

T he Policy Analysis of the Greenhouse Effect (PAGE) model is described in Hope. C.. ''The marginal impact o f 
CO, from PAGE2002: an integrated assessment model incorporating the IPCC's five reasons for concern," The 
Integrated Assessment Journal, Vol. 6 o. I (:2006), pp. 19-56; and Hope, C., "Optimal carbon emissions and the 
social cost of carbon under uncertainty,'' The ln1egrated Assessment Journal Vol. 8. No. I (2008). pp. 107- 112. The 
Climate Framework for Uncertainty, Negotiation. and Dis tribution (FUND) model is documented in Toi, Richard, 
"Estimates of the damage costs of c limate change. Part I: benchmark estimates," and "Estimates of the damage costs 
of climate change. Part II : dynamic estimates." Environmental and Resource Economics Vol 2 1 12002). pp. 47-73 
and 135-160. 
" " The third model is the Dynamic Integrated model of Climate and the Economy (DICE), described in Nordhaus. 
William, "Estima tes of the Social Cost of Carbon: Concepts and Results from the DlCE-2013R Model and 
Altcmative Approaches:· .Journa l of the Association of Environmental and RcsoL1rce Economists. Vol. I, No. 2 
(20 I 4 ), pp. 273-312 (httns: "\\" .istor.on, stable rdf Ill. I OXb 6 761135 .pdt). The IO percent figure is hased on the 
results from a regional vers ion of that model (RJCE 2010). as described in Nordhaus, William D. 2017, "Re,·isiting 
the social cost of carbon,'' Proceedings of the National Academy of Sciences of the Uni1ed States, 114 (7). pp. I 518-
1523, Table 2 . 
(http!->: pdt~."ema111i1.>,t.:hol~tr.on.! IE3~ 3a 7--0 l eOa~~d-k~hcJJOet') IJ 7~1~1~02r>..Jc .pJI\.) !;!a=~.21 I ~~4.,H, 7.h3605h015 
.1572J849'lc-1583J9-127. I 562h%-154 ). 
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object to the agencies' use ofan SC-CO2 value incorporating a 7 percent discount rate even as a 
sensitivity case. 

E.O. 13783 d irected agencies to ensure that any estimates of the social cost o f CO2 and 
other greenhouse gases they used for purposes of regulatory analyses are consistent with 0MB 
Circular A-4' s guidance "with respect to the considerat ion of ... appropriate discount rates."1

-12s 
In turn, Circular A-4 refers agencies to OMB's earlier guidance on discounting contained in its 
Circular A-94, noting that "[a]s a default position, 0MB Circular A-94 states that a real discount 
rate of7 percent should be used as a base-case for regulatory analysis:'14

~Q c >\Ill " ,111.1. . , , 1,, 

11,~ +1he 7 percent rate eniitim1e., tu f<'l~f~ ,tAI ()', Hf , !Q_estimate tt!'.-the average pre-tax rate of 
return to private capital investment throughout the U.S. economy. Because it , 1111, 11,k:, : 1" 

approximate, the opportunity cost of capital, it is the appropriate discount rate for evaluating the 
economic consequences of regulations that affect private-sector capital investments. 

At the same time, however, OM B's guidance on discounting also recognizes that some 
federal regulations are more likely to affect private consumption decisions made by households 
and individuals, such as when they affect prices or other attributes of consumer goods. In these 
cases, Circular A-4 advises that a lower discount rate is likely to be more appropriate, and that a 
reasonable choice for such a lower rate is the real consumer (or social) rate of time preference. 
This is the rate at which individual consumers discount future consumption to determine its 
present value to them. 

0MB estimateiJ.~ that the rate of consumer time preference ha'-4 averaged 3 percent in 
real or inflation-adjusted terms over an extended period, and continues to th+ -.. -n1 ,c 1h,11 ,.il uc. In 
summary, Circular A-4 reiterates the guidance provided in 0MB 's earlier Circular A-94 that 
"( f]or regulato1y analysis, you should provide estimates of net benefits us ing both 3 percent and 
7 percent."1430 

Finally, OMB's guidance on discounting indicates that it may be appropriate for 
government agencies to employ an even lower rate of time preference when their regulatory 
actions entail tradeoffs between improving the welfare of current and future generations. 
Recognizing this situation, Circular A-4 advises if the "rule will have imponant intergenerational 
benefits or costs [an agency] might consider a further sensitivity analysis using a lower but 
positive discount rate in addition to calculating net benefits using discount rates of 3 and 7 
percent." 1~31 

The agencies adhered c losely to each of these provisions ofOMB's guidance on 
discounting future climate-related economic costs in their analysis supporting the N PRl'vl. 
Specifically, their central analysis relied exclusively on a SC-CO2 value that was constructed by 
applying a 3 percent discount rate to future climate-related economic damages. This va lue 

' "
8 E.0. 13783, p. 16096. 

1429 0MB Circular A-4, p. 33. 
1430 0MB Circular A-4, p. 34. 
"-'' 0MB Circular A-4, p. 36. 
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ranged from $6 per metric ton in 2015 to nearly $11 per metric ion (both figures in 2016$) by the 
end of the analysis period, the year 2050. 

Throughout the NPRM central analysis, costs resulting from increased emissions of CO2 
were also discounted from the year when those increases in emissions occurred to the present 
using a 3percent rate, even when all other future costs,and benefits were discounted at a 7 
percent rate. Thus the agencies' central analysis for the NPRM did not use SC-CO~ values for 
future years that were constructed by applying a 7 percent rate to discount distant future climate
related economic damages, and did not use a 7 percent rate to discount costs of increased CO2 
from the years when they were projected to occur to 2018 (the base year used in the analysis). 

Notwithstanding concerns raised by commenters about including a sensitivity analysis 
that used a higher discount rate, OMB's guidance clearly directs the agencies to report estimates 
of the present value of the economic costs resulting from increased CO~ emissions that reflect 
discount rates 'of both 3 and 7 percent. Thus to supplement their central analysis, which as 
indicated previously employed a 3 percent discount rate throughout, the agencies also reported 
an estimate of the economic costs of increased CO:: emissions based on a value for the SC-CO:: 
that was constructed using a 7 percent discount rate as a sensitivity case, which they tenned the 
"Low-Social Cost of Carbon" sensitivity analysis, 1432 The values for the SC-CO2 used in the 
Low Social Cost of Carbon sensitivity analysis varied from $1 per metric ton in 2015 to $3 per 
metric ton (both figures in 2016$) by the end of the analysis period, Using these values reduced 
the loss in total economic benefits resulting from the proposed alternative by l. l percent, thus 
increasing its net benefits by slightly less than 2 percent. im 

for the proposal, the agencies also included a second sensitivity analysis using a value 
for the SC-CO2 that reflected a lower "intergenerational'' discount rate of2.5 percent, which is 
within the 1 to 3 percent range for discount rates that have previously been applied to-economic 
costs and benefits that span multiple generations, as reported in 0MB guidance. 1434 Because 
using a lower discount rate results in a higher value for the SC-CO::, -this analysis was termed the 
''High Social Cost of Carbon" sensitivity case. 1435'The values for the SC-CO2 used in this 
additional sensitivity analysis varied from $8 per metric ton in 2015 to $14 per metric ton (both 
figures in 2016$) in 2050, the last year of the analysis. Using these higher values increased the 
magnitude of the estimated loss in economic benefits resulted from adopting the proposed rule 
(versus retaining the Augural standards) by 0.5 percent from that estimated in the central 
analysis, thus reducing its net benefits by 1.0 percent. 1~36 Thus it appeared that when used to 

'"' Preliminary Regulatory Impact Analysis, Table 13-1, pp. 1531-1534. ,.,, 
"'"'""'""" R'¥'11•to~· lmp,"A"'l)•l,.T,bl,s ll•i,,O IJ.9.,-.,ain.1,s~. Using a lower value for the SC-COe had opposite effects on the 
proposal's total and,nel economic benefits, be<;ause its net benefits represented the difference between the IDss in 
benefits and the savings in Costs that would result from adopting the proposed rule, compared 10 the baseline of 
adopting the Augural standards. 

14ll Preliminary Regulatory Impact Analysis, Table 13-l, pp. 1531-1534. 

'"' 
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construct alternative estimates of the SC-COc, the range of discount rates specified in 0MB 
Circular A-4 had little or no effect on the estimated total benefits of the proposed rule, and the 
sensitivity analyses conducted in support of this Final Rule confirm this result.1437 

re) SC-CO2/or the Final Rule 

After carefully considering the concerns raised by co111menters, the agencies decided to 
leave the SC-CO2 values unchanged for the fina l rule. This means the SC-CO2 estimate used in 
this analysis is still a domestic value that was constructed using a 3 percent discount rate, and 
that costs from increased CO2 emissions are discounted from the year those emissions occur to 
the present using a 3 percent rate. The agencies have again included " High Social Cost of 
Carbon" and "Low Social Cost of Carbon" sensitivity analyses. 

[Text Forthcoming] 

( 12) External costs of congestion and noise 

(a) Values used to analy::e the proposal 

As explained in the proposal, changes in vehicle use affect the costs of traffic congestion 
and highway noise associated w ith motor vehicle use.1438 Congestion and noise costs are 
"external" to the vehicle owners whose decisions about how much, where, and when to drive 
more-or less- in response to changes in fue l economy result in these costs. Therefore, unlike 
changes in the costs incurred by drivers for fuel consumption or for safety risks they wi ll ingly 
assume, changes in congestion and noise costs are not offset by corresponding changes in the 
travel benefits drivers experience. 1439 

Congestion costs are limited to road users; however, since road users include a significant 
fraction of the U.S. population, changes in congestion costs are treated as part of the rule's 
economic impact on the broader U.S. economy instead ofas a cost or benefit to private parties. 
Costs resulting from road and highway noise are even more widely dispersed, because they are 

Preliminary Regulatory Impact Analysis. Tables 13-8 and 13-9. pp. 1547-1550. As in the Low Social Cost of 
Carbon sensitivity case, using a higher value for the SC-CO2 had opposi1e eftects on the total and net economic 
benefits, because its nel benefits were the difference between the sacrifice in benefits and the savings in costs from 
adopting the proposed rule, where both were measured against the baseline of adopting the Augural s tandards. 
,,m Need reference to Final Rule sensitivity analyses. 
14·" The proposal estimated changes in congestion and noise cosls associated with the overall change in vehicle use, 
which included changes in the use of new cars and light trucks associated with the fuel economy rebound effect as 
well as with changes in the use ofolder vehicles resulting from the effect o f CAFE and CO, standards on turnover in 
the car and light truck fleets. As discussed in more detail e lsewhere in this final rule, the current analysis assumes 
that total vehicle use (YMT) differs between ihc baseline and regulatory alternatives only because of changes in the 
use of cars and light trucks produced during the model years affected by this rule that occur in response to the fuel 
economy rebound effect. 
" 39 The potential con1ribu1ion of increased vehicle use to the costs of injuries and property damage caused by motor 
vehicle crashes may also be parrly external to drivers who elect to travel more in response to the fuel economy 
rebound effec1. However, these costs are dealt with directly and in more detail than the external costs of congestion 
and noise, in section Yl.C.2. below. 
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borne partly by surrounding residents. pedestrians, and other non-road users, and for this reason 
are also considered as a cost to the U.S. economy as a whole. 

To estimate the economic costs associated w ith changes in congest ion and noise caused 
by differences in miles driven, 1he ana lysis supporting the NPRM used estimates of per-mile 
congest ion and no ise costs from increased automobile and I ight truck use that were originally 
developed by the Federal Highway Administration (FHWA) as part of its 1997 Highway Cos1 

Allocation Study.1-1-1o The agencies previously employed these same cost estimates in the 2010, 
2011, and 2012 final rules. 

The marginal congestion cost estimates reported in the 1997 FHWA study were intended 
to measure the costs of increased congestion resul ting from incremental growth in travel by 
different types of vehicles (including autos and light trucks), and the delays it causes to drivers, 
passengers, and freight shipments. The study's estimates of marginal noise costs re0ected the 
variation in noise levels resulting from incremental changes in travel by autos. light trucks. and 
other vehicles. and the annoyance and other adverse impacts caused by noise. 

After reviewing the procedures used by FHW A to develop its 1997 marginal cost 
estimates, considering other available estimates, and noting that commenters had not addressed 
these costs when !hey were used in previous rules, the agencies cone luded that the FHWA 
estimates continued to be appropriate for the analysis supporting the proposal. In that analysis, 
the agencies multiplied FHWA 's " middle" estimates of marginal congest ion and noise costs per 
mile of auto and light truck travel in urban and rural areas by the annual increases in driving 
attri butable to the standards to yield increases in total congestion and noise externality costs. 
Because the proposal. and other alternatives that were considered, reduced the stringency of 
CAFE a nd CO2 standards for model years 2021 -2026, resulting in lower fuel economy for new 
cars and ligh1 trucks produced during those years, the fuel economy rebound effect resulted in 
fewer miles driven relative to the baseline, thus generating savings in congestion and noise costs 
re lat ive to thei r levels under the baseline. Similarly, each of those alternatives also reduced the 
total amount of travel by the used vehicle fleet, generaiing addi1ional savings in these costs. 

(b) Comments on the NPRM values 

The agencies received few comments on the estimates of congestion and noise costs they 
used to analyze the economic impacts of the proposal. Almost all of these comments focused on 
the appropriateness of the estimated magnitude of the fuel economy rebound effect they used to 
estimate the change in use of new cars and light trucks or the plausibility of the reduction in 
driving by used vehicles, rather than to the unit costs estimates themselves. These included 
comments from JCCT and CARB.1~~, 

One individual commenter did suggest that recent growth in traffic levels, resulting in 
part from increased use of home del ivery services for on line purchases, has increased congestion 

'"° Federal Highway Administration, 1997 Highway Cost Allocation Study. Chapter V, Tables V-22 and V-23, 
available at hups: \\\H\ .lln,a.Uot.!.!n\ polii..:, hL·a~ linal the.din. 
,rn ICCT, Comment, NHTSA-2018-0067-1 1741 at 121; CARB, Comment. NHTSA-2018-0067-11873 at 3 16. 
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and resulting delays. 144c Although this commenter is correct, traffic growth is not strictly a 
recent phenomenon, and longer-term growth in vehicle use--<:ombined with comparatively 
modest increases in road and highway capacity-has contributed to increasing congestion levels. 
Because congestion increases more than proportionately to growing traffic \'o!umes, this 
suggests that FHWA 's estimates of congestion costs-now more than two decades old-are likely 
to understate the contribution of continuing increases in vehicle use to congestion, resulting 
delays to vehicle occupants and freight shipments, and their associated costs. Because noise 
levels also increase non-linearly \Vith the volume of traffic using roads and highways, FHWA 's 
1997 estimates of marginal noise costs may also understate their current values. 

(cj Values used to ana(v::e the final rule 

In the proposal, the agericies used the FHWA estimates without any adjustments to 
account for changes 'since the estimates were published. Recognizing the fact that FHWA 's 
estimates are now more than two decades old, and that some of the data they relied on predated 
its 1997 study by several years, the agencies attempted to reproduce and update the original 
calculations FHWA employed to measure the marginal costs of congestion and noise. 
Unfortunately, the documentation of how these estimates were originally developed was 
inadequately detailed to enable the agencies to reproduce the calculations, or to support a 
comprehensive update. Hence, the agencies relied on a more approximate method to update the 
congestion cost estimate. 

The major determinants of marginal congestion costs imposed by additional travel 
include baseline traffic volumes, \Vhich determine cun-ent travel speeds and how they would 
change in response to further increases in travel, together with vehicle occupancy and the value 
of individuals' travel time. These latter two factors interact to determine the awrage hourly 
value of delays to vehicles, by far the largest component of the total cost of delays that occur 
under congested travel conditions.1413 Because travel speeds measure the duration ofcongestion
related delays, while the value of vehicle occupants' time determines their hourly cost, the 
effects of changes in these variables on overall congestion costs is approximately additive, as 
long as changes in the two are relatively modest. 

The agencies approximated the effect of growth in traffic volumes on travel speeds, 
congestion-related delays, and congestion cos\s,by increasing FHWA's original estimates using 
the proportional increase in annual vehicle-miles of travel per lane-mile on major U.S. highways 
that occurred between 1997 and 2017. 

Next, they estimated the proportional increase in the value of travel time per vehicle-hour 
using the product of groMh in the value of travel time per person-hour and the increases in 
average vehicle occupancy, both measured over the period since the 1997 FHWA study. DOT 
guidance indicates that growth in individuals' hourly values of travel time is in turn proportional 

"" Richard Carriere, NHTSA-201 8-0067-12216. 
•+u Fuel consumption and other operating costs can also increase during travel in congested conditions, but their 
relationships to the frequent changes in speed that typically occur in congested travel is less well understood, and ln 
any case they vary by far smaller amounis than the value of vehicle occupants' travel time. 
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to that in their average hourly wage rates, or the hourly equivalent of household income, 
depending on the purpose oftravel.14~4 The agencies applied the resulting factor to FHWA's 
original estimate of margiual cougestion costs to approximate the increase,resulting from growth 
in the value of vehicle occupants' combined travel time. 

After accounting for increased congestion and growth in the value of travel time, the 
agencies estimate that external congestion costs per additional vehicle-mile of travel by cars and 
light trucks has more than doubled in real or constant-dollar terms since the publication of the 
1997 FHWA cost allocation study.1.J.1> Adding the effect of price inflation between 1994-the 
year in which that study's values were originally denominated-and 2018, the adjusted estimates 
have increased by even more when compared to FHWA 's original published values. The 
updated values of external congestion costs are $0.154 per vehicle-mile of increased travel by 
cars and $0. 138 per vehicle-mile for light trucks (expressed in constant 2018 dollars), and these 
values are assumed to remain constant throughout the analysis period. The figures compare to 
values-of$0.070 per vehicle-mile for cars and $0.063 per vehicle-mile for light trucks that would 
have resulted from simply updating the original 1997 FHWA estimates to 2018 dollars. Thus, 
this update represents a significant change from the values used in previous CAFE analyses, 
although one that is long overdue. 

As indicated previously, the agencies were unable to develop a similar update for the 
1997 FHWA estimate of external noise costs resulting from incre_ased car and light truck travel. 
Thus, the agencies updated the FHWA estimate of marginal noise costs by adjusting for 
inflation-since the l 994 base year used to express values .in the FHWA study-which is 
consistent with previous CAFE analyses. Because marginal noise costs are so small-less than 
$0.001 per mile of travel for both cars and light trucks-this change proves to be 
inconsequential. 

( 1 Ji Employment assumptions 

Tn previous joint CAFE/CO2 rulemakings, the agencies considered employment impacts 
on the automobile manufacturing industry, but many of the considerations were qualitative. In 
the NPRM, the agencies presented and took comment on a methodology to quantify roughly the 
direct labor impacts. The agencies recognize there is significant uncertainty in.any forward
!ooking characterization of employment, including effects resulting from CAFE/CO1 
rulemakings. Changes to other policies such as trade policies and tariff policies are likely 
substantially to alter underlying assumptions presented in the analysis for the ru!emaking, and 
these changes could dwarf any differences between policy alternatives presented. In this section 

14
" See U.S. Depanment ofTransportation. Office oft he Assistant Secretary for Transportation Policy, Revised 

Departmental Guidance on Valuation ofTravel Time in Economic Analysis, September 27, 2016, pp. 5-6 and Table 
1, p.13. 
'"' The estimated increase is 120 percent in real terms, reflecting the combined effect~ of a 53 percent increase in 
traffic volumes relative to roadway capacity (annual vehicle-miles per lane-mile), 22 percent growth in the real or 
constant·dollar value oftra\'el time per person-hour, and an 18 percent increase in average vehicle occupancy. The 
exact calculation of the real increase is (1.53*1 .22~1.18) - I ~ 1.20, or 120 percent, 
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the agencies discuss the assumptions made in the NPRM analysis, summarize comments 
received on that work, and respond to these comments. 

(a) Employmenr baseline (including multiplier ~ffect) 
and data descriplion 

ln prior CAFE/CO2 rulemakings, the agencies considered an analysis of employment 
impacts in some form in setting both CAFE and tailpipe CO2 emissions standards; NHTSA 
conducted an· employment analysis in part to determine whether the standards the agency set 
were economically practicable, that is, whether the standards were "within the financial 
capability of the industry, but not so stringent as to" lead to "adverse economic consequences, 
such as a significant loss of jobs or unreasonable elimination of consumer choice."1416 EPA 
similarly conducted an employment analysis under the authority granted to the agency under the 
Clean Air Act.1447 Both agencies recognized the uncertainties inherent in estimating 
employment impacts; in fact, both agencies dedicated a substantial amount of discussion to 
uncertainty in employment analyses in the 2012 final rule for MYs 2017 and beyond.1448 

Notwithstanding these uncertainties, by imposing costs on new light duty vehicles, CAFE and 
CO2 standards can have an impact on the demand for labor. Providing the best analysis 
practicable better informs stakeholders and the public about the standards' impact than would 
omitting any estimates ofpotential labor impacts. 

The NPRM quantified many of the effects that were previously qualitatively identified, 
but not considered. For instance, in the PRIA for the 2017-2025 rule EPA identified "demand 
effects," "cost effects," and "factor shift effects" as important considerations for labor, but the 
analysis did not attempt to quantify each of these effects. 1449 

The NPRM analysis considered direct labor effects on the automotive sector. The NPRM 
evaluated how employment in different facets of the automobile manufacturing industry may be 
affected by the rule, including (I) 9,ealership labor related to new light-duty vehicle unit sales; 
(2) assembly labor for vehicles, for engines and for transmissions related to new vehicle unit 
sales; and (3) labor related to mandated additional fuel savings technologies, accounting for new 
vehicle unit sales. Importantly, this analysis did not consider whether price reductions and 
regulatory savings associated with different standards would, because price reductions would 
allow consumers to save or spend that money on other things of value, increase the consumption 
of other vehicle technologies or, more generally, generate growth in other sectors of the overall 
economy, This means that the analysis is inherently and artificially narrow in its focus, and does 
not represent an attempt to quantify the overall labor or economic effects of this rulemaking. All 

144' 67 FR 77015. 77021 (Dec. 16, 2002). 
'"' Sec George E. \\/arren Corp. v. EPA, 159 F.3d 616, 623-24 (D.C. Cir. J 998) (ordinarily pennissible for EPA to 
consider factors not specifically enumerated in the Act). 
144' See 77 FR 62624, 62952, 63102 (Oct. 15, 2012). 
'44' U.S. EPA. "Regulatory Impact Analysis: Final Rulemaking for 2017-2025 Light-Duty Vehicle Greenhouse Gas 
Emission Standards and Corporate Average Fuel Economy Standards," at 8-24 to 8-32 {Aug. 2012). 
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labor effects were estimated and repotted at a national level, in job-years, assuming 2,000 hours 
of labor per job-year. 1450 

The NPRM analysis estimated labor effects from the forecasted C' AFE model technology 
costs and from review of automotive labor for the MY 2016 fleet. For each vehicle in the CAFE 
model analysis, the locations for vehicle assembly, engine assembly, and transmission assembly 
and estimated labor in MY 2016 were recorded. The percent of U.S. content for each vehicle 
was also recorded. 1451 The analysis also took into account the portion of parts that are made in 
the US. by holding consmnt the percent of U.S. content for each vehicle as manufacturers add 
fuel-savings technologies. The analysis further assumes that the U.S. labor added would be 
proportional to U.S. content, which means that the analysis assumes that U.S. labor inputs would 
remain constant over time, but this does not reflect a prediction that U.S. labor inputs actually 
\,,;i]] remain constant.1452 From this foundation, the-analysis forecasted automotive labor effects 
as the CAFE model added fuel economy technology and adjusted future sales for each vehicle. 

The NPRM analysis also accounted for sales projections in response to the different 
regulatory alternatives; the labor analysis considers changes in new vehicle prices and new 
vehicle sales (for further discussion of the sales model, see Section [xxx]). As vehicle prices 
rise, the analysis expected consumers to purchase fewer vehicles than they would have,at lower 
prices. 1453 As manufacturers sell fewer vehicles, the manufacturers may need less labor to 
produce the vehicles and dealers may need less labor to sell the vehicles. However, as 
manufacturers add equipment to each new vehicle, the industry will require labor resources to 
develop, sell, and produce additional fuel-saving technologies. The analysis also accounted for 
the possibility that new standards could shift the relative shares of passenge_r cars and light trucks 
in the overall fleet (see Section); insofar as different vehicles involved different amounts of 
labor, this shifting impacts the quantity of estimated labor. The labor analysis took into account 
the anticipated reduction in vehicle sales, shifts in the mix of passenger cars and light trucks, and 
addition of fuel-savings technologies that result from the regulation---and, subsequently, the 
anticipated increase in sales and reduction of fuel-savings technologies that are expected to result 
from a reduction in stringency. 

For the NPRM analysis, the agencies assumed that some observations about the 
production of MY 2016 vehicles would carry fon.vard, unchanged into the future. For instance, 
assembly plants would remain the same as MY 2016 for all products now, and in the future. The 
analysis assumed the percent of U.S. content would remain constant, even as manufacturers 
updated vehicles and introduced new fuel-saving technologies. The analysis further assumed 

14'° The agencies reCognize a few local production facilities may ~x,ntribute meaningful!)' to local economies, but the 
analysis reported only on national effects. 
'"' NHTSA provides reports under 49 CFR Part 583, "American Automobile Labeling Act Reports" with 
information NHTSA received from vehicle manufactur~rs about the U.S./Canadian conlent (by percentage value) of 
the equipment (parts) used to assemble passenger motorvehicli:s, See https://wwv,,nhtsa.gov/part-583-american
automobi!e-labe!ing-act-repons. 
"-'

0 This is a key assumption that should be revisited a; trade deals and tax or tariff policies materially change. 
1453 Many comm enters contend that higher prices form ore efficient goods will have no effect on unit sales and 
hence necessary production feS0urces and employment. The sales aspect of employment is addressed in the sales 
section. NHTSA-2018-0067-12000-35, Cen!er for Biological Diversity. el al. 
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that assembly labor hours per unit would remain at estimated MY 2016 levels for vehicles, 
engines, and transmissions, and the factor between direct assembly labor and parts production 
jobs would remain the same. When considering shifts from one technology to another, the 
analysis assumed revenue per employee at suppliers and original equipment manufacturers 
would remain in line with MY 2016 levels, even as manufacturers added fuel-saving 
technologies and realized cost reductions from learning, 

The NPRM analysis focused on automotive labor because adjacent employment factors 
and consumer spending factors for other goods and services-are uncertain and difficult to predict. 
The analysis did not consider how direct labor changes may affect the macro economy and 
possibly change employment in adjacent industries. For instance, the analysis did not consider 
possible labor changes in vehicle maintenance and repair, nor did it consider changes in labor at 
retail gas stations. The analysis did not consider possible labor changes due to raw material 
production, such as production of aluminum, steel, copper, and lithium, nor did the agendes 
consider possible labor impacts due to changes in production of oil and gas, ethanol, and 
electricity. The analysis did not analyze potential labor effects arising from consumption of 
other products that would not have occurred but for improved fuel economy, nor did the analysis 
assess the effects arising from reduced consumption of other products that results from more 
expensive fuel savings technologies at the time of purchase. The effects of increased usage of 
car-sharing, ride-sharing, and automated vehicles were not analyzed. The analysis did not 
estimate how changes in labor from any of these industries could affect gross domestic product 
and possibly affect other industries as a result. 

Many commentel'S voiced concerns that the NPRM,analysis only included automotive 
direct employment, and did not explicitly consider other important factors, and that these factors 
would be better addressed with a macroeconomic mode!. For instance, the International Council 
on Clean Transportation contended that the dollars saved at the pump as a resu!t of fuel saving 
technologies would be spent elsewhere in the economy, creatingjobs.1

~
54 The Association of 

Global Automakers also referenced macroeconomic studies that project long-term job gains due 
to savings at the pump, but also highlight short-term setbacks for jobs as money spent to 
purchase additional fuel saving technologies on new vehicles is not spent in other job creating 
sectors of the U.S. economy, which were not considered in an analysis that only addresses direct 
automotive emplbyment. 1455 The Union of Concerned Scientists and Environmental Defense 
Fund argued that the modeling of short-tenn job losses in the macroeconomic models is 
incorrect, and that purchasing a new vehicle, especially if financed, should increase disposable 
income, because monthly savings at the pump outpace the monthly financed cost of the fuel 
saving equipment, but also that consumers will not choose this equipment unless a stringent 
standard is chosen.14 ' 6 The Institute for Policy Integrity commented that an analysis looking 
only at direct employment is incomplete, and encouraged the agencies to include long-term and 
economy-wide effects in scope on employment discussions.1457 

1454 NHTSA-2018-0067-11741-!45, ICCT. 
145' NHTSA-2018-0067-12032-J0; Associacion of Global Automakers. 
14 '<1 NHTSA-2018-0067-12039-38, Union of Concerned Scientists: NHTSA-2018-0067-12397-4,. Emironmental 
Defense Fund, et al, 
w, NHTSA-2018-0067-12213-66, Jnstitule for Policy lncegrity. 
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The agencies have not quant ified employment effects ourside of auromotive sector di rect 
employment for this final rule. The agencies agree with commenters rhat the reducrions in 
producrion costs of new vehicles will free up resources for other productive pursuits. Some 
producers may shift resources away from the development and production of fuel saving 
technologies and into the development and production of other vehicle attributes. In th is case, 
there would be a transfer of labor resources within a firm. Other producers may instead pass 
a long the reduction in production costs to consumers in the form of price reductions or avo ided 

price increases, allowing those consumers to allocate those new fu nds between expenditure in 
other consumption categories or savings. The increased expenditure in other consumption 
categories would more efficiently create new employ ment in sectors expanding to cover new 
market-based (as opposed to regulatory-based) demand. Increased savings also creates 
additional investment in new productive capital, which will generate employment opportunities 
in the future. However, the extent and nature of these effects are al l highly uncertain. and the 
agencies have therefore not quantified the effect of the rule on economy-wide employment in the 
final rule analys is. 

Many commenters expressed concern that America would cede leadership in 
development and production of fuel saving technologies, and fuel-saving technology investment 
would be gutted ifaugural standards were not kept in place. For instance, the Mayor of the City 
of Chil licothe, and Mayors of other Ohio cit ies, pointed out that many light duty vehicles are 
built in Ohio and neighboring geographies. a nd that workers designing and producing fuel 
economy equipment make an average annual salary of$61,500, expressing concern that if 
standards are lowered, some of these jobs may no longer be necessary.1~58 The BlueGreen 
Alliance pointed out that over the last twenty years, manufacturers have invested billions of 
dollars into fuel saving technologies, and that multinational companies may shift jobs to otJ1er 
countries if the standards do not requi re continued, strong, additional investment in even more 
fuel saving technologies. 1~59 

The agencies recognize that development of fuel saving technologies c.an be capital 
intensive. However, high fuel economy standards do not, per se, guarantee multinational 
companies will invest in American research and development or production. For example, the 
larger percent U.S. content in the MY 2017 light truck vs. the MY 2017 passenger car new 
vehicle tleet may be tied to the so-called "Chicken Tax," a long-established tariff on the import 
of light duty trucks.1460 On average, a light truck in the MY 2017 fleet contained 47.8% U.S. 
content, while a passenger car contained 36.0% U.S. content. To the extent that other policies 
encourage multi-national corporations to build and invest in U.S. production facilities, these 
organizations v.~ll need access to capital to do so. Notably, as part of the sales module, as fuel 
economy of the fleet improves, the agencies assume customers increasingly choose light trucks, 
meaning that a shift towards light-trucks is already considered in the CAFE model under the 
augural standards. 

1458 NHTSA-2018-0067- 12318-2. Mayors of the City of Chillicothe and other Ohio cities. 
1459 NHTSA-20 18-0067-12009-6, BlueGreen Alliance. 
I¾O On average, a light truck in the MY 20 17 fleet contained 47.8% U.S. content. while a passenger car contained 
36.0% U.S. content. 
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Figure VI-54 - MY 2017 Sales Weighted Percent U.S. Parts Content by Regulatory Class 

Finally, no assumptions were made about part-time-level of employment in the broader 
economy and the availability of human resources to fill positions. When the economy is at full 
employment, a fuel economy regulation is unlikely to have much impact on net overall U.S. 
employment; instead, labor would primarily be shifted from one sector to another. These shifts 
in employment impose an opportunity cost on society, as regulation diverts workers from other 
market-based activities in the economy. In this situation, any effects on net employment are 
likely to be transitory as workers change jobs (e.g., some workers may need to be retrained or 
require time to search for new jobs, while short-term labor shortages in some sectors or regions 
could result in firms bidding up wages to attract workers). On the other hand, if a regulation 
comes into effect during a period ofless-than-full employment, a change in labor demand due to 
-regulation would affect net overall U.S. employment because the labor market is not in 
equilibrium, Schmalensee and Stavins point out that net positive employment effects are 
possible in the near term when the economy is at less than full employment due to the potential 
hiring of idle labor resources by the regulated sector to meet new requirements (e.g., to install 
new equipment) and new economic activity in sectors related to the regulated sector longer 
nm.1461 However, the net effect on employment in the long run is more difficult to predict and 
will depend on the way in which the related indusb·ies respond to regulatory requirements. For 
that reason, this analysis does not include multiplier effects but instead focuses on labor impacts 
in the most directly affected industries, which would face the most concentrated labor impacts. 

(b) Estimating labor for fuel economy technologies, 
vehicle components.final assembly, and re_tailers 

The following sections discuss the approaches to estimating factors related to dealership 
labor, final assembly labor and parts production, and fuel economy technology labor. 

1461 Schmalensee, Richard, and Robert N. Stavins. '"A Guide to Economic and Policy Analysis ofEPA's Transport 
Rule." White paper commissioned by Excelon Corporation, March 2011 (Docket EPA-HQ-OAR-2010-0799-0676). 
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(i) Dealership Labor 

The NPRivl analysis evaluated dealership labor related to new light-duty vehicle sales, 
and estimated the labor hours per new vehicle sold at dealerships, including labor from sales, 
finance, insurance, and management. The effect of new car sales on the maintenance, repair, and 
parts department labor is expected to be limited, as this need is based on the vehicle miles 
traveled of the total fleet. To estimate the labor hours at dealerships per new vehicle sold, the 
agenCies referenced the National Automobile Dealers Association 2016 Annual Report, which 
provides franchise dealer employment by department and function. 1"6~ l11e analysis estimated 
that slightly less 1han 20% of dealership employees' work relates to new car sales (versus 
approximately 80% in service, parts, and used car sales), and that on average dealership 
employees working on new vehicle sales labor for 27 ,8 hours per new vehicle sold. 

The analysis presented today retains assumptions about dealership labor hours per vehicle 
sold. 

(ii) Final assembly labor and parts production 

As new vehicle sales increase or decrease, the amount of labor required to assemble parts 
and vehicles changes accordingly. The NPRM evaluated how the quantity of assembly labor and 
parts production labor for MY 2016 vehicles would increase or decrease in the future as new 
vehicle unit sales increased or decreased. Specific assembly locations for-final vehicle assembly, 
engine assembly, and transmission assembly for each MY 2016 vehicle were identified. In some 
cases, manufacturers assembled products in more than one location, and the analysis identified 
such products and considered parallel production in the labor analysis. 

The analysis estimated average direct assembly labor per vehicle (30 hours), per engine 
lfour hours), and per transmission (five hours) based on a sample of U.S. assembly plant 
employment and production statistics and other publicly available information. The analysis 
used the assembly locations and averages for labor per unit to estimate U.S. assembly labor 
hours for each vehicle. U.S. assembly labor hours per vehicle ranged from as high as 39 hours if 
the manufacturer assembled the vehicle, engine, and transmission at U.S. plants, to as low as 
zero hours if the manufacturer imported the vehicle, engine, and transmission. 

The analysis also considered labor for parts production. The agencies surveyed motor 
vehicle and equipment manufacturing labor statistics from the U.S. Census Bureau, the Bureau 
of Labor Statistics, and other publicly available sources. The agencies found that the historical 
average ratio of vehicle assembly manufacturing employment to employment for total motor 
vehicle and equipment manufacturing for new vehicles was roughly constant over the period 
from 2001 throu£h 2013, at a ratio of 5.26.1463 Observations from 2001-2013 included many 
combinations of technologies and technology trends, and many economic conditions, yet the 
ratio remained about the same over time. Accordingly, the analysis scaled up estimated U.S. 
assembly labor hours by a factor of 5.26 to consider U.S. parts production labor in addition to 

'"' NADA Dara 20!6: Annual Fina1wial Profile of Amerirn:S Fr,mchised New-Car Dealerships, National 
Automobile Dealers Aw1dation, https://www.nada.org/20l6NADAda.ta1 (last visited Decemher20, 2019). 
,-1,iNAIC~ Code 3361, 3363. 
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assembly labor for each vehicle. The estimates for vehicle assembly labor and parts production 
labor for each vehicle scaled up or down as unit sales scaled up or down over time in the CAFE 
model. 

The analysis presented today retains assumptions about coefficients for final assembly 
labor and parts production, and updates production and final assembly locations for the MY 101 7 
fleet. 

(iii) Fuel economy technology labor 

As manufacturers spend additional dollars on fuel-saving technologies. parts suppliers 
and manufacturers require labor to bring those technologies to market. Manufacturers may add, 
shift. or replace employees in ways that are difficult for the agencies to predict; however, it is 
expected that the revenue per labor hour at original equipment manufacturers (OEMs) and 
suppliers will remain about the same as in MY 20 16 even as manufacturers include additional 
fuel-saving technology. To estimate the average revenue per labor hour at OEMs and suppliers, 
the analysis looked at financial reports from pub I icly traded automotive businesses.1464 Based on 
recent figures, it was estimated that OEMs would add one labor year per each $633,066 
increment in revenue and that suppliers would add one labor year per $247,648 in revenue.1465 

These global estimates are applied to all revenues, and U.S. content is applied as a later 
adjustment. In today's analysis. the agencies assume these rat ios would remain constant for all 
technologies rather than that the increased labor costs would be shifted toward foreign countries. 
There are some reasons to believe that this may be a conservative assumption. For instance, 
domestic manufacturers may react to increased labor costs by searching for lower-cost labor in 
other countries . . \ ltem:iti\ eh. if the ne\1 technolngie, require additinn,d e,peni,e nnt a, ailahk 
o,ersca~. manufacturer~ mm rel\ more hem ii\ on L .\. narh supplier, \1 i1h that e,nertise. 

The analysis presented today retains assumptions about coefficients for fue l economy 
technology labor, and updates the percent of U.S. content for the MY 2017 fleet. 

(iv) Labor Calculations 

The agencies estimated the total labor effect as the sum of three components: changes to 
dealership hours, final assembly and parts production, and labor for fuel-economy technologies 
(at OEMs and suppliers) that are due to the final rule. The CAFE model calculated additional 
labor hours for each vehicle, based on cun-ent vehicle manufacturing locations and simulation 
outputs for additional technologies, and sales changes. The analysis applied some constants io 

146' The analysis considered suppliers that won the Automotive News "PACE Award'" from 20 I 3-201 7. covering 
more than 40 suppliers, more than 30 of which are publicly traded companies. Automotive News gives "PACE 
Awards" to innovative manufacturers. with most recent winners earning awards for new fuel-savings technologies. 
1465 The analysis assumed incremental OEM revenue as the retail price equiva lent for technologies. adjusting for 
changes in sales volume. The analysis assumed incremental supplier revenue as the technology cost for 
technologies before retail price equivalent mark-up, adj usting for changes in sales volume. 
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all vehicles. 1466 Other constants were vehicle specific. for all years considered in the analysis.1467 

Still. other constants were year-specific for a vehicle.1468 While a multiplier effect of all U.S. 
automotive related jobs on non-auto related U.S. jobs was not considered for the final rule's 
analysis, the analysis d id incorporate a "global multiplier'' that can be used to scale up or scale 
down the tota l labor hours. This parameter exists in the parameters file. and for the fi na l rule's 
analysis the analysis set the value at 1.00. These calculations are further discussed in [section 
xxx] of the Final Regulatory Impact Analysis. 

The results of this analysis can be found in Table [Text Forthcoming]. 1t is important to 
note, however, that the reduction in job-years described in this table merely reflects the fact that, 
when compared to the standards set in 2012, fewer jobs will be specifica lly created to meet 
infea .,t>le regulatory requirements. It is also important to note that the [xxx] in avoided required 
technology costs can be invested by manufacturers into other areas, or passed on to consumers..!.!! 
,h: .. m.:hnh.lL·r,. Moreover, consumers can e ither take those cost savings in the form of a reduced 
vehicle price. or used toward the purchase of specific automotive features that they desire 
(potentially including a more-efficient vehic le), which would increase employment among 
suppliers and manufacturers. 

2. Simulating safety impacts of regulatory alternatives 

The primary objectives of CAFE and CO2 standards are to achieve maximum feasible 
fuel economy and reduce CO2 emissions, respectively, from the on-road light-duty vehicle fleet. 
In setting standards to achieve these intended effects, the potential of the standards to affect 
vehicle safety is also cons idered. As a safety agency, NHTSA has long cons idered the potential 
for adverse safety consequences when establishing CAFE standards, and under the CAA, EPA 
considers factors related to public health and human welfare, including safety, in regulating 
emissions of air pollutants from mobile sources. 

Safety trade-offs associated with fuel economy increases have occurred in the past
particularly before standards were attribute-based- because manufacturers chose to build 
smaller and lighter vehicles. In cases where fue l economy improvements were achieved through 
reductions in vehicle size and mass. the smaller, lighter vehicles did not fare as well in crashes as 
larger, heavier vehicles, on average. Although the agencies now use attribute-based standards, in 
part to reduce the incentive to downsize vehicles to comply with CAFE and CO2 standards, the 
agencies must continue to be mindful of the possibility of safety-related trade-offs. 

" 66 The analysis applied the same assum ptions to all manufacturers for annual labor hours per employee. dealership 
hours per unit sold, OEM revenue per employee, supplier revenue per employee. and factor for the jobs multiplier. 
1467 The analysis made vehicle-specific assumptions about percent of U.S. content and U.S. assembly employment 
hours. 
14• • The analysis estimated technology cost for each vehicle, for each year based on the technology content applied 
in the CAFE model. year-by-year. 
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Although prior analyses acknowledged CAFE and CO! standards influence factors that 
affect safety other than vehicle mass, those impacts were not estimated quantitatively .146q 

lnstead, the agencies focused exclusively on the·safety impacts of changes in ·vehicle mass. ln 
the proposal, the safety analysis was expanded to include a broader and more comprehensive 
measure of safety impacts. The final rule retains this comprehensive approach and analyzes the 
safety impact of three facfors: 

I) Changes in Vehicle Mass. Similar to the previous-analyses, the agen_cies estimate 
the safety impact of changes in vehicle mass made to reduce fuel consumption and 
comply with the standards. The agencies' statistical analysis of historical crash data 
to understand effects of vehicle mass and size on safety indicates reducing mass in 
heavier vehicles generally improves safety, while reducing mass in lighter vehicles 
generally reduces safety. NHTSA 's crash s"imulation modeling of vehicle design 
concepts for reducing mass revealed similar trends. 

2) Impacts of Vehicle Prices. Vehicles have become sater over time through a 
combination of new safety regulations and voluntal)' safety improvements, The 
agencies expect this trend to continue as new technologies_, such as advanced driver 
assistance systems, are incorporated into new vehicles. Safety improvements will 
likely continue regardless of changes to CAFE Standards. However, the pace of such 
improvements may be modified if manufacturers choose to delay or forgo 
investments in safety technology because of the demand CAFE and C01 standards 
impose on scarce research, development, and manufacturing resources. 

As discussed in Chapters [XX and XX], technologies added to comply with fuel 
economy standards have an impact on vehicle prices, and, by extension, on the 
affordability impacts of newer, safer vehicles, and therefore on the rate of acquisition 
of newer vehicles and the rate of retirement of older, less safe vehicles·. The delays in 
fleet turnover caused by sales and scrappage rates impact safety as they slow the 
penetration of new safety technologies into the fleet. 

Vehicle prices also influence fleet composition. As prices increase, consumers forgo 
larger, more expensive vehicles. Light trucks have historically had lower fatality 
rates than passenger cars. Furthermore, vehicles of different body styles have 
different rates of involvement in fata! crashes, so changing the share of each in 1he 
projected future fleet impacts safety. 

3) Increased dJi,,ing because of better fuel economy. The "rebound effect" predicts 
consumers will drive more when the cost of driving declines. More stringent 
standards reduce vehicle operating costs, and in response, some consumers may 
choose to drive more. Additional driving increases exposure to risks associated with 

'46' The agencies included a quantification of rebound-associated safety impacts in its Draft TAR analysis, but 
because the scrappage model is new for this rulemaking. did not include safety impacts associated with the effect of 
stalldards on new vehicle prices and thus on fleet turnm·er. The fact that the scrappage model did not exist prior 10 
this rulemaking does not mean that the effects that it aims to show were not important considerations, simply that 
the agencies were unable to account for them quantitatively prior to the current rulemaking. 
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on-road transportation, and this added exposure translates into higher fatalities and 
injuries. 

We measure the impact of these factors through changes in fatalities across the 
alternatives. Fatalities are calculated, generally, by deriving a societal fatal ity rate (fatalities per 
vehicle mile of travel) for the speci fic factor and multiplying it by the alternative's expected 
YMT. Fatalities are converted into a societal cost by multiplying fatalities with the value of a 
statistical life (VSL). As with the PRM, tratlic injuries and property damage are not modeled 
directly;1470 rather, traffic injuries and property damage continue to be represented through 
adj ustment factors - as determined by the observed relat ionships between societal costs of 
fatalities and societal injury and property damage costs- to fatalities. 

All three factors influence predicted fatalities, but only two of them, the changes in 
vehicle mass and the changes in response to prices-are directly imposed on consumers by 
CAFE and CO2 standards. Increased driving associated with rebound is a consumer choice. 
Greater fuel economy will reduce driving costs, but nothing in the higher CAFE standards 
compels consumers to drive additional miles. If consumers choose to do so, they are making a 
decision that the uti lity of additional driving exceeds the marg inal operating costs as well as the 
perceived added crash risk that addi tional driving entails. As discussed in [Rebound Safety 
Section], we account for the voluntary nature of rebound driving by offsetting a portion of the 
added safety costs. 

Some commenters argued that the agencies should be measuring the change in fatality 
rate rather than the change in the number of fatalities. For example, EDF argued that changes in 
fatalities was a measurement of VMT and number of passengers rather than safety, and that 
"NHTSA's job is to decrease the fatality rate per mile, not to decrease the number of miles 
people drive." 1471 EDF also commented that the agencies were required to report the "fatality 
rate data for the overall safety impacts." The agencies disagree with EDF. The agencies are 
responsible for measuring the impacts of fuel economy and CO2 standards, including changes to 
VMT. While other NHTSA safety rules have minimal impacts upon aggregate VMT, CAFE 
standards have a large impact on VMT and YMT-related costs, including fatalities. It is correct 
that NHTSA often uses changes in fatality rates as a metric to evaluate the impact of regulations 
on safety, but these rates are just a tool util ized to derive the relevant safety impact-namely the 
estimated change in fatalities. Furthermore, as part of the cost-benefit analysis required by 
Executive Order 12866 and specified in 0MB Circular A-4, the agencies must quantify and 
value safety impacts to compare them to the costs of the regulation. The fundamental metric for 
valuing loss of life is the VSL. To apply this metric, the agencies must first produce estimates of 
any change in fatalities that results from the regulatory action. Fatalities prevented, as well as 
other safety impacts such as non-fatal injuries prevented and property damage crashes avoided, 
are appropriate measures of rules that affect motor vehicle safety . 

1470 The agencies noted in the NPRM that traffic injuries and property damage a rc not direcll) modeled because of 
insufficiem data. See PRIA at 43108. 
1471 EDF, Appendix A, NMTSA-20 i 8-0067- I2108, a t 7-9. 
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a) Impact of Weight Reduction on Safery· 

Vehicle mass reduction can be one of the more cost-effective means of increasing fuel 
economy and reducing CO2 emissions to meet standards-particularly for makes and models not 
already built with much high strength steel or aluminum closures or low mass components. 
Manufacturers have stated that they will continue to reduce vehicle mass to meet more stringent 
standards, and therefore, this expectation is incorporated into the modeling analysis supporting 
the standards. Safety trade-offs associated with mass-reduction have occurred in the past, 
particularly before CAFE standards were attribute-based; past safety trade-offs may have 
occurred because manufacturers chose at the time, in response to CAFE standards, to build 
sma!ler and lighter vehicles. In cases where fuel economy improvements were achieved through 
reductions in vehicle size and mass, the smaller, lighter vehicles did not fare as well ih crashes as 
larger, heavier vehicles. on average. Although the agencies now use attribute-based standards, in 
part to reduce or eliminate the incentive to downsize vehicles to comply with CAFE and CO~ 
standards, 14n the agencies must be mindful of the possibility of related safety trade-offs. 

Historically, as shown in FARS data analyzed by the agencies. mass reduction 
concentrated among the heaviest vehicles (chiefly, the largest LTVs, CUVs and minivans) is 
estimated to reduce overall fatalities, while mass reduction concentrated among the lightest 
vehicles (chiefly, smaller passenger cars) is estimated to increase overall fatalities. Mass 
reduction in heavier vehicles is more beneficial to the occupants oflighter vehicles than it is 
harmful to the occupants of the heavier vehicles. Mass reduction in lighter vehicles is more 
hannful to the occupants of lighter vehicles than it is beneficial to the occupants of the heavier 
vehicles. In response to questions of whether designs and materials of more recent model year 
vehicles may have weakened the historical statistical relationships between mass, size, and 
safety, we updated our public database for statistical analysis consisting of crash data. The 
analysis considered the full range of real-world crash types. 

The methodology used for the statistical analysis of historical c_rash data has evoh-ed over 
many years. The methodology used for the NPRM and unchanged for the final rule reflects 
learnings and refinements from: NHTSA studies in 2003, 2010, 2011, 2012, and 2016; 
independent peer review of23 studies by the UniVersity of Michigan Transportation Research 
Jnstitute;1473 two public workshops hosted by NHTSA; 1474 interagency collaboration among 
NHTSA, DOE and EPA; and comments to CAFE and CO2 rulemakings in 2010, 2012, the 2016 
Draft TAR, and the 2018 NPRM. As explained in greater detail below and inFRIA Chapter 11, 

"" CAFE and CO, standards are "footprint-based," with footprint being defined as a measure ofa vehicle's size, 
rou!l,hly equal to the wheelbase times the average of the front and,rear track widths, Footprint-based standards 
create a disincentive for manufacturer:s to produce smaller-footprint vehicles. This is because, as footprint 
decreases, the corresponding fuel economy/CO, emission target becomes more stringent. ¥/e also believe that the 
shape of the footprint curves themselves is such that the curves·should ncitherencourage manufacturers to increase 
nor decrease the footprint of their fleets. 
l'7l Gr'een, Paul E., Kosl).-niuk, Lidia P., Gordon, Timothy J., and Reed, Matthew P., /11depende/// Reriew of 
Stati;-tica/ Analyses afRelatiomhip beti,·een Vehicle Curb Weight, Track Widlh, Wheelbase and Falality R/1/e.,, 
UMTRl-2011-12, University ofMichigan of Transportation Research Institute, 2011, available at 
http:l/www.umtri.urnich.edu/our-rcsults/publicationslindependent-review-statlstical-analyses-relationsh.ip-between
vehicle-curb. 
'41' [ add cites] 
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the methodology used for the statistical analysis of historical crash data for the NPR.1\.1 and final 
rule is the best and most up to date available. 

Additionally, to assess whether future vehicle designs may impact the relationship of 
vehicle mass reduction on safety, NHTSA sponsored a fleet crash simulation study using future 
mass reduction vehicle design concepts (see Section [Text Forthcoming] below). The results of 
the simulation research-showed that future mass reduction techniques continue to exhibit impacts 
on safety and were consistent with the statistical analysis off ARS crash data. The agencies 
considered the findings of the study and concluded it was reasonable and appropriate to continue 
to consider the impact of mass reduction on safety for future vehicles because the data indicate 
the relationship between mass and safety will continue in the future. 

For the rulemaking analysis, the CAFE model tracks the amount of mass reduction 
applied to each vehicle model as detennined in Chapter XX, and then applies estimated changes 
in societal fatality risk per l 00 pounds of mass reduction determined through the statistical 
analysis off ARS crash data. This process allows the CAFE model to tally changes in fatalities 
attributed to mass reduction across all of the analyzed future model years. In tum, the CAFE 
model is able to provide an overall impact of the final standards and alternatives onJata!ities 
attributed to mass reduction. 

A number of comments were received on technical aspects of the mass-safoty analysis in 
the NPRM. The agencies carefully considered all comments_ Where warranted, the agencies 
conducted additional analyses to determine whether commenters' suggestions would improve the 
analysis. The agencies found that the methodology employed by the proposal, which was 
developed over many years. subject to extensive review and feedback, remains the most rigorous 
methodology. The agencies found the alternative approaches raised in comments would provide 
less likely estimates, were statistical!y problematic, or, in some cases, advocated discarding or 
ignoring the most likely estimates altogether. The agencies' assessments of comments are 
discussed in detail in the subsections below, 

Overall, consistent with prior analyses, the data show that mass reduction concentrated in 
heavier vehicles is generally beneficial to overall safety, and mass reduction concentrated in 
lighter vehicles is harmful. 

(I) Crash Data 

The agencies use real-world crash data as the basis for projecting the future safoty 
implications for regulatory changes. To support the 2012 rulemaking, NHTSA created a 
common, updated database for statistical analysis consisting of crash data. The initial iteration 
contained crash data for model years 2000-2007 vehicles in calendar years 2002-2008. NHTSA 
made the preliminary version of the new database, which was the basis for NHTSA 's 2011 
preliminary report (hereinafter 201 l Kahane report), im available to the public in May 2011, and 

"" Kalrnne, C. J. Relationships Belll'een Fatality Risk. Moss, and Fool prim in .Model Year !Q(H/-21!07 Passenger 
Cars and LTVs - Final Report. National Highway Traffic Safety Administration {Aug. 2012), a,-alloble at 
https:!/crashstat:s.nhtsa.dot.govl Api-'PublicNlewPublication/811665. 
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an updated version in April 2012 (used in NHTSA 's 2012 fi na l repo1t. hereinqfier 2012 Kahane 
report), i-176 enabling other researchers to analyze the same data and, hopefully, minimize 
discrepanc ies in resu lts caused by reporting inconsistencies across databases.'477 NHTSA 
updated the crash and exposure databases for the 2016 Draft TAR analysis. 

For the p roposed rule and unchanged for today's final rule, the crash and exposure 
databases were updated again. The databases are the most up-to-dare possible (MY 2004-20 11 
vehicles in CY 2006-2012), given the processing time for crash data and the need for enough 
crash cases to permit statistica lly meaning ful analyses. As in previous analyses, NHTSA has 
made the new databases available to the public on its website.1478 

(2) Methodology 

The re lationship between a vehicle's mass, size, and fatality risk is complex, and it varies 
in different types of crashes. We have been examining this relationship for more than two 
decades. The basic analytical method used to analyze the impacts of weight reduction on safety 
for the proposal, and unchanged for th is fina l rulemaking, is the same as in 2016 Puckett and 
Kindelberger report. 1479 N HTSA released t he 2016 Puckett and Kindel berger report as a 
preliminary report on the relationship between fatality risk, mass, and footprint in June 20 I 6 in 
advance of the Draft TAR. T he 20 16 Puckett and Kindel berger repot1 covered the same scope as 
previous NHTSA reports.148n offering a detailed description of the crash and exposure databases, 
modeling approach, and analytical results on re lationships among vehicle size, mass, and 
fatalities that in formed the Draft TAR. The model ing approach described in the 2016 Puckett 
and Kindelberger report was developed with the collaborative input ofNHTSA, EPA and DOE, 
and subject to extensive public review, scrutiny in two NHTSA-sponsored workshops, and a 
thorough peer review that compared it with the methodologies used in other studies.1481 1482 

'"' 6 Kahane. C, J. Relatio11ships Benreen Fatality Risk. Mass. a11d Foo/prim in Model Year 100()-;!007 Passenger 
Cars a11d LTVs - Preli111i11ary Report. Docket No. NHTSA-2010-0152-0023. Washington, DC: National I lighway 
T raftic Safety Administration. 
' 477 See 75 FR 25324, 25395-96 (May 7. 20 I 0). 
147& t·ip: ftp.nhba.dot.t!J't, C_\ l· I· ,:;01:,:, ma~:-. :-.i1e :,,alC1, . 
im Puckett, S.M. and Kindelberger, J.C. (2016. June). Relationships betwee11 Fatality Risk. Mass. and 
Footprillf i11 Model Year 10U3-10!0 PassenKer Cars and LTl ·s - Preli111i11a1:r Report. (Docket No. NHTSA-
2016-0068). Washington, DC: National Highway Tratlic Safety Administration, available at 
https:/ /www.nhtsa.gov/sites/nlllSa.dot.govl fi I es/20 I 6-prel i m-re lationship-fatal ityrisk-mass-footprint-2003 • I O. pd f 
148

" The 2016 Puckett and Kindel berger report is an extension of 201 1 Kahane report and 20 12 Kahane report. 
1481 Previous reports from which the 20 16 Puckett and Kindelberger report was derived from. were also subject to 
e.xtensive peer reviews. Farmer, Green, and Lie, who reviewed the ~OJ O Kahane report, also peer-reviewed the 
201 I Kahane report. In preparing his 2012 report (along with the 2016 Puckett and Kindelberger report and Draft 
TAR). Kahane also took into account Wenzel's assessmenl of the preliminary report and its peer reviews, DRJ's 
analyses published early in 2012, and public comments such as the International Council on Clean Transportation's 
commen1s submitted on NHTSA and EPA ·s 20 IO nolice of joint rulemaking. These comments prompted 
supplemenrary analyses, especially sensitivity tests, discussed at the end of this section. 
1" 2 A complete discussion of analyses of vehicle mass and safety considered by the agencies is located in Chapter 
11 of the FRJA accompanying this rulemaking. 
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In computing the impact of changes in mass on safety, the agencies are faced with 
competing challenges, Research has consistently shown that mass reduCtion affects "lighter" and 
"heavier" vehicles differently across crash types. The 2016 Puckett and Kindelberger report 
found mass reduction concentrated amongst the heaviest vehicles is likely to have a beneficial 
effect on overall societal fatalities, while mass reduction concentrated among the lightest 
vehicles is likely to have a detrimental effect on fatalities. 1483 To accurately capture the differing 
ef(ect on lighter and heavier vehicles, the agencies must split vehicles into lighter and heavier 
vehicle classifications in the analysis. 1484 However, this poses a cl1allenge of creating 
statistica!ly-meaningful results. There is limited relevant crash data to use for the analysis. Each 
partition of the data reduces the number of observations per vehicle classification and crash type, 
and thus reduces the statistical robustness of the results. The methodology employed by the 
agencies was designed to balance these competing forces as an optimal trade-off to accurately 
capture the impact of mass-reduction across vehicle curb weights and crash types while 
preserving the potential to identify robust estimates. 

For the proposal and the final mle, the agencies employed the modeling technique 
developed in the 2016 Puckett and Kindel berger report to analyze the updated crash and 
exposure data by examining the cross sections of the societal fatality rate per billion vehicle 
miles of travel (VMT) by mass and footprint, while controlling for driver age, gender, and other 
factors. in separate logistic regressions for five vehicle groups and nine crash types. "Societal" 
fatalitY rates include fatalities to occupants of all the vehicleS involved in the collisions, plus any 
pedestrians, cyclists, or occupants of other conveyances (e.g., motorcyclists). The agencies 
utilize the relationships between weight and safety from this analysis, expressed as percentage 
increases in fatalities per JOO-pound weight reduction, to examine the weight impacts applied in 
this CAFE analysis [as explained in chapter XX]. The effects of mass reduction on safety were 
estimated relative to {incremental to) the regulatory baseline (augural standards) in the CAFE 
analysis, across all vehicles for MYs 2018 and beyond. 

As in the 2012 Kahane report, 2016 Puckett and Kindelberger report, and the Draft TAR, 
the vehicles are grouped into three classes: passenger cars (including both two-door and four
door cars); CUVs and minivans; and truck-based L TVs. The curb weight of passenger cars is 
formulated, as in the 2012 Kahane report, 2016 Puckett and Kindel berger report. and Draft TAR, 
-as a two-piece linear variable to estimate one effect of mass reduction in the lighter cars and 
another effect in the heavier cars. The boundary between "lighter" and "heavier" cars is 3,201 
pounds (which is the median mass of MY 2004-2011 cars in fatal crashes in CY 2006-2012, up 
from 3,106 pounds for MY 2000-2007 cars in CY 2002-2008 in the 2012 NHTSA safety 
database, and up from 3, J 97 pounds for MY 2003-2010 cars in CY 2005-2011 in the 2016 
NHTSA safety database). Likewise, for truck-based L TVs, curb weight is a two-piece linear 
variable with the boundary at 5,014 pounds (again, the MY 2004-2011 median, higher than the 
median of4,594 pounds for MY 2000-2007 LTVs in CY 2002-2008,and the median of 4,947 

i,u The findings_ of the 2016 Puckett and Kindel berger report are consistent with the results of the ~012 Kahane 
teport and Draft TAR. 
""' If lighter and heavier vehicles are left undistinguished, the agencies analysis would be restricted to identif)"ing a 
single effect of mass reduction for passenger car.; and a single effect of mass reduction fonruck·based L TVs. As 
discussed below, distinct effects have been estimated historically for lighter versus heavier vehicles for <:ars and 
LTVs, confirming the validity of distinguishing by curb weight where feasible. 
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pounds for MY 2003-2010 L TVs in CY 2005-201 l). CUVs and minivans are grouped together 
in a single group covering all curb weights of those vehicles; as a result curb weight is 
formulated as a sirilple linear variable for CUVs and minivans. Historically, CUVs and minivans 
have accounted for a relatively small share of new-vehicle .sales over the range of the data, 
resulting in less crash data available than for cars or truck-based L TVs. In sum, vehicles are 
distributed into five groups by class and curb weights: passenger cars< 3,201 pounds; passenger 
cars 3,201 pounds or greater; truck-based L TVs< 5,014 pounds; truck-based L TVs 5,014 
pounds or greater; and all CUVs and minivans. 

There are nine types of crashes specified in the analysis for each vehicle group: three 
types of single-vehicle crashes, five types of two-vehicle crashes; and one classification of all 
other crashes. Single-vehicle crashes include first-event rollovers, collisions with fixed objects, 
and collisions with pedestrians, bicycles and motorcycles. Two-vehicle crashes include 
collisions with: heavy-duty vehicles; cars, CU Vs, or minivans< 3,187 pounds (the median curb 
weight of other, non-case, cars, CUVs and minivans in fatal crashes in the database); cars, 
CU Vs, or minivans~ 3,187 pounds; truck-based L TVs < 4,360 pounds {the median curb weight 
of other truck-based L TVs in fatal crashes in the database); and truck-based L TVs;?: 4,360 
pounds. Grouping partner-vehicle CUVs and minivans with cars rather than L TVs is more 
appropriate because their front-end profile and rigidity more closely resemble a car than a typical 
truck-based LTV. An additional crash type includes all other fatal crash types {e.g., collisions 
involving more than two vehicles, animals, or trains). Splitting the vehicles from this crash type 
involved in crashes involving two light-duty vehicles into a lighter and a hea,•ier group permits 
more accurate analyses of the mass effect in collisions of two vehicles. 

For a given vehicle class and weight range (if applicable), regression coefficients for 
mass (while holding footprint constant) in the nine types of crashes are averaged, weighted by 
the number ofbas'eline fatalities that would have occurred for the subgroup MY 2008-2011 
vehicles in CY 2008-2012 if these vehicles had all been equipped with electronic stability control 
(ESC),. The adjustment for ESC, a feature of the analysis added in 2012, takes into account 
results will be used to analyze effects of mass redi.Jction in future vehicles, which will all be 
ESC-equipped, as required byNHTSA's safety regulations. 

The agencies received multiple comments on how they distribute vehicles into 
classifications. IP!, quoting a study by Tom Wenzel, commented that sorting vehicles into 
footprint deciles shows positive impacts from mass reduction for the majority of the footprint 
deciles. 1485 CARB commented that the agencies should have used the curb weight of all vehicles 
to calculate the thresholds for "lighter" and "heavier" ,,ehicle types rather than just the curb 
weights of vehicles involved in fata! crashes.1486 CARB also commented that pickup trucks and 
SUVs that are not subject to CAFE regulation (i.e .• Class 2b and Class 3 vehicles, such as ¾-ton 
and one-ton pick-up trucks, vans and related SUVs) should not be included in the assessment of 

'"'' IPI, Detailed Comments, Docket No. NHTSA-2018·0067-12213, at 127 (quoting Torn Wenzel, As.,es.,me11/ of 
NHTSA ·., Report "Rdolio11ships Befll'een Fata/i1y Risk. Mass, and Footprint in Model Year 2004-Wl l Passenger 
Cars and LTVs," {LBNL Phase l, 2018), available at https:l/escholarship.orgluc/item/4726g6jq). 
1410 CARB, Detailed Comments, Docket No. NHTSA-2018-0067-1 !873, at 276. 
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the impact of mass on safety and doing so raises the median weight oftrucks.1-1
87 CARB also 

commented that the median weights are static values representing the historical fleet, but the 
median weights and proportions of crash types involving given vehicle weight categories should 
change with median weight of the fleet modeled by the CAFE model. im Commenters generally 
believed that the agencies' approach " results in inappropriate appo1tioning of cars and trucks into 
the corresponding lighter or heavier bins," which in turn caL1ses the agencies to overestimate the 
fatalities associated with mass reduction.148

q 

Dividing vehicles into footprint deciles and excluding Class 2b and 3 vehicles pose 
sample size and data coverage issues. If vehicles were grouped into footprint deci les, the sample 
sizes in each decile would be approximately one-fifth as large as the corresponding sample sizes 
in each of the agencies' four passenger car and LTV vehicle classes (and one-tenth as large as 
the sample size for CUVs and minivans). Smaller parameter estimates require correspondingly 
smaller standard errors (i .e., relatively precise estimates) to achieve statistical significance, but 
splitting the limited data into deciles yields larger standard errors, restricting the ability to 
identify statistically-significant estimates. Likewise, by extending the footprint-curb weight
fatality data to include C lass 2b and 3 trucks that are functionally and struct urally similar to 

corresponding ½-ton models that are subject to CAFE regulation,1-190 the sample size and ranges 
of curb weights and footprint are improved. Sample size is a challenge for estimating 
relationships between curb weight and fatality risk for indiv idual crash types in the main 
analysis; dividing the sample further or removing observations makes it exceedingly difficulty to 
identify meaningful estimates and the relationships that are present in the data. 

Compounding the issue is the fact the analysis focuses on societal fatality risk (i.e., all 
fatal it ies, including crash partners and people outside of vehicles, such as pedestrians, cyclists, 
and motorcyclists) rather than merely in-vehicle fatality risk, which yields estimates that are 
smal ler in magnitude (and thus more ditlicult to identif)' meaningful differences from zero) than 
estimates representing changes in in-vehicle fatality risk. That is. compared to an analysis of in
vehicle fata lity risk (which would tend to yie ld relatively large estimated effects of mass 
reduction), the focus on societal fatalities tends to yield relatively small (net) effects of mass 
reduction on fatality risk. 

,m Tom Wenzel of Lawrence Berkeley National Laboratories, Comment. EPA-HQ-OAR-2018-0283-4118. at I; see 
also CARB. Detailed Comments, Docket No. NHTSA-20 \ 8-0067-11873, at 259. 
'"' CARB, Detailed Comments. Docket No. NHTSA-2018-0067- 11873, at 260. 
,m CARB. Detailed Comments. Docket No. NIITSA-2018-0067-1 1873. at 276. 
" "" Class 2b and 3 pick-up trucks, vans and SUYs have physical characteristics and usa.,e profi les that are 
substantially similar to their Class 2a counterpans. For example, the Class 2a version of the Ford F-150 has simi lar 
physical characteristics to and has a similar usage profile lO the Class 2b Ford Fl50. Same for 1he Class 2a Ford 
F l50 relative to the Class 2b and 3 Ford F250, and for the GMC Yukon relative to the Yukon XL. Despite being 
regulated by d ifferent fuel economy and emissions regulation as they become heavier, the vehicles may continue to 
be used in similar ways over lime; in turn, the safety implications of the presence of these vehicles may continue to 
be simi lar. In contrast. other types of heavy-duty vehicles, such as box trucks, buses, refuse trucks, fire trucks. and 
other heavy-duty commercial vehicles are substantially different from light duty vehicles in their physical 
characteristics and usage profiles, and it would not be appropriate to include them in the statis tical analysis to 
determine the impact of mass on crash fatalities. 
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Including Class 26 and 3 vehicles in the analysis to determine the relationship of vehicle 
mass on safoty has the added benefit of improving correlation constraints. Notably, curb weight 
increases faster than footprint for large light trucks and Class 26 and 3 pickup trucks and SUVs, 
in part because the widths of vehicles are constrained more tightly (i.e., due to lane widths) than 
their curb weights. Including data from Class 26 and 3 pick-up truck and SUV fatal crashes 
provides data over a wider range of vehicle weights, which improves the ability to estimate the 
mass-crash fatality relationship. The agencies believe the decision of whether to include Class 
26 and 3 vehicles in the analysis should be made based on whether the additional data improves 
the estimate of the safety impact of mass reduction in light trucks, and that the fatality data 
should not be simplistically excluded because the vehicles are not regulated under the CAFE and 
CO2 emissions programs. Ult,imately, the agencies find that: ( 1) the fundamental objective is to 
capture the strongest, meaningful signal regarding societal fatality risk as a function of the mass 
oflight trucks; (2) that incorporating information on fatal incidents involving Class 26 and 3 
trucks improves the quality of the signal the agencies can capture, and (3) including the vehicles 
provides the best estimate of the impacts of mass on societal fatalities. 

In assessing whether to calculate the median curb weight threshold from all vehicles 
involved in accidents or on the road. the agencies weighed changing the process used to establish 
the thresholds and the potential impact on the robustness of the statistical analysis. From a 
statistical perspective, using thresholds that allocate a similar number of fatal crash cases to both 
the-lower vehicle weight group and the higher vehicle weight group for a given vehicle type will 
minimize the average standard errors of estimates for both groups, which provides the best 
estimates for each group, Because reducing average_ standard errors strengthens the statistical 
analysis, the agencies conclude using only the curb weight of vehicles involved in fatal crashes 
to calculate the median curb weight threshold produces the best estimate. This conclusion is the 
same that was reached previously when considering the same issue for the 2011 Kahane, 2012 
Kahane, and 2016 Puckett and Kindelberger analyses. 

On a related note, the regression models are estimated based on with respect to the total 
number of fatalities associated within each vehicle weight group classification (referred to as 
vehicle group below, for brevity). Shifting the threshold would change the estimated 
incremental impact of chaitges in curb weight in each vehicle group, but the net effects would 
offset each other across ,•ehicle groups, resulting in the same overall estimated effect of changes 
in vehicle mass on societal fatality risk. For example, if one restricted the "lightest" group for a 
vehicle type to include only the bottom ten percentiles of vehicle weight, one would expect to 
identif)' a very strong detrimental eftect {or weakest beneficial effect) of mass reduction for that 
group. However, the estimated effect of mass reduction in that group has minimal implications 
for the fleet (i.e., because there are fewer vehicles in the group), and the corresponding estimated 
effect of mass reduction for other groups would also mute the impact (i.e,, because there are 
many vehicles in the group that vary in mass to a much larger degree than in the "lighter" group). 
Ultimately, the mean effect of mass reduction across the lighter and heavier groups would be the 
same as when using the median as the threshold (or at least, similar, subject to limitations in 
statistical optimization), but with a different point of reference when comparing the groups. 
Thus, the agencies believe the selection of curb weight threshold has a minimal impact on the 
estimated effects of mass reduction across all vehicle types. 
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Full consideration ofCARB's c:omment on mass thresholds, and whether they should change as 
the median weight of the fleet modeled by the CAFE model changes, requires a deeper look at 
each of the crash types considered in the analysis. That is, the point estimates presented in 
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Table VI-138 
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Table VI- \ 38 represent weighted averages across nine separate, mutually-exclusive and 
exhaustive crash models (analyzed separately for cars, L TVs, and CUVs and minivans). For 
example, an individual model for first-event rollovers yields estimates of the percentage change 
in societal fatality risk per I 00-pound mass reduction for lighter and heavier (or, in the case of 
CUVs and minivans, all) vehicles in the target vehicle class. The final, overall point estimate for 
a given vehicle type is found by: ( \ )multiply ing the estimate associated with an individual crash 
type by the estimated share of societal fatalities involving the vehicle class (adjusting for two
vehicle collisions that span vehicle classes to avoid double-counting); and (2) summing the 
values estimated in (I) across al\ crash types. In its comments. CARB noted that if the 
distribution of vehicles in terms of curb weight changes through lightweighting, the shares of 
(fatal) two-vehicle crashes involving a given pair of vehicles as defined by weight c lass (e.g., car 
below a given threshold coll iding with a LTV above a given threshold) would change. In turn, 
the appropriate weighting across the crash types modeled in the analysis would likewise be 
different (involving an increasing share of vehicles below a g iven curb weight threshold). Due to 
these potential limitations, CARB questioned the stability of the summary point estimates 
relative to changes in the shares of fatalities within each crash type in the analysis.1491 

To evaluate CARB's concerns regarding future crash mixes and definitions of vehicle 
weight classes, the agencies performed an exploratory analysis examining the scope and impacts 
of potential model changes. In doing so, the agencies examined the degree of change in the 
median vehicle fleet weight in the NPR.l'vl analysis relative to the fixed mass threshold values, 
and also how sensitive the c urb weight safety point estimates are to assumptions about the 
distribution of curb weights in future vehicle fleets. The agencies also considered the feasibility 
of changing the shares of fatalities by crash type as a function of forthcoming or developing 
vehicle safety technologies. However, the agencies identified no studies on the effectiveness of 
forthcoming or developing vehicle safety technologies that could inform projections of shares of 
fatalities across crash types, nor did the commenters reference any such studies. Likewise, 
commenters provided no data that would enable projections of these factors. Thus, for a given 
vehicle mix, the agencies have no information available to justify changing the shares of 
fatalities across crash types over time. Therefore, the agencies decided to keep the distribution 
of fatality shares constant for: first-event rollovers; fixed-object collisions; collisions v.~th 
pedestrians, bicyclists, and motorcycles; collisions with heavy vehicles; collisions with one other 
light-duty vehicle (i.e., a constant share across the sum of these crashes, but not constant for any 
given type of crash partner); and all other crashes. 

The agencies had sufficient information to evaluate the effects of changes in the fata l 
crash mix for cases involving two light-duty vehicles. The agencies agreed that it was internally 
consistent to adjust fatality shares by crash type proportionally to the distribution of vehicle types 
and curb weight classes for a given focal MY. An important technical question associated with 
this approach is the level of disaggregation. T he agencies considered an alternative in which the 
agencies would estimate and apply unique curb weight point estimates for each calendar year in 
the analysis for each regulatory alternative. This alternative would account for changes in the 
distribution of crash types associated with changes in both vehicle type shares (i.e., shifts from 
passenger cars to CUYs and L TVs) and vehicle mass shares ( i.e., shifts from vehicles above the 

om CARB, Detailed Comments, Docket No. NHTSA-2018-0067- 11873. at 278-79. 
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curb weight thresholds to vehicles below the thresholds). As in the status quo analysis of curb 
weight and fatality risk, the resulting point estimates would be weighted averages across the 
individual crash type models as presented in the N PRM, but re-weighted to reflect projected 
changes to the fleet. 

The agencies investigated this alternative and identified several concerns. A key 
functional constraint is that the curb weight safety point estimates are applied in the CAFE 
model as a lump-sum, lifetime effect to a given vehicle. This characteristic of the model limits 
the ability to apply calendar-year-specific effects of changes in curb weight and vehicle type 
distributions when evaluating safety impacts of changes in curb weights. The safety point 
estimates also represent net effects of changes in curb weights over the lifetime of a given 
vehicle in the CAFE model; any changes in the calculation of safety point estimates would need 
to preserve this characteristic. More broadly, the vehicle fleet is not static over a vehicle's 
li fetime (i.e .. the distributions of curb weight and vehicle type change each year), so the effective 
probabil ities of each crash type over a given vehicle's lifetime are a function of many calendar
year- level curb weight and vehicle ty pe distributions. To capture any effects of changes in 
vehicle mass distributions over time within the current CAFE model structure. the agencies 
would need to enact a method that: ( l ) identifies defensible changes in fatal ity risk associated 
with vehicle mass as the distribution of vehicle mass changes (e.g., accounting for changes in the 
likelihood of observing particular fatal crash types that reflect projected changes in the 
distribution of vehicle types and curb weights across vehicles); and (2) al locates calendar-year
specific impacts of curb weight on fatality risk to each vehicle in the fleet across the analysis 
horizon. ldentifYing how best to achieve this would be complex, and would require the 
development of an alternative analytical approach that would be outside the scope of this 
rulemaking. 

With these concerns in mind. the agencies explored an alternative approach to test the 
sensitivity of the safety point estimates to distributions of vehicles by curb weight and vehicle 
type. The starting point for the alternative approach is maintaining the understanding that the 
nine crash type models that are present in the curb weight safety analysis represent the best 
statistical alternatives for evaluating the crash data in the database (i.e., optimal statistical 
precision conditional on the coverage of the data). Furthermore. the nine crash type models are 
defined in terms of physical relationships (i.e .. crashes involving vehicles of particular curb 
weight ranges and vehicle types) that are invariant to changes in the distributions of vehicles for 
those same characteristics. That is, the estimated changes in societal fatality risk as curb weights 
change for a focal vehicle (i.e ., ofa particular type and weight range) that is involved in a 
particular type of crash apply equally to any scenario involving such vehicle, regardless of 
changes in the probability of observing such a scenario. For example, we would expect the 
societal fatality risk for a crash involving a passenger car lighter than 3,20 I pounds colliding 
with a LTV heavier than 4,360 pounds to be the same regardless of how many such collisions 
take place. Thus, we would expect the net effect ofa given change in curb weight for a given 
vehic le type in a given crash type to scale proportionally with the probability of such crashes 
occurring. Put simply, if there are half as many potential crash partners ofa given type in a 
future year compared to a base year, we would expect a given curb weight reduction to have half 
as large of a net effect on fatalities in the future year re lative to the base year. In the extreme, 
curb weight changes would have no net effect on fatalities at all for a given crash type if such 
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crashes had a zero percent probability of occurring (Le., if there are no potential crash partner 
vehicles). 

Based on this maintained hypothesis, the agencies examined test curb weight safety point 
estimates under alternative scenarios, in which fatality shares by crash type were proportional to 
the distribution of vehicle types and curb weight classes across a range of outcomes reflecting 
different model years and policy alternatives represented in the NPRM. The sensitivities of the 
safety pojnt estimates to changes in the distributions of vehicle curb weights and vehicle types 
were tested by adjusting fatality shares across the relevant crash types in the analysis (i.e., 
involving two light-duty vehicles) in a manner consistent with potential changes in the vehicle 
fleet, while' holding the outputs of the individual crash type models the same as. in the NPRM. 

For example, compare the safety point estimate for L TVs lighter than 5,014 pounds in the 
NPRM with an alterriative point estimate for an extreme hypothetical future year where 80 
percent of the LTV fleet is lighter than the median curb weight for crash partners (4,360 pounds): 
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Table Vl-138 - Calculation of Example Alternative Safety Point Estimate (L TVs Lighter 
than 5,014 Pounds) 

Change in Fatality 
Change in Fatalities 
per JOO-Pound Muss 

Share of Risk per 100- Reduction for Crash 
Crash Type Fatalities Pound Mass T~·pc (Ba Seline"' 

Reduction for 1,782 

NPRM Example 
Crash Type(%) 

NPRM Example 
First-Event Ro!lol'er 0.03 0.03 0.65 0.3 0] 

Hit Fixed Object 0.11 0.11 -0.53 -1.0 -1.0 
Hit PedestrianfBlcycle/Motorcycle 0.22 0.22 0.78 ].0 ].0 

Hit Heavy Vehicle 0,06 0.06 2.10 2.3 2.3 

Hit Car/CUV/Minivan < 3,187 Lbs. 0.12 0.12 0.48 1.0 1.0 

Hit Car/CUV/Minivan 3,187+ Lbs. 0.12 0,12 -0.46 -1.0 -1.0 
Hit Truck-Based LTV <4,360 Lbs. 0.05 0.08 0.54 0.5 0.7 

Hit Truck-Based LTV 4,360+ Lbs. 0.04 0.02 1.91 1.5 0.7 

All Other 0.25 0.25 -0.93 ·l.0 -4.1 

Total LOO 1.00 
NPRM: 0.31 5.5 4.9 

Example: 0.28 

The estimated net societal effect of a l 00-pound mass reduction is equal to: (I) the sum 
of the estimated net effects across all crash types, divided by (2) the baseline estimate of annual 
fatalities involving1he vehicle class (adjusted to avoid double-counting) for the most recent four 
MYs in the database (MYs 2008-2011), or 1,782 fatalities per year. In the NPRM, the estimated 
net societal effect of a l 00-pound mass reduction for lighter L TVs was a 5.5 fatality increase, or 
a 0.31 percent increase relative to a baseline of 1,782 fatalities. Changing the share of crash 
fatalities involviti.g heavier L TVs to be consistent with a fleet with only 20 percent ofLTVs 
above the curb weight threshold yields: ( 1) an increase in incremental fatalities in crashes 
involving lighter L TVs (from 0.5 fatality to 0. 7 fatality); and (2) a decrease in incremental 
fatalities in crashes involving heavier LTVs (from 1.5 fatalities to 0.7 fatality); for a total net 
increment of 4.9 fatalities compared to the NPRM's estimate of 5.5 fatalities. Thus, we estimate 
that, in a future year where the fleet differs from ,the baseline by having an extreme case of 80 
percent of L TVs below the crash-partner curb weight threshold, the net societal effect of a roo
pound mass reduction in L TVs lighter than 5,014 pounds would be 4.9 divided by l, 782, or 0.28 
percent, versus 0.31 percent in the baseline. 

This simple example confirms that the estimates do indeed change as the distribution of 
curb weights changes. fn this case, the change is intuitive: As the LTV fleet becomes lighter, 
mass reduction among LTVs below 5,014 pounds becomes less detrimental to society. However, 
the incremental effect is estimated to be quite small: Shifting from an even mix of L TVs above 
and below the threshold to an extreme 20%/80% split only changes the estimated net societal 
effect by 0.03 percent in absolute tenns. Thus, the model results for lighter,L TVs appear 
relatively insensitive to the LTV curb weight distribution. Indeed, in the limit, where all L TVs 
are below the crash-partner curb weight threshold (and thus there are no fatality impacts for 
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crashes involving heavier L TVs), the estimated net societal effect of a 106-pound mass reduction 
for L TVs below 5,014 pounds {i.e., all L TVs in this case) is 0.25 percent, a difference of0.06 
percent in absolute terms compared to the baseline. This result is driven by the dominating 
effects of crash types involving either: (I) no crash partner (e.g., first-event rollovers); (2) one 
crash partner from a group not associated with a given change in a curb weight distribution (e.g., 
heavy vehicles, bicyclists, passenger cars); or (3) multiple crash partners (an element of"all 
other crashes"). That is, even extreme changes in the distribution of curb weights for a given 
vehicle type will not change the role that vehicle mass plays in crashes for a focal vehicle when 
that vehicle does not collide with another vehicle from the distribution in question. In the above 
example involving lighter LTVs, 90 percent of fatalities involve incidents that do not include a 
single LTV crash partner, and 66 percent of fatalities involve incidents that do not include a 
single light-duty crash partner. 

Continuing with this example scenario, the point estimate for L TVs heavier than 5,014 
pounds becomes larger in magnitude (i.e., more societally beneficial mass reduction) to a similar 
degree as the reduction in magnitude for lighter L TVs when moving to an extreme 20%/80% 
split of crash partner LTVs above (versus below in the case above) the curb weight threshold: 

Table Vl-139 - Calculation of Example Alternative Safety Point Estimate (LTVs 5,014 
Pounds or Heavier) 

Change in Ch:rnge in Fatalities 

Share of Fafalities 
Fatality Risk per 100-Pound Mass 

per 100-Pound Reduction for Crash 
Crash Type Mass Type (Baseline - 3,304) 

Reduction for 

NPRM Example Crash Type 
1%\, 

NPRM Example 

First-Event Rollover 0.02 0.02 0.76 0.6 0.6 

Hit Fixed Object 0.09 0.09 0.99 3.1 3.1 

Hit Pedestrian/Bicycle/Motorcycle 0.19 0.19 0.02 .0.1 0.1 

Hit Heavy Vehicle 0.06 0.06 Q.79 1.6 1.6 

Hit Car/CUV/Minivan < 3,187 Lbs. 0.14 0.14 -2.56 -12.0 -12.0 

Hit Car/CUV/Minivan 3, 187+ Lbs. 0.13 0.13 -0.36 -1.5 -1.5 

Hit Truck-Based LTV< 4.360 Lbs. 0.07 0.10 -l.81 -4.0 -6.1 

Hit Truck-Based LTV 4,360+ Lbs. 0.06 om 0.81 1.6 0.7 

All Other 0.24 0.24 -1.20 -9.5 -9.5 

Total l.00 1.00 
NPRM:-0.61 -20.0 -22.9 

Example: -0.69 

In the NPRM and this analysis, the estimated net societal effect of a 100-pound mass 
reduction for lighter L TVs was a 20.0 fatality decrease, or a 0.61 percent decrease relative to a 
baseline of 3,304 fatalities. Changing the share of crash fatalities involving heavier L TVs to be 
consistent with a fleet with only 20 percent of L TVs above the curb weight threshold yields: (l) 
a larger reduction in fatalities in crashes involving lighter L TVs per 100-pound mass reduction 
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(from 4 .0 fatalities to 6.1 fatalities); and (2) a decrease in incremental fatalities in crashes 
involving heavier L TVs (from 1.6 fatalities to 0.7 fatality); for a total net change of -22.9 
fatalities compared to a baseline of -20.0 fatalities. Thus, we estimate that, in a future year 
where t he fleet differs from the baseline by having 80 percent of L TVs below the crash-partner 
curb weight threshold, the net societal effect of a l00-pound mass reduction in L TVs 5,014 
pounds or heavier would be -22.9 divided by 3,304, or -0.69 percent, versus -0.61 percent in the 
baseline. Consistent with the test results for lighter L TVs, the model results for heavier L TVs 
appear relatively insensitive to the LTV curb weight distribution. In the limit, where all L TVs 
(except for one remaining heavier LTV in consideration) are below the crash-partner curb weight 
threshold (and thus there are no effective fatality impacts for crashes involving heavier L TVs), 
the estimated net societal effect of a I 00-pound mass reduction for the remaining LTV above 
5,014 pounds is -0.76 percent, a difference of0.15 percent in absolute terms compared to the 
baseline. 

Expanding the analysis to account for changes in the relative sales shares of each vehicle 
type dampens the net effects further. As the fleet share of passenger cars decreases, the net 
effects of mass reduction among L TVs become less societally beneficial. That is, as there are 
fewer relatively vulnerable passenger cars in the fleet, there become fewer oppo11unities to 
reduce fatalities in collisions between L TVs and passenger cars through mass reduction. In some 
scenarios considered in the exploratory analysis, the effects of sales shifts from passenger cars to 
L TVs at least fully offset the estimated improvements in net fatalities associated with mass 
reduction summarized above as the LTV fleet becomes lighter. 

Ultimately, the exploratory analysis using extreme example cases confim1ed that the 
baseline safety point estimates are very reasonable for the feasible ranges of mixes of vehicle 
types and curb weights across the model years in the CAFE model analysis. The sensitivities of 
the point estimates are relatively low across relative shares of lighter versus heavier L TVs 
(especially relative to the unce11ainty in the baseline estimates), and similarly low and offsetting 
across decreasing fleet shares for passenger cars. Because shifts in mass in the rule making 
analysis would have insignificant impacts on the safety estimated values and therefore 
rulemaking decision making, the agencies conclude no changes are warranted for this final rule 
analysis. 

(3) Mass Sqfety Results 
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Table Vl-140 
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Table \!J-140 presents the estimated percent increase in U.S. societal fatality risk per 10 
billion VMT for each 100-pound reduction in vehicle mass, while holding footprint constant, for 
each of the five vehicle classes: 
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Table Vl-140 - Fatality Increase (Percent) per 100-Pound Mass Reduction While Holding 
Footprint Constant: MY 2004-2011, CY 2006-2012 

Central Estimate 95% Confidence Bounds 

Cars< 3,201 nounds 1.20 -.35 to -i-2.75 
Cars> 3,201 pounds 0.42 -.67 to+ 1.50 
CUVs and minivans -0.25 -1.55 to+ 1.04 
Truck-based L TVs< 5.014 nounds 0.31 - .Sl to +1.13 
Truck-based LTVs > 5,0J 4 nounds -0.6! -1.46 to +.25 

Techniques developed in the 2011 (preliminary) and 2012 (final) Kahane reports have 
been retained to test statistical significance and to estimate 95-percent confide_nce bounds 
(sampling error) for mass effects and to estimate the combined annual effect of removing 100 
pounds of mass from every vehicle (or of removing different amounts of mass from the various 
classes of vehicles), while holding footprint constant. 

None of the estimated effects have 95-percent confidence bounds that exclude zero, and 
thus are not statistically significant at the 95-percent confidence level. The NPRM reported that 
two estimated effects are statistically significant at the 85-percent level. Societal fatality risk is 
estimated to: (1) increase by 1.2 percent if mass is reduced by 100 pounds in the lighter cars; and 
(2) decrease by 0.61 percent if mass is reduced by I oo· pounds in the heavier truck-based L TVs. 
The estimated increases in societal fatality risk for mass reduction in the heavier cars and the 
lighter truck-based L TVs, and the estimated decrease in societal fatality risk for mass reduction 
in CUVs and minivans are not significant, even at the 85-percent confidence level. Although 85-
percent statistical significance is not a traditional metric of meaningful differences to zero, this 
result confirms that the estim.ated effects for vehicles with curb weights most dissimilar to the 
median vehicle are the most likely to. be significantly different to zero. 

The agencies judge the central value estimates are the best and most up-to-date estimates 
available; the estimates offer a stronger statistical representation of relationships among vehicle 
curb weight, footprint and fatality risk than an assumption of no correlation whatsoever. The 
agencies appropriately present the statistical uncertainty. For example, the central values for the 
highest vehicle weight group (L TVs 5,014 pounds or heavier) and the lowest vehicle weight 
group (passenger cars lighter than 3,201 pounds) (which, based on fundamental physics, are 
expected to have the greatest impact of mass reduction on safety) are economically 
significant1492, and are in line with the prior analyses used in past NHTSA CAFE and EPA COl 

"" The agencies use "economically significant results'"'to mean values that have an imponant, practical implication, 
but may be derived from estimates that do not meettmditional levels of statistical significance. For exam pk ifthe 
projected economic benefit ofa project equaled $100 billion, the agencies would consider the impact economically 
significant, even if the estimates used to derive the impact were not statistically significant at the 95-percent 
confidence level. Conversely, if the projected economic benefit ofa project equaled $1, the agencies would not 
consider the impact economically significant, even if the estimates used to derive the impact were statistically 
significant at the 99.99-percent confidence level. In the ca~e above, we considered the results associated with the 
lightest and heaviest vehicle types to be economically significant because the associated safety costs were large and 
the estimates had magnitudes meaningfully difti,rent from zero and were statistical significant at the 85-percent 
confidence level. 
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ru!emakings. As shown in Table Vl-141 Tab!e VI-141, the estimated coefficients have trended to 
lower numerical values in successive studies, but remain positive for lighter cars and negative for 
heavier LTVs. The 85-percent confidence level was reported only lo show the scope of 
uncertainty at the first rounded (to five percent) threshold where the coefficient estimates were 
significantly different to zero for the two vehicle groups at the extremes of the curb weight 
distribution. No preference was suggested for an 85-percent co11fidence bound. Rather, the 
agencies found value in reporting confidence intervals for all five coefficients at the threshold 
where the estimates for the two extremes of the cµrb weight distribution were significantly 
different to,zero. The agencies detennined it was better to include the estimates, Jespite the 
slightly lower confidence level, than knowingly omitting economically significant results. 

The regression results are constructed to project the effect of changes in mass, 
independent of all other factors, including footprint. With each additional change from the 
current environment (e.g., the scale of mass change, presence and prevalence of safety features, 
demographic characteristics), the results may become less representative. That is, although 
safety features and demographic factors are accounted for separately, the estimated effects of 
mass are identified under the specific mix of vehicles and drivers in the data. We note that the 
analysis accounts for safety features that are optional but available across all fy!Ys in·the sample 
(most notably electronic stability control, which was not yet mandatory for all model years in the 
sample), and calibrates historical safety data to account for future tleets with full ESC 
penetration to re'.flect the mandate. 

The agencies considered the near multicollinearity of mass and footprint to be a major 
issue in the 2010 Kahane report and voiced concern about inaccurately estimated regression 
coefficients. High correlations between mass and footprint and variance inflation factors (VJF) 
have persisted from MY 1991-1999 to MY 2004-2011; large footprint vehicles continued to be, 
on the average, heavier than small footprint vehicles to the same extent as in the previous decade, 

Nevertheless, multicollinearity appears to have become less of a problem in the 2012 
Kahane, 2016 Puckett and Kindelberger/Draft TAR, and current analyses. Ultimately, only three 
of the 27 core models of fatality risk by vehicle type in the c'urrent analysis indicate the potential 
presence of effects of multicollinearity, with estimated effects of mass and footprint reduction 
greater than two percent per I 00-pound mass reduction and one-square-foot footprint reduction, 
respectively; these three models include passenger cars and CU Vs in first-event rollovers, and 
CUVs in collisions with L TVs greater than 4,360 pounds. This result is.consistent with the 2016 
Puckett and Kindelberger report, which also found only three cases out of27 models with 
estimated effects of mass and footprint reduction greater than two percent per l 00-pound mass 
reduction and one-square-foot footprint reduction. 

For comparison, Table Vl-141 Table VJ-141 shoV.'s the fatality coefficients from the 2012 
Kahane report (MY 2000-2007 vehicles in CY 2002-2008) and the 2016 Puckett and 
Kinde!berger report and Draft TAR (MY 2003-2010 vehicles in CY 2005-2011 ). 
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Table Vl-141 - Fatality Increase(%) per JOO-Pound Mass Reduction While Holding 
Footprint Constant 

Vehicle 
2012 Report 

2016 Report/Draft 
2012 Report 95% 2016 Report 95% 

ClassH9l Point 
TAR Point Estimate 

Confidence Confidence 
Estimate Bounds Bounds 

Lighter 1.56 1.49 +.39 to+ 2.73 -.30 lo +3.27 
Passen,i:er Cars 
Heavier 

.51 .50 -.59 to 1.60 -.59 to+ 1.60 
Passen11er Cars 
CUVs and -.3? -.99 -i.SSto·-1-.81 -2.17to+.19 
minivans 
Lighter Truck-

.52 -.10 -.4Sto+l.48 -1.08 to+.88 
based L TVs 
Heavier Truck-

-.34 -.72 -.97 to+ .30 -1.45 to +.02 
based LTVs 

The new results are directionally the same as in 2012; in the 2016 analysis, the estimate 
for lighter LTVs was of opposite sign (but small magnitude). Consistent with the 2012 Kahane 
and 2016 Puckett and Kindelberger reports, mass reductions in lighter cars are estimated to lead 
to increases in fatalities. and mass reductions in heavier L TVs are estimated to lead to decreases 
in fatalities. 

The estimated mass effect for heavier truck-based LTVs is stronger in this analysis and in 
the 2016 Puckett and Kindelberger report than in the 2012 Kahane report; both estimates are 
statistically significant at the 85-percent confidence level, unlike the corresponding estimate in 
the 2012 Kahane report. The estimated mass effect for lighter truck-based L TVs is insignificant 
and positive in this analysis and the 2012 Kahane report, while the corresponding estimate in the 
2016 Puckett and Kindelberger report was insignificant and negative. 

Multiple commetiters, including the South Coast Air Quality Management District and 
States and Cities, challenged the practical value of using estimates with statistical significance at 
the 85-percent level, arguing that below 95 {or 90) percent are insufficiently reliable.1494 For 
example, CARB stated, "[ d]ue to the lack of statistical significance, l\'HTSA should not be 
attributing any increase in fatalities due to mass reduction" and argues that the "effect of mass 
reduction on fatality risk should be set to zero since the estimates are not statistically different to 
zero." 1,195 

The agencies believe the updated analysis that was presented in the NPRM represents the 
most up to date and best estimate of the impacts of mass reduction on crash fatalities; and, that it 

"" Median curb weights in the 2012 Kahane report: 3,106 pounds for cars, 4,594 pounds fortruck-b:i:;ed I.TVs. 
Median curb weights in the 2016 Puckett and Kindel berger report: 3.197 pounds for cars. 4,947 pounds for truck
based LTVs. 
"" See South Coast Air Quality Management District, Detailed Comments, Docket No. NHTSA-2lll8-0067-i l813, 
at 6 (internal citation omined); and States and Cities, Detailed Comments, Docket No. NHTSA-2018-0067-11735, 
at 95. 
1"' CARB, Detailed Comments, Docket No. NHTSA-2018-0067-11873, at 269. 
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is appropriate for the analysis to use the best and most likely estimates for safety, even if the 
estimates are not statistically significant at the 95-percent confidence level, rather than assuming 
the unlikely likely scenario that changes in vehicle mass have no impact on safety. Significance 
at the 85-percent confidence level is important evidence that the relevant point estimates are 
meaningfully different to zero (e.g., approximately five to six times more likely to be non-zero 
than zero). The agencies believe it would be misleading to ignore these data or to use values of 
zero for the rulemaking analysis, as doing so would not properly inform decision makers on the 
safety impacts of the regulatory altematives and final standards. Similar to past analyses, the 
NPRM and this final rule analysis use the best available estimates. The agencies fee l it is 
inappropriate to ignore likely impacts of the standards simply because the best available 
estimates have confidence levels below 95 percent; uniform estimates of zero are statistically 
weaker than the estimates identified in the analysis, and thus are not the best available. Because 
the point estimates are derived from the best-fitting estimates for each crash type (al l of which 
are non-zero), the confidence bounds around an overall estimate of zero would necessarily be 
larger than the corresponding confidence bounds around the point estimates presented here. 

At a broader level, multiple commenters asserted that the role of safety-related estimates 
should be restricted because of what they claim is a weak historical relationship between fuel 
economy and vehicle safety. For example, the Green Energy Institute at Lewis & Clark Law 
School commented, "[ o )ver the past 40 years, per-capita vehicle fatalities decreased by 50%, 
whi le average fue l economy doubled." 1496 However. this statistic is misleading because it does 
not account for vehicle safety factors and changes in driving behavior external to fuel economy 
(e.g., FMVSS and other safe design advances, reductions in drunk driving, increases in seat belt 
use). That is, fatality rates have decreased due to a range of factors that are unrelated to fuel 
economy efforts. The methodology in the 2012 Kahane report, the 2016 Puckett and 
Kindelberger, the Draft TAR, the 2018 NPRM analysis and today's final rule analysis addresses 
these other changes in order to isolate the impacts of mass reduct ion alone. The role of the 
safety analysis o utlined in this document is to isolate incremental effects on safety outcomes that 
are related to changes in fuel economy. 

Multiple commenters disagreed with the results in 

14•• Green Energy Institute at Lewis & Clark Law School, Docket No. HTSA-2018-0067-12213. at 3. 
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Table Vl-140 
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Table VJ-140, maintaining that mass reduction need not reduce societal safety. EDF 
cited a Michigan Manufacturing Technology Center (MMTC} review as supporting that 
widespread lightweighting would decrease crash severity through reduced kinetic energy in 
multiple-vehicle crashes. Similarly, the Aluminum Association commented, ''[ v]ehicle size, not 
weight, has been shown to be the leading safety determinant."1497 Other commenters cited 
Anderson and Auffhamrner (2014 ), which finds that the safety effects of mass reduction in one 
vehicle are offset by the safety effects in the crash partner vehicle. 149

~ The South Coast Air 
Quality Management District asserted that NHTSA and EPA appear to argue "that fuel-efficient 
vehicles are lighter than other vehicles_, and therefore, less safe." The Nonh Carolina 
Department of Environmental Quality asserted that a takeaway from the preferred alternative is 
that larger vehicles are safer than smaller vehicles. The agencies' conclusion is that, at the 
societal level, it is the distribution of changes in vehicle mass that maner (Le., mitigating mass 
reduction in the lightest vehicles is societally beneficial, while mitigating mass reduction in the 
heaviest vehicles is societally harmful). 

The 2012- Kahane report, the 2016 Puckett and Kindelberger, the Draft TAR, the 2018 
NPRM analysis and today's final rule analysis all have shown that both mass and vehicle size 
impact societal safety. Across recent rulemakings, the analyses have confirmed a protective 
effect of vehicle size (i.e., societal fatality risk decreases as footprint increases), As mentioned 
previously, the agencies believe vehicle footprint-based standards help to discourage vehicle 
manufacturers from downsizing their vehicles, and therefore assume changes in CAFE and COJ 
standards will not impact vehicle size and size-related safety impacts. On the other hand, mass 
reduction is a cost-effective technology for increasing fuel economy and reducing CO2 
emissions. Therefore, the agencies do include the assessment of safety impacts related to mass 
reduction. As discussed throughout this mass-safety subsection and in FRIA Chapter 11. we 
present comprehensive consideration of the various studies and workshops on the impact of 
vehicle mass on safety, and conclude there is in fact a relationship. The fleet simulation study, 
discussed in the-next subsection, further supports the existence of this relationship an'd that this 
relationship will continue to exist in future vehicle designs. 

The principal difference between heavier vehicles, especially truck-based L TVs, and 
Hghter vehicles, especially passenger cars, is that mass reduction has a different effect in 
collisions with another car, LTV, or other object such as a lamp post. When two vehicles of 
unequal mass collide, the change in velocity (delta-V) is greater in the lighter vehicle. Through 
conservation of momentum, the degree to which the delta-V in the lighter vehicle is greater than 
in the heavier vehicle is proportional to the ratio of mass in the heavier vehicle to mass in the 
lighter vehicle: 

Where: 

"" TI1e Aluminum Association, Detailed Comments, Docket No. NHTSA-20[8,0067-12213, at 3. 
'"" Anderson, M.L. and M. Auffhammer (2014). ~Pounds that Kill;' Re,'iew o/Eeonomic Studies, Vol. 81, No. 2, 
pp. 535-71. 
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llv1 is the de!ta-V for a focal vehicle, 

t-..v2 is the delta-V for a partner vehicle, and 

m, is the mass of the partner vehicle divided by the mass of the focal vehicle. 
m, 

Because fatality risk is a positive function of delta-V, the fatality risk in the lighter 
vehicle in two-vehicle collisions is also higher. Vehicle design can reduce the magnitude of 
delta-V to some degree-(e.g., changing the stiffness of a vehicle's structure could dampen delta
y for both crash partners). These considerations drive the overall result: mass reduction is 
associated with an increase in fatality risk in lighter cars. a decrease in fatality risk in heavier 
L TVs, CUVs, and minivans, and has smaller effects in the intennediate groups. Mass reduction 
may also be harmful in a crash with a movable object such as-a small tree, which may break if hit 
by a high mass vehicle resulting in a lower delta-V than may occur if hit by a lower mass vehi_cle 
which does not break the tree and therefore has a higher delta-V. However, in some types of 
crashes not involving collisions between cars and L TVs, especially first-event rollovers and 
impacts with fixed objects, mass reduction may not be harmful and may even be beneficial. 

Ultimately, delta-V is a direct function of relative vehicle mass for given vehicle 
structures. Removing some mass from the heavier vehicle involved in an accident with a lighter 
vehicle reduces the delta-V in the lighter vehicle, where fatality risk is higher, resulting in a large 
benefit to the passengers of the lighter vehicle. This is partially offset by a small increase in the 
delta-Vin the heavy vehicle; however, the fatality risk is lower in the heavier vehicle and 
remains relatively low despite the increase in delta-V. In sum, the change in mass and delta-V 
from mass reduction in heavier vehicles results in a net societal benefit_ 

Multiple commenters claimed that the agencies' analysis does not allow for the likely 
outcome that mass reduction would be concentrated among relatively heavy vehicles. 14

'1'1 For 
example, Global Automakers commented that the agencies should not include weight reduction 
in their safety analysis because "very few vehicles [have] implemented lightweight material 
substitution strategies."15m1 

Neither CAFE standards nor this analysis mandate mass reduction, or mandate mass 
reduction occur in any specific manner. As discussed in the mass reduction technology section 
of the FRlA (see Chapter [6.3] of the regulatory impact analyses for detail), mass reduction is a 
highly cost effective technology for improving fuel economy and CO~ emissions. The steel, 
aluminum, plastics, composite, and other material industries are de,,'eloping new materials and 
manufacturing equipment and facilities to produce those materials. In addition, suppliers and 
manufacturers are optimizing designs to maintain or improve functional perfonnance with lower 
mass. Manufacturers have stated that they will continue to reduce vehicle mass to meet more 
stringent standards, and therefore, this expectation is incorporated into the modeling analysis 
supporting the standards to: ( 1) detennine capabilities of manufacturers; and (2) to predict costs 

'"" See also, for example: South Coast Air Quality Management District, Detailed Comments, Docket No. NHTSA-
2018-0067-1 !'813, at 6. 
l.<oo Association of Global Automakers, Anachment A, Th:icket No. Nl-ITSA-2018-0067-12032,'at A-32. 

751 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

and fuel consumption effects of CAFE standards. The CAFE and COc rulemakings in 2012, the 
Draft TAR and EPA Preliminary Determination, imposed an artificial constraint on vehicle mass 
reduction to achieve a desired safety-neutral outcome. For the current rulemaking. this artificial 
constraint is eliminated so the analysis reflects manufacturers applying the most cost effective 
technologies to achieve compliance with the regulatory alte rnatives and the final standards; this 
approach allows mass reduction to be applied across the fleet. This is consistent with industry 
trends. 1501 To the extent that mass redL1ction is only cost-effective for the heaviest vehicles, the 
CAFE model would create the outcome predicted by commenters. In reality, however, mass 
reduction is a cost-effective means of improving fuel economy and does take place across 
vehicles of all sizes and weights. Accordingly, the model reflects that manufacturers may reduce 
vehicle mass- regardless of vehicle class- when doing so is cost effective. 

The National Tribal Air Association claimed the 2015 NAS study found "evidence 
suggest[ing] that the (2012) standards will lead the nation's light-duty vehicle fleet to become 
lighter but not less safe."1501 The agencies note the NAS quote is one phrase from the press 
release that accompanied the NHTSA sponsored 2015 NAS study, 150·' and the agencies do not 
believe the phrase in isolation reflects the findings of the NAS Committee, which are discussed 
in over 3 pages of the report.1504 The 20 I 5 NAS repo1t supported the analytical methodology 
used for the 2012 NHTSA CAFE and EPA CO~ rulemaking and found it reasonable. As 
discussed in the subsections further above, a nearly identical methodology was used for the 
NPRM analysis and for this final ru le. 

The agencies received several comments about the relationship between mass and crash 
avoidance. The NRDC commented that the analysis should account for the expected result that 
mass reduction makes it easier 10 avoid crashes. 1505 Conversely, I Pl quoted a finding by LNL 
that "found that mass reductions may increase the number of accidents but that each crash results 
in fewer fatalities." 1506 

The phenomenon touched upon by IPI and NRDC has been ident ified in past rulemakings 
as well , and highlights that the relationship between mass reduction and societal fatal ity risk 
include two partially-offsetting components (i.e., increased exposure to crashes is offset pa1t ially 
by decreased risk in some vehicles conditional on a crash occurring). The agencies note that this 

""' The baseline MY 2016 (for the NPRM) and MY 2017 {for this final rule analysis) vehicle fleet data show 
manufacturers have in fact implemented mass reduction technology across vehicle types and sizes- including 
smaller and lighter vehicles. 
""' National T ribal Air Association, Detailed Comments, Docket No. NHTSA-2018-006 7- 1 1948. at 2. 
1501 NAS (2015). Press Release. "Analysis Used by Federal Agencies to Set Fuel Economy and Greenhouse Gas 
Standards for U.S . Cars Was Generally of High Quality; Some Technologies and Issues Should Be Re-examined.'' 
June 18. 20 15. (hltp: ,, ",, ~-n~11ion,1lacad~111it's.nn.!. ~,npi1K'\\;'\ nc,,~item.a:-,p\'~Rt.~1..'ordl D- ~ I7-l-f ). 
15°' Key excerpts from the report include: "fo]ccupants of smaller vehicles are at a greater risk of fatality in crashes. 
panicularly in a crash with a vehicle of greater mass"; and " [t]hc 20 12 studies (by NHTSA, Lawrence Berkeley 
National Laborato ries, and Dynamic Research, Inc.) indicate that mass reduction while holding footprint constant is 
associated with a small increase in risk for lighter-than-average cars only; the estimated effect on 01her vehicle types 
is not statistically significant.'' National Research Counci l (2015 ). Cost. E;ffectireness. and Deploy111e111 q/Fuel 
Economy Technologies for Lig/11-Duty Vehicles, available at https://doi.org/10. 1 722612 1744. pp. 224-28. 
""' RDC, Detailed Comments, Docket No. NHTSA-2018-0067-1 1973. 
' " 16 IPI, Detailed Comments, Docket No. NHTSA-201 8-0067-12213, at 129. 
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relationship, while not reported separately, is in fact embedded within the analysis detailed in 
this document, as the extent to which some vehicles are more maneuverable and faster-braking. 
the crash data reflect those characteristics through lov.'er observed fatality rates. J-lo\~ever, when 
considering the purposes of estim<,tting effects of mass reduction on fatalities, it is immaterial 
what share of the effect is comprised of crash avoidance factors and crashworthiness factors, the 
ultimate effect is present within the data evaluated in the analysis, The mass-safety impacts 
estimated by the statistical analysis ofcrash data are based on the safety technologies and mass 
levels present among the vehicle fleets for the calendar and model years in the data. As 
discussed in Section [Text Forthcoming], the analysis separately accounts for the effects of 
future safety technologies. 

(4) Sensitivity Analysis 

Table Vl-142Table Vl-142 shows the principal findings and includes sampling-error 
confidence bounds for the five parameters used in the CAFE model. The confidence bounds 
represent the statistical uncertainty that is a consequence of having less than a census of data. 
NHTSA's 2011, 2012, and 2016 reports acknowledged another source ofunce1tainty: The 
central (baseline) statistical model can be varied by choosing different control variables or 
redefining the vehicle classes or crash types, which for example, could produce different point 
estimates. 

Beginning with the 2012 Kahane report, NHTSA has provided results of 11 plausible 
alternative models that serve as sensitivity tests ofthe baseline model. Each alternative model 
was tested or proposed by: Farmer (IIHS) or Green lUMTRJ) in their peer reviews; Van Auken 
(ORI) in his public comments; or Wenzel in his parallel research for DOE. The 2012 Kahane 
and 2016 Puckett and Ki'ndelberger reports provide further discussion of the models and the 
rationales behind them. 

Alternative models use NHTSA's databases and regression-analysis approach but differ 
from the central model in one or more explanatory variables, assumptions, or data restrictions. 
We applied the 11 techniques to the latest databases to generate alternative CAFE model 
coefficients. The range of estimates produced by the sensitivity tests offers insight to the 
uncertainty inherent in the fonnulation of the models, subject to the caveat that these 11 tests are, 
of course, not an exhaustive list of conceivable alternatives. 

The central and alternative results follow1 ordered from the lowest to the highest 
estimated increase in societal risk per 100-pound reduction for cars weighing less than 3.,201 
pounds: 

Table Vl-142 "Fatality Increase(%) Per 100-Pound Mass Reduction While Holding 
Footprint* Constant 

Cars c,~ CUVs& LTVst LTVst 

<3,201 > 3,201 Minivans <5,014 >5,014 

Central Estima'te 1.20 0.42 -0.25 0.31 -0.61 
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j 95% confidence 
I bounds 

Lower: -0.35 -0.67 -1.55 -0.51 -1.46 

(sampling error) Upper: 2.75 1.50 1.04 1.13 0.25 

11 Alternative Models 

I. Without CY control variables 0.26 -0.07 -0.58 0.35 -0.16 

2. By track \Vidth & wheelbase 0.66 0.54 -0.48 -0.44 -0.9() 

3. Track width/wheelbasew. 
0.73 -0.02 -0.18 .Q.77 

ston=d veh data 
4. Without non-significant control 

0.98 0.26 0.14 0.36 
variables 

5. Cl/Vs/minivans weighted by 2010 
1.20 0.42 -0.07 0.31 

sales 
6. With stopped-vehicle State data 1.32 -0.17 -0.08 0.21 
7. Including muscle/police/A WD 

1.56 1.01 -0.25 0.87 
carstbia vans 
8. Limited to drivers with BAC=0 1.83 1.47 -0.05 0.40 

9. Control for vehicle manufacturer 2.09 1.51 -0.0J 1.12 

I 0. Limited to good drivers.j: 2.15 1.80 -0.33 0.4 
11. Controlforvehicle 

2.26 2.70 -0.48 1.12 
manufacturer/namenlate 

*While hold mg track width and wheelbase constant (rather than footpnnl) m altematwe model nos. 2 and 3. 

tExcluding CUVs and minivans . 
.j:BAC=0, nD drugs, valid license, at most one crash and one violation during the pas\ !hree years. 

-1.91 

-0.50 

-0.61 

.1.55 

0.43 

-0.80 

0.30 

-0.45 

0.50 

For example, in cars weighing less than 3,201 pounds, the baseline es_!imate as.sociates 100- pound mass reduction, 
while holding footprint constant, with a 1.56% increase in societal fatality risk. l11e corresponding estimates for the 
11 sensitivity tests range from a 0.26 to a 2.!5% increase. 

The sensitivity tests illustrate both the fragility and the robustness of central estimates. 
On the one hand, the variation among the coefficients is quite large relative to the central 
estimate: in the preceding example of cars< 3,201 pounds, the estimated coefficients range from 
almost zero to almost double the central estimate. This result underscores the key relationship 
that the societal effect of mass reduction is small. In other words, varying how·to model some 
of these other vehicle, driver, and crash factors, which is exactly what sensitivity tests do, can 
appreciably change the estimate of the societal effect of mass reduction. 

On the other hand, variations are not particularly latge in absolute terms. The ranges of 
alternative estimates are generally in line with the sampling-error confidence bounds for the 
central estimates. Generally, in alternative models as in the central model, mass reduction tends 
to be relatively more harmful in the lighter vehicles and more beneficial in the heavier vehicles, 
just as they are in"the central analysis. Tn all models, the point estimate of the coefficient is 
positive for the lightest vehicle class, cars < 3,201 pounds. In 10 out of 11 models, the point 
estimate is negative for CUVs and minivans, and in nine out of 11 models the point estimate is 
negative for L TVs c': 5,014 pounds._ We believe the central case uses the most rigorous 
methodology, as discussed further above, and provides the best estimates of the impacts of mass 
reducti6n on safety. 
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Tom Wenzel commented confirming a preference for the alternative model with footprint 
separated into track width and wheelbase, and with the induced exposure data limited to stopped 
vehicle cases. " 07 Wenzel asserts that splitting footprint into its components reduces 
multicollinearity with curb weight, and that limiting induced exposure cases to stopped vehicles 
mitigates bias against driver-vehicle pairs that are less likely to be involved in crashes. Based on 
this feedback and the intuitiveness of the approach, we further considered the alternative model 
with footprint split into track width and wheelbase. Consistent with previous analyses and 
assessments, there are problems with splitting footprint into its components within the mass-size
safety models because of strong correlations among curb weight, trnck width and wheelbase. For 
all vehicle classes in the analysis, curb weight is correlated either nearly as high or higher with 
track width as with footprint. Track width and wheelbase are also highly correlated with one 
another (ranging from around 0.64 to 0.80, with the exceptions of smaller correlations for large 
pickups and minivans). Viewed from another angle, wheelbase is almost perfectly correlated 
with footprint \with correlations ranging from around 0.95 to 0.97). 

Considered in concert, the track width and wheelbase model not only essentially 
incorporates the full correlation issues from the baseline model (curb weight highly correlated 
with another independent variable), but also adds a further correlation issue (the variable that is 
highly correlated with curb weight is also highly correlated with a separate independent 
variable). We examined supplementary means of confinnihg the relative methodological merit 
of the footprint-based model and the track-width-wheelbase-based alternative. The 
supplementary analysis-centered on the condition index, which quantifies the invertibility of the 
matrix of independent variables in a given model through its measure, the condition number. 150~ 

A model with a low condition number has relatively low correlations among its independent 
variables, and thus its invertibility and the corresponding model outputs are robust to variations 
in model input values. A model with a high condition number has relatively high correlations 
·among its independent variables, and thus its invertibility and model outputs are not robust to 
variations in model input yalues. That is, a model with a high condition number is likely to be 
subject to the problems associated with multicollinearity. Although there is no strict threshold 
condition number value to indicate multicollinearity, higher values indicate greater likelihood 
that the independent variables are correlated to a problematic degree. 

The condition index offers an alternative means of capturing the same forces as the 
variance inflation factor (VIF), which the agencies have used historically (including in this 
rulemaking) as a diagnostic of multicollinearity. However. the condition index offers some 
advantages ·relative to the VIF. Notably, the condition index applies regardless of the 
econometric fonn of the model {i.e., the decomposition of the independent variables is the same 
regardless of how the variables are applied in the model). This is distinct from the VJF, which is 
limited to a linear diagnostic of the data that may not map we!! to non-linear econometric 
models, including the logistic regression models that fonn the core of the curb weight-fatality 

i,omo, Wenzel, T., Lawrence Berkclev National Laboratories, Docket No. EPA-HQ-OAR-2018-0283-4118. 
IM See Belsley, D. A., Kuh, E., and \Velsch, R. E. (1980). "The Condition Number". Rewe.1·,·ion Diagnoslks: 
Jdentifyiug l1!flue111ial Daw and Sources afCul/ineadry. New York: John Wiley & Sons; Freund, R.J. and Littell, 
R.C. (2000). SAS System for Regression. Third Edition. Cary, NC: SAS Institute, Inc.; and Hallahan, C. {199.5). 
"Under~tanding !he Multicollinearity Diagnostics in SAS/Insight and Prue Reg." SAS Conference Proceedings, 
Washington, DC, October 8-10, 1995, 
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risk analysis. The condition index estimates the incremental effects of individual variables, 
whiCh is helpful in an analysis of which independent variables are the most problematic. 
Conversely,Jhe diagnostic values from the VIF are not necessarily sensitive to incremental 
correlated variables, as the VIF value ( l l(l~R2 ) does not necessarily change much once 
correlations are relatively high (i.e., when R~ is already high, the inclusion of one or more highly 
correlated variables may not change R\ and in tum, the VIF, by much. 

An incremental comparison ofVIF estimates for the data confirmed the potential 
weakness of the VIF in this case. For the CUV-minivan model data, the VJF decreases from 9.4 
to 6.7 when: ( 1) substituting either track width or footprint for footprint that has an identical 
correlation with curb weight as footprim; and (2) adding the other component of footprint. This 
result is counterintuitive (i.e., the simpler model should necessarily have fewer issues of 
multicollinearity), and may be an artifact of difterences in model fit (e.g., a higher R2 in the 
simpler model could indicate better model fit rather than anything problematic in terms of 
correlation structure). This result led the agencies to question how well the VIF identifies 
relative impacts of multicollinearity across related models, especially in non-linear applications. 

The calculated condition numbers for the curb weight-footprint models and their 
corresponding curb weight-wheelbase-track width alternatives were consistent with expectations 
regarding multicollinearity, however. The condition numbers for the curb weight-wheelbase
track width models are approximately t\vo to three times higher than the condition numbers for 
the curb weight-footprint models. This indicates that the level of imprecision in model estimates 
using track width and wheelbase would be expected to be between approximately two to three 
times higher than in the baseline models using footprint, Unlike the VIF, the condition index 
supports a hypothesis that multicollinearity would not be mitigated in an alternative with 
disaggregated variables that are highly correlated with both the variable of interest and the 
variable they are replacing. Considering these results, the agencies that using footprint to 
represent vehicle size in the safety models provides a more reliable estimate of safety impacts 
than splitting footprint into track width and wheelbase. 

The agencies also considered the use of stopped-vehicle data as an alternative. The 
primary problem with this approach is that we do not observe as large of a share of cases on 
roads with higher travel speeds (e.g., interstate highways) when including only stopped vehicles; 
this relationship influences the ex.tent to which the induced ex.posure data reflect the distributions 
of driver attributes and contextual effects across national VMT. Based on this assessment, the 
agencies believe the methodology used for the analysis in the proposal provides a more reliable 
aii.d representative estimate of safety impacts, and thus is not changing the methodology for 
today's final rule. 

In a related comment, Wenzel proposes that future analyses should directly account for 
differences in curb weight between vehicles in two-vehicle crashes. The agencies believe that 
would require the development of a mode! that directly accounts for the relative weights of 
vehicles in two-vehicle crashes, and that such a model would require peer review. Key 
alternatives to test would vary in tenns of the functional fonn of the mass disparity bet\veen two 
crash partners (e.g., a relative mass ratio consistent with the delta-V calculation presented above, 
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linear mass difference, nQn-linear mass difference). We will consider initiating work to explore 
such a model in the future. 

DRJ requested the agencies clarify whether the analysis accounts for all road users (i.e., 
including pedestrians, bicyclists, motorcyclists, and other crash partners), while the Pennsylvania 
Department of Environmental Protection commented, "[i]t is inadequate for the agencies' 
analysis for this Proposed Rule to only focus on frontal crashes while omitting near-frontal 
collisions, side-impact collisions, rear-end collisions, rollover accidents, impacts with stationary 
objects and accidents involving pedestrians." i;uq The agencies confirm that the analysis 
presented in this section continues to apply the methodology developed by Kahane, which 
incorporates all road users, without double-counting, to identit~, societal fatality rate impacts. 
Because every fatal crash (across crash types) is included in the analysis, not just frontal crashes, 
the agencies find this comment Jacks a basis. We believe the commenter's confusion may stem 
from the use of front-to-back crashes to generate estimates of the proportions ofall driving for 
each vehicle model associated with particular characteristics of drivers (e.g., age, gender) and 
crashes (e.g., urban/rural, day/night). These crashes, represent the best available trade-off among 
sample size, representativeness of overall ,,ehicle and driver exposure, and mitigating bias in a 
sample that is intended'to be effectively random (i.e., the probability of being struck from behind 
by an at-fault driver is assumed to be a function of characteristics of other drivers and travel 
demand, but not of the struck driver or the struck vehicle). 

(5) Fleet Simulation Study 

Commenters to recent CAFE rulemakings, including some vehicle manufacturers, have 
suggested designs and materials of more recent model year vehicles may have weakened the 
historical statistical relationships between mass, size, and safety. NHTSAand EPA agreed that 
the statistical analysis would be improved by using an updated crash and exposure database 
reflecting more recent safety technologies, vehicle designs and materials, and reflecting changes 
in the vehicle fleet. As mentioned above, a new crash and exposure database was created with 
the intention of capturing modern vehicle engineering and has been employed for assessing 
safety effects for CAFE rules since 2012. 

The agencies have traditionally relied solely on real-world crash data as the basis for 
projecting the future safety implications for regulatory changes. The agencies are required to 
consider relevant data in setting standards.1510 Every fleet regulated by the agencies' standards 
differs from the fleet used to establish said standard, and as such, the light-duty vehicle fleet in 
the MY 2021-2026 timeframe will be different from the MY 2004-201 l fleet analyzed above. 
This is not a new or unique phenomenon. but instead is an inherent challenge in regulating an 
industry reliant on continua! innovation. This is the agencies' sixth evaluation of effects of mass 
reduction and/or downsizing, 1511 comprising databases ranging from MYs 19.85 to 2011. Despite 

'"'~ Pennsylvania Department of Environmental Protection, Detailed Comments, Docket No. NHTSA-2018-0067-
11956, at 9. 
1" 0 See Cenler for Biological Diversity v. NHTSA, 538 F.3d l 172, 1203 (9th Cir. 2008). 
,in As outlined throughout this section, NHTSA's six rel~ted studies include the new analysis supporting this 
rulemaking. and; Kahane, C, J, Vehide Weigh/. Fata/if)' Risk and Crash CompatibHiry of Model Year 1991-99 
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continual claims that modern lightweight engineering will render current data obsolete, results of 
the six studies, while. not identical, have been generally consistent in showing a small, negative 
impact related to mass reduction. The agencies strongly believe that real-world crash data 
remains the best, relevant data to measure the effect of mass reduction on safety. 

However, because lightweight vehicle designs introduce fundamental changes to the 
structure of the vehicle, there remains a persistent question of whether historical safety trends 
will apply. To address this concern and to verify that real-world crash data remain an 
appropriate soun::e of data for projecting mass-safety relationships in the future fleet, in 2014, 

NHTSA sponsored research to develop an approach to utilize experimental lightweight vehicle 
designs to evaluate safety in a broader range of real-world representative crashes. 1512 NHTSA 
contracted with George Washington University to perform a fleet simulation model to study the 
impact and relationship of light-weighted vehicle design with injuries and fatalities. 1m The 
study involved simulating crashes on eight test vehicles, five of which were equipped with 
lightweight materials and advanced designs not yet incorporated into the U.S. fleet. 1' 14 TI1e 
study assessed a range of frontal crashes, including crashes with fixed objects and other vehicles, 
across wide range of vehicle speeds, and with mid-size male and mid-size female dummies.151 ' In 
all, more thari 440 vehicle crashes with 1,520 dummy passengers were simulated for a range of 
crash speeds and crash configurations. Results from the fleet simulation study showed the trend 
of increased societal injury risk for light-weighted vehicle designs occurs for both single vehicle 
and two-vehicle crashes. Results are- listed in 

Passenger Cars and lighr True/rs, National Highway Traffic Safety Adrninis_tration (Oct. 2003). available at 
https:i/crasfistats.11htsa.dot,gov/ Api/Public.'ViewPublication18(l9662; Kahane, C. J. Relatiomhip.s Between Fatality 
Risk, Mass, and Foorpri/11 in Model Year 1991-1999 and Other Passenger Car.,· and LT/'.5 (Mar. 24, 2010), in Final 
Regul<ltory lmpae1 Analysis; Corporate Average Fuel Eeo11omyji1r Mr 2012-Aff 2016 Passenger Cars and Light 
True/rs, National Highway Traffic Safety Administration (Mar. 2010) at464-542; Kahane, C. J. Relatiom-hips 
Befl!"een Fatality Risk, Aloss, and Footprint in .\lode/ J'eor 2000-2007 Passenger Car!; und LTVs - Preliminary 
Report, National Highway Traffic Safety Administration (Nov. 201 l ). available al Docket ID NHTSA-2010-0152-
0023); Kahane, C. J. llelation.,hips Between Fatality Risi;, Mass, a11d Foo/prim in Afodel l'ear 2001!-2()0? 
Passenger Cars and LTVs: Final Report. NHTSA Technical Repnrl. Washington, D.C.: NHTSA, Report No. DOT
HS-811-665; and Puckett, S . .1\1., & Kindel berger, J. C. Relotfonships between Fatality R;sk. Afw·s, and Footprint 
in Model l'et1r 2()()J.2()J0 Passenger Cars and LTVs ·- Preliminary Report. National Highway Traffic Safety 
Administration (June 20 16), available at https:i/wmv.nhtsa.gov/sitesinhtsa.dm.gov/files/2016-prelimcrelationship
farnlityrisk-mass-footprint-2003-1 O,pdf. 
,m Deluils ofNHTSA's approach are described in FRIA Chapter [XX]. See also 83 FR at 43133 (Aug 24, 2018). 
Tm Samaha, R. R .. Prasad, P., Marzougui, D .• Cui, C .• Digges.K., Summers, S., Patel S., Zhao, L., & Barsan
Anelli. A. (2014, August). Methodology for evaluating fled protection of new vehicle designs -Application to 
lightweight vehicle designs. Report No. DOT HS 812 OSIA, Washington, OC- National Highway Traffic Safety 
Administration. 
'"" The George Washington University fleet simulation study is described in greater detail in Chapter 11 of the 
FRJA. 
Lill Regu!atoty and consumer infonnation crash safety tests arc performed at high speeds, and the dummy occupant 
is generally a mid-size male. !n the real world, crashes occur at various impact velocities and configurations; with 
various impact partners (e.g., rigid obstacles, lighter or heavier vehicles); and involve occupants ofvariollS sizes and 
ages. 
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Table Vl-143 
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Table Vl-143.1516 

" 16 This fleet simulation study does not provide infonnation that can he used to modify coefficients derived for the 
NPRJ\1 regression analysis because of the restricted types of crashes and vehicle designs. Additionally, the fleet 
simulation study assumed restraint equipment tq be as in the ba.«eline model, in which restraints/airbags are not 
redesigned to be optimal with light-weighting. 
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Table VJ-143 - Overall Societal Risk Calculation Results for Model Runs, with Base 
Vehicle Restraint and Airbag Settings Being the same for All Vehicles, in Frontal Crash 

Only 

Target Vehicle 
Passenger Car Passenger Car 

CUV Baseline 
CUV Low CUV High 

Baseline LW Option Option 

Weight(lbs) 3681 2964 3980 3313 2537 

reduction 716 668 1444 
% inass reduction 19% 17% 36% 

Societal Risk I 1.56% 1.73% 1.36% 1.46% J.57% 

Delta Increase 0.17% 0.10% 0.21% 

Societal Risk II J.4j% 1.57% 1.14% L20% 1.30% 

Delta Increase 0.14% 0.06% 0.16% 

Societal Risk IIP 1.44% !.59%, 

Delta Increase 0.15% 
Societal Risk I - Target+ Partner Combine~ A1S3+ risk of Head, Neck, Chest & Femur 
Societal Risk II - Target+ Partner Combined AISJ+ risk of Head, Neck, and Chest 
Societal Risk IIP - Target+ Partner Combined AIS3+ risk of Head, Neck, and Chest with A-Pillar Intrusion Penalty 

The change in the safety risk from the fleet simulation study was directionally consistent 
with results for passenger cars from the 2012 Kahane report, 1511 the 2016 Puckett and 
Kindelberger report, and the analysis used for the proposal and today's final rule. As noted, fleet 
simulations were performed in frontal crash mode and did not consider other crash modes such 
as rollo\'er crashes.1518 The fleet,simulation analysis con finned that real-world crash data were 
still a reliable source foninalyzing mass safety impacts. 

Despite the results of the fleet simulation analysis, which was republished in the 
proposal, the agencies received additional comments questioning the assumption that 
relationships among vehicle mass, size, and fatality risk will continue in the future. For example, 
the Alliance for Vehicle Efficiency asserted that using lighter frame materials has no impact on 
safety, noting that any mass reduction strategies are applied to components that are unrelated to 
crash safety and crash ratings have not declined for vehicles over the past five years. im CARB 
commented that the agencies did not account for new vehicle improvements and claimed the data 
used for the analysis was "not a good indicator of the safety perfonnance of future purpose
designed lightweighted vehicles."151° Consumers Union offered a similar appraisal, indicating 
that the MYs in the sample are "unlikely to capture the current and future mass/fatality 
relationship of modem vehicles." 1521 While the Aluminum Association commented vehicle size, 

I SJ 7 The,2012 Kahane study considered only fatalities, whereas, the fleet simulation study considered severe \AIS 
h) injuries and fatalities {DOT HS 81 I 6651. 
"" The risk assessment for CUV in the regression model combined CUVs and minivans in all crash modes and 
included belted and unbelted occupants. 
"" Alliance for Vehicle Efficiency, Detailed Comments, [locket No. NHTSA-2018-0067-l 1696, at IL 
1~:o CARB, Detailed Comments. D<;,cket No. NHTSA-201 8-0067-11873, at 270. 
'"' Consumers Union, Detailed Comments, Docket No. NHTSA-1018-0067-12068. at 18. 
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not mass, is the only physical feature that impacts safety. 1'"" The American Chemistry Council, 
Hyundai, and Tesla commented that it is feasible to lllilize design improvements and 
technologies to offset the incremental risk for vehicle occupants associated with mass 
reduction. im EDF said the mass-safety analysis d idn't agree with conclus ions from a study by 
the Michigan Manufacturing Technology Center.15"• Other comments from States and Cities, 
American Honda. ICCT, the Aluminum Associat ion, and N RDC shared these sentiments .1'"5 

These comments and the MMTC study ignored the results of the fleet simulation study 
and seem premised on th e notion that a vehicles' perfom1ance on 1 HTSA FMVSS. NHTSA 
voluntary NCAP, and 111-1S voluntary safety tests is the only measure for assessing societal safety 
impacts for mass reduction. The regulatory and consumer information tests are representat ive of 
real-world, single-vehicle crash configurations. However, the tests are performed at constant 
speeds, and the dummy occupant is general ly a mid-size ma le. In the real world, crashes occur at 
various impact velocities and configurations; with various impact partners (e.g .. rigid obstacles, 
lighter or heavier vehicles); and involve occupants of various sizes and ages. The fleet 
simulation study, summarized above and in more detail in FRJA Chapter 11 , assessed addit ional 
types of frontal crashes, includ ing crashes with fixed objects and other vehicles at a wide range 
of vehicle speeds, and with mid-size ma le and mid-size female dummies. The fleet simulation 
study was more comprehensive and focused on the need to assess overall societal safety impacts. 
The fleet simulation study found that vehicle mass does impact safety with future lightweight 
vehicle designs that perform well on regulatory and consumer information tests. 

The agencies received one comment regarding the fleet simulation analysis. CARB 
commented that the analysis tested too few vehicles and crash types, should have optimized 
restraints in the lightweighted models to simulate future safety improvements instead of using 
modern restraints, and lacked credibi lity because the results of the fleet simulation analysis did 
not reproduce the same results of other studies.1526 CARB's comments demonstrate a general 
misunderstanding of the fleet simulation analysis; the analysis was not intended to serve as a 
prediction of how the future vehicle fleet will perform, but rather was an exploration of whether 
expected lightweighting techniques would alter the dynamic between mass reduction and safety. 
The analysis was not an attempt to model every potential vehicle construction or crash scenario. 
Attempting to simulate every future crash would be impractica l and ineffective. The 
combination of vehicles and crash simulations were purposely selected to provide the strongest 
insight into the effective of lightweighting techniques. For passenger cars and light trucks, 
frontal crashes account for 58 percent of fata l crashes;1

;:
7 it is appropriate to focus research on 

,m Aluminum Association, Detailed Comments, Docket No. NHTSA-2018-0067-1 1952, at 3. 
'"

1 r1NSERT CITATIONS] 
"°' Michigan Manufacturing Technology Center study "Vehicle Lightweighting: A Review of the Safety of 
Reduced Weight Passenger Cars and Light Duty Trucks,'· October 2018, available at 
http-.: adH1cai.:, .t.·onsumcrreporb.on!. "r-contcnt uploads .20 l X In Cl -:-1\11 ( -Saf'-·1, -~tud, - l i t-~-l-~01 }ti.pdf. 
"°' States and Cities, Detai led Comments, Docket No. NHTSA-2018-0067-11735 AT XX: American Honda, 
Detai led Comments. Docket No.NHTSA-2018-0067-11818, at 15. INSERT OTHER CITATIONS. 
"" CARB, Detai led Comments, Docket No. NHTSA-2018-0067- l 1873, at 2n-73. 
,5, 7 Samaha, R. R .• Prasad, P., Marzougui, D., Cui, C.. Digges. K., Summers. S., Patel S., Zhao, L., & Barsan
Anelli. A (2014, August). Methodology for evaluating fleet protection of new vehicle designs - Application to 
lightweight vehicle designs. Report No. DOT HS 812 051 A. Washington, DC - National Highway Traffic Safety 
Administration. 
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understanding the effects of mass reduction where the largest issue exists. for the study, the use 
of generic restraint systems as the foundations for the models was intentional so that the models 
would be more representative of a vehicle class rather than a specific vehicle. The models of the 
restraint systems represented designs currently in production at time of the study in terms of 
pretensioners, load limiters and air bag intlators. It is worth noting that in general, driver air 
bags are similar in most vehicles. And finally, the analysis was not an attempt to reproduce the 
2012 Kahane report or any other study. The fact that the fleet simulation analysis showed mass
reduction to be detrimental in more types of vehicles than in the FARS data only further 
highlights the need to consider how today's standards may impact mass-safety. While in the 
future there may be resources and opportunity to expand the fleet simulation approach to other 
crash scenarios and, if they become available, to include additional vehicle mass reduction 
concepts, the lack of potential future data does notjustif)' ignoring the data that currently exist 

from a higher perspective, the comments, and in particular CARB's comment, identify 
the probleni with abandoning real-world crash data: there is no alternate methodology o, data 
that can account for the full diversity of crash scenarios that occur in the real world. Real-world 
crash data is the only data type that can achieve that. Therefore, the agencies have determined 
that, while simulations can prove helpful to understanding potential effects of key crash 
scenarios and as a check on the agencies' preferred analysis, real-world data still is still the best, 
most relevant data available for assessing safety, 

(6) Summary, of}Jass Sqfety Impacts 

Table VJ- l 44Table Vl-144 through Table VJ-149Table VJ- l 49Table Vl-146Table 
Vl-146 show results ofNHTSA 's vehicle mass-size-safety analysis over the cumulative lifetime 
of MY 1977-2029 vehicles, for both the CAFE and CO2 programs, based on the MY 2(}17 
baseline fleet, accounting for the projected safety baselines. 

Results are driven eJ1tensively by the degree to which mass is reduced in relatively light 
passenger cars and in relatively heavy vehicles because their coefficients in the logistic 
regression analysis have the most significant values. \1-.'e assume any impact on fatalities will 
occur over the lifetime of the vehicle, and the chance of a fatality occurring in any particular year 
is directly related to the weighted vehicle miles traveled in that year. 
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Table Vl-144 - Vehicle-Mass-Related Fatality Impacts over the Lifetime of MY I 977 - MY 2029 Light-Duty Vehicles, by 
CAFE Policy Alternative, CAFE Program Relative to Augural Standards, Fatalities Undiscounted, Dollars Discounted at 3% 

and 7% 

Alternative 

#I #2 #3 #4 #5 #6 #7 

Model Years Affected 
bv Policy 2021-2026 2021-2026 2021-2026 2021-2026 2022-2026 2021-2026 2022-2026 
Annual Rate of 0.0%/Year PC 0.5%/Y ear PC 1.5%/Y ear PC 1.0%/Year PC 1.0%/Year PC 2.0%/Year PC 2.0%/Y ear PC 
Stringency Increase 0.0%/Ycar LT 0.5%/Year LT 1.5%/Year LT 2.0%/Ycar LT 2.0%/YearLT 3.0%/Year LT 3.0%/Year LT 

Fatalities -20 -20 -18 -18 -13 -13 -10 

Fatality Costs($ Billion, -0.\ -0.1 -0.1 -0.1 -0.\ -0.1 -0.1 
3% Discount Rate) 
Fatality Costs($ Billion, -0.1 -0.1 -0.1 -0.1 -0.l -0.1 0.0 
7% Discount Rate) 

Non-Fatal Crash Costs -0.2 -0.2 -0.2 -0.2 -0.1 -0.2 -0.1 
($ Billion, 3% Discount 
Rate) 
Non-Fatal Crash Costs -0.1 -0.1 -0.1 -0.1 -0,1 -0.1 -0.l 
($Billion, 7% Discount 
Rate) 

Total Crash Costs($ -OA -0.4 -0.3 -0.3 -0.2 -0.2 -0.2 
Billion, 3% Discount 
Ratel 
Total Crash 'Costs ($ -0.2 -0.2 -0.2 -0.2 -0.1 -0.2 -0.l 
Billion, 7% Discount 
Ratel 
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Table Vl-145 - Vehicle-Mass-Related Fatality Impacts over the Lifetime of MY 1977 - MY 2029 Passenger Cars, by CAFE 
Policy Alternative, CAFE Program Relative to Augural Standards, Fatalities Undiscounted, Dollars Discounted at 3% and 7% 

Alternative 

#1 #2 #3 #4 #5 #6 #7 

Model Years Affected 
hv Po!icv 2021-2026 2021-2026 2021-2026 2021-2026 2022-2026 2021-2026 2022-2026 --· ----·---· -·---·---·--\.,------· 
Annual Rate of 0.0%/Year PC 0.5%/Year PC 1.5%/Year PC 1.0%/Year PC 1.0%/Ycar PC 2.0%/Year PC 2.0%/Year PC 
Stringency Increase 0.0%/Year LT 0.5%/YcarLT 1.5%/YearLT 2.0%/Y ear LT 2.0'Yo/Year LT ·3.0%/YearLT 3.0%/Ycar LT 

Fatalities -22 -22 -21 -21 -14 -14 -11 

Fatality Costs($ Billion, -0.2 -0.2 -0.1 -0.I -0.1 -0.1 -0.1 
3% Discount Rate) 
Fatality Costs ($ Billion, -0.1 -0.1 -0.1 -0.I -0.l -0.l 0.0 
7% Discount Rate) 

Non-Fatal Crash Costs -0.3 -0.3 -0.2 -0.2 -0.2 -0.2 -0.1 
($ Billion, 3% Discount 
Ratel 
Non-Fatal Crash Costs -0.2 -0.2 -0.1 -0.1 -0.1 -0. t -0.1 
($ Billion, 7% Discount 
Rate) 

Total Crash Costs($ -0.4 -0.4 -0.4 -0.4 -0.3 -0-3 -0.2 
Billion, 3% Discount 
Rate) 
Total Crash Costs($ -0.3 -0.3 -0.2 -0.2 -0.2 -0.2 -OJ 
Billion, 7% Discount 
Ratel 
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Table VI-146 - Vehicle-Mass-Related Fatality Impacts over the Lifetime of MY 1977 - MY 2029 Light Trucks, by CAFE 
Policy Alternative, CAFE Program Relative to Augural Standards, Fatalities Undiscounted, Dollars Discounted at 3% and 7% 

Alternative 

#I #2 #3 #4 #5 #6 #7 

Model Years Affected 
by Policv 2021-2026 2021-2026 2021-2026 ·-·· ~ 2021-2026 2022-2026 2021-2026 2022-2026 
Annual Rate of 0.0%/Year PC 0.5%/Y ear PC 1.5%/Ycar PC 1.0%/Year PC 1.0%/Y ear PC 2.0%/Year PC 2.0%/Year PC 
Stringency Increase 0.0%/Year LT 0.5%/YearLT 1.5%/Y ear LT 2.0'%/Y ear LT 2.0%/Year LT 3.0%/Ycar LT 3.0%/Year LT 

Fatalities 2 2 2 2 I I I 

Fatality Costs($ Billion, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3% Discount Rate) 
Fatality Costs($ Billion, 0.0 0.0 0.0 0,.0 0.0 d.o 0.0 
7% Discount Rate) 

Non-Fatal Crash Costs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
($ Billion, 3% Discount 
Rate') 
Non-Fatal Crash Costs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
($ Billion, 7% Discount 
Ratel 

Total Crash Costs($ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Billion, 3% Di~count 
Rate) 
Total Crash Costs ($ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Billion, 7% Discount 
Rate) 
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Table VJ-147 - Vehicle-Mass-Related Fatality lmpqcts over the Lifetime of MY 1977 - MY 2029 Light-Duty Vehicles, by 
C AFB Policy Alternative, CO2 Program Relative to Augural Standards, Fatalities Undiscountcd, Dollars Discounted at 3% and 

7% 

Alternative 

#I #2 #3 #4 #5 #6 #7 

Model Years Affected 
bv Policv 2021-2026 2021-2026 2021-2026 2021-2026 2022-2026 2021-2026 2022-2026 
Annual Rate of 0.0%/Year PC 0.5%/Year PC 1.5%/Year PC 1.0%/YearPC l.0%NearPC 2.0%/Year PC 2.0%/Year PC 
Stringency Increase 0.0%/Year LT 0.5%/Year LT 1.5%/Year LT 2.0%/Year LT 2.0%Near LT 3.0%/Year LT 3.0%/Year LT 

Fatalities -18 -17 -17 -17 -14 -15 -14 

Fatality Costs ($ Billion, -0.1 -0.1 -0.1 -Q.1 -0.1 -0.1 -0.1 
3% Discount Ratel 
Fatality Costs($ Billion, -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 
7% Discount Rate) 

Non-Fatal Crash Costs -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.1 
($ Billion, 3% Discount 
Ratel 
Non-Fatal Crash Costs -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 
($ Billion, 7% Discount 
Ratel 

Total Crash Costs($ -0.3 -0.3 -0.3 -0.3 -0.3 -0.J -0.3 
Billion, 3% Discount 
Ratel 
Total Crash Costs ($ -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 
Billion, 7% Discount 
Ratel 
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Table VI-148 - Vehicle-Mass-Related Fatality Impacts over th~ Lifetime ofMY 1977 - MY 2029 Passenger Cars, by CAFE 
Policy Alternative, CO2 Program Relative to Augural Standards, Fatalities Undiscounted, Dollars Discounted at 3% and 7% 

Alternative 

" #2 #3 #4 #5 #6 #7 

Model Years Affected 
bv Policv 2011-2026 2021-2026 2021-2026 2021-2026 2022-2026 2021-2026 2022-2026 
Annual Rate of 0.0%/Year PC 0.5%/Year PC 1.5%/YearPC 1.0%/Year PC !.0%/Year PC 2.0%/Year PC 2.0%/Year PC 
Stringency lncrease 0.0%/Year LT 0.5%/Year LT 1.5%/YearLT 2.0%/Year LT 2.0%/Y ear LT 3.0%/Year LT 3.0%/Year LT 

Fatalities -18 -17 -17 -17 -15 -15 -14 

Fatality Costs($ Billion, -0.l -0.I -0.1 -0.1 -0.1 -0.1 -0.1 
3% Discount Rate) 
Fatality Costs($ Billion, -0.1 -0.1 -<I.I -0.1 -0.1 -0.1 -0.l 
7% Discount Rate) 

Non-Fatal Crash Costs -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 
($ Billion, 3% Discount 
Rate') 
Non-Fatal Crash Costs -0.1 -0.! -0.1 -0.1 -0.1 -0.1 -0.l 
($ Billion, 7% Discount 
Rate) 

Tota! Crash Costs($ -0.3 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3 
Billion. 3% Discount 
Ratel 
Total Crash Costs($ -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 -0.2 
Billion, 7% Discount 
Rate) 
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Table Vl-149 - Vehicle-Mass-Related Fatality Impacts over the Lifetime of MY 1977 - MY 2029 Light Trucks, by CAFE 
Policy Alternative, CO2 Program Relative to Augural Standards, Fatalities Undiscounted, Dollars Discounted at 3% and 7% 

Alternative 

#I #2 #3 #4 #5 #6 #7 

Model Years Affected 
bv Policv 2021-2026 2021-2016 2021-2026 2021-2026 2022-2026 2021-2026 2022-2026 
Annual Rate of 0.0%/Year PC 0.5%/Y ear PC 1.5'¼/YearPC LO%/Ycar PC 1.0o/o/Y car PC 2.0%/Ycar PC 2.0%/Year PC 
Stringency lncrease ,0.0%/YearLT 0.5%/Y ear LT 1.5%/Y ear LT 2.0°/o/Year LT 2.0%/Year LT 3.0%/Year LT 3.0%/Year LT 

Fatalities 0 0 0 0 0 0 0 

Fatality Costs($ Billion, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3% Discount Ratel 
Fatality Costs($ Billion, 0.0 0.0 0.0 0,0 0.0 0.0 0.0 
7% Discount Rate) 

Non-Fatal Crash Costs 0.0 0.0 0.0 O.Q 0.0 0.0 0.0 
($ Billion, 3% Discount 
Ratel 
Non-Fata! Crash Costs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
[$ Billion, 7% Discount 
Ratel 

Tota! Crash Costs($ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Billion, 3% Discount 
Ratel 
Total Crash Costs($ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Billion, 7% Discount 
Ratel 

769 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

As shown in the tables above, all of the alternatives are estimated to lead to a decrease in 
the number of mass-related fatalities over the cumulative lifetime of MY 1977-2029 vehic les. 
The effects of mass changes on fatalities range from a combined decrease (re lative to the augural 
standards, the basel ine) of 10 fatalities for Alternative #7 to a combined decrease of20 fatalities 
for Alternatives # I and #2. The difference in results by a lternative depends upon how much 
weight reduction is used in that a lternative and the types and sizes of vehicles to which the 
weight reduction applies. The decreases in fatalities are driven by impacts within passenger cars 
(decreases of between 11 and 22 fata lities) and are offset by impacts within light trucks 
(increases of between I and 2 fatalities). 

Changes in vehicle mass are estimated to decrease social satety costs over the lifetime of 
the nine model years by between $0.2 billion (for Alternative #7) and $0.4 billion (for 
Alternative #2) re lative to the augural standards at a three-percent discount rate and by between 
$0. 1 bil lion and $0.2 billion at a seven-percent discount rate. T he estimated decreases in social 
safety costs are driven by estimated decreases in costs associated with passenger cars, ranging 
from $0.2 bill ion (for Alternative #7) to $0.4 bill ion (for Alternat ive #2) relative to the Augural 
standards at a three-percent discount rate and by between $0.1 bil lion and $0.3 bi llion at a seven
percent discount rate. The estimated decreases in costs associated with passenger cars are offset 
partially by estimated increases in costs associated w ith light trucks, which are less than $0. l 
billion relative to the Augural standards at three-percent and seven-percent discount rates for all 
policy alternatives. 

In this analysis, the profile of mass reduction across vehicle models leads to a small, but 
beneficial effect on fatalities as fuel economy standards are tightened. Table YI- I 50Table 
\11-150 through Table Y1- l 55Table VI- 155 present average annual estimated safety effects of 
vehicle mass changes, for CYs 2035-2045: 
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Table Vl-150 - Comparison of the Calculated Annual Average Vehicle-Mass-Related Fatality Impacts for CY 2035-2045 in 
Light-Duty Vehicles, by CAFE Policy Alternative, CAFE Program Relative to Augural Standaids, Fatalities Undiscountcd, 

Dollars Discounted at 3% and 7% 

Alternative 

#I #2 #3 #4 #5 #6 #7 

Model Years Affected 
by Policu 2021-2026 2021-2026 2021-2026 2021-2026 2022-2026 2021-2026 2022-2026 

Annual Rate of 0.0%/YearPC 0.5%Near PC 1.5%/Year PC 1.0%/Year PC I ,0%/V ear PC 2.0%/YcarPC 2.0%/Year PC 

Stringency Increase 0.0%/Year LT 0.5%/Year LT 1.5%/Ycar LT 2.0%/Year LT 2.0%/Y ear LT 3.0%/YearLT 3.0%/Year LT 

Fatalities -3 -3 -3 -3 -2 -2 -1 

Fatality Costs($ Billion, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

3% Discount Ratel 
Fatality Costs($ Billion, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

7% Discount Rate) 

Non-Fatal Crash Costs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

($ Billion, 3% Discount 
Rate~ 
Non-Fatal Crash Costs o.o 0.0 0.0 0.0 O.Ci 0.0 0.0 

($ Billion, 7% Discount 
Ratel 

Total Crash Costs ($ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Billion, 3% Discount 
Rate) 
Total Crash Costs($ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Billion, 7% Discount 
Rate) 
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Table Vl-151 - Comparison of the Calculated Annual Average Vehicle-Mass-Related Fatality Impacts fot' CY 2035-2045 in 
Passenger Cars, by CAFE Policy Alternative, CAFE Program Relative to Augural Standards, Fatalities Undiscounted 

Dollars Discounted at 3% and 7% 

Alternative 

#I #2 #3 #4 #5 #6 #7 
Model Years Affected 
bv Polic" 2021-2026 2021 2026 2021-2026 2021-2026 2022-2026 2021-2026 2022-2026 
Annual Rate of (l.0%/Year PC 0.5%/Year PC 1.5%/Year PC 1.0%/Y ear PC 1.0%/Y ear PC 2.0%/Year PC 2.0%/Year PC 
Stringency Increase 0.0%/YearLT 0.5%/Year LT 1.5%/Year LT 2.0%/YearLT 2.0%/Year LT 3.0%/Year LT 3.0%/Year LT 

Fatalities -4 -4 -3 -3 -2 -2 -2 

Fatality Costs($ Billion, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3% Discount Rate\ 

Fatality Costs($ ~,illion, 0.0 0.0 0.0 o.n 0.0 0.0 0.0 
7% Discount Rate 

Non-Fatal Crash Costs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
($ Billion, 3% Discount 
Ratel 
Non-Fatal Crash Costs 0.0 0.0 0.0 0.0 0.0 o.o 0.0 
($ Billion, 7% Discount 
Rate\ 

Total Crash Costs($ -0.1 -0.1 0.0 0.0 0.0 0.0 0.0 
Billion, 3% Discount 
Ratel 
Total Crash Costs($ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Billion, 7% Discount 
Rate) 
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Table Vl-152 - Comparison of the Calculated Annual Average Vehicle-Mass-Related Ffl.tality Impacts for CY 2035-2045 in 
Light Trucks, by CAFE Policy Alternative, CAFE Program Relative to Augural Standards, Fatalities Undiscounted, 

Dollars Discounted at 3% and 7% 

A!ta;imative 

#1 #2 #3 #4 #5 #6 #7 

Model Years Affected 
bv Po!icv 2021-2026 2021-2026 2021-2026 2021-2026 2022-2026 2021-2026 2022-2026 
Annual Rate of 0,0%/Year PC 0.5%/Year PC 1.5%/YearPC 1.0%/Year PC 1.0%/Y ear PC 2.0%/Year PC 2.0%/Ycar PC 
'Stringency Increase 0.0%/Year LT 0.5%/Year LT 1.5%/Year LT 2.0%/Year LT 2.0%/Y ear LT 3.0%/Year LT 3.0%/Year LT 

Fatalities 0 0 0 0 0 0 0 

Fatality Costs($ Billion, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3% Discount Rate) 
Fatality Costs($ Billion, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7% Discount Rate) 

Non-Fatal Crash Costs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
($ Billion, 3% Discount 
Rate) 
Non-Fatal Crash Costs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
($ Billion, 7% Discount 
Ratel 

Total Crash Costs($ 0.0 0.0 0.0 0.0 o:o 0.0 0.0 
Billion, 3% Discount 
Ratel 
Total Crash Costs·($ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Billion, 7% Discount 
Ratel 
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Table Vl-153 - Comparison of the Calculated Annual Average Vehicle-Mass-Related Fatality lmpacts for CY 2035-2045 in 
Light-Duty Vehicles, by CAFE Policy Alternative, CO2 Program Relative to Augural Standards, Fatalities Undiscounted, 

Dollars Discounted at 3% and 7% 

Alternative 

#I #2 #3 #4 #5 #6 #7 
Model Years Affected 
bv Policv 2021-2026 2021-2026 2021-2026 2021-2026 2022-2026 2021-2026 2022-2026 
Annual Rate of 0,0%/YearPC 0.5%/Y ear PC 1.5%/Year PC 1.0%/YearPC 1.0%/YearPC 2.0%/Vear PC 2.0%/Ycar PC 
Stringency Increase 0.0%/Year LT 0.5%/Year LT 1.5%/YearLT 2.0¾/YearLT 2.0%/Year LT 3.0%/YearLT 3.0%/Year LT 

Fatalities -3 -3 -2 -2 -2 -2 -2 

Fatality Costs($ Billion, 0,0 0.0 0.0 0.0 0,0 0.0 0.0 
3% Discount Ratel 
Fatality Costs($ Bi1lion, 0.0 0.0 0.0 0.0 0,0 0.0 0,0 
7% Discount Rate' 

Non-Fatal Crash Costs 0.0 0,0 0.0 0,0 0.0 0.0 0.0 
($ Billion, 3% Discount 
Ratel 
Non-Fatal Crash Costs 0.0 0,0 0.0 0.0 0,0 0.0 0.0 
($ Billion, 7% Discount 
Rate' 

Total Crash Costs ($ 0.0 0.0 0.0 0,0 0.0 0,0 0.0 
Billion, 3% Discount 
Ratel 
Total Crash Costs ($ 0.0 0.0 0.0 0.0 0,0 0.0 0.0 
Billion, 7% Discount 
Ratel 
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Table Vl-154- Comparison ofthe Calculated Annual Average Vehicle-Mass-Related Fatality Impacts for CY 2035-2045 in 
Passenger Cars, by CAFE Policy Alternative, CO2 Program Relative to Augural Standards, Fatalities Undiscounted, 

Dollars Discounted at 3% and 7% 

Alternative 

#I #2 #3 #4 #5 #6 #7 

Model Years Affected 
bv Policv 2021-2026 2021-2026 2021-2026 '202!-2026 2022-2026 2021-2026 2022~2026 

Annual Rate of 0.0%/Year PC 0.5%/Y ear PC l.5%NearPC 1.0%/YearPC ! . 0%/Y ear PC 2.0%/Year PC 2.0%/Y car PC 

Stringency Increase 0.0%/Year LT 0.5%/Year LT 1.5%Near LT 2.0%/Year LT 2.0%/Year LT 3.0%/Ycar LT 3.0%/Year LT 

Fatalities -3 -3 -3 -3 -2 -2 -2 

Fatality Costs($ Billion, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

3% Discount Rate) 
Fatality Costs($ Billion, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

7% Discount Rate\ 

Non-Fatal Crash Costs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

($ Billion, 3% Discount 
Ratel 
Non-Fatal Crash Costs 0.0 0.0 0.0 0.0 '0.0 0.0 0.0 

($ Billion, 7% Discount 
Rate'. 

Total Crash Costs ($ -0.1 -0.J 0.0 0.0 o.o 0.0 0.0 

Billion, 3% Discount 
Ratel 
Total Crash Costs($ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Billion, 7% Discount 
Rate) 
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Table Vl-155 - Comparison of the Calculated Annual Average Vehicle-Mass-Related Fatality Impacts for CY 2035-2045 in 
Light Trucks, by CAFE Policy Alternative, CO2 Program Relative to Augural Standards, Fatalities Undiscountcd, 

Dollars Discounted at 3% and 7% 

Alternative 

#I #2 #3 #4 #5 #6 #7 

Model Years Affected 
b"Polic., 2021-2026 2021-2026 2021-2026 2021-2026 2022-2026 2021-2026 2022-2026 
Annual Rate of 0.0%/Year PC 0.5%/Y ear PC 1.5%/Year PC 1.0%/YearPC 1.0%/Year PC 2.0%IY ear PC 2.0%/Year PC 
Stringency Increase 0.0%/Year LT 0.5%/YearLT 1.5%/'TearLT 2.0%/Year LT 2.0%/Year LT 3.0%/YearLT 3.0%/Year LT 

Fatalities 0 0 0 0 0 0 0 

Fatality Costs($ Billion, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3% Discount Ratel 
Fatality Costs($ Billion, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7% Discount Ratel 

Non-Fatal Crash Costs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
($ Billion, 3% Discount 
Ratel 
Non-Fatal Crash Costs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
($ Billion, 7% Discount 
Ratel 

Total Crash Costs($ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Billion, 3% Discount 
Rate; 
Total Crash Costs($ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
BiHion, 7% Discount 
Rate' 
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For a ll light-duty vehicles, mass changes are estimated to lead to an average annual 
decrease in fatalities in a ll a lternatives evaluated for CYs 2035-2045. The e ffects of mass 
changes on fatalities range from a combined decrease (relative to the Augural standards) of I 
fatality per year for Alternative #7 to a combined decrease of 3 fatalities per year for Alternatives 
# I through #4. The difference in the results by alternative depends upon how much weight 
reduction is used in that a lternative and the types and sizes of vehicles to which the weight 
reduction applies. The decreases in fatalities are generally driven by impacts within passenger 
cars ( decreases of between 2 and 4 fatalities per year relative to the Augural standards) and are 
offset negligibly by impacts within light trucks (increases of less than I fatality per year). 

Changes in vehicle mass are estimated to decrease average annual social safety costs in 
CY 2035-2045 by less than $0.1 billion for all policy alternatives. Average annual social safety 
costs associated with passenger cars in CY 2035-2045 are estimated to decrease by 
approximate ly $0.1 billion, but this effect is partially offset by a corresponding increase in costs 
associated with light trucks. 

To help illuminate effects at the model year level, Table VI- I 56Table Yl-156 presents 
the lifetime fatal ity impacts associated with vehicle mass changes for passe nger cars, light 
trucks, a nd all light-duty vehicles by model year under the preferred alternative. relative to the 
Augural standards for the CAFE Program. Table Yl-157Table Vl-157 presents an analogous 
table for the CO~ Program. 
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Table VI-156 - CompariHn of Lifetime Vehicle-Mass-Related Fatality Impacts by Model Year for CAFE Program 
under Preferred Alternative, Relative to Augural Standards, Fatalities Undiscounted 

MY MY MY MY MY MY MY MY MY MY MY MY MY MY TOTAL 
1977- 2017 2Q\8 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 
2016 

Passenger Cars 0 0 0 0 0 0 -1 -1 -1 -2 -3 -4 -4 -4 -21 
Light Trucks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
T6ta! 0 0 0 0 0 0 -1 -1 -1 -2 -3 -3 -3 -3 -18 

Table VI-157 - Comparison of Lifetime Vehicle-Mass-Rclafod Fatality Impacts by Model Year for CO2 Program under 
Preferred Alternative, Relative to Augural Standards, Fatalities Undiscounted 

MY MY MY MY MY MY MY MY MY MY MY MY MY MY TOTAL 
1977- 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 
2016 

Passenger Cars 0 0 0 0 0 0 -1 -1 -2 -2 -3 -3 -3 -3 -17 
Light Trucks 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 0 0 0 0 0 0 -1 -1 -2 -2 -3 -3 -3 -3 -17 
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Under the preferred alternative, passenger car fatalities associated with mass changes are 
estimated to decrease relative to the augural standards generally from MY 2022 (decrease of 1 
fatality) through MY 2029 (decrease of 4 fatalities). Corresponding estimates of light truck 
fatalities associated with mass changes are unchanged from the Augural standards. 

Table VI- l 58Table VJ-158 and Tab1e Vl-159Tab!e Vl-159 present estimates of 
monetized litelime social safety costs associated with mass changes by model year at three
percent and seven-percent discount rates, respectively for the CAFE Program. 

Table VI-160Table Vl-160 and Table Vl-161Table Vl-161 show comparable tables from 
the perspective ofthe CO~ Program. 
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Table Vl-158 - Comparison of Lifetime Social Safety Costs Associated with Mass Changes for CAFE Program by Model Year 

_under Preferred Alternative ($bil.), Relative to Augural Standards, Dollars Discounted at 3% 

MY MY MY MY MY MY MY MY MY MY MY MY MY MY TOTAL 
1977- 2017 20!8 2019 2020 2021 2022 2023 2014 2025 2026 2027 2028 2029 
2016 

Passenger Cars 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0,0 0.0 0.0 0.0 0.0 0.0 -0.1 

Light Trucks 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total 0.0 0,0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 -0.1 

Table Vl-159 - Comparison of Lifetime Social Safety Costs Associated with Mass Changes for CAFE Program by Model Year 
under Ptefen-ed Alternative ($bil.), Relative to Augural Standards, Dollars Discounted at 7% 

MY MY MY MY MY MY MY MY MY MY MY MY MY MY TOTAL 
1977- 2017 20!8 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 
2016 

Passenger Cars 0.0 0,0 0.0 0.0 0,.0 0.0 0.0 0,0 0.0 0,0 0.0 0.0 0.0 0.0 -0.l 

Light Trucks 0,0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.1 
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Table Vl-160 - Comparison of Lifetime Social Safety Costs Associated with Mass Changes for CO2 Program by Model Year 
under Preferred Alternative ($bi!.), Relative to Augural Standards, Dollars Discounted at 3% 

MY MY MY MY MY MY MY MY MY MY MY MY MY MY TOTAL 
1977- 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 
2016 

Passenger Cars 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.l 

Light Trucks 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.1 

Table VI-161 - Comparison of Lifetime Social Safety Costs Associated with Mass Changes for CO2 Program by Model Year 
under Preferred Alternative ($bi I.), Relative to Augural Standards, Dollars Discounted at 7% 

MY MY MY MY MY MY MY MY MY MY MY MY MY MY TOTAL 
1977- 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 
2016 

Passenger Cars 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.1 

Light Trucks 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.J 
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Lifetime social safety costs associated with mass change are estimated to be minimal 
under the preferred alternative. The net estimated effects of mass changes on lifetime social 
safety costs are less than $0.1 billion for all model years through MY 2029. 

b) Impact of Vehicle Prices on Fatalities 

The sales and scrappage responses discussed in Chapter XX have important safety 
consequences and influence safety outcomes through the same basic mechanism, fleet turnover. 
In the case of the scrappage response, delaying fleet turnover keeps drivers in older vehicles 
which are less safe than newer vehicles. Similarly, the sales response slows the rate at which 
newer vehicles, and their associated safety improvements, enter the on-road population. The 
sales response also influences the mix of vehicles on the road-with more stringent CAFE 
standards leading to a higher share of light tmcks sold in the new vehicle market, assuming all 
else is equal. Light trucks have higher rates of fatal crashes when interacting with passenger cars 
and, as earlier sections discussed, different directional responses to mass reduction technology 
based on the existing mass and body style of the vehicle. 1528 

With an integrated fleet model now part of the analytical framework for CAFE analysis, 
any effects on fleet turnover (either from delayed vehicle retirement or deferred sales of new 
vehicles) will affect the distribution of both ages and model years present in the on-road fleet. 
Because each of1hese vintages carries with it inherent rates of fatal crashes, and newer vintages 
are generally safer than older ones, changing that distribution will change the -total number of on
road fatalities under each regulatory alternative. Similarly, the dynamic fleet share model 
captures the changes in the fleet's composition of cars and trucks. As cars and trucks have 
different fatality rates, differences in fleet composition across the alternatives will affect 
fatalities. 

At the highest level, the agencies calculate the impact of the sales and scrappage effects 
by multiplying the VMT of a vehicle by the fatality risk of that vehicle. For this analysis, 
calculating VMT is rather simple: the agencies use the distribution of miles calculated in Section 
[XX.XX]. The trickier aspect of the analysis is creating fatality rate coefficients. The fatality 
risk measures the likelihood that a vehicle \~ill be involved in fatal accident per mile driven. As 
explained below, the agencies' methodology changed from the proposal to this final rule in 
response to comments, but the basic analytical framework remains the same. The agencies 
calculate the fatality risk of a vehicle based on the vehicle's mode! year, age, and style, while 
controlling for factors which are independent of the intrinsic nature of the vehicle, such as 
behavioral characteristics. 

'"' See Chapcer 6.XX for a full explanalion of the sales and scrappage effects and how they are modeled. 
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(1) How the Agencies Modeled Impacts of Vehicle Scrappage 
and Sales 011 Fatalities' inJhe NPRkf 

In the proposal, the sales-scrappage safety model comprised two, components. 1529 First, 
the agencies estimated an empirical relationship among vehicle age, model year or vintage, and 
fatalities using the FARS dataQase of fatal crashes, vehicle registration data from Polk to 
represent the'on-road vehicle,population, and the mileage accumulation schedules discussed in 
Chapter XX to estimate total vehicle use, 1530 These data were used to construct per-mile fatality 
rates that varied by vehicle vintage, and also accounted for the influence of vehicle age. To 
accomplish this, the agencies used FARS data at a lower level of resolution; rather than looking 
at each crash and the specific factors that contributed to its occurrence, the agencies looked at the 
total number of fatal crashes involving light-duty vehicles over time with a focus on the 
influence of vehicle age and vehicle vintage. The model used in the proposal incorporated a 
weighted quartic polynomial regression (with each observation weighted by the number of 
registered vehicles it represented) on vehicle age, and included fixed effects for each model year 
pre'sent in the dataset. The model reproduced the observed fatalities of a given model year, at 
each age, reasonably well with more recent model years estimated with smaller errors. These 
estimates were used to account for1he inherent safety risks of the legacy fleet and the influence 
of age on a vehicle's fatality rate. 

In the proposal, the _agencies noted that factors other than the advent of new safety 
technologies have affected the historical trend in fatality and injury rates and are likely to 
continue'to do sb in the future. These include changes in driver behavior, including seat belt use, 
driving under the influence of alcohol or drugs, and driver distraction, particularly from the use 
of hand-held electronic devices such as smartphones, all of which affect either the frequency 
with which drivers are involved in crashes or the severity of accidents. They also include 
changes in the demographic composition of driving, since drivers of different ages, gender, 
income levels, and educational attainment have differing accident-involvement rates, as well as 
in the geographic distribution of motor vehicle travel, since road and driving conditions 
(visibility, etc,.) tend to be poorer in rural areas than in urban locations, thus leading to more 
frequent and more sewre crashes. Other factors affecting safety trends include infrastructure 
investments and road maintenance practices that improve road design and travel conditions, thus 
reducing the frequency and severity of crashes, improvements in accident response and 

1"" The derivation of the NPRM analysis is discussed in detail in Chapter 7 of the FRJA. 
,i.w The analysis supporting the CAFE rule for MYs 2017 and beyond did not account for differences in exposure or 
inherent safety risk as vehicles aged throughout their useful lives. However. the relationship between \ehicle age 
and fatality risk is an important one. In a 2013 Research Note, NHTSA 's National Center for Statistics and Analysis 
(NCSA) concluded a driver ofa vehicle that is 4.7 years old is !0% more likely to he killed in a crash than the 
driver ofa vehicle 0-3 years old, accounting for the other factors related to the crash, This trend continued for older 
vehicles more generally. with a driver ofa vehicle 18 years or older being 71% more likely to be killed in a crash 
than a driver in a new vehicle, ~How Vehicle Age and Model Year Relate to Driver Injury Severity in Fatal 
Crashes," DOT HS 811 825, NHTSA NCSA, August 2013. While there are more registered vehicles that are 0- 3 
years old than there are 20 years or older (nearly three times as many) because most of the vehicles in earlier 
vintages are retired sooner. the average age of vehicles in the United States'is 11.6 years old and has risen 
significantly in the past decade. Based on data acquired from Ward's Automotive. 
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emergency medical care, and cyclical variation in economic.activity, which aftects the 
demographic composition of drivers on the road. 

Seat belts have historically been the single most effective safety technology, preventing 
roughly half of all fatalities in the event of a potentially fatal crash, and accounting for over half 
the lives cumulatively s_avei:J by all FMVSS-related safety technologies since 1960.1531 While 
belts ha.ve been in passenger vehicles since the 1960s, fev,' drivers or passengers initially used 
them. Over the past 3 decades, seat belt usage rates have steadily climbed from under 60 percent 
in the early 1990s to roughly 90 percent in'2018 and has been the single most significant factor 
in reducing fatality rates over time. Additional changes in seal belt uSe are possible but 
challenging to achieve, since the last drivers to buckle up are typically the most likely to be risk 
takers and are often the most resistant to changing their habits. Moreover, with usage rates 
already at 90 percent, there is less potential for continued improvement. 

Overall, the agencies believe improvement in seat belt use is unlikely tO have the.impact 
going forward that it has in the past. Technological fixes are possible for seat belt use and 
impaired driving, but would likely require the promulgation of new regulation, and therefore 
cannot be assumed. Similarly, individual States could take steps to address impaired driving, 
speeding, driver distraction, seat belt use and roadway infrastructure improvements, but the pace 
and impact of such improvements is speculative. The agencies also note that improvements in 
roadway infrastructure and human factors such as belt and alcohol use potentially affect both old 
and new vehicles alike. If improvements in these non-vehicle factors are equally spread across 
vehicles of all MY age groups, the differences in their fatality rates would not change. In other 
words, these types ofimprovements might shift the en1ire MY fatality rate curve down rather 
than change its slope. 

Nonetheless, the agencies stated that it was reasonable to expect some continuation in the 
generalized trend from non-vehicle technology factors such as these. In the analysis supporting 
the NPRM, our statistical model controlled for non-vehicle safety factors by accounting for the 
well-documented fact that older vehicles tend to be owned and driven by drivers whose 
demographic characteristics, behavior, and geographic location tends are associated with more 
frequent or severe crashes. 

Second, the agencies created estimates of future fatality ra1es. The agencies noted that 
predicting future safety trends has an inherent degree of uncertainty, which was amplified due to 
the dearth of academic and empirical research available at the time of the proposal. Although the 
agencies expected further safety improvements because of advanced driver assistance·systems, 
such as automatic braking and eventually fully automated vehicles, the pace of development and 
extent of consumer acceptance of these improvements was uncertain. Thus, instead of 
attempting to model the impact of future safety features directly, the 'agencies relied on two 
different tren9 models to predict future safety trends. The first model relied on the results from a 

m, Kahane, C.J .• Lives Saved by Vehicle Safety Technologies and Associated Federal Motor Vehicle Safety 
Standards, 1960 to 2012- Passenger Cars and L TVs, National f)ighway Traffic Safety Administration, Paper 
Number 15-0291. https://www-esv.nhlsa.dot.gov/Proceedings/24/files/24ESV-000291 .PDF. 

784 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

previous NCSA study that measured the eftect of known safety regulations on fatality rates by 
performing statistical evaluations of the effectiveness ofm:otor vehicle safoty technologies based 
on real world performance in the on-road vehicle fleet to determine the effectiveness of each 
safety technology. Lin The agericies used this information to forecast future fatality rates. The 
second model employed was simpler. The agencies used actual, aggregate fatality rates 
measured from 2000 through 2016 and modeled the fatality rate trend based on these historical 
data. 

The agencies noted that both models had significant limitations and predicted 
significantly different·satety trends. The NCSA study focused on projections to reflect known 
technology adaptation requirements, but it was conducted prior to the 2008 recession, which 
disrupted the economy and changed travel patterns throughout the country, and predated the 
emergence of newer technologies in the 201 Os. The NCSA anticipated continued improvement 
well beyond 2020. By contrast, the historical fatality rate model reflected shifts in safety not 
captured by the NCSA model, but gave arguably implausible results after 2020 because of an 
observed upward shift in fatalities between 2014 and 2015. It essentially represented a scenario 
in which economic, market, or behavioral factors minimize or offset much of the potential 
impact of future safety technology. To reconcile the two projections of safety improvements 
beyond 2015, the agencies averaged the NCSA and historical fatality rate models, accepting each 
as an illustration of different and conflicting possible future scenarios. 

The agencies received a number of comments on the provisional model used in the 
NPRivI, which focused mainly on its omission of variables that change over time and can affect 
the safety of all vehicles in use, regardless of their original modeJ year or current age. As 
indicated previously, these include changes in seat belt use, driving under the influence of 
alcohol or drugs, use ofhand~he!d electronic devices, driver demographics, the geographic 
distribution of vehicle use, road design and maintenance, emergency response and medical care, 
and overall economic activity. 

For example, CARB asserted that the NPRM modeling overestimated fatality rates for 
older vehicles because it did not "control for factors that can have a significant influence on 
fatality risk, such as crash circumstances and driver characteristics." Elsewhere', CARB 
highlighted the omission of calendar year effects from the NPRM analysis, adding "the agencies 
only model fatality rate as a function of model year, but fatality rate should be a function of both 
model year and calendar year [ ... ] [which] would account for systematic safety improvements to 
the entire on-road tleet."1533 CARB also argued that analysis should account for safety 
differences between body styles, noting that passenger cars and other L TVs "have historically 
had different safety regulations."1534 

Similarly, States and Cities noted the potential importance of factors that can affect trends 
in vehicle safety over time, pointing out that "increased seat belt use over time, improvements in 

,rn Blincoe, Land Shankar, U., 'The Impact of Safety Standards and Behavioral Trends on Motor Vehicle Fatality 
Rates." National Highway Traffic Safety Administration, DOT HS 810 777, \Vashington, D.C., January. 2007. 
1'" CARB, Detailed Comments, NHTSA-2018-0067-I 1873 at 263. 
1" 4 CARB, Au ken Fatalily Report, NHTSA-20J8.0067-l 188!, at 25. 
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roadway design and life-saving emergency response and treatment, and crash compatibility with 
other vehicles improve the overall safety of vehicles currently on the road" and therefore 
concluded that "the CAFE model's assumption that the fatality rate of a 1985 model year vehicle 
is 23.8 per biltion vehicle miles traveled for any calendar year is incorrect. That error increases 
the risk of fatalities determined by the NPRM for scrappage by around 25 percent," 1m 
Consumers Union echoed this argument and suggested driver characteristics and behavior may 
"more strongly influence fatality risk than a Yehicle's model year" 1536 

IP! speculated that omitting the effect of variables that change over time in ways that 
could affect fleet-wide safety may have caused the agencies' analysis to over-emphasize the role 
of safety improvements to new vehicles, Specifically, lPI observed that ''the agencies could not 
adequately control for driver behavior trends. And a decrease in fatalities could look like it was 
caused by vehicle improvements over time rather than societal changes.'-'1537 

The agencies also received a few comments on their modeling choices. For example, 
CARB commented that the agencies equation for the legacy fleet was "either incorrect or [had] 
limited domain-of-validity because it can potentially predict negative fatality rates" and because 
it was missing an intercept term. 1·m CARB suggested a logarithmic function would fix the 
problem. The agencies note that the polynomial specification of the safety model the agencies 
developed for the legacy fleet was extremely unlikely to predict negative fatality rates in light of 
the estimated values of its coefficients, and that its fixed-effects specification in effect included 
separate intercept terms for each model year, with that for the earliest model year serving as the 
"reference case" and thus performing the normal role of the constant term. 

(2) Revised Safes-Scrappage Safery Model 

In response to the comments, the agencies have taken several steps to revise the sales
scrappage safety model. First. the agencies developed a revised statistical model to explain 
historical improvements in the lifetime safety performance of each successive new vintage of 
cars and ligl1t trucks, and used the results of this improved model to project the future trend in 
the overall fatality rates. While the revised historical trend model itself is more complex than the 
one utilized in the proposal, the overall procedure is simpler; the agencies have collapsed the two 
piecemeal components discussed above into one model and eliminated the need to 'reconcile' 
differences between competing future projections. Next, the agencies applied detailed empirical 
estimates of the market uptake and improving effectiveness of crash avoidance technologies to 
estimate their effect on the fleet-wide fatality rate, including explicitly incorporating both the 
direct effect of those technologies on the crash involvement rates of new-vehicles equipped with 
them, as well as the "spillover" effect of those technologies on improving the safety of occupants 
of vehicles that are not equipped with these technologies. 

,oi, States and Cities. However, this comm'enterprovided no source for lts ~>i;timate cha! the a(lency may ha,·e 
overstated the effect of changes in vehicle scrappage patterns on fatalities by 25%. 
t;,s Consumers Union, [complete citation]. 
,m JP!, NHTSA-2018-0067-12213, at 71. 
,,;, CARB,Auken Fatality Report, NHTSA-2018-0067-11881, at 25. 
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(a) Crash Avoidance 

In the NP.Rtvl, the agencies took a very generalized approach to estimating the pace of 
future safety trend_s. For reasons discussed abo\'e, the agencies noted that there was uncertainty 
regarding actual trends in fatality rates. This issue was addressed by numerous commenters who 
to'ok opposing positions. Among them, IP! stated that ''[t]he agencies have not provided an 
adequate explanation for why past safety trends are likely to continue until the mid~2020s." IPI 
further noted that "crash avoidance technology may not be adopted as easily or readily as crash 
mitigation technologies have been."1539 In response, the agencies note that the trend the agencies 
adopted for the-NPRM was not a direct continuation of past trends. Rather, it was a simple 
average of several possible models the agencies had examined, accepting each as an illustration 
of different and conflicting possible future scenarios. 

By contrast, States and Cities-asserted that fatality rates may be lower in the future than 
the agencies estimated, noting that the NPRM analysis did not "account for safety benefits that 
new safety technologies in future vehicles will have on the agencies predicted outcome.''1540 

While the agencies agree that the NPRM analysis did not analyze individual safety benefits of 
new t~chnologies, the trends included in the NPRM were intended, in part, as a proxy estimate of 
the impact of these technologies. As discussed in the NPRM, these technologies were cited as a 
justification for assuming a continued downward trend in the fatality rate through roughly 2035. 

Nonetheless, the agencies believe that further analysis of these potential trends can now 
be a,;certained for several explicit technologies. In response to comments suggesting that the 
agencies account more directly for new safety technologies, the agencies augmented the sa\es
scrappage safety analysis for the final rule with recent research into the effectiveness of specific 
advanced crash avoidance safety technologies that are expected to drive future saiety 
improvement to estimate the impacts of crash avoidance technologies. The analysis analyzes six 
crash avoidance technologies that are currently being produced and commercially deployed in 
the new vehicle fleet. These include Frontal Collision Warning (FCW), Automatic Emergency 
Braking (AEB), Lane Departure Warning (LDW), Lane Keep Assist (LKA), Blind Spot 
Detection (BSD), and Lane Change Alert (LCA).°41 These are the principal technologies that 
are being developed and adopted in new vehicle fleets aild will likely drive vehicle-based safety 
improvements for the coming decade. These technologies are being installed in more and more 
new vehicles; in fact, manufacturers recently reported that they voluntarily installed AEB 
systems in approximately 70 percent of new vehicles sold in the year ending August 30, 2019. 
[CITE to Nf:lTSA report] The agencies note that the tenninology and the detailed characteristics 
of these systems may differ across manufacturers, but the basic system functions are common 
across all. 

These 6 technologies address three basic crash scenarios through warnings to the drlver 
or alternately, through dynamic vehicle control: 

'51~ !Pl, Appendix, NHTSA-2018-0067-12213, at 98. 
'1'" States and Cities. Detailed Comments, NHTSA-W18-(l067-J ! 735, al 80. 
"'1 A full description ofrhese technologies and several other technologies referenced below may be found ln !he 
FRIA Chapter [XX.XX]. 
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I. Forward collisions, typically involving a crash into the rear of a stopped vehicle; 
2. Lane departure crashes, typically involving inadvertent drifting across or into another 

traffic lane; and 
3. Blind spot crashes, typically involving intentional lane changes into unseen vehicles 

driving in or approaching the driver's blind spot. 

Unlike traditional safety features where the bulk of the safety improvements were 
attributable to improved protection when a crash occurs (crash worthiness), the impact of 
advanced crash avoidance technologies (ADAS or advanced driver assistance systems) \Viii have 
on fatality and injury rates is a direct function of their effectiveness in preventing or reducing the 
severity of the crashes they are designed to mitigate. This effectiveness is typically measured 
using real world data comparing vehicles with these technologies to similar vehicles without 
them. While these technologies are actively being deployed in new vehicles, their penetration in 
the larger on-road vehicle fleet has been at a low, but growing level. This limits the precision of 
statistical regression analyses, at least until the technologies become more common in the on
road fleet. 

Our approach in the final rule is to derive effectiveness rates for these advanced crash
avoidance technologies from safoty technology literature. The agencies then apply these 
effectiveness rates to specific crash target populations for which the crash avoidance technology 
is designed to mitigate and adjusted to reflect the current pace of adoption of the technology. 
including the public commitment by manufactures to install these technologies. The products of 
these factors, combined across all 6 advanced technologies, produce a fatality rate reduction 
percentage that is applied to the fatality rate trend model discussed below, which projects both 
vehicle and non-vehicle safety trends. The combined model produces a projection of impacts of 
changes in vehicle safety technology as well as behavioral and infrastructural trends. 

(i) Technology Effectiveness Rates 

Forward Crash Collision Technologies 

For forward collisions, manufacturers are currently equipping vehicles with FCW, which 
warns drivers of impending collisions, as well as AEB, which incorporates the sensor systems 
from FCW together with dynamic brake support (DBS) and crash imminent braking (CIB) to 
help avoid crashes or mitigate their severity. Manufacturers have committed voluntarily to 
install some form of AEB on all light vehicles by the 2023 model year (September 2022).1542 

Table Vf-162Tablc Vl-162 summarizes studies which have measured effectiveness for 
various fonns ofFCW and AEB over the past 13 years. Most studies focused on crash reduction 
rather than injury reduction. This is a function of limited injury datil. in the on-road fleet, 
especially during the early years of deployment of these technologies. In addition, it reflects 
engineering limitations in the technologies themselves. Initial designs of AEB systems were 
basically incapable of detecting stationary objects at speeds higher than 30 mph, making them 
potentially ineffective in higher speed crashes that are more likely to-result in fatalities or serious 

1 s., See https:/lwww.nhtsa.gov/press-releases/nhtsa-iihs-announcemenl-aeh. 
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injury. For example, Wiacek et al. (2-15) conducted a review of rear-end crashes involving a 
fatal occupant in the 2003-2012 NASS-CDS data-bases to determine the factors that contribute 
to fatal rear-end crashes.1543 They found thaf the speed of the striking vehicle was the primary 
factor in 71 percent of the cases they examined. The average Delta-V of the striking vehicle in 
these cases was 46 km/h (28.5 mph), implying pre-crash travel speeds in excess of this speed. 
While Table Vl-162Table Vl-162 includes studies going back to 2005, the agencies focus our 
discussion on more recent studies conducted after 2012 in order to reflect more·current safety 
systems and vehicle designs. 

Table VJ-162 - Summary of AES Technology Effectiveness Estimates 

Injury Reduction 

Authors 
AEB 

Crashes Fatalities Serious Minor 
All 

T • Iuiuries 

Sugimoto& 
Sauer CMBS 38%, 44% 

I r:!005)1041 

Page et a! EBA 7.50% 11% 12005)'"" 
Najm et al 

ACAS 6-15% (2005)'""" 
Breuer et al 

BAS+ 44% 12007 l,-1/ 

Kuehn et al 
CMBS 40.80% 

12009115' 8 

Grover et al 
AEB 30% (2008) l,W 

1~41 Wiacek. C., Bean, J., Sharma. D., Real World Anolysi,· of F<1tal Rear-EndO·a.,h~s, National Highway Traffic 
Safety Administration, 24th Enhanced Safety of Vehicles Conference, l 50270; 2015. 
"" Sugimoto, Y., and Sauer, C., (2005). Effectiveness Estimation Method for Advanced Driver Assistance System 
and it,; Application fo Collision Mitigation Brake systems. paper number 05-148, 19'1' International Technlcal 
Conference on the Enhanced s.afety of Vehicles (ESV), Washington D.C., June 6-9, '.!005. 
11' 1 Page, Y., Foret-Bruno, J., & Cuny, S. (2005). Are expected and observed effectiveness-of emergency brake 
assist in preventing road injury accidents consistent'?, 19"' ESV Conference, Washington DC 
,,.,, Najm, \V.G., Stearns, M.D., Howarth, H.,Koopman, J. & Hiti, J., (2006). Evaluation ofan Automotive Rear
End Collision Avoidance System (technical report DOT HS 810 569), Cambridge, MA: John A. -Volpe National 
Transportation System Center, U.S. Depanmenl ofTransportation. 
,;-i, Breuer, JJ., FauU1abcr, A .. Frank, P. and G!eissner. S. (2007). Real world Safety Benefit,; of Brake Assistance 
Systems, Proceedings of the 20"' International Technical Conference of the Enhanced Safety ofVehicles (ESV) in 
Lyon,,franceJune 18-21, 2007. 
" 48 Keuhn, M., Hummel,T., and Bende J., Benefit estimation of advanced driver assislance systems for cars derived 
fronHeal-wor!d accidents, Paper No. 09-0317, 21" lnlemational Technical Conference on the Enhanced Safety of 
Vehicles {ESV)- ln!ernational Congress Centre, Stuttgart. Gennnny, June 15-)8, 2009. 
1549 Grover, C., Knight,!., Okoro, F .• Simmons I., Couper, G., Massie, P., and Smith. B, (2008). Automated 
Emergency Brake Systems: Technical requirement,;, Costs and Benefit,;, PPR227. TRL Limited, DG Enterprise, 
European Commission. April 2008. 
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Kisano 
&Gabler AEB 0-67% 2-69% 2-69% 
1201511

"
0 

HLDl AEB 22-27% 51% (2011)1" 1 

Doecke et al AEB 25-28% 
2012)' 5

"
3 

Chauvel et al PAEB 4.30% 15% 37% (2013)1' 5] 

FHdes.etal AEB 38% (2015)1114 

Cicchino 
FCW 27% 20% 

1201111
"" 

AEB 50% 56% 
Kusano & 
Gabler FCW 3.20% 29% 29% 
'2012)1''~ 

AEB 7.70% 50% 50% 
Flannagan & 
Leslie FCW 16% 
(2018)1

"' 

AEB 45% 

Doecke et al. (2012) created simulations of 103 real world crashes and applied AEB 
system models with differing specifications to determine the change in impact speed that various 
AEB interventions might produce. Their modeling found significant rear-end crash speed 
reductions with various AEB performance assumptions. In addition, they estin'lated a 29 percent 

155° Kusano, K.G., and Gabler, !-LC. (2015), Comparison of Expected Crash lnj111y and Injury Reduction from 
Production Forward Collision and"Lane Deparmre Warning Systems, Traffic Injury Prevention 2015; Suppl. 2: 
Sl09-!4. 
'1" HLDI (201 \). Volvo's City Safety prevents low-speed crashes and c,uts insurance costs. Status Report, Vol. 46, 
No. 6, July 19.20! l. 
'"' Docke, S.D., Anderson, R.\V.G., Mackenzie ,J.R.R., Ponte, G, (2012). The potential of autonomous emergency 
braking systems to mitigate passenger vehicle crashes. Australian Road Safety Re,carch Policing and Education 
Conference, October 4-6, 2012, Welliilgton, New Zealand. 
"'3 Chauvel, C., Page, Y., Fi Ides, B.N., and Lllhausse, J. (2013). Automatic emergency braking for pedestrians 
effective target population and expected safety benefits, Paper No. 13-0008, 23'J !ntemational Technical Conference 
on the Enhanced Safe!)-' of Vehicles {ESV), Seoul, Republic of Korea, May 27-30, 2013. 
'514 Fildes B., Keal! M., Bos A.,Lie A., Page, Y., Pastor, C., Pennisi, L., Rizz.i ,lvL, Thomas, P., and Tingvall, C. 
Effectiveness of Low Speed Autonomous Emergency Braking in Real-World Rear-End Crashes. Accident Analysis 
and Prevention, AAP-D-14-00692R2. 
11" Cicchino, J.B. (2017). Effectiveness of forward collision warning and autonomous emergency braking systems 
in reducing front-to-rear crash rates. Accident Analysirnnd Prevention, V. 99, Part A, February 2017, Pages 142-
52. 
" 1' Kusano, K,D .• and Gabler H.C. (2012). Safety Benefits of Forward Collision Warning, Brake Assist, and 
Autonomous Braking,.Systems in Rear-End Collisions, lntelligent Transportation Systems, IEEE Transactions, 
Volume 13"(4). 
i5s7 Flannagan, C. and Leslie, A. (2018). Crash Avoidance Technology Evaluation Using Real-World Crashes. 
University of Michigan Transportation Research Institute, Final Report, March 22, 20f8. 
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reduction in rear-end crashes and that 25 percent of crashes over IO km/h were reduced to 10 
km/h or less. 

Cicchino (2016) analyzed the effectiveness of a variety of forward collision mitigation 
systems including both FCW and AEB systems. Cicchino used a Poisson regression 1o compare 
rates of police-reported crashes per insured vehicle year hl,t\veen vehicles with these systems and 
the same models that did not elect to install them. The analysis was based on crashes occurring 

during 2010 to 2014 in 22 States and controlled for other factors that affected crash risk. 
Cicchino found that-FCW reduced all rear-end striking crashes by 27 percent and rear-end 
striking injury crashes by 20 percent, and thatAEB functional at high-speeds reduced these 
crashes by 50 and 56 percent, respectively. She also found that low speed AEB without driver 
warning reduced all crashes by 43 percent and injury crashes by 45 percent. She also found that 
even low-speed AEB could impact crashes at higher speed limits. Reductions: were found of 53 
percent, 59 percent, and 58 percent for all rear-end striking crash rates, rear-end striking injury 
crash rates, and rear-end third party injury crash rates, respectively, at speed limits of 40-45 mph. 
For speed limits of 35 mph or less, reductions of 40 percent, 40 percent, and 43 percent were 
found. For speed limits of 50' mph or greater, reductions of3 l percent, 30 percent, and 28 
percent, were found. Further, Cicchino (2016) found significant reductions (30 percent) in rear
end injury crashes even in crashes on roadways where speed limits exceeded 50 mph. 

Kusano and Gabler (2012) examined the effectiveness of various levels of forward 
collision technologies including FCW and AEB based on simulations of 1,396 real world rear 
end crashes from 1993-2008 NASS CDS data-bases. The authors developed a probability-based 
framework to account for variable driver responses to the warning systems. Kusano and Gabler 
found FCW systems could reduce rear-end crashes by 3.2 percent and driver injuries in rear-end 
crashes by 29 percent. They also found that full AEB systems with FCW, pre-crash brake assist, 
and autonomous pre-crash braking could reduce rear-end crashes by 7. 7 percent and reduce 
moderate to fatal driver injuries in rear-end crashes by 50 percent. 

Fildes et al. (2015) performed meta-analyses to evaluate the effectiveness of low-speed 
AEB technology in passenger vehicles based on real-world crash experience across six different 
predominantly European countries. Data from these countries was pooled into a standard 
analysis format and induced exposure methods were used to control for extraneous effects. The 
study found a 38 percent overall reduction in rear-end crashes for vehicles with AEB compared 
to similar vehicles without this technology. The study also found no statistical evidence for any 
difference in effectiveness between urban roads with speed limits less than or equal to 60 km/h, 
and rural roads with speed limits greater than 60 km/h, Fil des et al. (2015) found no statistical 
difference in the performance of AEBs on lower speed urban or higher speed rural roadways. 

Kusano and Gabler (2015) simulated rear-end crashes based on a sample of 1,042 crashes 
in the 201,2 NASS-CDS. Modelling was based on 54 model year2010-2014 vehicles that were 
evaluated in NHTSA 's New Car Assessment Program (NCAP). Kusano and Gabler found FCW 
systems could prevent 0-67 percent of rear-end crashes and 2-69 percent of serious to fatal driver 
injuries. 
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Flannagan and Leslie (2018) analyzed the relative crash performance of 35,40 I General 
Motors (GM) MY 20 I 3 to 2015 vehicles linked to State police-reported crashes by Vehicle 
Identification numbers (VIN). GM provided VIN-l inked safety content information for these 
vehic les to enable precise identification of safety technology content. The authors analyzed the 
effectiveness ofa variety of crash avoidance technologies including bmh FCW and AEB 
separately. They estimated effectiveness comparing system-relevant crashes to baseline (control 
group) crashes using a quasi-induced exposure method in which rear-end struck crashes are used 
as the control group. Flannagan and Leslie found that FCW reduced rear-end striking crashes of 
a ll severities by I 6 percent, and that AEB (which includes FCW) reduced these crashes by 45 
percent. 1558 

For this analysis, the agencies based their projections on Flannagan and Leslie because 
rhey are the most recent study, and thus reflect the most current versions of these systems in the 
largest number of vehicles, and a lso because they arguably have the most precise identification 
of the presence of the specific technologies in the vehicle fleet. Furthermore, Flannagan and 
Leslie was the only study to report estimates for each of the six crash avoidance techno logies 
analyzed for the fi nal ru le, hence providing a certain level of consistency amongst estimates. 
The agencies recognize that there is uncertainty in estimates of these technologies effectiveness, 
especially at this early stage of deployment. For this reason, the agencies examine a range of 
effectiveness rates to estimate boundary outcomes in a sensitivity analysis. 

Flannagan and Leslie measured effectiveness against all crashes. bur did not specif)' 
effectiveness against crashes that result in fatalities or injuries. The agencies will examine a 
range of effectiveness rates against fatal crashes using a centra l case as well as boundary 
sensitivity cases. Our boundary cases will be an assumption ofno effectiveness, and an 
assumption of fu ll effectiveness across all crash types. Our central case will assume a simple 
average of these two extremes. Flannagan and Leslie found effectiveness rates of 16 percent for 
FCW and 45 percent for AEB. Our central fatality effectiveness estimates w ill thus be 8 percent 
for FCW and 22.5 percent for AEB. The agencies note that our central estimate is conservative 

"'' The agencies note thal UMTRI. the sponsoring organization for the Flannagan and Leslie study, published a 
revised version of t he same study in September of 2019, which N HTSA only became aware of in November of2019 
after preparation of the final rule was nearing completion. See 
hups: dcephluc.lih.umich.edu hihtrcam handl~ 2027.-42 1506611 l .\1TRl-21119-
60 .. 20! I"· \LO u20.pJf" ,cuuencc- J &iv \ llo\\ ad~, . The revised study uses the same basic techniques bul 
incorporated a larger dala-base of system-relevant and control cases. Relative 10 1he Flannagan and Lesl ie (2018) 
findings, the results of the study varied by technology. The revised s1udy found effec1iveness rates of21% for FCW 
and 46% for AEB, compared to 16% and 45% in the 2018 study. The revised study found effectiveness rates of 
I 0% for LDW and 20% for LKA. compared to 3% and 30% for these technologies in the :2018 study. The revised 
study found effectiveness rates of3% for BSD and 26-37% for LCA systems, compared to 8% and 19-32% for these 
technologies in the 2018 study. Thus, some system effectiveness estimates increased while others decreased. 
Although the agencies are unable to incorporate these estimates into the agencies· baseline calculations. the agencies 
note that the range of effectiveness rates the agencies· examine in our sensitivity analysis encompasses all results 
from the new 2019 study with the exception of those for FCW and AEB. AEB is the most influential of these 
braking 1echnologies and the 2019 sludy results are nearly identical lo the 2018 results (46% vs. 45%). The agencies 
also note that the cemral effectiveness estimates used for the analysis remain well below those found in the 2019 
study. 
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compared to averages of those studies that did specifically examine fatality impacts; that is, the 
analysis assumes reduced future fatalities less than most of, or the average of, those studies, and 
thus minimizes the estimate of lives saved under alternatives to the augural standards. 
Furthermore, the agencies note that the estimates against fatal crashes is higher in the recent 
studies in Table VI-163, which reflects the agencies' understan_ding that earlier iterations of AEB 
and FCW may have been less effective against crashes that result in fatalties than newer and 
improved versions. 1"'~ 

Lane Departure Crash Technologies 

For lane departure crashes, manufacturers are cuJTently equipping vehicles with lane 
depmture warning (LOW), which monitors lane markings on the road and alerts the driver when 
their vehicle is about to drift beyond a delineated edge line of their current travel lane, as well as 
lane keep assist (LKA), which provides gentle steering adjustments to help drivers avoid 
unintentional lane crossing. Table Vl-164Table VJ-164 summarizes studies which have 
measured effectiveness for LOW and LKA 

Table Vl-164 - Summary of LOW Technology Effectiveness Estimates 

Injury Reductiou 

Crash All 
Authors LOW Type 

Reduction 
Fatalities Serious Minor 

lniuries 
Cicchino (2018f'60 LOW 11% 21% 
SternlLmd, Strandroth, et 

LDWILKA 6-30% al120J7\15°' 
Flannagan & Leslie 

LDW 3% (20]8\156C 

LKA 30% 
Kusano & Gabler 

LDW ll-23% 13-22% 13-22% /2015)1,63 

Kusano, Gom1an, et al 
LOW 29% 24% (2014)151>4 

Cicchino (2018) examined crash involvement rates per insured vehicle year for vehicles 
that offered LOW as an option and compared crash rates for those that had the option installed to 

'-'" As an example of improvements, the agencies note that the Mercedes system described in their 2015 owner's 
manual specified 1hat for stationary objects the system would only work in crashes below 31 mph, but that in their 
manual for the 20)9 model, the systei:Ils are specified to work in these crashes up to 50 mph. 
'""' Cicchino, J.B. (2018). Eftects oflane departure warning on police-reported crash rates, Journal of Safety 
Research 66 (2018), pp.61-70. National Safety Council and Elsevier Ltd., May, 2018. 
1'°1 Stemlund, S., Strandroth, J., Rizzi, M .• Lie, A., and Tingvall, C. (2017). The effecti\"eness oflane departure 
warning systems -A reduction in real-world passenger car injury crashes. Traffic Injury Prevention V, 18 Issue 2 
fan 2017. 
'"

0 Flannagan and Leslie (2018), op. cit. 
' 5" Kusano and Gab1er{2015), op. cit. 
"" Kusano. K., Gonnan, T.l., Sherony, R., and Gabler, H.C. Potential occupant injury reduction in th~ U.S. vehicle 
fleet for lane departure warning.equipped vehicles in single-vehicle crashes. Traffic Injury Prevention 2014 Suppl 
l:S157-64. 
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those that did not. The study focused on single-vehicle, sideswipe, and head-on crashes as the 
relevant target population for LOW effectiveness rates. The study examined 5,433 relevant 
crashes ofall severities found in 2009-2015 police-reported data from 25 States. The study was 
limited to crashes on roadways with 40 mph or greater speed limits not covered in ice or snow 
since lower travel speeds would be more likely to fa\! outside of the LOW systems· minimum 
operational threshold. Citchino found an overall reduction in relevant crashes of 11 percent for 
vehicles that were equipped with LOW. She also found a 21 percent reduction in injury crashes. 
The result for all crashes was statistically significant, while that for injury crashes ;ippl'()ached 
significance (p<0.07). Cicchino did not separately analyze LKA systems. 

Sternlund et al. (2017) studied single vehicle and head-on injury crash involvements 
relevant to LOW and LKA in Volvos on Swedish roadways, They used rear-end crashes as a 
control and compared the ratio of these two crash groups in vehicles that had elected-to install 
LDW or LCA to the ratio in vehicles that did not have this content. Studied crashes were limited 
to roadways with speeds of70-120 kph and not covered with ice or snow. Stemlund et al. found 
that LDWILKA systems reduced single vehicle and head-on injury crashes in their cr11sh 
population by 53 percent, with a lo\>.er limit of 11 percent, which they determined corresponded 
to a reduction of 30 percent (lower limit of 6 percent) across all speed limits and road surface 
assumptions. 

Flannagan and Leslie (2018) analyzed the relative crash performance of35,401 General 
Motors (GM) MY 2013 to 2015 vehicles linked to state police-reported crashes by Vehicle 
Identification numbers (VIN). GM provided VIN-linked safety content infonnation for these 
vehicles to enable precise identification of safety technology content. The authors a_nalyzed the 
effectiveness of a variety of crash avoidance technologies including both LOW and LKA 
separately. They estimated effectiveness comparing system-relevant crashes to baseline (control 
group) crashes using a quasi-induced exposure method in which rear-end struck crashes are used 
as the control group. Flannagan and Leslie found that LDW reduced lane departure crashes of 
all severities by 3 percent (non-significant), and that LKA (which includes LOW) reduced these 
crashes by 30 percent. 

Kusano eta] (2014) developed a comprehensive crash and injury simulation model to 
estimate the potential safety impacts of LOW. The model simulated results from 481 single
vehicle collisions documented in the NASS-CDS data-base for the year 2012. Each crash was 
simulated as it actually occurred and again as it would occur had the vehicles been equipped with 
LOW. Crashes were simulated multiple times to account for variation in driver reaction. 
roadway, and vehicle conditions. Kusano et al found that LDW could reduce all roadway 
departure crashes caused by the driver drifting from his or her lane by 28.9 percent, resulting in 
24.3 percent fewer serious injuries. 

Kusano and Gabler (2015), simulated single-vehicle roadway departure crashes based on 
a sample of478-crashes in the 201'2 NASS-CDS. Modelling was based on 54 model year 2010-
2014 vehicles that were evaluated in NHTSA's New Car Assessment Program (NCAP). Kusano 
and Gabler found LDW systems could prevent 11-23 percent of drift-out-of-lane crashes and 13-
22 percent of serious to fatally injured drivers. 
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As noted previously for frontal crash technologies, the-agencies will base our prqjections 
on Flannagan and Leslie because they are the most recent study, thereby reflecting the most 
current versions of these systems in the largest number of vehicles, and because they arguably 
have the most precise identification of the presence of the specific technologies in the vehicle 
fleet. However, unlike fonvard crash technologies, lane change technologies are operational at 
travel speeds where fatalities are likely to occur. Both LOW and LKA typically operate at 
speeds above roughly 35 mph. For this reason, and because the research noted in Table 

VI- l 64Table Vl-164 indicates similar effectiveness against fatalities, injuries, and crashes, the 
agencies believe it is reasonable to assume the Flannagan & Leslie crash reduction estimates are 
generally applicable to all crash severities, including fatal crashes. Our central effectiveness 
estimates are thus 3 percent for LOW and 30 percent for LKA. For sensitivity analysis, the 
agencies adopt the 95 percent confidence intervals from Flannagan & Leslie, For LKA this 
range is 4-49 percent. For LOW, the upper range was 10 percent, but the findings were not 
statistically significant. The agencies therefore limit the range to 0-10 percent. 

Blind Spot Crash Technologies 

To address blind spot crashes, manufacturers are currently equipping vehicles with BSD, 
which detects vehicles in either of the adjacent lanes that may not be apparent to the driver. The 
system warns the driver of an approaching vehicle's presence to help facilitate safe lane changes 
and avoid crashes. A more advanced version of this, LC A, also detects vehicles that are rapidly 
approaching the driver's blind spot. Table VI- l 65Table Vl-165 summarizes studies which have 
measured effectiveness for BSD and LC A. 

Table Vl-165 - Summary of BSD Technology Effectiveness Estimates 

lnjury Crush Reduction 

Authors BSD Crash 
Fatalities Serious Minor Injuries 

T""e Reduction 
Cicchino (2017b)1.56:; BSD 14% 23% 
Flannagan & Leslie 
(2018)"66 BSD 8% 

LCA 32% 
Tsaksson-Hellman & 

LCA 30%* 31%0 
Lindman f2018) 1.567 

* reduction in claim costs across-all lane change crashes 
~• reduction in severe crashes with repair costs greater than $1250 

Cicchino (2017) used Poisson regression to compare crash involvement rates per insured 
vehicle year in police-reported lane-change crashes in 26 U.S. States during 2009-2015 between 

""·' Cicchino, J.B. (W17b). Effects of blind spot monitoring systems on police-reported lane-change crashes. 
Insurance Institute for Highway Safety, August 2017. 
f;.i; Flannagan and Leslie (2018), op. cit. 
1561 lsaksson-Hellrnan, !., Lindman, M., An evaluation ofche real-world safety ef!Cct ofa lane change driver support 
syscem and characteristics of lane change crashes based on insurance claims. Traffic Injury P~vention, February 
28, 2018: 19 \supp. l ). 
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vehicles with blind spot monitoring and the same vehicle models without the optional system, 
controlling for other factors that can affect crash risk. Systems designs across the 10 different 
manufacturers included in the study varied regarding the extent 10 which the size of the adjacent 
lane zone that they covered exceeded the blind spot area, speed differentials at which vehicles 
could be detected, and their ability to detect rapidly approaching vehicles, but these different 
systems were not examined separately. The study examined 4,620 lane change crashes, 
including 568 injury crashes, Cicchino found an overall reduction of 14 percent in blind spot 
related crashes of all severities, with a non-significant 23 percent reduction in injury crashes. 

Flannagan and Leslie (2018) analyzed the relative crash performance of35,401 2013-
2015 General Motors (GM) vehicles !inked to State police-reported crashes by Vehicle 
Identification numbers (VIN). GM provided VIN-linked safety content information for these 
vehicles to enable precise identification of safety technology content. The authors analyzed the 
effectiveness of a variety of crash avoidance technologies including both BSD and LCA 
separately. They estimated effectiveness comparing system-relevant crashes to baseline (control 
group) crashes using a quasi•induced exposure method in which rear-end struck crashes are used 
as the control group. Flannagan and Leslie found that BSD reduced lane departure crashes ofall 
severities by 8 percent (non-significant), and that LCA (which includes BSD) reduced these 
crashes by 32 percent. 

lsaksson-Hellman and Lindman (2018) evaluated the effect of the Volvo Blind Spot 
Information System (BUS) on lane change crashes. Volvo's BUS functions as an LCA. 
detecting vehicles approaching the blind spot as well as those already in it. The authors analyzed 
crash rate differences in lane change situations for ca~ with and without the BUS system based 
on a population of380,000 insured vehicle years. The authors found the BUS system did not 
significantly reduce the overall number of lane change crashes of all severities, but they did find 
a significant 31 percent reduction in crashes with a repair cost exceeding $1250, and a 30 percent 
lower claim cost across all lane change crashes, indicating a reduced crash severity effect. 

Like lane change technologies, blind spot technologies are operational at travel speeds 
where fatalities are likely to occur. The agencies therefore assume the Flannagan & Leslie -crash 
reduction estimates are generally applicable,to all crash severities, including fatal crashes. Our 
central effectiveness estimates are thus 8 percent for BSD and 32 percent for LCA. For 
sensitivity analysis, the agencies adopt the 95 percent confidence intervals from Flannagan & 
Leslie. For LCA this range is 14-46 percent. For BSD, the upper range was 25 percent, but the 
findings were not statistically significant. The agencies therefore limi1 the range to 0-25 percent. 

lii) Target Populations for Crash Avoidance 
Technologies 

The impact on fatality rates that will occur due to these technologies will be a function of 
both their effectiveness rate and the portion of occupant fatalities that occur under circumstances 
that are relevant to the technologies function. The agencies base our target population estimates 
on a recent study that examined the"se portions specifically for a variety of crash avoidance 
technologies including those analyzed here. Wang (2019) documented target populations for 
five groups of collision avoidance technologies in passenger vehicles including forward 
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collisions, lane keeping, blind zone detection, forv,ard pedestrian impact, and backing collision 
a\'oidance. The first three of these affect the light occupant target population examined in this 
analysis. Wang separately examined crash populations stratified by severity including fatal 
injuries, non-fatal injuries, and property damaged only (PDO) vehicles. She based her analysis 
on 2011-2015 data from NHTSA's Fatality Analysis Reporting System (FARS), National 
Automotive Sampling System (NASS), and General Estimates System (GES). FARS data was 
the basis for fatal crashes while nonfatal injuries and PDOs were derived from the NASS and 
GES. 

Wang followed the pre-crash typology concept initially developed by the Volpe National 
Transportation Systems Center (Volpe). Under this concept, crashes are categorized into 
mutually exclusive and distinct scenarios based on vehicle move111ents and critical events 
occurring just prior to the crash. Table VJ- l 66Table Vl-166 summarizes the portion of total 
annual crashes and injuries for each crash severity categoty that is relevant to the three crash 
scenarios examined. 

Table VI-166 - Summary of Target Crash Proportions by Technology Group. 

Safety System 
Crashes Fatalities 

MAlS 1-5 
PDOVs Crash T"-e Jniuries 

Frontal Crashes 29.4% 3.8% 31.5% 36.3% 
Lane Departure 

19.4% 44.3% 17.1% 11,9% 
Crashes 
Blind Spot 

8.7% 1.6% 6.7% 11.8% 
Crashes 

The relevant proportions vary significantly depending on the severity of the crash. The 
rear-end crashes that are addressed.by FCW and AEB technologies tend to be low-speed crashes 
and thus account for a larger portion of non-fatal injuiy and PDQ crashes than for fatalities. 
Only 4 percent of fatal crashes occur in tl"Ont-to-rear crashes, but over 30 percent of nonfatal 
crashes are this type. By contrast, fatal crashes are highly likely to involve inadvertent !ane 
departure, 44 percent of all light vehicle occupant fatalities occur in crashes that involve lane 
departure, but only 17 percent of non-fatal injuries and 12 percent of PDOs involve this crash 
scenario. Blind spot crashes account for only abou) 2 percent of fatalities, 7 percent of MAIS 1-5 
injuries, and 12 percent of PDOs. 

The target population of this analysis is occupants of the light vehicles subject to CAFE. 
The values in Table Vl-166Table VI-166 are portions of all crashes that occur annually. TI1ese 
include crashes of motor vehicles not subject to the current CAFE rulemaking such as medium 
and large trucks, buses, motorcycles, bicycles, etc, To adjust for this, the values in Wang were 
normalized to represent their portion of all light passenger vehicle (PY) crashes, rather than all 
crashes of any type. Wang provides total PV fatalities consistent with her technology numbers 
which are used as a baseline for this process. Based on 2011-2015 FARS data, Wang found an 
average of29, 170 PV occupant fatalities occurred annually. 

A second adjustment to Wang's results was made to make them compatible with the 
effectiveness estimates found in Flannagan and Leslie. ln her target population estimate for lane 
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departure warning, Wang included both head-on collisions and roll9vers, but Flannagan did not. 
The Flannagan & Leslies effectiveness rate is thus applicable to a smaller target population than 
that examined by Wang. To make these numbers more compatible, counts for these crash types 
were removed from Wang's lane departure totals. 

Electronic Stability Control (ESC) has been standard equipment in all light vehicles in 
the US since the 2012 model year. ESC is highly effective in reducing roadway departure and 
traction loss crashes, and although it will be present in all future model year vehicles, it was 
present in only about 30 percent ofihe 2011-2015 on-road fleet examined by Wang. To reflect 
the impact ofESC on future on-road fleets therefore, the agencies further adjusted Wang's 
numbers to reflect a 100 percent ESC presence in the on-road fleet The agencies allocated the 
reduced roadway departure fatalities to the LOW target population, and the reduced traction loss 
fatalities to the AEB target population. This has the effect of reducing the total fatalities in both 
groups as well as in the total projected fatalities baseline. 

Table Vl-167Table Vl-167 summarizes the revised incidence counts and re-calculated 
proportions of total PY occupant-crash /injury. Revised totals are derived from original totals 
referenced in Table 1-3 in Wang (2019). 

Table V(-167 - Adjusted Target Crash Counts and Proportions 

Crash Type Crashes Fatalities MAIS 1-5 PDOVs 
Frontal Crashes 1,703,541 1,048 883,386 2,641,884 
% All PV Occupant 

30.2% 4.0% 32.4% 36.8% Crashes 
Lane Departure 

1,126,397 9,428 479,939 863.213 Cra,hes 
% All PV Occupant 

20.0% 35.8% 17.6% 12.0% 
Crashes 
Blind Sp01 Crashe.~ 503.070 542 188,304 8'60,726 
% All PV Occupant 

8.9% 2.1% 6.9% 12.0% Crashes 
Total. all Tech 3,333,008 11,017 l,551,629 4,365.823 
Grouns 
% All PV Occupant 

59.1% 41.8% 56.8% 60.9% Crashes 
A)I Crashes 5,640,000 26,364 2,730;000 7,170,000 

(iii) Fleet Penetration SChedules 

The third element of the rule's safety projections is the fleet technology penetration 
schedules. Advanced safety technologies (ADAS) will only influence the safety of future MY 
fleets to the extent that they are installed and used in those fleets. These technologies are already 
being installed on some vehicles to varying degrees, but the agencies expect that over time, they 
will become standard equipment due to some combination of market pressure and/or safety 
regulation. The agencies adopt this assumption based on the history of most previous vehicle 
safety 1echnologies, which are now standard equipment on all new vehicles sold in the US. 
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T he pace of technology adoption is estimated based on a variety of factors, but the most 
fundamental is the current pace of adoption in recent years. These published data were obtained 
from Ward's Automotive Reports for each technology. 1568 Since these technologies are 
relatively recent, only a few years of data- typically 2 or 3 years- were available from which to 
derive a trend. This makes these projections uncertain, but under these circumstances, a 
continuation of the known trend is the baseline assumption. which the agencies modify only 
when there is a rationale to justify it. 

The technologies were examined in pairs reflecting their mutual target populations. Both 
FCW and AEB affect the same target population- frontal collisions. Both systems have been 
installed in some current MY vehicles, but t heir relative paces are expected to diverge 
signi ficantly due to a formal agreement brokered by NHTSA and IIHS involving nearly all auto 
manufacturers, to have AEB installed in l 00 percent of their vehicles by September 2022 (MY 
2023). 1560 Wards first published installation rates for FCW and AEB for the 2016 model year 
and as of this analysis the 2017 MY is the latest data they have published. The agencies thus 
have data indicating that FCW was installed in 17.6 percent of MY 2016 vehicles and 30.5 
percent of MY 2017 vehicles. AEB was installed in 12.0 percent of MY 20 16 vehicles and 27.0 
percent of MY 20 I 7 vehicles. AEB was installed in 12.0 percent of MY 2016 vehicles and 27.0 
percent of MY 2017 vehicles. More recent reports submitted by manufacturers to the Federal 
Register indicate that installation rates accelerated in MY 2018 and 2019 vehicles. Four 
manufacturers, Tesla, Volvo. Audi, and Mercedes. have already met the ir voluntary commitment 
of I 00 percent installation 3 years ahead of schedule. During the period September 1, 20 I 8 
through August 3 I, 2019, 12 of the 20 manufacturers equipped more than 75 percent of their new 
passenger vehicles with AEB, and overall manufacturers equipped more than 9.5 mi llion new 
passenger vehicles with AEB. 1570 

Because of the NHTSA/1 IHS agreement, the agencies assume that AEB will be in l 00 
perc.ent of light vehicles by the 2023 MY. To derive installation rates for MYs 2018 through 
2022. the agencies interpolate between the MY 2017 rate of 27 percent and the MY 2023 rate of 
I 00 percent. To derive a MY 20 I 5 estimate, the agencies modelled the results for M Ys 2016-
2023 and calculated a value for year x=O, essentially extending the model resu lts back one year 
on the same trendline. 

For FCW, the agencies used the same interpolation/model ing method as was used for 
AEB to derive an init ial baseline trend. However, while both systems are avai lable on some 
portion of the current MY fleet, the agencies anticipate that by MY 2023, all vehicles will have 
AEB systems that essentially encompass both FCW and AEB functions. The agencies therefore 
project a gradual increase in both systems until the sum of both systems penetration rates 

,,., Derived from Ward's Aulomo1ive Yearbooks, 2014 lhrough 20 18, % Factory Instal led Electronic ADAS 
Equipment tables, weighting domestic and imported passenger cars and light trucks by sales volume. 
'' " https:/ lwww .n htsa.govlpress-releases/nhtsa -i ihs-announccment -aeb. 
,,,o NHTSA Announces Update to Historic AEB Commitment by 20 Automakers. December 17. 2019. 
lit1p~: \\ ,, \\ .11h1~a.!.!1 ., prcs..,-rdi.:-ase~ nhL~a-ann0tmcc;\-updntc-hi'.'ltnric-a~h-cl1111mitm1..•~1J.:.~O-au1t.._H11~.t_~t!r'.'> 
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exceeds 100 percent. At that point, the agencies project a gradual decrease in FCW only 
installations until FC\V only systems are completely replaced by AEB systems in MY 2023. 

For LDW, Wards penetration data were available as far back as MY 2013, giving a total 
of 5 data points through MY 2017. The projection for LDW was derived by 'modelling these 
data points. The data indicate a near !ineartrend and our initial projections of future years were 
derh·ed directly from this model. Wards did not report any of the more advanced LKA systems 
until MY 2016, leaving only 2 data points. The agencies modelled a simple trendline through 
these data points to estimate the pace of future LKA installations. As with Frontal crashes, the 
agencies assume a gradual phase-in of the most effective technology, LKA. will eventually 
replace the lesser technology, LDW, and the agencies allow gradual increases in both systems 
penetration until their sum exceeds 100 percent, at which point LOW penetration begins to 
decline to zero while LK.A penetration climbs to l 00 percent. 

For blind spot crashes, Wards data was available for MYs 2013-2017 for BSD, but no 
data v,,as available to distinguish LCA systems. LCA systems were available as optional 
equipment on at least 10 MY 2016 vehicles. 1571 In addition, Flannagan and Leslie found 
numerous cases in State,data-bases involving vehicle~ with LCA. Because LCA data is not 
specifically identified, the agencies will estimate its frequency based on the samples found in 
Flannagan & Leslie. In that study, 62 percent of vehicles with blind spot technologies has BSD 
alone, while 38 percent had LCA (which includes BSD). The agencies employ thi~ ratio to 
establish the relative frequency of these technologies in our projections. As with frontal and lane 
change technologies, the agencies assume a gradual phase-in of the most effective technology, 
LC,\, will eventualiy replace the lesser technology, BSD, and the agencies allow gradual 
increases in both systems penetration until their sum exceeds 100 percent, at which point BSD 
penetration begins to decline to zero while LCA penetration climbs to 100 percent. 

(iv) Impact Calculations 

Table VI-168Table Vl-168, 

Table VI-169 

Table Vl-169, and 

' 571 https:/iwww.auto hytcl.comlcar-huying-guideslfeatures/1 Q-cars-with-lane-change-as:;ist-uslng-carneras-or
sensors-13084 7. 
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Table Vl-170 
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Table VJ-170 summarize the resulting estimates of impacts on fatality rates for frontal 
crash technologies, lane change technologies, and blind spot technologies respectively for MYs 
2016-2035. All previously discussed inputs are shown in the tables. The effect of each 
technology is the product of its effectiveness, it's percent installation in the MY fleet, and the 
portion of the total light vehicle occupant target population that each technology might address. 
Since installation rates for each technology apply to different portions of the vehicle fleet (i.e., 
vehicles have either the more basic or more advanced version of the technology), the effect of 
the two technologies combined is a simple sum of the two effects. Likewise, since each crash. 
type addresses a unique target population, there is no overlap among the three crash types and 
the sum: of the nonnalized crash impacts across all three crash types represents the total impact 
on fatality qites from these 6 technologies for each model year. These cumulative results are 
shown in the last column of 
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Table VI-170 
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Table VJ-l 70. As technologies phase in to newer MY fleets 1m, their impact on the light 
vehicle occupant fatality rate increases proportionally to roughly 12 percent before levelling off 
That is, eventually, by approximately MY 2026, these technologies are expected to reduce 
fatalities and fatality rates f0r new vehicles by roughly 12 percent below their initial baseline 
levels. 

Table Vl-168 - Phased lmpact ofCrashworthiness Technologies on Fatality Rates, 

Forward Collision Ciashes 

Fonvard Automatic 
Collision Emergency 
Wornine- Brakine: 

\Veighfod 

MY FCW 
% Inst 

AEB 
% Inst % T.P. Etlectiveness 

Eff Eff 
2015 8.0% 0.047 22.5% O.oJl 4.0% 0.000243 

2016 8.0% 0.176 22.5% 0.120 4.0% 0.001632 

2017 8.0% 0,305 22.5% 0.270 4.0% 0.0033.83 

2018 8.0% 0.421 22.5% 0.392 4.0% 0.004839 

2019 8.0% 0.487 22.5% 0.513 4.0% 0.006136 

2020 8.0% 0.365 22.5% 0.635 4.0% 0.006837 

2021 8.0% 0.243 22.5% 0.757 4.0% 0.007538 

2022 8.0% 0.122 22.5% 0,878 4.0'% 0.008239 

2023 8.0% 0 22.5% I 4.0'Vo 0,.00894 

2024 8.0% 0 22.5% I 4.0% 0.00894 

2025 8.0% 0 22.5% I 4.0% 0.00894 

2026 8.0% 0 22.5% I 4.0% 0.00894 

2027 8.0% 0 22.5% I 4.0% 0.00894 

2028 8.0% 0 22.5% I 4Jl% 0.00894 

2029 8.0% 0 22.5% I 4.0% 0.00894 

2030 8.0% 0 22.5% I 4.0% 0.00894 

'2031 8.0% 0 22.5% I 4.0% 0.00894 

2032 8.0% 0 22.5% I 4.0% 0.00894 

2033 8.0% 0 22,5% I 4.0% 0.00894 

2034 8.0% 0 22.5% I 4.0% 0.00894 

2035 8.0% 0 22.5% I 4.0% 0.00894 

.,,~ While it is technically possible !O retrofit these systems into the on-road fleet, such retrofits would be 
significantly more expensive than OEM installations. The agencies thus assume al\ on-road fleet penetmtion of 
these technologies wi!l come through new vehicle sales. 
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Table Vl-169 - Phased lmpact of Crashworthiness Technologies on Fatality Rates, Lane 
Departure Crashes 

La11e Depart are Lane Keep Assisi 
Wamilw 

Weighted 

MY LOW 
% Inst 

LKA 
% Inst %T.P, Effectiveness 

Eff Eff 
2015 3.0% 0.177 30.0% 0.000 35.8% 0,001899 

2016 3,0% 0.198 30.0% 0.088 35.8% o.oi 1565 

2017 3.0% 0.280 30.0% 0.205 35.8% 0,024996 

2018 3.0% 0.325 30.0% 0.323 35.8% 0.038J0l 

2019 3.0% 0.379 30.0"io 0.440 35:8% 0,051274 

2020 3.0% 0.432 30JJ% 0.558 35.8% 0.064447 

2021 3.0% 0.325 30.0% 0.675 35.8% 0.075889 

2022 3.0% 0.208 30.0% 0.792 35.8% 0.087224 

2023 3.0% 0,090 30.0% 0.910 35.8% 0.098559 

2024 3.0% 0 30.0% I 35.8% 0,107278 

2025 3.0% 0 30.0% I 35.8% 0.107278 

2026 3.0% 0 30.0% I 35.8% 0.107278 

2627 3.0% 0 30.0% I 35.8% 0.107278 

2028 3.0% 0 30.0% I 35.8% d.107278 

2029 3.0% 0 30.0% I 35.8% 0.107278 

2030 3.0% 0 30.0% I 35.8% 0,107278 

2031 3.0% 0 30.0% I 35.8% 0.107278 

2032 3.0% 0 30.0% I 35 .. 8% 0.107278 

2033 3.0% 0 30.0% I 35.8% 0.107278 

2034 3.0% 0 30.0% I 35.8% 0.107278 

2035 3.0% 0 30.0% I 35.8% 0.107278 
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Table VI-170 - Phased Impact ofCrashworthiness Technologies on Fatality Rates, Blind 
Spot Crashes and Combined Total -All Three Crash Types 

Blind Spot Detection 
Lane Change 

Assist 

Weighted 
All 3 Tech Groups 

Combined 
LCA % "' BSDEff % Inst 

,0 
Effectiveness Avg Eff. Impact 

Eff Inst T.P. 
8.0% 0.206 32.0% 0.142 2.1% 0.00127 0.003412 

8.0% 0.311 32.0% 0.188 2.!% 0.001751 0.014948 

8.0% 0.389 32.0% 0.235 2.1% 0.602188 0.030567 

8.0% 0.454 32.0% 0.282 2.1% 0.002603 0.045543 

8.0% 0.528 32.0% 0.329 2.1% Q.003034 0.060444 

8.0% 0.603 32.0% 0.376 2.1% 0.003465 0.074749 

8.0% 0:577 32.0% 0.423 2.1% o.003731 0.087159 

8.0% 0.530 32.0% 0.470 2.1% 0.003963 0.099426 

8.0% 0.483 32.0% 0.517 2.1% 0,004194 0.111693 

8.0% 0.436 32.0% 0.564 2.1% 0.004425 0.120643 

8.0% 0.390 32.0% 0.611 2.1% 0.004657 0.120875 

8.0% 0.343 32.0% 0.657 2.1% 0.004888 0.121106 

8.0% 0.296 32.0% 0.704 2.1% 0.00512 o. !.21338 

8.0% 0.249 32.0% 0.751 2.1% 0.005351 0.12)569 

8.0% 0.202 32.0% 0.798 2.1% 0.005582 0.1218 

8.0% 0.155 32.0% 0.845 2.1% 0.005814 0.122032 

8.0% 0.108 32.0% 0.892 2.1% 0.006045 0.122263 

8.0% 0.061 32.0% 0.939 2.1% 0.006277 0.122495 

8.0% 0.014 32.0% 0.986 2.1% 0.006508 0.122726 

8.0% 0 32.0% I 2.1% 0.006579 0.122797 

8.0% 0 32.0% I 2.1% 0.006579 0.122797 

(b) Fatality Trend Model 

The revised fatality trend model differs from the model employed in the NPRM in four 
main respects: 

• The fatality rates for individual model years and ages were re-calculated to reflec,t the 
revised VMT estimates, which in turn incorporate changes in both vehicle registration 
counts and the relationship between vehicle age and annual use;1n 

,m These revised estimates of the number of miles traveled by vehicles of each model year during past calendar 
years were developed form the expanded sample of vehicles' odometer readings obtained by NHTSA, as described 
in [Insert Cross-cite]. 
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• The revised model adds additional controls for changes to factors (such as driver 
demographics and behavior, and geographic patterns of travel) that can affect fatality 
rates for vehicles of all model years and ages; 

• The revised analysis clusters past mode! years into ''safety cohorts," which are groilps of 
successive model years that exhibit similar fatality rates during their first years of use, in 
order to represent the actual historical pattern of safety improvements more realistically; 
aod 

• The model employs a slightly less complex mathematical relationship between a model 
year's age and its fatality rate (fatalities per mile driven}, to describe the observed 
relationship more accurately. 

Similar to the fatality trend model employed in the proposal, the revised estimates of 
annual travel were combined with tabulations of annual fatalities occurring among occupants of 
vehicles of each model year during past calendar years, performed using FARS data, to calculate 
historical fatality rates, measured as fatalities per billion miles traveled, by model year and 
calendar year. These data represent the dependent variable in the revised statistical model of 
fatality rates. 

Longitudinal or time-series analyses such as the model of historical variation in fatality 
rates for individual model years need to incorporate three separate effects to account for all 
potential sources of variation. First, they need to employ model year in some form as an 
explanatory variable, to account for improvemerlts in the safety of vehicles produced during 
successive model years that persist throughout their lifetimes in the vehicle fleet. This is an 
example of a "cohort effect" in the widely employed age-period-cohort fonn of analysis of 
population-wide behavior. 1574 Second, such a model must account for the effect of age on the 
safety of each individual model year as it grows older, accumulates mileage, and in most cases 
changes ownership one or more times during its expected service lifetime (the "aging effect" in 
age-period-cohort analysis). 

Finally, most longitudinal analyses, including the historical safety model developed here, 
need to-account explicitly for factors that vary over time-in this case, calendar years. By doing 
so, they can affect the safety of vehicles of all model years and ages making up the fleet during 
successive calendar years, or change the composition of total travel by vehicles of different 
model years and ages. In either case, such time-related factors---often referred to as "period 
effects" --can change the overall safety performance of the entire fleet from one calendar year to 
the next, independently of and in addition to the changes that would result fiom the combination 
of new model years entering the fleet while older ones are retired from service (the cohort 
effect), and the aging of all model years making up the fleet. For example, an increase in seat 
belt use among all drivers during a calendar year would be expected to reduce the fatality rates of 
vehicles of all model years and ages in use during that year, while an economic recession may 
change the composition of drivers and vehicles on the road during a calendar year. In either 
case, one result will be a change in the fleet-wide composite fatality rate for that calendar year. 

' 574 For a detailed explanation of the rationale and methods for age-period-cohort analysis, see [REFERENCE]. 
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Figure VI-55 below illustrates the contributions of cohort, aging, and time-period effects 
to changes over time in population-wide behavior. As the figure indicates, these effects are 
conceptually independent, but interact in ways that combine to produce the observed historical 
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evolution of the fleet-wide fatality rate for light-duty vehicle occupants. Again, calendar year or 
time-period factors affect the safe!)' performance of the entire fleet independently. o/the effect 
that Would result from the combination of changes in the specific mode! years making up the 
fleet and the advancing ages of all model years, and their effect is /11 addition lo those. 

0:1s71f/J:, 
1977 

:/i9),8J,,,;;,'·. 

Figure Vl-55 - Contributions of Cohort, Aging, and Time-Period Effects to 
Historical Changes in Fleet-Wide Fatality Rate 

To introduce such period effects into the fatality trend model, which were absent from the 
NPRM analysis, the agencies obtained historical data on factors that varied by calendar year, and 
were expected to be responsible for such effects. As indicated previously, these included the 
following: 

• Seat belt use, as measured by the fraction of drivers observed to be wearing lap 
and shoulder belts, estimated by NHTSA 's National Occupant Protection Survey 
(NOPUS); 

• Driving under the influence of alcohol or drugs, measured by the fraction of 
drivers reporting having recently done so in surveys conducted by the U.S. 
Centers for Disease Control (CDC); 157.s 

• Use of hand-held electronic devices, measured by the fraction of drivers visually 
observed to be doing so in NI-ITSA 's NOPUS; 

"" The agencies also experimente<l with measures of drivers appearing to be under the influence of alcohol or drugs 
included in NOTSA's NO PUS. 
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• The fraction of licensed drivers who are male and under the age of25 (historically 
the riskiest cohort of drivers), as reported by the FHWA 's annual Highway 
Statistics publication/57~ 

• The fraction of miles traveled in rural areas, also as reported by FHW A;1
F and 

• The overall performance of the· U.S. ecopomy, as measured by the annual rate of 
unemp!oyment.1s-" 

The agencies were unable to obtain useful measures of roadway design parameters or 
road conditions that would be expected Lo affect safety. Although such measures exist, they tend 
to be reported for individual road and highway segm·ents or routes, and it is difficult to combine 
these data into meaningful, aggregate measures that de~cribe overall driving conditions that are 
likely to vary by calendar year. Nor could they identify satisfactory measures of incident 
response time or the effectiveness of emergency medical treatment in reducing the co'nsequences 
ofinjuries occurring in motor vehicle crashes. 

An important challenge to incorporating these time-period effects into the fatality trend 
model arose from the fact that their patterns of variation over the historical period the agencies 
analyzed (which extended from calendar year I 995 to 2017) were extremely closely correlated, 
making it virtually impossible to distinguish their independent contributions to improvements in 
fleet-wide safety over time. Table VI-171 Table VI-] 71 below reports the pairwise correlation 
coefficients among the potential measures of period effects listed above. As it suggests, patterns 
of variation about their respective mean values over the period analyzed were very similar (with 
the exception of the unemployment rate), and the resulting high statistical correlations ( or 
"collinearity") among them made it nearly i'mpossible to identify their independent effects on 
variation in safety over time, even when controlling for the effects of model year and vehicle 
age. 

m• Federal Highway Administration, Highway Statistics, various years, Table DL-20. 
https://www .fhwa.dot.govlpolicyinformation/statistics.cfin. 
lln Federal Highway Administration, Highway Statistics, various years, Table VM-1. 
https:llwww. fl1wa,dot,gov/policyinformation/s1atistics.cfin. 
1"' Bureau of Labor Statis'tics, historical data series LNS14000000. https://data.hls.govlcgi-bin/sllrveymost?!n, 
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Table VI-171 - Pairwise Correlation Coefficients Between Peri'od Effect Variables 

I l'n•mr!oymont I % of V:i.lT 
% ofVMT % of O<:eup:mb % ofYmmg om,,.,., %ofDriw.,., 

Varioble 
Ro10 

bJ' Young inRuml Weoring l1,ingHaml-Held Consuming 
Males Aneo, Slol)'Shnukler B,11' Electronic Devi«• Akohol 

Uno-10,ment Rote LOO --0.59 .. ~ 0.54 0.40 "·" %ofVMTl,,,Youn Mule, --O,S9 1.00 O.S6 .. ~ -11.73 0.95 
'% ofVMTln Rur.,I An,o, --0.54 0.8fi 1.00 -0.86 .. ~ 0.96 
% of O«up:mt, Wearing 

1)-~4 --0.98 -11.116 1.00 0.73 -11.93 
Lo"'l'houldor Boll> 
% ofYoungDrhe"' u,mg 
Hand•HeklE!ectronie 0.411 .0.73 --0.86 0.73 1.00 -11.1ro 
De,·kes 
% ofD11'er, Cumuming ~" "·~ lt96 .(J.93 -0.SO 
Alrohol 

To address this difficulty, the agencies substituted a time trend-that is, a variable that 
takes the value of one in the first calendar year and increases by one in each successive calendar 
year-in an effort to capture the joint movements i_n the variables that were intended to measure 
time-period effects on safety. The agencies experimented with both linear and more complex 
time trends to capture the apparently declining rate of improvement in fleet-wide satety over 
time, but found that the linear trend captured the combined effects most reliably. Because the 
model's dependent variable is the natural logarithm of model year and age-specific fatality rates, 
using a linear time trend corresponds to assuming a.constant percentage decline in fatality rates 
each year (rather than a constant absolute decline each year), and this pattern appeared to provide 
the best fit to the observed historical pattern of safety improvements. Finally. after noting that 
the linear time trend did not fully capture the effects on fleet-'wide safety associated with the 
economic recessions in 2001 and 2007-11, the agencies supplemented the time trend with 
indicator (or "dummy") variables for these years, finding that only those for 2008, 2009, and 
2010 improved its explanatory power significantly. 

Another significant improvement to·the NPRM analysis was to group model years into 
"safoty cohorts" on the basis of similarity in their fatality rates when new (that is, during their 
first year in service), rather than treating each model year as a separate cohort. Groupings were 
created through a combination of identifying years when new safety regulations initially took 
effect or were phased in, examining of first-year fatality rates, and limited statistical 
experimentation. Grouping successive model years reduces the number of cohorts significantly, 
since similar fatality rates were typica!ly observed for at least five, and sometimes as many as 
ten, consecutive model years over the historical period the agencies examined. Grouping model 
years into a smal!er number of cohorts rather than treating each model year as a separate cohort 
has offers the advantage ofintroducing some variation in the ages of vehicles making up the 
same cohort during a calendar year, which improves the statistical reliability with which the 
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independent effect of age itself can be estimated. 
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Figure VI-56 below shows historical variation in the fatality rates of past model years 
when each one was newly-introduced (i.e., during its first year in use).157

g It clearly displays the 
significani improvement in the safety of new vehicles over time in response to improvements in 
safet)I features, including those required by NHTSA 's safety regulations. The figure also clearly 
documents the natural clustering of fatality rates for successive model years that was used to 
identify and define the safety cohorts used in the revised model. In the panel structure of the 
model, which combines time-series. and cross-section variation in fatality rates for individual 
model years as their ages vary across calendar years, the clustering of first-year fatality rates for 
successive model years is captured by using separate "fixed effects'" for each safety cohorts 
illustrated in the figure. Some judgment is inevitably required to distinguish between successive 
cohorts and identify when the fatality rate for new model years has changed significantly; the 
agencies experimented with using from five to eight cohorts, ultimately finding that the agencies 
could distinguish most reliably among the fatality rates for five cohorts. · 
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Figure Vl-56 - Fatality Rates for New Light-Duty Vehicles by Model Year 

A final revision to the NPRM model was to employ a slightly less complex mathematical 
relationship between a model year's age and its fatality rate than had been used in the NPRM 
version. A slightly simpler relationship proved adequate to capture fully the·complex-but 

"'° For simplicity, the figure .tSSumes that each model year's first year of use was !he calendar year identical to its 
designated model year; for example, the first full year of use for model year'.!000 was assumed to be calendar year 
2000, In fact, new vehicles frequently become available for purchase during the calendar year preceding their 
designated mDdel year and continue to be sold through the.calendar year following it, alth()ugh most sales occur 
during the calendar year matching their designated model year, 
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strongly recuning-pattern of fatality rates for past model years as they aged. Specifically, 
fatality rates have tended to remain approximately constant for the first few years of most recent 
model years' lifetimes, before increasing steadily throu_gh ilge 15-20 and then declining gradually 
over the remainder of their lifetimes, as progressively fewer of their original number remain in 
use. 

As discussed previously, the increase in fatality rates through approximately age 20 is 
generally thought to result primarily from the fact that used vehicles are commonly purchased 
and driven by members of households whose demographic characteristics, driving behavior, and 
geographic locations are associated with more frequent or severe crashes. Of course, increased 
frequency of mechanical failures as vehicles age and accumulate mileage also seems likely to 
contribute to this pattern, In contrast, the consistent tendency for fatality rates to decline after 
about age 20 is less we!! understood, but may owe partly to the demographic characteristics and 
driving behavior of owners of very old vehicles. Whatever its source, the number of vehicles 
remaining in service past age 20 is so small and their use typically so limited that their 
contribution to the fleet-wide fatality rate is minimal. 

Figure Vl-57 

Figure VI-57 documents the relationship between age and fatality rate for selected past 
model years.1s3o As it show1i, fatality rates for recent model years follow a complex but 
strikingly similar pattern of increase and subsequent decline with increasing age, although the 
figure also shows that the earliest model years included in the sample ( 1975-1980) tended not to 
display increasing fatal it)' rates in the first half of their lifetimes. At the same time, the figure 
illustrates the gradual downward shift in fatality rates at all ages for successive past model years, 
although there is considerable variation in the extent of this shift for individual model years, 
particularly when they are examined at specific ages. That is, the do\\nward shift in fatality rates 
for successive model years is not necessarily "monotonic," particularly when it is examined at 
specific individual ages. 

"'"' Without the use of colors to distinguish model years, the figure is difficult to interpret when all model years are 
included. 
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Figure Vl--57 - Fatality Rate for Light-Duty Vehicle Occupants by Age for Selected 
Model Years 

Based on examination of the information summarized in 

Figure VI--57 

Figure VI-57, the agencies conclude that the effect of increasing age on vehicle safety 
appears to· be largely independent of the improvement in new cars' fatality rates over successive 
model years, and appears to operate similarly for all except the earliest model years in our 
historical sample (which includes model years 1975--2017).15 ~1 As a formal statistical test, the 
agencies experimented with allowing the aging effect to change across model years when·the 
agencies estimated the revised model, anticipating that newer safety technologies and vehicle 
designs might "flatten" the relationship between fatality rates and age-that is, reduce the degree 

"" Of course, the agencies cannot obs_erve the safety perfonnance of all model years included in the.agencies' data 
sample over their eniire Hletimes, because the data the agencies use to estimate the model start in calendar year 
1990, by which time all model years before J ',90 were no longer new-for example. "!v!Yl 975 cars are already 15 
years old by then-while the newest model years in the agencies' sample are still very "young" when the agencies' 
data ends ln calendar year 2017. Thus, the agencies have only incomplete infonnation about the relationship of 
fatality rates lo age over th~ emire lifetimes of these model years, so it is possible that this relationship differs at 
particularly early or advanced ages for the oldest and newest model years in the agencies' sample. 
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to which fatality rates increased over the 5-20 year range of vehicle ages-for newer model 
}'ears. 

However, the agencies found no evidence that the effect of age on safety changed 
significantly for more recent model years compared to older ones, so the agencies 
retained the assumption of identical aging effects for all model years in the revised 

model.1382 Thus the revised model shows progressively lower fatality rates for more 
recent model years when they are new, but fatality rates for all model years increase with 

age according,to the same non-linear pattern displayed in 

Figure Vl-57 

Figure Vl-57. On a related question, the agencies also found that including the squared 
and cubed values of age in addition to age itself as explanatory variables in the model (but 
excluding the fourth power of age, which had been included in the NPRM model) proved 
adequate to capture the pattern of variation in fatality rates with increasing age that most past 
mode) years have exhibited. 1583 Table I-11 below reports the estimated parameter values for 
alternative specifications of the model, together with various goodness-of-fit and other diagnostic 
measures. The analysis described in the following section uses the estimated time trend from 
Model 3 in the table, \~hich implies annual reduction in fatality rates for all model years of3.34 
percent, 

'"' Specifically, the agencies tested for interactions between the age and m<;>del year variables, which would reveal 
changes in the relationship between fatality rates and age for more recent model years, but found that such 
interaction effects were generally not statistically significant. Allowing for interactions between rige and the 
indicator variables for safety cohorts (recall that these represent groupings of successive model years) produced this 
same result~few of the interaction effe<::ts were statistically significanl. 
,m An analysis of alternative spe-:ifications analyzed b)' the agencies can be found in the FRIA at [lnsert Page 
Number]. 
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Table 1-11- Estimation Results for Alternative Specifications of Fatality Rate Trend Model 

E>timatcd Co<IHcicnt in Motlcl·S cification 
V">iobk, (ston<bnl errn,~ ;n nmthe,os) *** .01,**· O.OS, • 

Mo<lcl l J\lo<lel2 Mo<lol3 Model4 ModelS 

Mo<lcl Yur.; 1975-82 
1.73::!*** 1-624*** 2.2n••• I.MS*** 1.555*** 
(0.060) (0,066) (0.U67) (iJ,063) (0,069) 

Motlcl Ye~r., 1983-89 
0.467 ... 0.486 ... 0.224* .. 

(0.027) (0.0:13) /ll,U31J 

Mod<>I Yurs 1990-97 
0.855 ... U.896'*' 0.461* .. 
(0.0]2) (0.053) /0.050) 

Model Yeats 1998-2007 
0.893 ... 0.<>54··· 0_357••· 
({).046) ({).080) {0,(174) 

Model Yeats 2008-17 
(),815"*" 0.897••· 0.1,0• 
(0.072) (0,113) (0.101) 

Model Years 1983-87 
0.377*** 0.453*** 
(0.027) (0.0J4) 

Model Ycots 1988-89 
0.7]8••· (),840••· 
(O.OJ8) (0.049) 

ll-lodd Year., 1990-97 
0 874* .. 1.064*** 
(().031) /0.058) 

Model Year., 1998--2000 
0,916*** 1.175'** 
(0.046) (0.081) 

Model YeaJS lOOl--06 
0 9.19* .. US4*** 
(0.051) 10.096) 

Model Ycan, 2007-08 
0.R95*** UM**" 
(0,073) 10.120) 

Mo<l,I Yurs 2009-17 
0.868**• 1.~74*** 
(0.075) ((J.129) 

vei.tc1o Ai:" 
0.475 ... 0.434' .. -0.823 .. ~ 0.4%••· 0.332•--
(0.013) (0.049) 10,0811 10.0231 (0.0491 

Vehklc Age' 
0.0163 0.866 ... 0.0714 ... 
(0.017) (0.1149) 10 019) 

Vehicle A11c3 -0,]67••· 
(U,009) 

CalcndarYenrl007 
-0.037 -0.0372 -0.0426 -0.0365 -ll0391 
(0.()41) (0_1)4]) (U.0J4) (0 039) (0.0.19) 

Calendar Vear 2008 
-0.0538 -0.0543 -O.OS74f ~0.0542 -(1.0569 
(0.04()) (0.041) (0.033) (0,039) (0.038) 

ColondarY<!ar2009 
-0.188* .. -0.189··· -0.190' .. -0.189*•• -ll.192*'* 

(0.040) (0.040) (0.033) (0,038) ((J.038) 

Cakrab,rYearlO]O 
-0.120 ... -0.121 ••· -0.121*'* -0.121*** -0.125*** 

(0.040) (0.040) (O.OJJ) (0.038) (0.037) 

CalendarYcar20U 
-fl,fl.>S7 -0.0394 -0.0375 -0.039 -0.0-1:8 
(0.039) 10,039) (O.on1 ((J,0J7) (0.0J7) 

Time Tnmd (1975~1, -0.056!••· -0.0586" 0 -0.0334 ... -0.0577 ... -0.0698 ... 
197&=2 ••• ,l (0.002) (O.OOJJ (0.003) (0.()021 (0.004) 

'" - s ,- -
No. ofOhsermrions 705 '705 '"' '"' '"' R-•o""-n,d MHhin (1) 0.5036 O.SO·H 0.6621 0.5164 0.5266 
R-sowin,d behweo /21 0.5743 0.5627 0.8081 0.6375 0599Q 
R--sa...,n,dovorall (3) {l.3] 89 0.3031 0.6447 0.3163 0.2583 
corn'u I.Xb " -0.6649 -0.6987 -0.0755 •0.6787 -0.7986 ,- = "" 0,3790 0.4071 0.1772 O.JJ.70 0.4648 
sinma c ., 0.2281 0.2281 0.1884 0.2167 0.2146 
rho(7) 0:7342 (J.7611 0.4693 0.7076 o.s~4J 

-(I) Indicates pmpor,lon of,.>rlance """'"!< .-.d,vidual m<:><lel yea, cohorts m<:>del account., for. 
{~) Indicate, proportion ofvaciance for all m-1 year cot,oru o,·c, time model accou"IS for. 

"' Modcl6 
2.318*** 

(0.073) 

0.188*** 
/0.032) 

0.447 ... 
(0.048) 

0.535*** 
(U.058) 

0.492*0 

(IJ.0801 
IJ,459*** 
(0.094) 

O.J74'** 
(0.1141 
0.298** 
(0.123) 

-0.79()•--
(0.()78) 

0.834 ... 
(0.048) 

-0.157**' 
10009) 
-0,0407 
/0,0JJ) 

-0.0SRO• 
((1.032) 

-0.191''* 
(0.032) 

-0.121••· 
(0.031) 
-O.OJ83 
(0.031 l 

-0.0376·•· 
(0.004) 

7115 
0.6658 
0.7942 
0.5902 
-/J.2457 
0.180) 
fl.I 804 

0.4997 

(3) lndlcatc, pmp<>nion oflo'-'I ...,.,iance amon,; individual model year cohorts and o>er time model accoonlS for, 
(4) Corrohtion between model error wrm ond cxvl.>natO')' ,n,Ubb lncludeU in model 
{5) Standa.-d dovi,tion of,-,,,,idual tom» for lndivid""I model ;-oar col,on, across time periods. 

(61 S'-'nd:!r<! doviotioo of oyerall m-1 erro,- '"""· 
OJ Propomoo of lo!lll sar.iooc accounted foe O)I diffco;ncos ornong model ,car eohom. 
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(c) Using the Model and Technology A11a(vsis to 
Fo,.ecasl Fatality RNes 

The newest safety cohort includes model years from 2009 to 201 7, so in effect the 
agencies estimate that all those model years have essentially the same fatality rate in their first 
year of use. The agencies apply the estimated effectiveness ofcrash avoidance technologies in 
reducing fatal crashes to the observed fatality rate for model years 2009 to 2017 vehicles during 
their first year in use to estimate fatality rates for future model years during the first year each 
one is introduced. Figure Vl-58Figure Vl-58 below shows the result of this process; as it 
indicates, fatality rates for new model years decline gradually through 2035 and then stabilize, 
reflecting the fact that the agencies are only able to project the effectiveness of emerging crash 
avoidance technologies on the safety of new vehicles thfOugh that year. 

Historical and Projected Fatality Rates 
for New Cars and Light Trucks by Model Year 
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Figure VI-58 - Fatality Rates for New Cars and Light Trucks by Model Year 

The next step in constructing the forecast of fleet-wide fatality rates is to apply the age
related increases in the fatality rate for each model year making up the previous calendar year's 
fleet. For example, the agencies assume that the fatality rates for all model years comprising the 
light-duty \oehicle fleet in 2017 increase with age according to the relationship captured by the 
estimated coefficients on the age variables in the preferred model specification shown in Table 
BB. The same assumption is applied to all new model years introduced in subsequent years. 
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Finally, the agencies also assume that the historical decline in fatality rates observed QVer past 
calendar years (the "period effect'' captured by the time trend variable) will continue into the 
future. This implies that fatality rates for all model years and ages will decline by an additional 
3.34 percent in each successive foture calendar vear from the rates that would have resulted from 
the combined effects of continuing improveme~ts in the safety of newly-introduced model years 
and the effect of increasing age.15S4 

This process produces an estimate of the fatality rate for each model year making up the 
fleet during each future calendar year. That estimate reflects the combination of(]) reductions in 
fatality rates for new cars, reflecting the continued improvements in their safety due to crash 
avoidance technologies (through MY2035); (2) increases in the fatality rates for each model year 
in the fleet from the previous calendar year, which represent the effect of age estimated by the 
historical model; and (3) the continuing downward trend in fatality rates for ail vehicles except 
the newest model year in each calendar year's .fleet, which is derived from the historical model, 
The agencies then weight the fatality rate for each model year making up a future year's fleet by 
the fraction ofVMT it accounts for, and sum the results to produce our estimate of1he fleet-wide 
fatality rate. The CAFE model does not actually use this fleet~wide fatality rate, because all of 
the fatality calculations are performed separately for each individual model year making up the 
fleet, which are then aggregated; nevertheless, the agencies provide the fleet-wide rate as a useful 
check on the reasonableness of our fatality rate forecasts for individual model years as they enter 
the tleet and age over their respective lifetimes. 

Im The agencies do not apply this trend reduction to the fatality rates for the newest model year in each calendar 
year's fleet, because it is assumed to be indepl'ndent of both the decline in new-car fatality rates and the aging effect. 
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Historical and Projected FleeHr\lide Fatality Rates 
{Light Duty Vehicle Occupants Only) 
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Historical Trend 

Figure Vl-59- Historical and Projected Fleet-Wide Fatality Rates 

(d) Impact of Adranced Technologies 011 Older Vehicle 
Fatality Ra/es 

In the NPRivf, the agencies calculated the potential safety impacts of delayed purchases 
of vehicles with new safety technology that might result from higher vehicles prices associated 
with more stringent CAFE standards. A number of cOmmenters noted that since these 
improvements v,,ill be driven by crash avoidance technologies, they will also benefit older 
vehicles and reduce their fatality rates as well. For example, CARB noted that "safety 
improvements generally provide systematic safety benefits to till vehicles in the on-road fleet, not 
only to new vehicles. However, NHTSA's safety model assigns safety coefficients to vehicles 
solely based on their model year and it fails to incorporate the effect that new safety designs and 
technologies will have on systematical!y improving fleet"wide on-road safety." !PI similarly 
noted that should "new safety technologies be adopted, the predicted fatalities for all the older 
vehicle vintages will have to be lowered as well because effective crash avoidance technologies 
will lower al! vehicles' fatality costs." 

The agencies agree that the users of older vehicles will also benefit from crash avoidance 
technologies on newer vehicles. In response, the agencies have modified our methodology to 
reflect lower fatality rates on older vehicles resulting from the new crash avoidance technologies. 
Crash avoidance technologies prevent crashes from happening and thus benefit both the vehicle 
with the technology and any other vehicles that it might have collided with. However, the scope 
of these impacts on older vehicle's fatality rates are somewhat limited due to several factors: 
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• Single vehicle crashes, which make up about half of all fatal crashes, will not be affected. 
Only multi-vehide crashes involving a newer vehicle \\ith the advanced technology and 
an older vehicle will be affected. Multi-vehicle crashes account for roughly half of all 
light vehicle occupant fatalities. 

• For a new safety technology to benefit an older vehicle in a mu!ti-Yehicle crash, the 
vehicle with the technology must have been in a position to control, or prevent the crash. 
For example, in front-to-rear crashes which can be addressed by FCW and AEB, the 
older vehicle would only benefit ifit was the vehicle struck from behind. If the struck 
vehicle were the newer vehicle, its AEB technology would not prevent the crash. 
Logically this would occur in roughly half of two-vehicle crashes and a third of all three
vehicle crashes. Since most multi-vehicle crashes involve only tv,o vehicles, roughly half 
of all multi-vehicle crashes might qualil)'. 

• The benefits experienced by older whicles are proportional to the probability that the 
vehicles they collide with are newer vehicles with advanced crash avoidance technology. 
The agencies estimate that the probability that this would occur is a function of the 
relative exposure of vehicles by age, measured by the portion of total VMT driven by 
vehicles of that age. Based on VMT schedules (see CY 2016 example in Table 
Vl- l 72Table Vl-172), new (current MY) vehicles account for about 9.6 percent of annual 
fleet VMT. The relevant portion would increase over time as additional MY vehicles are 
produced with advanced technologies. However, the portion of older vehicle crashes that 
might be affected by newer technologies is initially very small-only about 2 percent 
(.5* .5* .096) of older vehicles involved in crashes might benefit from advanced crash 
avoidance technologies in other vehicles in'the first year. 

Table Vl-172 - Registrations, Total VMT, and Proportions of Total VMT by Vehicle Age 

REGISTRATIONS, TOT AL VMT, AND PROPORTIONS 
OF TOT AL VMT BY VEHICLE AGE 

CY2016 

Model Age Registrations kVMT %Total 
Year VMT 
1977 39 286,019 927.877 0.000329 

1978 38 332,760 1,247,190 0.000443 

1979 37 375,561 1,556,553 0.000553 

1980 36 205,942 903,948 0.000321 

1981 35 208,192 1,010,499 0.000359 

1982 34 213,697 1,130,039 0.000401 

1983 JJ 265,583 1,496,439 0.000531 

1984 32 408.058 2,428,835 0.000862 

1985 31 477,178 2,993,451 0.001063 

1986 30 605,932 3,991,280 0.001417 

1987 29 644,568 4,396,414 0.001561 

1988 28 629,J 79 4,431,880 0.001574, 

1989 27 747,740 5,475,868 0.001944 
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1990 26 755,244 5,685,511 0.002019 

1991 25 899,252 6,991,287 0.002483 
1992 24 1,005,716 8,055,442 0.00286 

1993 23 1,308,396 10,784,619 0.003829 
1994 22 1,738,409 14,739,099 0.005234 

1995 21 2,21",!45 19.191,169 0.006815 

1996 20 2,'364,368 21.059,984 0.007478 
1997 19 3,401,992 31,134,256 0.011055 
1998 18 4,079,728 38,358,375 0.013621 
1999 17 5,377,629 52,039,074 0.018478 
2000 16 6,826,267 67,907,099 0.024113 

2001 15 7,475,530 76,512,692 0.027169 
2002 14 8,912,404 94,016,400 0.033384 
2003 13 9,825,521 106,764,943 0.037911 
2004 12 10,806,847 121,080,704 0.042994 

2005 II 11,649,021 134,404,144 0.047725 
2006 10 11,699,430 138,962,81 I 0.049344 
2007 9 12,519,932 153,300,527 0,054435 

2008 8 11,781,605 148,871,424 0.052862 
2009 7 8,171,782 106,J-20,610 0.037682 
2010 6 9,944,848 133,696,015 0.047474 

20!1 5 l0,967,994 152,795,831 0.054256 
2012 4 12,409,627 177,760,326 0.06312 
2013 J 14,197,792 210,386,962 0.074706 

2014 2 14,726,690 226,423,858 0.0804 
2015 I 16,208,153 257,415,893 0.091405 

2016 0 16,338,755 269,760,666 0.095789 

Total 2_23,005,486 2,816,209,994 I 

To reflect this safety benefit for older vehicles, the agencies calculated a revised fatality 
rate for each older MY vehicle on the road based on its interaction with each new MY starting 
with MY 2021 vehicles based on the following relationship: 

Revised fatality rate= Fm-((x-y)mnp)+F( 1-m) 

Where: F = initial-fatality rate for each MY 

x = baseline MY fatality rate 

y = current MY fatality rate 

m = proportion of occupant fatalities that occur in multi-vehicle crashes (52 percent) 
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n"" probability that crash is with a new MY vehicle containing advanced technologies 

p = probability that new vehicle is "striking" vehicle 

The initial fatality rate for each vehicle l'vfY (F) was derived by combining fatality counts 
from NHTSA 's Fatality Analysis Reporting System (FARS) with VMT data-from !HS/Polk. 

The baseline MY fatality rate {x) represents the baseline rate over which the impact of 
new crash avoidance technologies should be measured It establishes the baseline rate for each 
MY that will be compared to the most current MY rate to determine the change in fatality rate 
(FR) for each MY. The relative effectiveness ofnew crash-avoidance technologies in modifying 
the fatality rate of older mode! vehicles is measured differently depending on the age of the older 
vehicle. The fatality rate is a historical measure that reflects safety differences due to both 
crashworthiness technologies such,as air bags and crash avoidance technologies ~uch as 
electronic stability control, but up through MY 201 7, crashworthiness standards are the 
predominate cause of these difl:l!rences. The most recent significant crashworthiness safety 
standard, which upgraded roof strength standards which was effective in all new passenger 
vehicles in MY 2017. Crashworthiness standards would not have secondary benefits for older 
MY vehicles .. Post MY 2017, the agencies believe crash avoidance technologies will drive safety 
improvements. To isolate the added crash avoidance safety expected in newer vehicles, the 
marginal impact of the difference between the MY 2017 fatality rate and the most current MY 
fatality rate represents the added marginal effectiveness of new crash-avoidance technologies of 
each subsequent MY for MYs 2017 and earlier. Beginning with MY 2018, the difference 
between the older MY fatality rate and most current MY rate determines the potential safety 
benefit for the older vehicles. 

The current MY fatality rate (y), represents the projected fatality rate of future MY 
vehicles after adjustment for the impacts of the advanced crash avoidance technologies and 
projected improvements in non-technology factors examined in this analysis. This process was 
discussed in detail in the previous section. 

The proportion of passenger vehicle occupant fatalities that occur in multi-vehicle 
crashes tm), was derived from an -analysis of occupants of.fatal passenger vehicle crashes from 
2002-2017 FARS. The analysis indicated that 47.8 percent of fatal crash occupants were in 
single vehicle crashes, 40.2 percent were in two vehicle crashes, and 12 percent were in crashes 
involving 3 or more vehicles. Overall, 52.2-percent were iti multi-vehicle crashes. 

The portion of older vehicle crashes involving newer vehicles containing advanced crash 
avoidance technologies (n), is assumed to be equal to the cumulative risk exposure of vehicles 
that have these technologies. This exposure is measured by the product of annual VMT by 
vehicle age and registrations of vehicles of that age. The Volpe model calculates this 
dynamically, but as an example, based on 2016 registration data (see Table Vl-172Table VI-172 
above), the most current MY would represent 9.6 percent of all VMT in a calendar year, 
implying a 9.6 percent probability that the vehicle encountered would be from the most current 
MY. This percentage would increase for each CY as more MY vehicles adopt advanced 
crashworthiness technologies. The agencies note that other factors such as uneven 
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concentrations of newer vs. older vehicles or improved crash avo_idance in the younger vehicles 
already on the road that are the basis for the agencies' VMT proportion table might disrupt this 
assumption, but it is likely that this would only serve to slow the probability of these encounters, 
making this a conservative assumption in that it maximizes the probability that older vehicles 
might benefit from newer technologies. 

The probability that the vehicle with advanced cra;;h avoidance technology is the 
controlling or striking vehicle (p), was calculated using the relative frequency of fatal crash 
occupants in multi-vehicle crashes. As noted previously, 40.2 percent were in two vehicle 
crashes, and 12 percent were in crashes involving 3 or more vehicles. The agencies assume a 
probability of 50 percent for two vehicle crashes and 33 percent for crashes with 3 or more 
vehicles. Weighted together the agencies estimate a 46.1 percent probability that. given a multi
Vehicle crash involving a vehicle with advanced technologies and an older vehicle without them. 
the newer vehicle will be the striking vehicle or in a position where its crash avoidance 
technologies might influence the outcome of the crash with the older vehicle. 

This process is illustrated in Table Vl- l 73Table Vl-173 below for adjustments due to 
improvements in MY 20.21 vehicles back through MY 1995. In Table VI-l 73Table Vl-173, the 
actual model year fatality rate is shown in the second column. As noted above, the base fatality 
rate, shown in column 3, is the MY 2017 rate for all MYs prior to 2018, after which it becomes 
the actual MY rate. Column 4 shows the difference between the fatality rate for MY 2021 ;md 
the base rate for each MY. Column 5 shows ihe resulting revised fatality rate that would be used 
for each older MY, and column 6 and 7 list the change in that rate. The various factors noted in 
the above formula are applied in column 5. The results indicate a 0.006 decrease in pre-2018 
MY vehicles fatality rates, with declining impacts going forward to MY 2021. In subsequent 
years, this impact would grow to reflect the both the increased probability that an older vehicle 
would crash with vehicles containing advanced technology, as well as the increased technology 
levels in progressiyely newer vehicles. This-table was created using NPRM inputs and is 
provided for explanatory purposes only. The actual impacts are dynamically calculated within 
the Volpe model and reflect revised fatality rate trends-going forward and cover even older 
model years. 

Table VI-173 - Adjustment to Fatality Rates of Older Vehicles to Reflect Impact of 
Advanced Crash Avoidance Technologies in Newer Vehicles 

MY Base 
Difference Revised 

Model Base FR- % 
v~, Fatality Fatality 

New MY 
Fatality Change 

Difference 

""" Rate 
FR 

Rate 

1995 17.979 8.628 0.269 17.973 0.00034 -0.0062 

1996 16.519 8.628 0,269 16.513 0.00038 -0.0062 

1997 15.789 8.628 0.269 15.783 0.00039 -0.0062 

1998 14.709 8.628 0,269 14.703 0.00042 -0.0062 

1999 !3.679 8.628 0,269 13.673 0.00045 -0.0062 

2000 12.909 8.628 0.269 12.903 0.00048 -0.0062 

2001 12.259 B.628 0.269 12.253 0.00051 -0.0,062 
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2002 11.489 8.628 0.269 11.483 0.00054 -0.0062 

2003 10.889 8.628 0.269 10.883 0.00057 -0.0062 

2004 10.349 8.628 0.269 10.343 0.00060 -0.0062 

2005 9.679 8.628 0.269 9.673 0.00064 -OJJ062 

1006 9.349 8.628 0.269 9.343 0.00066 -0.0062 

2007 9.284 8.628 0.269 9.278 0.00067 -0.0062 

2008 9.220 8.628 0.269 9.214 0.00067 -0.\J062 
2009 9.155 8.628 0.269 9.149 0.00068 -0.0062 

2010 9.090 8.628 0.269 9,084 0.00068 -0.0062 

2011 9.024 8.628 0.269 9.018 0.00069 -0.0062 

2012 8.959 8.628 0.269 8.953 0.00069 -0.0062 

2013 8.893 8.628 0.269 8.887 0.00070 -0.0062 

2014 8.827 8.628 0.269 8.821 0.00070 -0.0062 

2015 8.761 8.628 0.269 8.755 0.00071 -0.0062 

2016 8.694 8.628 0.269 8.688 0.00071 -0.0062 

2017 8,628 8.628 0.269 8.622 0.00072 -0.0062 

2018 8.561 8.56! 0.202 8.556 0.00054 -0.00466 

2019 8.494 8.494 0.135 8.491 0.00037 -0.00311 

2020 8.426 8.426 0.068 8.425 0.00018 -0.00156 

2021 8.359 8.359 0.000 8.359 0 0 

(e) Dynamic Fleet Composition 

As described in the_ dynamic fleet share discussion in Chapter XX, vehicle prices 
influence the distribution of cars and trucks. purchased.1'~5 As light trucks, SU Vs and passenger 
cars have different fatality rates, fleets with different compositions of vehicles will have varying 
amounts of fatalities. Since mass-safety fatalities are calculated by multiplying mass point
estimates by VMT, which implicitly captures the impac1 of the dynamic fleet share model, the 
estimates of mass-safety fatalities in the previous sec"tion include the impact of vehicle prices,on 
fleet composition. 

c) SummW)' of Safety Impacts 

[Text Forthcoming] 

"" As regulatory compliance costs increase vehicle prices. consumers· preferences shifl towards smaller, cheaper 
vehicles. As explained in more detail in Chapter XX, this does not necessarily mean that the proportion ofSUVs lo 
sedans decreases when prices are high, but rather the saturation of larger vehicles in the fleet slows. 
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Table l-174[Text Forthcoming] 
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Table 1-174 through Table l-177Table I-177 summarize the safety effects of CAFE 
standards across the various alternatives under the 3% and 7% discount rates. Table I- I 78Table 
I-178 through 

Model Years 

Annual Rate ofStrin •enc · Increase 

Fatnlltles 

S11b1otal 

Rebound Effect 

T<Jla/ 

Fatalltv Costs 1Sb' 

Mass Chanoes 

Sera e!Sales ]mrocts 

S,ibtotal 

Rebound Effect 

Tatu/ 

Non Fatal c,,.,h Costs !$bl 

Sera e/Sales Jmnscts 

S11bloral 

Rebound Effect 

Total 

Table l-181 

Model Years 

Annual Rate of Strin~encv Increase 

Fatalities 

1 

202\-21)26 i 1021-:026 

O.O'Jo,Y""r PC i o.s~~'Year PC 
Ou',.,l\,arLT ll5~i.'Ycarl.T 

.] 8 I 
_,, 

-546 i -512 
-SM -529 

.3332 -3224 

-3896 -3754 

-0.I -0.1 

4.3 -4.0 

-4.J 

-23.5 -22.7 

-27.9 -26.9 

..(1.2 i -0.2 

-7.1 -6.7 

-ui -M 

-38.7 i -37.5 

-46.0 i -44.3 

' i ' 20]1-20'6 I '0"'1-20'6 

' I 
0.0%-"frar PC O 5".IYearPC 
0.0%'Year LT 05%.YearLT 

1 

2021·2026 

U%<Ycar PC 
U'O•'\'earl1 

1 

_,, 
-455 

-471 

-2694 

-1166 

-OJ 

-3.6 

-3.7 

-19.1 

-11,8 

·02 

-6.0 

~., 
31.4 

-37.6 

J021-J026 

U~o/YcarPC 
U%YoarLT 

Alternati,·c 

' 
1-0'• Yearl'C
l.ln· Ye.r IT 

_,, 
-427 

-444 

-2567 

-3010 

-0.1 

-3.4 

-.H 

-l8.2 

-21. i 

-0.2 

-5.6 

-5.8 

-'9.9 

-35.7 

Alternatl,·e 

' JUJt-:2026 

1.0%/YeorPC 
J.11%..Ye"'LT 

' 
7.0"0-Yoar PC 
'.11'.o·'Year LT 

-344 

-3J9 

-1884 

-2243 

-0.J 

-2.7 

-U 

13.1 

-16.1 

-4.5 

-4.6 

-21.9 

-26.6 

' J0J2-20J6 

1.01o!\'earPC 
J.0%/Yc-ar LT 

• 
2.ll'h'Yea, 

" J,U't,.·Year 
LT 

-358 

-373 

-1887 

-2260 

• 

.().J 

-2.9 

-3.0 

-13.4 

-16.4 

-4.7 

4., 
-22.2 

-27.1 

JIPl-'0'6 
J.ll"iNear 

" 3.ll'!O•Year 
u 

827 

1 

2.0'1-Year 

" J.O'i.'Year 
u 

_,, 

-JU 

-1342 

-1656 

-0.1 

-2.3 

-1.4 

-9.6 

-12.0 

-0.2 

-3.8 

-M 

-19.8 

; 

20"·2026 
J,ll'<v"Year 

" 3.0%1Yo:ir 
u 
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Mass Chanoes .,s _,, ·" ·" ·M 

Scram aee•Sales ]run.a cts -546' -512 -1-55 --427 -344 

Suhtorul -564 -529 ,,, -U4 -359 

Rebound Effect -3332 -3224 -2694 -2567 -\B84 

folul -3896 -3754 -.'!166 -3/JJ{J -1243 

Fatali• · Coit, ,$b' 

Mass Chancres -0.1 -0.1 "' -0.l -0.1 

Serannaoe:Sales lmnacts -4.3 -'·" -3.6 -3.4 -2.7 

S11bt11tul 4A ... , -3.7 -3.5 -2.8 

Rebound Effect -23.5 -22.1 -19.1 -18.2 -133" 

Total -27.9 -26.9 -22.8 -21.7 -16.1 

Non Farnl Crash Costs •Sb\ 

Mass Chnnees -0.2 -U.2 -0.2 -0.2 -0.2 

Scrannane/Sales Im=ct,; -7.1 .,,, -6.0 -5.6 -'' 
Subtotal -73 -6.9 ·" -5.8 ... , 
Rebound Effee! -38.7 -37.5 -31.4 -29.9 ·21.9 

folal --46.0 ..u., -37.6 -35.7 -26.6 

Table I-181Error! Reference source not found. summarize these impacts for CO:: 
standards. As noted in Section [Text Forthcoming] societal impacts are valued using a $10.4 
million value per statistical life (VSL). Note that fatalities in these tables are undiscounted
only the monetized societal impact is discounted. 

[Text Forthcoming] 

·" .,. 
-358 -300 

-373 -314 

-1887 -1342 

-2260 -1656 

-0.1 -0.1 

-2.9 -2.3 

-3./J -2.4 

-13.4 -9.6 

-16.4 -12.0 

-0.2 -0.2 

-4.7 -3.8 ... , -4.0 

-22.2 -15.8 

-27.1 -19.8 
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Table 1-174- Change in Safety Parameters from Augural CAFE Standards Baseline 
Average Annual Fatalities, CY 2036-2045, 3% Discount Rate 

Alternative 

' ' ' 4 ' ' ' 
Model Years 2021-2026 2(1]1-2026 2()21-2026 2021·2026 2un-w26 2021-2020 2022-2026 

2.0%'Yc"r 2.ll%'Ycar 
ec K' 

Annual Rate nf 0.0'HJYear PC 0.1)%/Year 0.5%/Yc-ar PC l.5%.'YcarPC 1,0"iJYcarPC l.0%Ne-JrPC J.11%/Ycru- 3.(1",o-'Ycm 
Strin encv Increase LT O.S%NearLr l.5%/Yc'ill' LT 2.0''-olYearLT 2.0%/Year LT .lT ,,, 

Fatalities 

Mass Cban«es 
_, 

-3 -3 
_, ,2 -2 _, 

ScrannonefSales Impacts -12 -13 _,, -IS ,17 -13 -9 

S.,btolal 
_,. _,. 

-W 
_,, 

-19 -H 
_,, 

Rebound Eft'e<ot -333 -327 -2811 -265 201 -172 -123 

Tot,i/ -.149 -.143 _,., -2116 -220 -187 -133 

Fatnlltv Costs /$bl 

Mass Cb:m~es QO 0,0 0,0 Q,O 0.0 0,0 Q,O 

Scra""a~clSales lmnac!s -0,l -0.l -0.l -0.1 -0.1 -0.1 -0.1 

Snbtotal -0.1 -0.J ~,, _,, 
-0.1 

_,, -IU 

Rebound Effect -1.8 -1.8 -l.6 -1.5 -I.I -l.O -0.7 

Tot,i/ -1.9 -/,9 -1.7 -1.6 -1,2 -/J) _., 

Non Fatal Cn1sh Costs 
/$bl 

Mas! Chan~es 00 0,0 0,0 0,0 00 0,0 0,0 

Scrimoa~e/Sales lmnacts -0.l -0.l -0.2 -0.2 -0.2 -ll.l -lJ,1 

Sub/1Jtal 
_., _,,,, ~,2 -11.2 _., 

-0.I -0.J 

Rebound Effect -3.0 -3.0 -2.5 -2.4 -1.8 -1.6 • I.I 

Total -3.2 -J.I -2.7 -2.6 -2.0 -1.7 -1.2 

-
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Table 1-175 - Change in Safety Parameters from Augural CAFE Standards Baseline 
Average Annual Fatalities, CY 2036-2045. 7% Discount Rate 

Allunalive 

' ' 3 4 ' ' ' Model Years 2021"2026 2021-2026 2021-2026 2021-2026 !022-2026 2021-2026 21!2l-2026 
2.0%,Vear 2.0%/Ycar ~- ec 

0.0%.'Yc-arl'C 0.5%/Y ear PC 1.5%,Ycarl'C 1.0%/Yea, PC 1.U%Nem·PC 3.0%Ncar 3,(1%/Ycar 
Annual Rate ofStrinnenc" Increase 0.0%/Year LT 0.5%/Ycarl.T 1.5%/Y c•r LT 2.0%'Y ear l. T 2.0%iY~m·LT u ,, 

Fatalities 

Mas.s Chan-cs 3 -3 -3 -3 _, _, _, 
Scra--a •e/Sales Im-acts -12 -13 -1' " 

_,, -13 -9 

Subltt/af _,. _,. 
-W -11 

_,. _,, _,, 
Rebound Effect -333 -327 -280 -265 -201 -172 -123 

Toto/ -349 -343 _,,,,, -186 -110 -187 -JJ3 

Fahllitv Costs 'Sb1 

Mass C'han"es 0.0 0.0 0.0 0.0 0.0 o.o 0.0 

Scra--a-e/Sales Im-acts 0.0 0.0 0.0 0.0 0,(1 0.0 0.0 

S11b/1ttol 0.0 OJI (/,// -0.[ 0./1 0./} 1).0 

Rebound Effect -0.8 -0.8 -0.7 -0.7 -0.5 -0.4 -0.3 

Toto/ -0.9 
_,,_, 

-0.7 -0.7 -11.5 -0.5 -0.3 

Non Fatal Cr.ish Costs 'Sb' 

Mass Chan •es o.b 0.0 0.0 0.0 0.0 0.0 0.0 
Sera e/Sales lmnacts 0.0 -0.1 -0.1 -0.1 -0.1 -0.I 00 

S11b11ttal _,,_, _,,_, -/I.I -0.[ _,, 
-0,/ 0.0 

Rebound Effect -l.4 -1.3 -LI -I.I -0.8 -0.7 -0.5 

Total -1.4 -1,4 -1.2 "1,2 -0.9 -0.!I -0.5 
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Table 1-176 - Change in Safety Parameters froJTI Augural CAFE Standards Baseline 
Total Fatalities MY 1977-2029, 3% Discount Rate 

Alternative 

' 
, 

' ' 5 6 7 

Model Years 2021-2026 2021-2026 2021-2026 lOJl-2026 202:l-2026 2021-2026 '022-201(, 
2.IJ\JYear Hl"lo'Year 

ec " 0.0%/Ycar Pl' o.s•.;.-Yc"r PC U%-'Ycar PC LO'JWYcar PC IJ)'%.'Y car l'C 3.11'!·,.IY""r 1.0%,Ycar 
Annual Rate ofS!rin~enc" Increase O.O%fYe"rL1 0.0%/YcarLT 15%/Ycarl.T 2.0':lf.,Ycarl.l' 2.0%/Y car LT ,., ,., 
Fatalities 

Mass Chan-es w w ·'" ·'8 -13_, -1}.__ -·-·- .. -IO 
Scrn dSales lm··-cts -541 -532 -455 -451 -343 -304 -182 

Sublotuf -561 -551 _,,, 471 -355 -318 -/92 

Rebound Effect -3226 -3162 -2736 -2614 -1866 -1766 1201 

Total -3788 .3714 -3110 -3084 -2122 -2084 -/393 

FaMiJV Costs '$b' 

Mass Chan·cs -0.1 -0.1 -0.1 -0.1 -0.1 .(I.] -0.l 

Scr:i··a~c/Salcs lm·acts -4.6 -4.5 -3.9 -3.8 -2.9 -2.7 -1.7 

Subtotal -4.7 -4.6 4.0 -4.fL -J.O -1.8 ./.8 

Rebound Effect -22.8 -22.3 -19.4 -18.5 -13.2 -12.6 -8.5 

Tt>tul -27.5 -27.f} -23.4 -22 . .'i . .....d'id. 1.-,.._,_-15 • .1 -10.3 

Non Fatal Crash Costs '$b• 

Mass Chan~cs .0.2 -0.2 -0.2 -0.2 -0.1 -0.2 -0.1 

Stra•Ra~c/Sales 1m~ac1s -7.6 -7.4 .6-4 -6.4 -4.8 -4.5 -2.8 

Subtotal -7.8 -7.7 ·•· -"6 -5.0 ·" .J.(J 

Rebound Effect -37.6 -36.8 -32.0 -30.b -21.7 -20.7 -14.0 

Tata/ -45.-1 -44.5 -38.6 -37.1 -26.7 25.3 -17.0 
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Table I-177 - Change in Safety Parameters from Augural CAFE Standards Baseline 
Total Fatalities MY 1977-2029, 7% Discount Rate 

Alternative 

' ' ' ' s 6 1 

Model Years 2021-2026 2(121-2026 2021-2026 2021-2026 W22-20J6 2021-202/, 2022·2tl26 
2.0%/Year 2.(J";O''Ycar 

K ec 
0.0%/Year PC O'.)%/Year PC 1.5%/Ycar PC l.O%tYcatPC I .11~1,/Y car PC J.0%/Ycar 3.0%'Ycar 

Annual Rate ofStrinPencv increase 1).0%/Ycat Ll 0.5%/Yearl.r l.5%'Ycorl.T 2.0%/Your L'J' 2.0%1Yearl,"I LT I.'] 

Fatalities 

Mass Chan •es -20 -20 -'8 '" -'3 -n -,0 

Sera e/Sales Jmnacts -541 -532 -455 -452 -343 -304 -182 

Subtolal -56/ -SSZ 414 -471 -J5S -.118 -191 

Rebound Effect -3226 -3162 -2736 -2614 -1866 -1766 -1201 

Tula/ -3788 -3714 -.l]/0 -.1084 -2221 -2084 -1.193 

Fatalitv Co•ts IS bl 

Mass Ch~n<>es -0.t -0,I -0.1 o., -0.l -0.1 0.0 

Sera e.1Sales lmnacrn -3.5 -3.4 -3.0 -3.0 -2.2 -2,1 -1.4 

Sub10111/ -3.6 -3.5 -.1.0 -3.0 -2.J -2.2 -1.4 

Rebound Effect -14.6 -14.3 -12.5 -11.<l -8.4 -8.1 -5.4 

Trtta/ -18.l -17.8 -15.S -14.9 -111.7 -111.3 _,, 

Non Faial Crash Costs '$b' 

Mass Chan·-es -0.l -0.1 .Q.I -0.1 -0.1 -0.1 -0.1 

Sera·-··· ·e/Sales Tm~acts •5.8 -5.7 ,., -4.9 -3.7 -3.5 -2.3 

Sub10111f -5.9 -5.R -S.I -S.O -.1.8 -J.6 -2.4 

Rebound Effe~t -24.1 -23.6 -'.!0.6 -19.7 -13.8 -13.4 -9.() 

Tol11/ -30.0 -29.4 -25.6 24.7 -17.6 -17.0 -11.4 
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Table l-178 - Change in Safety Parameters from Augural CO2 Standards Baseline 
Average Annual Fatalities, CY 2036-2045, 3% Discount Rate 

Alternative 

' ' 3 4 s ' 1 

Model Ycar.s 2021-2026 2021-2026 2021-2020 2021-202(, 202J-2026 2(121-2026 2021-2026 
2.0%'Ycor 2.1)')0.Yc'llr 

PC " Annual Rate of O.O'l',JYcar PC 0.0%/Yc"r 0.5%'Year PC 1.5%/Y cur l'C 1.0~WearPC 1.0%/Year PC 3.11%.-'Yeor 3.11'!\v'Year 

Slrin"enc Increase. ,., 0.5%'YcarL!' l.5%'Year l:l' 2.oiweorLT 20%1YearLT u LT 

Fatalities 

MassCham,es .3 .J ., ., ., ., ., 
Scra----c!Sales lmoacts ·" .,o ·" ., ·'" ·" -12 

Subtotal ·" .13 .,z ·" ·" .,s .u 

Rebound Effect -389 -376 -309 -291 -218 -192 -128 

fotal -405 -3119 -320 -.'102 -2.ll -207 -142 

Fatalit~ Costs <$bl 

Mass Changes 0.0 0.0 0.0 0.0 00 0.0 0.0 

Scrn-=-c!Saks llnnacts -0.1 -0.l -0.1 0.0 -0.1 -0.1 -0.l 

Sllhlotal -Ill -OJ -0.I -0.I -0.1 -0.J -0.1 

Rebnund Effect -2.2 -2-1 -1.7 -1.6 -1.2 -I.I -0.7 

Tt1t11/ -2.2 -2.2 -1.8 -I. 7 -1.3 -I. I -11.8 

Non Fatal Crash Costs 
/$bl 

Mass Changes "" 0.0 o.o 0.0 0.0 0.0 0.0 

ScrannaPe/Snles lrnnacts "·' -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 

Sublt1/al -0.I -0.J -0.I -0.1 -0.I -0.I ·"' 
Rebound Effect -3.5 -3.4 -2.8 -2.6 -2.0 -1.7 -1.2 

Tt11al -3.7 -3.S -2.9 -2.7 -2.1 -1.9 -1.3, 
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Table 1-179- Change in Safety Parameters from Augural CO2 Standards Baseline 
Average Annual Fatalities, CY 2036-2045, 7o/~ Discount Rate 

Alternative 

I ' 3 • 5 6 7 

Model Years 2021-2026 2021-2026 2021-2026 "2021-2(126 2022-202/, 21121-2(12~ 2022-2026 
2.0%/Ycar 2.0%'Ycar 

" K 
0.0%/Ycar PC 0.5%/YcarPC 1.5%,YcarPC l.O':~'Yc'llrPC 1.11%,"frarPC 3.0'f.'Year 3.0%'Year 

Annual Rate ofStrin!!encv Increase O.D'WcarLT U.5%/YcarLT l..'i%NcarLf 2.~•,,/Yc'arll 2 ll'J'.rY ear LT LI' LT 

Fatalities 

Mass Channes .; ., ., ., ., ., ., 
Sera e/Salcs Jmnacts -13 .Jo .9 .9 ·W .JJ -12 

S11blotal ·" ·" ·" ·" ·" ·" .'4 

Rebound Effect -389 -376 -309 -291 -218 -1 <)1 -128 

Toto/ -4115 -389 -320 -.1111 -131 -1117 -141 

Fatalitv Costs ($bl 

Mass ChanQeS 0.0 00 0.0 o.o 0.0 0.0 0.0 

Scranna •e/Sales lmnacts 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Subtotal 0.0 o.o 00 0.0 0.0 ., 0.0 

Rebound Elle\:( -1.0 -0.9 -0.8 -0.7 -0.5 -o.5 -0.3 

Total -J./1 -1.11 .o, .0.' -I}.(; -fJ.5 -11.,l 

Non Fatal Crash Costs ($b) 

Mass Ornnacs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Scta"-"e/Sales Jmoacts -0.1 0.0 0.0 0.0 0.0 -0.1 0.0 

S11b/ofl/f .(U -OJ 0.0 fl.II 11.0 .,,., -0.I 

Rebonnd Effect -1.6 -1.5 -1.2 -1.2 -0,9 -0.8 -0.5 

Toto/ -1.6 -1.6 .i, -1.2 .0.9 -0.8 -0.6 
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Table l-180 - Change in Safety Parameters from Augural CO2 Standards Baseline 
Total Fatalities MY 1977-2029, 3% Discount Rate 

Alternative 

' ' 3 ' ' 6 ; 

Model Years 2021-2021i 2021-2026 2021-2026 2021-2016 2022-21)26 21l21-'021i 2022-2026 
2.0%fYear 2.0%Year 

PC Pt 
0.0%'Yoar PC 0.5%/YcarPC l.5%Near l'C l.0%/Yc-atPC l.0%''frar PC J.ll%1Ye:ir 3.()%'Yeor 

Annual Rate ofStrin~encv Increase 0.0%/YearLT 11.5%iYear LT 1.5%/Year LT 2.0';,/Yc-arl.T 2.03/.JYearl.T ,., l.T 

Fatalities 

Mass Channcs ... _,, _,, _,, 
-'4 -15 

_,. 
Scrn•"a'"e/Sales ]mn°cts -546 -512 -45' -427 -344 -358 -300 

Subtofol -J6' -529 -471 -44' ~JJ9 -.173 -.H4 

Rebound Effect -3332 -3224 -2694 -2567 -1884 -1887 -134;>. 

Toto/ -3896 -37J4 -3166 -JOJO -224.J -2260 -1656 

Fnt:ilitv Costs 1$bl 

Mass Chari •es -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 

Scra•na~e/Sales [mnacts -4.S -4.0 -3.6 -3.4 -2.7 -2.9 -2.3 

Subtotal -M -4.I -3.7 -3.S _,, 
-3.0 -2.4 

Rebound Effect -23.5 -12.7 -19.1 -18.:'. -13.J -l3.4 -9.6 

Toto/ -27.'J -26.9 -22.8 -21.7 -16. l -16.4 -12.fl 

Non Fatal Crash Costs '$b' 

Mass C-hanoes -0.2 -0:2 -0.2 -0.2 0.2 -0.2 -0.:'. 

Scrff· - - •e/Salcs lmnacts ·7.1 -b.7 -6.0 -5,6 -4.5 -4.7 -J.8 

S11blotol -73 _., 
-"' -5.8 -4.0 

_,_, -4.1) 

Rebound Effect -38.7 -37.5 -31.4 -29.9 -21.9 -22'.2 -15.8 

Tllta/ -46,(l -44.3 -37.6 -3S.7 -26.6 ~27.1 -19.8 
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Table 1-181- Change in Safety Parameters from Augural CO2 Standards Baseline 
Total Fatalities MY 1977-2029, 7% Discount Rate 

Alternative 

' ' 3 4 5 6 7 

Model Years 2021-2026 :W21-2026 202!-2026 2021-2026 2022-2026 21121-20'6 2022-2026 
2.!1%iYear 2.0%,Yoo, 

PC " 0.0%,Yearl'C O.S%1Year PC I.S%1YcarPC ],i\'!0/YcurPC I.0"/4,IYcor re J.0%/Year 3,0'.~'Year 
Annual Rate ofStrinnenc" Increase 0.0%/Yoarl.T 0.5%.YoarLT 1.5%/YcarLT 2.0'l1,/YoarLT 2.0%/YearJ.T n ,_, 

Fatalities 

Mass Chan<>es -18 -17 -17 -17 
_,. 

-15 
_,, 

Sera •c/Sales lmruicts -546 -51'.! -455 -427 -344 -358 -300 

Su(Jl11ta/ -56' -519 -471 -444 -359 -J73 -JU 

Rebound Effect .3332 -3224 -2694 -2567 -1884 -1887 -1342 

Tata/ -31196 -3754 -3166 -3010 -224.1 -2160 -1656 

Fatalitv Costs 'Sh' 

Mas.s ChanQes -0.1 -0.1 -0.1 -0.1 -0.l -0.1 -0.l 

Scraora ,e/Sales (me acts -3.1 -2.9 -2.6 -2.5 -2.0 -2.1 1.6 

S11hMal -3.1 -3.0 -U -2.6 -1.0 -2.2 -/.7 

Rebound EITccl -15.0 -14.S 12.2 -11.6 -&:5 -8.7 -6.2 

ToM -///.{ -17.5 -14.9 -14.2 -10.J -/0.9 -7.9 

Noa Fatal Crash Costs •Sb' 

Mass Chan cs -0.1 .0.1 -0.J -0.1 -0.1 0.1 -0.1 

Scra~-,ne/Sales lm~acts -5.1 4.8 -4.4 -4.1 -J.2 -3.5 -2.7 

Suh/Ola/ -5.2 -S.O -4.5 _,., -.i..i -3.6 -].8 

Rebound Effect -24.7 -23.9 -10.2 -19.1 -14.0 -1-t.3 10.3 

T,,11,1 -29.9 -28.9 -24.7 -23.4 -l7A -17.9 -13.1 
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These tables present aggregations or averages of results for calendar years through 2050. 
Underlying model output files provide results for each model year in each calendar year.1586 

These results can be used for more detailed review and analysis of estimated trends. For 
example, for each calendar year through 2050, the following two tables - one for CAFE 
standards and one for co~ standards - show (a) the number of light-duty vehicles in service, (b) 
the travel accumulated by those vehicles, and (c) the total number fatalities among the types 
included in today's analysis. 

Under the preferred a lternative, the analysis shows the annual number of fatalities 
growing more slowly than under the baseline standards, reflecting the combined effects of fleet 
turnover, mass reduction, and shifts between passenger cars and light trucks in the new vehicle 
fleet. 

The Pennsy lvania Department of Environmental Protection commented that the agencies 
did not fully account for safety improvements associated with the augural standards. im The 
agencies note that the analysis accounts for the safety impacts of mass reduction, sales and 
scrappage, rebound, vehicle mode l year and vehicle age for each of the alternatives re lative to 
the augural baseline. The commenter did not provide any specific items that were omitted from 
the analysis. The agencies believe the ana lysis thoroughly assesses the safety effects of all of the 
alternatives. 

3. Simulating Environmental Impacts of Regulatory Alternatives 

[text forthcoming]. 

E. Compliance example walk-through 

To illustrate the CAFE model ' s simulation of a manufacturer' s potential response to fuel 
prices and new standards, the NPRM provided an example of how that the preliminary version of 
the model showed, on a year-by-year basis, how GM could potentially respond to a set of CAFE 
standards, starting from MY 2016 (the latest year for which the agencies were able ro develop a 
full and detailed characterization of the fleet of vehicles produced for sale in the U.S. at the time 
of publishing the NPRM). Although no analysis that does not rely heavily on a manufacturer' s 
confidential product planning information can, with high fidelity, predict what that manufacturer 
will do, the CAFE model, by realistically reflecting product planning considerations in a detai led 
year-by-year context, can describe a course that manufacturer could realistical ly take. Indeed, 
when manufacturers provide information to the agencies, they often emphasize year-by-year 
plans. Although such information is typically considered confidential business information 
(CBI), public comments by the Alliance illustrate the concept for a hypothetical manufacturer. 
Although the illustration includes credit carry-back (aka borrowing) that most manufacturers 
have a history of avoiding, the illustration clearly demonstrates that the All iance views product 
planning as a year-by-year exercise: 

1~86 Available at htt p~: "\\ \\ .nht..,a.co, t..·orporate-a\ aa~t:- fud•t."conom, cu111pli~mt·1.:-d11d~cffi:ct~-m,xkli1h!-~\ -.k'111. 
1587 Pennsylvania Department of Environmental Pro1ec1ion. Detai led Comments, Docket No. NHTSA-2018-0067-
1 I 956, at 8-9. 
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Credlt carry-forward to 
satisfy under-compliance 

Credit carry-back to satisfy ..__ 
under-compliance 

Model Year 

.· 

Figure Vl-60 - Alliance Hlustration of a Hypothetical OEM's Compliance Pathway1' 88 

Like the peer reviewers who examined the model's simulation oftechnolog)· application 
and compliance, automakers have been widely supportive of the CAFE model's approach of 
year-by-year analysis informed by product planning realities. For example, Toyota commented, 
"The preamble correctly notes that manufacturers try to keep costs down by applying most major 
changes mainly during vehicle redesigns and more modest changes during product refresh, and 
that redesign cycles for vehicle models can range from six to ten years, and eight to ten-years for 
powertrains ... This appreciation for standard business practice enables the modeling to capture 
more accurately the way vehicles share engines, transmissions, and platforms. There are now 
more realistic limits placed on the number of engines and transmissions in a powertrain' portfolio 
which better recognizes manufacturers must manage limited engineering resources and control 
supplier, production, and service costs."1~8~ 

The CAFE model's year-by-year approach to estimating manufacturers' potential 
responses to standards: and fuel prices is consistent with EPCA/EISA's requirement that CAFE 
standards be set at the maximum feasible levels for each fleet (passenger car and light truck) in 
each model year. Some commenters correctly observe that the CAA (which provides no 
direction regarding tailpipe CO~ emissions standards) does not require such a year-by-year 
determination, but suggest, further, that EPA should refrain from making use of year-by-year 
analysis. In particular; CBD et. al. commented as follows: 

11" NHTSA-2018-0067-12073, at 28. 
1580 NHTSA-2018-0067-12098, at 6. 
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Furthermore, the Volpe model and association [sic] tools are not desig ned in 
accordance with EPA 's independent statutory authority under C lean Air Act 
Section 202. The Volpe and OMEGA models have an overarching difference in 
their architecture-one where the Volpe modeling approach is designed to match 
NHTSA ' s statutory authority, but not EPA 's. The EPCA requirements drive the 
design of the Volpe model, in that it performs a year-by-year analysis in order to 
demonstrate that N HTSA is meeting its EPCA obligations. As a result, the 

Volpe model attempts to simulate for each manufacturer, by year, their refresh 
and redesign cadence across their vehicle platforms and then predict a 
manufacturer's technology deployment decision-making process for each 
p latform . But under the Clean Air Act, EPA is not required to demonstrate that 
standards are set at the maximum feasible level year-by-year, as EPCA explicitly 
requi res for NHTSA.1590 

A lthough CBD is correct that the CAA does not require a year-by-year determination or 
year-by-year ana lysis, CBD wrongly claims that the CAFE model's modeling approach is not " in 
accordance" with the CAA. l Bl)", e\;um i am1!flJllll. lfl 'a~ ing ··.iw,l .a~ : ••ti 1,a111 ltl dn· e 
ttt'n•,, lAe .:,ittnll): dun·, li,11her loul,in; iH kl IHufl:· As the NPRM demonstrated, the CAFE 
model can be used to simulate compliance with co~ standards. T hat the model follows a year
by-year approach to doing so simply means that it hth, =-r• .1,1 ,,,1111 , .. ,le c1ihc.111c11q ,1 '" 

pr, ,j,c I realistic pathways forward from a known model year. Manufacturers are I ~- fi+-+-+>tt'tttt,_;!l 

the only stakeholders to recognize that product planning is actually a year-by-year process. 
Supporting its comments on the agencies' proposal, CARB provided a study by Roush 
Industries, focusing on a potential design pathway for the Toyota RA V4.';91 While this report, 
which was cited by CARB in its comments, asserted the agencies ' modeling underestimated fuel 
consumption benefits and overestimated costs, Roush, like the Alliance, clearly interpreted the 
question of realism as a year-by-year question, as illustrated by the following chart in Roush's 
report: 

1590 NHTSA-20 18-006 7- 12000, Appendix A, at 24-25. 
1591 Rogers, G., "Technical Review of: The Safer Affordable FueJ-Etlicient (SAFE) Vehicles Rule for l'vtodel Years 
2021-2026 Passenger Cars and Light Trucks. Final Repon ." Roush Industries. October 25. 2018. See CARB, 
NHTSA-2018-0067-11984. 
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I ,-------------' - . -,,' . - . - . 
, 

- ·- ·-· 
, . -

' - . - ~,-- . -

2016 2017 2018 2019 2020 2021 2022 2023 202.1 2025 

Model Year 

----· FE Roush --FE CAFE PRIA - · - FE Target 

Figure Vl-61 - Roush Industries Illustration (for CARB) of RA V4 Fuel Economy 
Pathwayl5Q: 

While a year-by-year representation is c clli i.1 1111c 1,1 .111 ·-=-" ,,1, 1_ to ~ estimat41+t1. 
1-'-1-pathways that individual manufacturers could realistically take to apply technologies to 
specific vehicle models, the CAFE model a lso accounts for a range of other important 
eng ineering and product planning considerations. For example, among specific vehicle models, 
engines and transmissions are often shared. and a given vehicle design platform may encompass 
a range of different specific vehicle models. This means not every configurat ion of every vehicle 
model can be as optimized for fuel economy as if each could be considered in isolation. This 
isn't to say that such optimization is technologically impossible, but rather to say that the 
resources involved in such optimization would be financially impracticable. Moreover, CAFE 
and CO2 standards apply to fleets, not specific products. This means, for example, that if a g iven 
engine is shared among both passenger cars and light trucks, changes made to t hat engine in 
response to one fleet's standard will impact products in the other fleet. Consistent with the fact 
that CAFE and CO2 compliance applies to fleets on a year-by-year basis, the CAFE model 
explicitly accounts for sharing among specific model/configurations when simulating year-by
year compliance. The Roush report's authors "have not performed a complete fleet-compliance 
simulation."1m Therefore, even notwithstanding differences in estimates of redesign schedules 
and technology efficacy and costs, Roush's analysis of the RA V4 is highly idealized. As 
discussed below. together with inputs based on Toyota's actual MY 2017 production, the CAFE 
model represents the RA V4 as encompassing multiple configurations, spanning both the 

i ;o, Rogers, G., "Technical Review of: The Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule for Model Years 
2021-2026 Passenger Cars and Light Trucks. Final Repon ... at 26. Roush Industries. October 25. 2018. See 
CARB, NHTSA-2018-0067-1 1984. 
•~•3 Ibid. at 6. 
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passenger car and light truck regulatory classes, all on a common vehicle platfonn that includes 
several other vehicle models, and some RA Y4s sharing engines with some Camrys. Compared 
to estimating the potential to apply technology to a handful of specific model/configurations in 
isolation, analysis that accounts for manufacturers' actual production considerations produces 
more realistic results. 

'•Nhill,!:'. c1beu1 IRc' l \ \ d1·,,0Hf!l:clc', rc"alt:,m iA Ft'.,!t1la1,~1~, an!II:, . i•,. HllB <'',<'ll ii the' l .\ \ 
dia ~.11. the l \H model ca11 ea•,ih he n111 fer i~ela!c'd medel, t'ar,. or nm in a maimer that 
~~·,e i,,.1iurc,• f'l'atliedl hmit.,',,A dc'1 duf'H1c'Hl t1AJ• lnlfl~'-'lttf'tfl~,s1n1rlc•,it:, _.;..,..w_EPA 
elected to use the CAFE model a, Ele~i~netl because doing so produces a Ftlt'ft!- rc\1'0nablc 
~ basis to estimate regulatory impacts. EPA considers its use of the CAFE model entirely 
consistent with all CAA and other statutory and other requirements governing the agency's 
development of motor vehicle CO2 emissions standards~ v. l1id1. u111il,t! critc'ria pnl lu1;1111 
,tandard· . are 'ipc'cified BA a:, t'flf R'. : ear Ra!,i ;_ and 111'1erenil:, i1H nh t! !ht' t'Flliret~ t1I 
mc1Bul11t:1,1rer.: ., eliide., and Rt!<!!,. 

Of course, like any other model, the CAFE model used for the NPRM had room for 
improvement. As discussed above, the agencies have responded to public comments by making 
changes to some aspects of the CAFE model itself. Only a few such changes, all of which are 
discussed above in greater detail, impact the CAFE model's simulation of manufacturers' 
application of fuel-saving technologies. Among these, three are especially importam: First, the 
model now uses a more "open" application of its technology "decision trees." While the primary 
objective of this change is to make the model's cost accounting more transparent (by recasting 
costs as absolute rather than incremental), it also makes the model somewhat more likely to 
identify and apply any highly cost-effective yet comparatively "advanced" combinations of 
technology. Second. the model introduces a "cost per credit" metric for comparing available 
opportunities to add specific technologies to spec.ific vehicles. 1595 As discussed above and in the 
summary of the sensitivity analysis conducted for today's notice, changing from the PRM's 
"effective cost" metric to this new "cost per credit" metric leads the model to, at least for the 
combination of inputs in today's central analysis, select less costly technology pathways. Third, 
the CAFE model can now extend its explicit simulation of manufacturers' technology application 
well into the future. Today's analysis extends this explicit simulation through model year 2050. 
Because today's reference case input estimates include continued increases in fuel prices 
alongside continued (''learning"-related) reductions in technology costs, extending the explicit 
simulation shows manufacturers making significant voluntary improvement in the longer term 
(e.g., after MY 2035), even if CAFE and C01 remain unchanged. 

The agencies have also revised most of the inputs to the CAFE model, both to respond to 
comments and to better reflect an ever-changing world. Sections appearing above discuss 

... lth..,. ... lt-M:1~ '"-fH~d-+1 ... ,, •* \. . , j•lt:t•n-1. -""•l--'-, - +1-.-...:i.'tt~I-\.+.-~~ t--..4tth,l m,.,1-c: I ~:T, t.:t4itlt -I-¼: -ttt.'1--+t+-tf' ....... 1ftt .. "' ~,w, 
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1191 Notable comments on this metric appear at NHTSA-20 18-0067-12039, Appendix, pp. 28-34, and at NHTSA-
2018-0067-12108, Appendix 8 , pp. 66-70. 
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changes to model inputs, such as the analysis fleet, technology•related inputs, and fuel prices. 
Many of these changes are important to the model's simulated application of fuel-saving 
technology. Updating the analysis fleet from a MY 2016 to a MY 2017 basis ensures that fuel 
economy and C01 improvements manufacturers acllla!zv realized by adding technologies 
between those model years is accounted for, and ensures that changes in product offerings and 
production volumes between those model years are also accounted for. \Vith this update, the 
agencieS-also more fully accounted for compliance credits accumulated prior to the MYs 
represented explicitly in today's analysis. Some manufacturers have accumulated large volumes 
of such credits, and are able to apply those credits well past MY 2016, and to trade them to other 
manufacturers. Updated vehicle simulations correct errors and make use of additional engine 
performance estimates (i.e., engine efficiency "maps"), and cost estimates for some technologies 
reflect additional data and consideration of comments. Also, fuel prices in the forecast used for 
today's analysis are somewhat higher than those used for the NPRM; by itself, this change makes 
the model tend to show larger and more widespread voluntary fuel economy increases and 
accompanying C01 emissions reductions, although this increased tendency is countered by the 
impact of changing to the "cost per credit" metric. 

The following example will illustrate the model's behavior when simulating compliance 
with CO2 standards. While the example focuses on a the baseline CO2 standards and on a 
specific manufacturer (Toyota), and highlights a specific vehicle model {the Toyota RA V4), 
results for other scenarios, manufacturers, and vehicle models reflect application oft he same 
logic. Because this example begins with the MY 2017 fleet, and does not make use of 
manufacturers' product plans (which the agencies have historically treated as confidential 
business information, today's analysis cannot and does not fully reflect manufacturers' actual 
product design decisions, even in the short term. Nevertheless, the analysis yields a realistic and 
detailed characterization of a path each manufacturer could take in response to a given set of 
standards and other input estimates (e.g., of technology costs and fuel prices). 

As discussed above, the model considers all models and model/configurations produced 
for sale in the U.S. by a given manufacturer. The Toyota Camry and Tundra are examples of 
specific Toyota passenger car and light truck models, Toyota produces a range of configurations 
(e.g., with different engines) of each of these vehicle models, and inputs to the CAFE model 
ensure that each such configuration is accounted for. CAFE model output files show the 
progressive application of technology to each model/configuration over time under each 
regulatory alternative. Here, focusing on different versions of one model, the RAV4, illustrates 
the process and results. 

The RAV4 is one of the vehicle models included in a vehicle platform that also includes 
the Camry, Corolla, Prius, Lexus CT 200h, Lexus NX 200t, and Lexus NX 300h. As mentioned 
above, the CAFE model reflects the agencies' assumption that significant changes to vehicle 
structures or materials will most practicably be applied throughout a vehicle platform as models 
within the platform are redesigned. Within this platform, the CAFE model identifies the Corolla 
LE, at more than 180,000 units produced in MY 2017, as the most likely "leader" for such 
changes. Inputs to today's analysis also show that most of the RA V4s produced for the U.S. in 
MY 2017 shared a 2.5L naturally aspirated 4•cylinder gasoline engine with many Camrys. The 
CAFE model identifies the Camry as the leader for new versions of that engine. The same inputs 
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show many RA V4s shared a 6-speed automatic transmission with a range of other vehicle 
models, including the Avalon, Camry, Lexus ES 350, Highlander, Lexus NX 200t, and the 
CAFE model identifies the Camry as the most likely leader for changes to this transmission. 
Model inputs, also show other RAV4s shared a different 6-speed automatic transmission with the 
LexusNX 2001, and the CAFE model identifies the RA V4 as the most likely leader for changes 
to this transmission. Finally, the MY2017 RA V4 also included two "strong" (power split) 
hybrid-electric versions (SE and XLE). Although these shared an engine with other Toyota 
hybrids (Avalon, Camry, Lexus ES 300h and NX 300h), the CAFE model reflects the agencies' 
assumption that it could be practicable to "split off" plug-in (or fuel cell) configurations rather 
than necessarily replace all strong hybrids sharing an engine with PHEVs, BEVs, or FCVs. 

Inputs for today's analysis have T o)'ota redesigning the RA V4 every tive years, starting 
with MY 2019, and freshening the model 2-3 years after each redesign. Given this design cycle, 
and all the other inputs fo today's analysis, the CAFE model shows that under the baseline CO2 
standards, Toyota could potentially make changes to the RA V4 suinmarized in the table that 
follows. The first changes occur in 2019, with Toyota improving aerodynamics of the hybrid 
RAV4s, and with the conventional RAV4s inheriting a new high compression ratio (HCR) 
engine introduced with the MY 2018 redesign of the Camry, and also adding 8-speed automatic 
(A8) transmissions, 15% improved accessories (JACC), and tires with reduced rolling resistance 
(R6LL20). With the MY 2024 redesign, conventional RA V4s inherit the aerodynamic 
improvements (AER015) from the 2019 hybrid RA Y4, hybrid RAV4s receive further such 
improvements (AER020), engine friction reduction (EFR) is applied to the HCR engine shared 
with the Camry, and "Level 1" mass reduction (MRI) is applied to all the RAV4s. With the MY 
2027 freshening. Toyota applies low-drag brakes to all the RA V4s. The MY 2029 redesign does 
not make any powertrain changes, but applies significant mass reduction (MR4) to a11,RA V4s. 
In MY 2033, Toyota replaces the hybrid RAV4 SE with a 200-mile electric vehicle (BEV200), 
and in MY 2039, Toyota replaces the hybrid RA V4 XLE with a 300-mile EV (BEV300). 

Table-VJ-182 - Estimated RAV4 Technology Application under Baseline CO2 Standards 

Model Design 
Added Technologies (\'S. Prior) 

Year State 
2017 

2018 
2019 
2020 
2021 

2022 
2023 
2024 
2025 
2026 
2027 

Non-Hybrid Versions: 2.SL DOHC VVL T NA 14 (shared). A6 (shared) with EPS 
Hybrid Versions: "Strong"HE.V (Power Split) with JACC and LDB 

Redesi1rn 

Non-Hybrid Versions: HCR I (inherited from 2018 Camry) and AT8. !ACC. ROLL20 

Refresh 
Hybrid Versions: AEROIS 

Redesign Non-Hybrid Versions; EFR (2024 Camry version), AERO I 5, MRI 
Non-Hybrid A WD Versions: SAX 
Hybrid Versions; AER020. J\.fill 

Refresh Non-Hybrid Versions: LDB 

l!'16 While it is not necessary for the compliance simulation to produce real predictions ofmanufocturer product 
designs, only plausible ones, these changes to the RA V4 did in fact occur'during the20l9 redesign. 
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Redesign 

All Versions: MR4 

Refresh 

Redesign 

Hybrid SE: BEV:200 

Refresh. 

Redesign 

Refresh 

Redesign 
Hybrid XLE; BEV300 

Refresh 

Redesign 

This progressiye application of technology to the RA V4 produces a series of emission 
reductions shown in the fo1lowing table [and, though not shown, corresponding fuel economy 
improvements). The table also shows the progression of CO2 targets for these vehicles, 
reflecting the fact that targets are hi'gher for the hybrid and conventional A WO versions of the 
RA V4, classified as light trucks, than for the FWD RA V4s classified as passenger cars. Also 
notably, the conventional RAV4s never achieve their respective CO2 emissions targets. This 
merely reflects the fact that credits for reducing AJC refrigerant leakage apply at the fleet level 
rather than on a per-vehicle basis and, in any event, Toyota can respond by improving CO~ levels 
enough among enough other vehicle models that Toyota's overall average CO~ levels comply 
with Toyota's overall requirements, taking into account the potential application of compliance
credits. 

Table-Vl-183 • Estimated RA V4 Target/ Achieved CO2 Levels (g/mi) under Baseline CO:: 
Standards 

Model 
RAV4 Versions 

Design Limited LE and LE and LE and Limited 
Year 

State and SE XLE Hybrid SE 
Hybrid 

XLE XLE and SE 
FWD AWD XLE FWD AWD AWD 

2017 212/262 257/270 256/199 257/199 214/255 256/275 2561275 

2018 2031262 2451210 244/199 245/199 'l04/255 2441275 244/275 
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2019 Redesign 1941212 238/219 236/J75 138!175 1951106 236/223 236/223 

2020 185!212 2301219 228/175 230/175 l 86/206 228/223 228/223 

202! 175/212 212/219 2lli175 212/175 176/206 2] 1/223 2l li223 
2022 Refresh 167/212 202/219 200/175 202/175 168,'206 2001223 200:'223 

2023 159/212 192i219 191!175 192/175 160/206 191,'223 191/223 
2024 Redesirrn 1511198 182/202 181/169 182/169 152/193 181/206 1811206 
2025 144/198 173/202 172/169 173/169 145/193 172/206 1721206 

2026 144/198 173/202 172/169 1731169 145/193 172/206 172/206 
2027 Refresh 1-14/197 173/195 172/166 173/166 145/191 172/199 172/199 

2028 144/197 1731195 172/166 173/166 145/191 172/199 172:199 
:2029 Redesign 1-14/187 173/185 172/159 173/159 145/181 1721189 172/189 
2030 1441187 173/!85 172/159 173!159 145/181 172/189 172/189 
2031 144/187 173/185 172/159 173/159 145/181 172/189 172/189 
2032 Refresh 144/187 173/185 171/159 1731159 145/181 172/189 171/189 

2033 144/187 173/185 172/159 173/159 145/181 172/189 172/189 
:2034 Redesign 1-14/187 173/185 172/92 173/159 145(181 172/189 172/189 

2035 144/187 173!185 172192 173/159 145/181 1721189 1721189 
2036 144/187 173/185 172192 173/159 145(181 172/189 1721189 
2037 Refresh 144/187 1731185 172/92 173/159 1451181 172/189 172/l 89 
2038 144/187 1731185 172/92 173/159 145/181 17'.!/189 172/189 

2039 Redesign 1441]87 1731185 172/92 173!96 145/181 172/189 172/189 
2040 144/!87 173(185 172/92 173/96 1451181 172/189 172(189 

2041 144/187 173/185 172/92 173/96 145/181 1721189 172i189 
2042 Refresh 1441187 173/185 172192 173/96 1451181 172/189 !72/189 
2043 144!!87 173/185 172/92 173/96 1451181 1721189 !72/189 
2044 Redesign 144/J 87 1731185 172/92 173/96 145/181 172/189 1721189 
1045 144/187 173/185 172192 !73/96 145/181 172/189 1721189 

2046 Refresh 144/187 173/185 17.2/92 173/96 145/181 1721189 172/189 
2047 144/187 173/185 172192 173196 145/181 172/l 89 172/189 

2048 144/187 173/185 172192 173196 145/181 172/189 172/189 
2049 Redesign 144/187 173/185 172/92 173,196 145/181 172/189 172/189 

2050 144/187 1731185 171/92 173/96 145/181 172/189 172/189 

These CO2 values could be converted to equivalent fuel economy levels by multiplying 
their reciprocals by 8887 grams per gallon (e.g., 8887 g/gal x 1/(144 g/mi) = 62 mpg), 
differences in compliance provisions are such that results would be offset from actual fuel 
economy levels under CAFE standards. When simulating compliance with CAFE or CO2 
standards, the CAFE model reports both fuel economy and CO2 targets and achieved levels, even 
when the model is "enforcing" compliance with only one of these sets of standards. When 
simulating compliance with baseline COJ standards, results for the example discussed here show 
the following fuel economy targets and achieved levels for the RAV4. 
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Table-Vl-184 - Estimated RAV4 Target/Achieved FE Levels (mpg) under Modeled 
Response to Baseline·CO:: Standards 

RAV4 Vt!rsions 
Design Limited LE and 

Hybrid 
LE and LE and Limited 

State and SE XL£ Hybrid SE 
XLE 

XLE XLE and SE 
FWD AWD FWD AWD AWD 
40134 34/33 34/45 34/45 40,'35 34/32 34/32 

42/34 35/33 35/45 35/45 -12135 35/32 35/32 
Redes],m 43/42 35/41 36/51 35:51 43(43 36-'40 36/40 

45/42 36/4] 36!51 36/51 45143 36,i40 36140 
47/42 39141 39151 39151 47143 39140 39/40 

Refresh 49/42 41/41 41/51 41/51 49/43 41/40 4)140 

52/42 43/41 43/51 43/51 51143 43140 43/40 

Redesign 54145 45144 45/53 45/53 54146 45/43 45/43 
56145 47144 47/53 47/53 56/46 47/43 47/43 
56/45 47/44 47/53 47153 56/46 47,:43 47/43 

Refresh 56/45 47/45 47/53 47/53 56/46 47/45 47/-15 
56/45 47/45 47/53 47/53 56/46 47/45 47145 

Redesign 56/48 -47/48 47156 47/56 56i49 47/47 47/47 
56/48 47/48 47!56 47/56 56149 47,147 47/47 
56/48 47/48 47/56 47156 56/49 47/47 47/47 

Refresh 56/48 47/48 47/56 47/56 56/49 47/47 47/47 

56/48 47/48 47!56 47156 56/49 47147 47/47 

Redesign 56/48 47/48 47/336 47/56 56/49 47/47 47/47 
56/48 47/48 47,/336 47/56 56!49 47147 47/47 

56/48 47/48 471336 47/56 56/49 47147 47147 

Refresh 56/48 47/48 471336 47/56, 56149 47/47 47/47 

56/48 47/48 47/336 47156 56149 47/47 47/47 

Redesign 56/48 47/48 47/336 47/325 56/49 47/47 47/47 
56/48 47148 47/336 411325 56/49 47/47 47/47 
56/48 47/48 47/336 47/325 56/49 47/47 47/47 

Refresh 56148 47/48 47/336 471325 56/49 47/47 47/47 
56/48 47/48 47/336 47/325 56/49 47/47 47/47 

Redesign 56/48 47148 47/j36 47/325 56149 47147 47/47 
56/48 47/48 47/336 47/325 56/49 47/47 47/47 

Refresh 56/48 47/48 47/336 47/325 ~6/49 47/47 47/47 

56/48 47/48 47/336 47/325 56!49 47/47 47/47 
56/48 47/48 47/336 471325 56149 47/47 47/47 

Redesign 56/48 47/48 47/336 471325 56/49 47147 47/47 
56/48 47/48 47/336 47,1325 56/49 47/47 47147 

l11e progressive application of technology also produces increases (and some eventual 
decreases) in costs. For each RA V4 configuration, the following table shows costs beyond MY 
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2017 technology, in 2018 dollars. The conventional RA V4s incur a significant cost increase in 
MY 2019, primarily for the new HCR engine·inherited from the Camry. Costs continue to 
increase through MY 2029 as additional technology accumulates, with another significant 
increase for MR.4 in MY 2029. After MY 1029, technology costs for conventional RA V4s 
gradually decline through MY 2050, in response to ongoing learning. In MY 2034, the BEV200 
RA V4 is less expensive than the HEY RAV4 it replaces, leading this version's cost to drop by 
about $500 between MY 2033 and MY 2034, and with learning, to fall quickly well below this 
version's MY 2017 cost. Conversely, the.BEV300 RA V4 introduced in MY 2039 is about $850 
more expensive than the MY 2038 hybrid RA V4 it replaces, and even with learning, the· 
BEV300 remains more expensive than the hybrid RA V4. These BEVs are not needed for 
compliance; the model shows Toyota could introduce them because, if battery costs continue to 
decline while gasoline prices continue to increase, BEVs could eventually become attractive on 
an economic basis. 

Table-Vl-185 - Estimated RA V4 Technology Costs (2018 Dollars) vs. MY 2017 under 
Baseline CO2 ·standards 

RAV4 Versions 
Model 

Design Limited LE and LE and LE and Limited Year Hybrid State and SE XLE Hybrid SE XLE XLE and SE 
FWD AWD XLE FWD AWD AWD 

2017 - - - - - - -
2018 !05 130 130 130 105 130 130 

2019 Redesign 800 842 462 462 800 842 842 

2020 877 821 455 455 877 82] 821 

202! 956 806 449 449 956 806 806 

2022 Refresh l,043 802 448 448 1.043 802 802 

2023 1,123 793 442 442 l,123 793 793 
2024 Redesi<m 1,365 1,117 572 572 1,364 l,l 18 1,118 
2025 l,344 1,094 552 552 1,344 1,095 1,095 
2026 1,323 1,071 531 531 l,323 1,072 l,072 

2027 Ri.lfresh 1,380 1,420 589 589 1,379 l,420 1,420 

2028 1,360 1,395 569 569 1,359 1,395 1,395 

2029 Redesign 1,757 1,795 1,047 1;044 1,750 1,798 1,801 

2030 1,733 1,766 1,022 1,019 1,726 1,769 1,772 
2031 1,710 1,739 999 995 ],703 1,742 1,745 

2032 Refresh 1,695 1,724 986 982 1,689 1,726 1,730 
2033 1,693 1,722 984 981 l,687 1,724 1,728 
2034 Redesign 1,692 l,720 497 980 l,685 1,722 1,726 

2035 1,690 1,718 123 978 1,684 1,720 1,724 

2036 1,6$8 1,716 (5,2) 977 1,682 1,718 1,722 

2037 Refresh 1,686 1,714 (223) 975 1,680 1,716 1,720 

203.8 ],685 1,712 (390) 973 1,678 l,714 1,718 

2039 Redesign 1,683 1,710 (554) l,814 1,676 1,712 1,716 

2040 1,681 1,708 (664) 1,669 1,675 1,710 1,714 
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1,679 1,706 (772) 1.526 1,673 1,708 1,712 

Refresh 1,677 1,704 (878) 1,385 1,671 1,707 1,710 

1,676 1,702 (983) 1,246 1,669 1.705 J,708 
Redesign 1,674 1,700 (1,077) l.119 1,668 1,703 1,706 

1,672 1,698 {1,088) 1,102 1,666 1,701 1,704 

Refresh l,670 l,696 {1,100) 1,085 1,664 1,699 l.702 
1,669 1,695 (1,ll l) 1.068 1,663 !,697 1,700 

1,667 1,693 {1,123) 1,051 1,661 1,695 1,698 
Redesign 1,665 1,69! (1,134) 1,034 1,659 1,693 1,696 

1,663 1,689 (1,146) 1,018 1,657 1,691 1,694 

As mentioned above, by making sufficient improvements to other vehicle models. Toyota 
could refrain from making the conventional RA V4s meet their C01 emissions targets. More 
broadly, Toyota can also use compliance credits to cover compliance gaps. The CAFE model 
accounts for the potential to transfer compliance credits betv,een the passenger car (PC) and light 
truck (LT) fleets. The model also accounts for the potential to apply credits from prior model 
years (i.e., credits that have been "banked" or, equivalently, "carried forward"), including 
compliance credits earned prior to MY 2017. These aspects of the model interact with the 
model's accounting for multiyear planning-that is, the potential that a manufacturer, depending 
on its product design cadence and on the progression of standards, might apply "extra" 
technology in some model years in order to facilitate compliance in later model years. For 
example, if a manufacturer is only redesigning 15% of its fleet volume in MY 2025, that 
manufacturer might be best off-even setting aside credit banking-applying some "extra" 
technology (i.e., technology that leads to overcompliance) as part of vehicle redes\gns planned 
for MYs 2018-2024_, and carrying that technology forward into MY 2025 when there are fewer 
opportunities available to reduce CO2 emissions in new models. As shown in Figure 
Vl-62Figure Vl-62, in Toyota's case, the model shows that Toyota could oftSet its light truck 
compliance gaps during MY 2017-2019 by applying compliance credits earned for light trucks 
prior to MY 2017. The graph also shows Toyota applying extra technology to its passenger car 
fleet during MYs 2018-2024 in order to comply with the MY 2025 passenger car standard, but 
also to carry forward compliance credits and use those credits to offset large compliance gaps for 
Toyota's light truck fleet during MYs 2023-2027. After MY 2025, the model shows the effects 
of some technology continuing to be inherited (especially during MYs 2026-2030) from prior 
MYs, of Toyota continuing to make voluntary improvements where economically attractive (like 
the MY 2034 and MY 2039 RA V4 EV mentioned above), and ofToyota continuing to transfer 
compliance credits from the passenger car to the light truck tleet.1597 

""' While the fleets (PC and LT) are shown separately for compliance purposes in this example, the ability to utilize 
credits /Tom either fleet toward total model year compliance (in the current year, without caps or limits) means that 
the fleets for a manufa~1urer comply jointly in each model )'ear. 

848 



350 

300 

l2so 
-" 
! 
c: 200 
.~ 

l 
N 15{) 
8 , 
fil 100 
Cl 

*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

use pre-20.17 LT credits 

early application of "extra" 
technology to facilitate 

compliance with more stringent 
standards-prior to next 
redesigns 

Continued declines In average achieved CO2 levels after 
2027 as some some shared technologies (AT8L2, ATlOLZ, 

MRl, MR3, MR4] are Inherited durin,:: 2028-2031 from 
earlier model years, and as the appllcat!on of some 
technol,;,gies (HR, AEROlS, SS12V, BEV200, BEV300l 1s 

voluntarily increased as fuel price, ;ncrease and technology 
costs decrease 

0 

20E, 2020 2025 2030 2035 2040 2045 2050 

• PC {Req.) -PC (Ach.) 0 LT (Req.) ---·LT (Ach.) 

Figure VI-62 - Estimated CO2 Requirements and Averagt Emission Rates for Toyota 
under Baseline CO2 Standards 

As the above figure shov.·s, credit banking and transters play an important role in 
Toyota's simulated response to the standards. If exercised in a manner that sets aside credit 
banking, the CAFE model shows Toyota increasing its application of fuel-saving technologies 
through MY 2025, and carrying those improvements forward, such that Toyota's overall average 
CO2 emission rate is 15 glmi lower in MY 2025 when credit banking is not accounted for, 
Though not shown here, accounting for credit banking also impacts the simulation other OEMs' 
compliance pathways, because inputs to today's analysis assume that-Toyota would likely not 
need to use all of its pre-2017 compliance credits before these credits expire in 2021, and that 
Toyota could therefore sell those older credits other manufacturers (e.g., FCA, VW). By 
accounting for credit banking, the CAFE model thereby avoids considerable potential 
understatement of future CO2 emissions from light-duty vehicles. 
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Figure Vl-63 - Impact of Credit Banking op Estimated Toyota CO~ Emission Rates under 
Baseline C(h Standards 

As indicated by the following chart, a failure to account for credit banking would also 
increase Toyota's modeled per-vehicle costs by nearly $800 in MY 2025. By accounting for 
credit banking, the CAFE model thus avoids considerable potential overstatement of compliance 
costs. Though not shown here, accounting for credit banking while also applying inputs that 
reflect Toyota's ability to sell older credits to some other OE Ms also enables the CAFE model to 
avoid overstatement of compliance costs for those OE Ms. 
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Figure Vl-64 - Impact of Credit Banking on Estimated Toyota Per-Vehicle Costs under 
Baseline CO2 Standards 

While the model's simulation of manufacturers' potential responses to CAFE standards 
applies the same inputs and analytical methods, it does so accounting for several important 
statutory and regulatory differences between COr standards and CAFE standards, and for 
specific statutory direction regarding how CAFE standards are to be considered for purposes of 
setting standards at the maximum feasible levels in each model year. EPCA places specific 
limits on the amount of credit that can be transferred between fleets, and requires that domestic 
passenger cars meet minimum standards without applying credits. EPCA also requires that the 
detennination of maximum feasible stringency set aside the potential to apply compliance credits 
or introduce new alternative fuel vehicles (include BEVs and FCVs, but not including plug-in 
HEVs) during the model years under consideration. Especially with standards that continue to 
becoine more stringent, applying these statutory constraints to the analysis leads the model to 
tend to show greater overcompliance with standards in earlier model years, because even setting 
aside the potential to carry forward or transfer credits, Toyota is likely to find it more practicable 
to apply some "extra" technology when redesigning vehicles during MYs 2017-2024 than to 
attempt to address MY 2025 standards by working with only vehicles scheduled to be redesigned 
in MY 2025. The model also tends to show greater overcompliance in later model years, 
because some of that extra technology from years leading up to the last year of stringency 
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increases takes time to carry forward to ensuing model years. These aspects of the CAFE 
"standard setting" analysis are evident in the model's solution for Toyota, shown in the 
followirig figure. With the' use of credits set aside after MY 2020, Toyota overcomplies with 
light truck standards during MYs 2018-2023 in order to carry technology forward into MY 2025. 
Although Toyota only marginally overcomplies with MY 2025 standards, the inheritance of 
technology during MYs 2026-2029 contributes to increased overcompliance, especially with the 
passenger car standards (which is 10 be expected given the degree ofplatfonn and powertrain 
sharing between the fleets). Continued increases in overcompliance after 2030-arise due to cost 
learning effects (especially for batteries) and increased fuel prices. 
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\Ill. (Text Forthcoming) 

VIII. (Text Forthcoming( 

IX. Compliance and enforcement 

A. Introduction 

1. Overview 

The CAFE and CO, emissions standards are both fleet-average standards, and for both 
programs, determining compliance begins by testing vehicles on dynamometers in a laboratory 
over pre-defined test cycles under controlled condit ions. i sqs A machine is connected to the 
vehicle's tailpipe while it performs the test cycle, which collects and analyzes the resulting 
exhaust gases; a vehicle t,u,h ., .. 1 1,,111, · ckctr c 1ch,,k I that has no tailpipe emissions has its 
performance measured difterently, as discussed bel01v. CO, quantities, as one of the exhaust 
gases, can be evaluated for vehicles that produce CO, emissions directly. Fuel economy is 
determined from the amount of CO: emissions, because the rwo are directly mathematically 
related.1599 Manufacturers generally perform their own testing, and EPA confirms and validates 
those results by testing a sample of vehicles at the National Vehicle and Fuel Emissions 
Laboratory (NVFEL) in Ann Arbor, Michigan. The results of this testing . . dun 11 Hll 11, hilH1c, 

"' J1,c.1Ss,J 1,..,1.,". fonn the basis for determining a manufacturer's compliance in a g iven 
model year, th rough the following steps: 

• Each vehic le model's performance on the test cycles is calculated; 

• T he number of vehicles of that model that were produced is divided by the 
performance; 

• That number, in turn is summed for all the manufacturer's model types; 

• The manufacturer's total product volume is then divided by the summed value of 
all the model types; and 

•~•s For readers unfamiliar with this process. it is similar to running a car on a treadmill following a program- or 
more specifical ly, two programs. 49 U.S.C. 32904(c) states thal, in testing for fuel economy, EPA must "'use the 
,;ame procedures for passenger automobiles [that E PA] used for model year 1975 (weighted 55 percent urban cycle 
and 45 percent highway cycle). or procedures that give comparable result5." Thus, the ··programs•· are the ''urban 
cycle." or Federal Test Procedure (abbreviated as ·'FTP") and the ·'highway cycle." or Highway Fuel Economy Test 
(abbreviated as "HFET"), and they have not changed substantively since 1975. Each cycle is a designated speed 
trace (of vehicle speed versus ri me) that vehicles must follow during testing- the FTP is meant roughly to simulate 
stop and go city driving, and chc HFET is meant roughly to simulate steady flowing highway driving at about 50 
mph. T he 2-cycle dynamometer test result5 d iffer _ ....,....,1,-~ •le. from what consumers will experience in 
the real world driving environment because . ..-4 the ~ ... , L k rl lack ,•~ high speeds. rapid accelerations. •it4 ~ts 111 

cold temperatures I , ,1 •~ p, 1 '! evaluations with the A/C operation. These added conditions '-
'~' -' I ,, ,, I."' , 1_- ~"'' II<, , , are lf .. ••,e-• reflected in the EPA5-cycletest 

results listed on each vehicle's fuel economy label and on the fuclcconomy.gov website. 
,, .. Technically, for the CAFE program. carbon-based tailpipe emissions (including CO,. 11• ,-l L_ and CO) are 
measured. and fuel economy is calculated using a carbon balance equation. EPA uses carbon-based emissions (CO,. 
111 \ fl . and CO. the same as for CAFE) to calculate the tailpipe CO, equivalent for the tailpipe portion of its 
standards. 
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• That number represents the manufacturer 's fleet harmonic average performance. 

That performance is then compared to the manufacturer's unique compliance obligation 
(standard). This compliance obligation is calculated using the same approach that is used to 
determine performance, except that the fuel economy or CO! target value (based on the footprint 
of each vehicle model) is used instead of the model's measured performance value. The fuel 
economy or CO! target values for each of the vehicle models in the manufacturer's fleet and 
production volumes are used to derive the manufacturer's fleet ~~average standard , 111 
lucl .:,,111 .. 1_11~ tn1, 1, .i h., , m .. 111, .1 , ·1.t..cc 1. Using fuel economy targets to illustrate the concept, 
the following figure shows two vehicle models produced in a model year for which passenger 
cars are subj ect to a fue l economy target function that extends from about 30 mpg for the largest 
cars to about 41 mpg for t he smallest cars: 

so 

45 
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0. 40 
.§. -., 
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C 30 
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"' .; 
:, ... 25 
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45 50 
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Sedan 
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25 mpg 

55 60 

Figure 0-1 - Illustration of Vehicle Models vs. Fuel Economy Targets 

If these are the only two vehicle models the manufacturer produces, the manufacturer' s 
required CAFE obligation is determined by calculating the production-weighted harmonic 
average of the fuel economy target values applicable at the hatchback and sedan footprints (from 
the curve, about 41 mpg for the hatchback and about 33 mpg for the sedan). The manufacturer's 
achieved CAFE level is determined by calculating the production-weighted harmonic average of 
the hatchback and sedan fue l economy levels (in this example the values shown in the boxes in 
Figure 0- 1 f igure 0-1, 48 mpg for the hatchback and 25 mpg for the sedan). Depending on the 
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re lative mix of hatchbacks and sedans the manufacturer produces, the manufacturer's fleet may 
meet the standard, t+-perfonn better than the standard (if required CAFE is less than achieved 
CAFE) and thereby earn credits, or perform worse than the standard (if required CAFE is greater 
than achieved CAFE) and thereby have a shortfall that may be made up, in whole or in part. 
using CAFE credits, discussed below, or be subject to civil penalties. Although the arithmetic is 
different for CO2 standards (which do not involve harmonic averaging), the underlying concept 
is the same. 

There are thus. two parts to the foundation of compliance with CAFE and CO" emissions 
standards: first, how well any given vehicle model performs relative to its target, and second, 
how many of each vehicle model a manufacmrer produces. While no given model need 
precisely meet its target (and virtually no model exactly meets its target in the real-world), if a 
manufacturer finds itself producing large numbers of vehicles that fall well sho,1 of their targets, 
it will have to find a way of offsetting that shortfall, either by increasing production of vehicles 
that exceed their targets, or by taking advantage of compliance flexibi lities and incentives, or. 1<'1 
the t \I I pr,~··!ill. the manufacturer wil l be subject to civil penalties. < 1i• <'ll 1ha1111,tnlll:1.1ur<!r 
I~ l'ieall: R<!ea 1o,i rreEhwe ft,r ·,ttle • eh1.:le 1lm1 cRA un,er '\ttn! 10 lou: . ana 11.-,1 ;11! .on ,uineP 

\ alue 1·ut!I et:0110111: . tht'ir npti11n· for flllP llill,,! th<! ft~ffllt!F appwad1 c,~n oA~R Pt' limilt<d. 

The CAFE and C01 programs both offer a number of compliance flexibilities and 
incentives, discussed in more detail below. For example, starting in model year 2017, 
manufactures have flexibi lity to account for efficiency improvements in air conditioning (A/C) 
systems and/or for the application fue l economy improving technologies that increase fuel 
economy in the real-world, but that are. m ,. lu le .11 1n J'<11I. not .1ckyt,.1tc , accounted for (e.g., 
stop-start technology, or high efficiency alternators) using the 1975-based 2-cycle compliance 
dynamometer test procedures.1600 These fuel economy improvements are added to the 2-cycle 
performance results and are included in the calculation of a manufacturer's fuel economy in 
determining compliance relative to standards. In addition. for MYs 2017 - 2025, there are also 
two levels of compliance incentives for full-size pickup trucks with mild-HEY or strong-HEY 
technology or that overperform standards by 15 percent or more, or by 20 percent or more. 1601 

These fuel economy improvements are also included in the calculation of a manufacturer's fuel 
economy .1601 

Some flexibilities and incentives are expressly provided for by statute 1, •1 t le t \ I I_ 

p1 o>!r,1111, and -otlic r- have been implemented by the agencies through regulations, 
consistent with the hllult•r: • ,he1~1c.1_e· 1uc< rc,p~dl\c ,1.11u1e·,. Compliance flex ibilities and 
incentives for the CAFE and C01 programs have it,., <d i .le,,I , ·t !he", ·rc"l1c.il <1 ll1 <id 1-..:11, ~ 
mc•111s: if designed properly, they can help to reduce overall regulatory costs, while maintaining 

l6<1o EPA regulations provided an equivalent program beginning in MY 20 I 2. 
160 1 Manufacturers also must apply the technology to a minimum percentage of their full-size pickup truck 
production. 
160

' NHTSA characterizes any programmatic benefit manufacturers can use to comply with CAFE standards lhat 
fully accounts for fuel use as a "flexibi lity" (e.g., cred it trading) and any benefit that counts less than the full fuel use 
as an "incentive" (e.g .. adjustment of alternative fuel vehicle fuel economy). NHTSA flexibilities and incentives are 
discussed further in Section 9.D. 

855 

Commented (A416]: U£L £T£: LP.-\ ,u~geSls dck1ing. 
a5 it~ not clc..ir "hat is meant h~ ·their Clption.s for pursuing 
the tbm1er Jpproach can ofien be limited.. if thi!t b 
referring to ··increasing production of,·ehicl~ that e\.cce<l 
th~ir target,;,·· th~n thi~ Sl!em, more ofa ti:c.:hnolug) fcj~ibilit:
claim. \\hich is hi:lfcr rl::iccd io the Fcasihility discussion. 
not 3 h:.1dg:roun<l section on hO\\ 1he cnrnpliance pmgram 
\\Orks. Fur1her. EP,\ does not agree" ith the statt!'mt:nt .. not 
all c1.1nsurncrs ,rilue fuel econom\ ·· ifn:min~d in sumt~ 
t(1m1. \\I! s11g~es1 :i more accurat; de-.cription \\OUld be 
·•Uifte"rent consumers.\ :due.- fuel econom~ diffcn:ntl) :· 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

or improving ,·11, 1 1>illlll 111.il 111 , 111.:1:..., f'+-"'='' c111111,c11lc benefits. If designed poorly, they may 
create s ignificant potential for market distortion (for instance, ~till manufacturers- in 
response to an incentive to deploy a particular type of technology-produce vehicles for which 
there is n, 1Mllln,I m,itl<'l ln11 ,·n11s11111l 1 d111.1.1d, such vehicles 111i_h ·1,·,d t, Htti+be discounted 
in order to sell+." ..... -+h,ttttlm.4+lttcf~ ti'-c' ;,j ,.,mrl1n1Ju• 1l..-,il,dt1f<:'-- :t'llH!tcc'!\ll\c'' ,..-<fUII<'' 

t'lf<ft'f~•·<'flllllc'lll.11 .. nd indu tr:, , .. 11<1h,,rc1l1t II l,H llh11Hll.1c11 le! '" dchltlc' I le' ,,,, i tllt'cilh' 

p.1111111: I" ct< ll11'ltc11k~+""'·~4,,,.,,I~ .,,m!'li.,111:'d Ile• ii· 1;1: .1ml lht'IHt\c' 1''"=''1111 cclll lc ult Iii 

grc<1kl'l'\l'<'ll,li1ttrc•t1I f1t1lh l'llldk cd1>rt111d ;11\cf"llllit'IH l"l',l'ctr«: 111 '.l'clt ,. t1,,11u1H I.it. c111J 

Hhll1et,!<'- 'l111c.,\ c'I. 1l.-•c1l>ilt11c· "r tlecdilt\c' 1h11t 10:11,l 10 le.I "1 I'<'• I~, lc'ch11o1l11__.,_. c ,ulJ 

Jt I, II Ilk lllttrl,cl ll: 11 ,c c 'licclll. ct•llll' hlltt·c Ile c1h1li11c , I llle<llll\c, co1ulcl tlc11lc .Ill 

<' Ill irn1111w111111 1>hic:lh'ntitio: .11,: ,:11e1 111,,c:-ctl 101 111· t' I 111 u,11 I,,, •ul !tcl,11, l11"° c' c11,d. lt'dt -' 

th,, c' lc.-1111,,1,,~1,: die 111dt'j'c'lhk:'!1~I'." lll'l'••rtc't! h: m,1rl..-1 I,'" . en,, tl!.I.!<! tell! c't'i,111; Ill 

,·1Jcr '" p1••lcd. l'lt' c'l"I<. ,111tl clllldllcc pr11!i1 -~j'clll'c lhul ,., .. 1, 111 ,,,1,., .,J, dill.I,!<' •I the' 
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l11r \t'h1cl.: "nh I,~ 1 .--1-111, 1,·11 o111tl 111,.:h<"r lt1tl c."11 H~••IP['itolllcc il<''.thl111c· ,111d 

lloc<'l1111c m«:• cHti"-<',111He mc11111l,1clt11c1 h• lull lid1111tl Ille w.Ju tr:, · I'"'' 1I 111<': hn .. me 

,,.,...r~:,--f<'ttttfti 1111 lht'lll 1 ,111.c 1 111.111 11111'1~ im111 •1 11,_, I lie c I llcic •le'~ , I 11,c 11 +-<'ttrr• <'~ h->• 11<'<'1 1h~1 

111url,<'I tl~m.111.I 

lfLll!_standards are maximum feasible levels, as required by l"l I l"l \ statute, then 
the need for extensive compliance flexibi lities and incentives should be low. The agencies 
sought comments in the NPRM on whether and how each agency's existing flex ibilities and 
incentives might be amended, revised, or deleted 1~11.~-t-1 ... !-ttt'+t+t-lc41t ,.- .111,1 m.111«'1 
di 1 .. 11.,,11, Ji....u ,, .. d c1h, '"· Specifically, \.I 11 \ \ 11,_h1 comments ,,ere .. ,u;l11 on the 
appropriate level of compliance flexibility, including credit trading, in a program that is correctly 
designed to be maximum feasib le, in accordance with the l \I I statute. Commems were also 
sought on whether to allow all incentive-based adjustments, except those that are mandated by 
111, t \11 statute, to expire, in addition to other possible simplifications +.---1e, l11«· 111.1tl.o,1 

ti, ,1t,n1.•n. improve program transparency and accountability, and improve overall performance 
of the compliance programs. The agencies considered comments on those issues in preparing the 
final rule. A summary of all the flexibilities for the CAFE and CO2 programs finalized as a part 
of this final rule is provided in Table 0-ITable 0-1 though Table 0-4Table 0-4. 

1 · \\lid _ I 111. I 1111 I tel Jtc1--f-++'"4d7""'·l+-.tt---..,Htt:'-t 1,dff#H'•tlrt"l 4- i-.• ,rlh++t~"l1;i,,,.......,•t-,: ..... 4 4-1++,.•,~"'+'-'-' 

~Ht....,_....,..._7,+*.,..ttl+k.'T 11 11clc I ii cfl; il111 l II lcll11 I ... ~"1-+h'-----!-+..~1 /, ! t i1 111'1..~ d l!u•t•H-lt·"t."- !-+,.,.H .. L,.tf; 

tlnHt•+-htt.:it.t(-t't .. tiltll f~tt."-j C't:!i'.'I rt•--:n-tt.+-'+r"tt'" ..!.,+'rt;'t+t~ t- !+It" •·l fli -,.-1 ht-- ·1;-t~I--H r +nHt-rl + ~,T"', •t f•~1,. t'"• 

1i-~th. ~\'" .... t l• •- l ~ t\--4++-.+•.4-f't'-~~'t'H-i~"""'" ...... +-HtH-ttt,~ ,., .. f't-t ... ,,.h;,~ --~ 1m-h:. .t1-1k 1 '1-'i' .. t•1\."f!--+l"".,_.+,i• \~ h*+ :,._,,.,t1.,•~t-r ... ~ 1rt1 

1;••·• .. •ttltt:'t-- tf"!'cc1f II I I ell 11 11 t.Hi, et! l tc c < 111,ct c J q 111 ct--f~~---=~ -,.. 
4 ... ~~I;' .. -..- t-ltrt-t"-t--4-H.....-•+-+h- \~l+-\ .,..lt.t,1~-lttdt·,l \ d•t,i; ~M h •. iltt'I ~ +tt I 4-.. \ -li.. i ... ~ .. l,,,lllh1 

t • U ·Ht\:~ ~-"'t'+• •t.,...., +-+t-t#+-.--+thrH +ttiC' .\.,.j I-~'- \ 1 ...... W'" ....... t~~ thrltrtt+rttl1tt't"t-- +• -r,+...-.... hl't"·t t..,•l-~-c'l tt•~ l•h"'ttl t N~t '-t Ht'!:' 

ht''t\' Ht,,.t'"!tt-t,-,..-t+J,•li-"'rtl ~,., \ I dt1-J .... -•-H--ici..,..-t-t:4t't-hih-l-f'l~tt"""'-rlt-h.f--1•I- t.·'t',•4--tfrtt-h:--H J~-4-;t'+.,,_, .. ,t-4...-.+,i..,•lt-tr 

.;+,'--h.>t ... f,tthltt,M- ··~'-.,_ • lt!-!"'l'.4\ H+if)i-h..L ... i l~_j•t'-1--+i'tttHr- .... 1tt4-t+i1..-t'ttt'-lr--r- ..+-,.+ ~ +1tt.~-~~i f-"Tft1•.'·I+¼ I•· j ,t-Tttk-f~ 1,;I 

•--'l""t'l-..t<-A+-f••l;tt-t 4 \! I l•t •d itll 

856 

Commented [A417]: RE\'ISE: LPA doe, nol ogree \\ith 
this charai.:h:rili.llion ,1flkxihilitit'~ in thrccmt~\t ofhoth lhe 
H'A lij,\hHlut) ,chicle GHG program. and mmc hrnodl) the 
man) rc;ulJWt;, program, r PA has c,tahli<hed under C' AA 
ritle II 10r motor \chicle~ and engines. and thus \\C ~uggcs1 
ds:kting thi!> te'\l. 

Commented [A418]: RE\ ISE: In th is lootnotc. it is 1101 

ck:1r \\hat i~ 1hc ne,1, intlmnation Nl-fTSA is a.tokinl! mfr5 11, 
pro\ id~ on ,\C and i.,ft"-~ycle suggc~t ndding a c:r;ss
rt:forcnci: to rr~.:1mbl< ri.•g~ \\here this is dis1..·usscJ. 

Commented [A419]: RE\ !St:: I h,s semenc, and 1he 
para~raph t>do\\ are snecili,: 10 the CAFI. program. )et the 
paragraph in a numb<r of place> does not ma!,.e this clear 
rhc [P<\ i;.uggested edii:, arc to make it 1.:lear \\hat prugrnn, 
fl Al Lor liHGI the ~cnlcnct!-. in thi!. [l<JragrJph Jifi.:us~. 



*** ED 12866 Review Draft Do Not Cite, Quote or Release During Review**• 

Table 0-1 - Statutory flexibilities for over-compliance with standards 

Regulatory NHTSA EPA 
Current Current Final item Authority Pro,,,arn Final Rule Authority Pm,ram Rule 

Yes, 
Yes, 

Credit 49U.S,C. denominated CAA No 
Earning 32903(a) in !enths of 

No change 
202{a) 

denominated 
1:hange 

amoe in glmi 

51\IYsinto 
tl1e future 

(except 

Credit 
MYs 2010-

~carry- 49 u.s.c. 5 MYs into 
No change 

CAA 2015- No 
32903(a)(2) !he future 202(a) credi!smay change forward" be carried 

forward 
through MY 

2021) 
Credit 
"Carryback" 
(AKA 49 l.l.S.C 3 MYs into No d1ange CAA 3 MYs lnto No 
"deficit 32903(a){ 1) the past 202(a) the past· change 
carry-
fomard") 

Upto2mpg 
per fleet; No change; 

transferred Alliance/Global 
Credit 49 u.s.c. credits may request to CAA 

Unlimited 
No 

Transfer 32903(g) not be used reconsider prior :!02(a) change 
to meet min interpretation is 

D?C denied 
standard 

Unlimited 
quantit}'; 

traded 

Credit Trade 
49l1.S.C. credits may 

No change 
CM 

Unlimited 
No 

32903(1) not be used 202(a) change 
to meet min 

DPC 
standard 
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Table 0-2 - Flexibilities that address gaps in compliance test procedures 

Regulatory 
NHTSA EPA 

Current Current item Authority 
Pro<>ram 

Final Ruic Authority 
Pro<>ram 

Final Rule 

No change, 
exccprto 

add 
Allows mfrs advanced 
10 earn "fuel AJC ·'Credits" No change, 
consumptio compressor for A.IC except to 

" technolllgy efliciency ,,, 
improveme tCT the pre- improveme advaoccd 

AJC 49U.S.C. ntvalues,. approved 
CAA202(a) 

nts upto AIC 
efficien9 32904 (FCJVs) menu; caps of5.0 compressor 

equivalent (Alliance/ g/ml for technology 
to EPA Global cars and 7.2 to the pre-
credits request to g/mi for approved 

staningin allow trucks menu. 
MY2017 retroactive 

starting in 
MY20l2 is 

denied) 
"Menu" of ,,~ 

approved 
No change, credits (~JO 

except to 1,"1:l,r,.< •~<,: 
Allov,·s mfrs add high ,), up to cap 
to earn "fuel efficiency oflOg./mi 
consumptio alternators for MY No change, 

" to the pre- 2014 and except to 
improveme approved beyond; add high 

on:cycle 
49 U.S.C. nt values" menu; 

CAA 202(a) 
other efficiency 

32904 (FCJVs) (Alliance/ pathways alterriators 
equivalem Global require EPA to the pre-

to EPA request to approval approved 
credits allow through menu. 

starting In retroactive either 5-
MY 2017 starting in cycle 

MY 2012 is testing or 
denied) through 

public 
notice and 
comment 
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Table 0-3 - Incentives that encpurage application ofteclmologies 

Regulatory 
NHTSA EPA 

Current Final Current Final item Authority 
Pro"ram Rule 

Authority 
Pro11ram Rule 

10 gimi for 
full-size 

AllO\\·S 
plckups with 

mfrs to 
mild hybrids 

OR 
earn 

o\·erperforming 
FCJVs 

Full-size 
cquirnlent 

target by J 5% 
pickup trucks 49 (MYs2017-
with HEY or ll.S.C. 

to EPA No CAA 
2021 ); 20 glmi 

No 

overperforming 32904 
credits change 202(a) 

for full-size 
change 

target 
starting in 

pickups wi1h 
MY2017 

"' 
strong hybrids 

ending in 
OR 

overpcrforming 
MY 2025 

target b)' 20% 
(MYs2017-

20251 
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Table 0-4 - Incentives that encourage alternative fuel vehicles 

Regulatory 
NHTSA EPA 

item Authority Curre111 Final 
Authority 

Current 
Final Rule Program Rule Program 

Multipl ier 
incentives 

for EVs and 
FCVs (each 

Fuel vehicle 
economy counts as 

\lulti[!kr "I calculated 2.0/1 .75/ 1.5 
... H. d\i..;J I, I 

assuming vehicles in 
\I) :(I,~. 

gallon of 2017-2021 ), 
I '1, ,1 '\ 

liquid or NGVs -
49 gallon ( 1.6/1.45/ I .3 

No change to 
Dedicated mult ipliers 
alternative U.S.C. equivalent No CAA vehicles); '..LJ.I phase out 
fuel vehicle 32905(aJ gaseous alt change 202(a) each EV = 0 

after MY and (c) fuel = 0. 15 g/mi 
2021. 

gallons of upstream Electric ity 
gasoline; for emissions 

EVs through MY 
usage = 0 g/mi 

petroleum 2021 (then 
extend through 

equivalcncy phases out MY 2026. 

factor based on 
per-mfr 

production 
cap of 200k 

vehicles) 

860 

Commented [A420]: CHA:'iGE AS SHOWN: On this 
:md follm\ing. 1:.ible. \\e oddfd the '\JGV multiplier prm i!;iun. - ---



*** EO 12866 Review Draft Do Not Cite, Quote o r Release During Rev iew*** 

FE calc 
using 50% l\'1ulti plier 

operation on incentives 
a lt fuel and for PHEVs 

50% 011 and NGVs 
gasoline (each 

through MY vehic le 
2019. counts as 

Starting with 1.6/1.4511.3 \I, ~ h .. "' MY 2020. vehicles in ' ,, dd,·d ,, 
NIITSA will 20 I 7-202 1 ); d1 ,l It~ 

49 begin us ing e lectric \.( '\ No 

U.S.C. 
the SAE operation = change to 

Dual-fueled 32905(b), defined 
No CAA 0 glmi multipliers 

vehic les (d ), and "Util ity 
change 202(a) through MY 1 ,,, phase out 

(e); 
Factor" 202 1 ( then after MY 

32906(a) 
methodo logy phases out 2021. 

to account based on Electric ity 
for actual per-mfr usage = 0 g/mi 
potential production extend through 

use, and "F- cap of200k MY 1026. 
factor" for vehicles); 

FFV. " Util ity 
NHTSA will Factor•· 

continue to method for 
incorporate use, and "F-

the 0 .1 5 factor" for 
incentive FFV. 

factor. 

Connected/ Mfrs can 

Automated n/a nla nla CAA petition for ~~ 

Vehicles 102(a) on:cyc le ~ -
credits 

High-
CAA 

No 
octane fuel n/a n/a n/a 

202(a) 
incentives or No change 

blends requirements 

2. Light-Duty CAFE Compliance Data for MYs 2011-20 19 

To understand manufacturers' potential approaches to us ing compliance flexibil it ies and 
incentives, CAFE com pliance data for MYs 2011 through 2019 is discussed in this section. 
NHTSA believes that provid ing these data is important because it gives the public a bener 
understanding of curren t compliance trends and the potential impacts that increasing CAFE 
standards have had on those model years and future model years addressed by this rulemaking. 

N HTSA uses data from CAFE reports subm ined by manufacture rs to EPA or d irectly to 
NHTSA to evaluate com pliance w ith the C A FE program . The data for MYs 20 11 through 20 17 
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include manufacturers' final compliance data that have been_verified by EPA 10115 The data for 
MYs 2018 and 2019 include the most recent projections from manufacturers' mid-model year 
and final-model year reports submitted to EPA and NHTSA, as required by 49 CFR Part 537 and 
40 CFk 600.512-12.1606 Because the pr~jections do not reflect final vehicle production levels, 
the EPA verified final CAFE values may be slightly different than the manufacturers' 
projections. MY 2011 was selected as the start ofthe data because it represents the first 
compliance model year for which manufacturers were permitted to trade and transfer credits. 16n7 

MY 2019 is also important because it shows the projected performance of the fleet two years 
after manufacturers \Vere allowed to use new flexibilities and.incentives starting in MY 2017 to 
address increasing CAFE standards. 

Figure 0-2Figure 0-2 through Figure 0-5Figure 0-5 provide a graphical overview of fuel 
economy performance and standards. Fuel economy performance includes three parts: (I) 
measured perfonnance, on the 2-cycle dynamometer test; (2) performance increases for 
alternative fueled vehicles, under the Alternative Motor Fuels Act of 1988 {AMF A); and (3) 
performance adjustments for improved A/C systems and off-cycle technologies. 1611 ~· 16119•1610 

These Figures do not account for credits earned or expected to be earned from overcompliance in 
prior or future model years that were used Or are available for complying with CAFE standards. 
Graphs are included for the total fuel economy performance (the combination of all passenger 
cars and light trucks produced for sale during the model year) as a single fleet, and for each of 
the three CAFE compliance fleets: domestic passenger car, import passenger car, and light truck 
fleets. 

''""1 The data conrnln the latest information available from manufacturers except certain low \olume manufacturers 
complying wi!h standards under 49 CFR part 525. 
1= MY 2018 data·come from information iecei\·ed in manufacturers' final reports submitted to EPA according to 
40 CFR 600.512-12 and MY 2019 data come from information received in manufacturers' mid•mOOel year CAFE 
reports submitted to NHTSA accordini; to 49 CFR part 537. 
"'" 49 CFR 535.6(c). 
""" In the figures. the label "CAFE with Capped AMFA" represents the maximum increase each)·ear in the average 
fuel economy set to the limitation "cap" for manufacturers altributable to dual-fueled automobiles as-prescribed in 
49 U.S.C. 32906. The labels "AJC" and "'off-cycle" represent~ the increase in the average fuel economy adjusted for 
A/C and off-cycle fuel consumption improvement values as pre.'>Cribed by 40 CFR 600.510-12. 
'"" The Altemative Motor Fuels Act (AMFA) allows manufacrnrers to increase their fleet fuel economy 
performance values by producing dual-fueled vehicles. Incentives are available for building advanced technology 
vehicles such as hybrids and electric vehicles, compressed natural gas vehicles and for building vehicles abldo run 
on dual-fuels such as E85 and gasoline. For MYs 1993 through Z0!4, the maximum possible increase ln CAFE 
performance is "capped" for a manufacturer attributable to dual-fueled vehicles at J .2 miles per gallon for each 
model year and thereafter decreases by 0.2 miles per gallon each model year through MY 2019. 49 U.S.C. 32906. 
'"'" Consistent with applicable law, NHTSA established provisions starting in MY 2017 allowing manufacturers to 
increa~e fuel economy performance-based on fuel consumption benefits gained by technologies not accounted for 
during normal 2-cycle EPA compliance testing (called "off-cycle technologies" for technologies such as stop-start 
systems) as well as for A/C systems wilh improved efficiencies and for hybrid or electric full-size pickup trucks. 
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Figure 0-2 - Total Fleet Compliance Overview- for MYs 2011 to 2019 
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Figure 0-3 - Domestic Passenger Car Compliance Overview for MYs 2011 to 2019 

863 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

IP Fieet Compltcmce 

.;;, ,, 

n.,1 

,i.,,,,,; r,na,: ,'.ff ~.:,r ~:,a;-:. c-"d ;,;:_,,J;: la'i,fa< "AH ,u~ c,,,~,,-_; ~!,,<er 
1111i11i111 Ba's; r1H ,v,t!1~"1 ~Hf A a, .\CC'( -Ft 01ar1d-1<d 

Figure 0-4 - lmport Passenger Car Compliance Overview for MYs 2011 to 2019 
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Figure 0-5 - Light Truck Compliance Overview for MYs 2011 to 2019 

As shown in Figure l-2, manufacturers' fuel economy performance for the total fleet was 
better than the overall CAFE standard through MY 2015. On average, the total fleet exceeded 
the overall CAFE standards by approximately 0.9 mpg for MYs 2011 to 2015. Comparatively, 
as shown in Figure.1-3 through 1-5, for"these same model years, domestic and import passenger 
cars exceeded standards on average by 2.1 mpg and 2.3 mpg, respectively. By contrast, for light 
trucks, manufacturers on average fell below standards by 0.3 mpg. 
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For MYs 2016 through 2019, as shown in the Figures, NHTSA has determined that the 
combined CAFE performance, including all flexibilities and incentives, of the total fleet has Or is 
expected to be worse than the applicable CAFE standards, and increasingly so. The domestic 
passenger car fleet is the only compliance category expected to continue to be better than CAFE 
standards through MY 2018. But even the overall domestic passenger car fleet is expected to be 
worse than standards in MY 2019. The data .show !'vfYs 2016 through 2019 standards involve 
.significant compliance challenges for many vehicle manufacturers. This is evident in the fact 
that the total fleet falls below the applicable CAFE standards on average by 0.6 mpg for these 
model years. Compliance challenges become even more substantial when observing individual 
compliance fleets. The largest individual perfonnance shortfalls (i.e. the difference between 
CAFE performance values and standards) exist for import passenger car manufacturers, with an 
expected shortfall of2.5 mpg in MY 2019, followed by light truck manufacturers, with a 
shortfall of 1.4 mpg in MY 2016. 

Table 0-5Tab!e 0-5Error! Reference source not found. provides the numerical final 
CAFE performance values and standards for MYs 2004 to 201 7. Notably, there was an increase 
in total fleet fuel economy of only 0.1 mpg for MY 2014, and no increase for MY 2016. In MY 
2016, the total fleet's Performance fell below the CAFE standard by 0.5 mpg. An increase in the 
total fleet's CAFE performance for MY 2017 was largely due to manufacturers gaining benefits 
from A/C and off-cycle technologies. For MY 2017, the total fleet's CAFE performance without 
A/C and off-cycle allowances increased by 0.1 mpg compared to MY 2016. HOwever, even 
combined with new flexibilities, the total fleet's CAFE performance, for MY 2017, still falls 
below the CAFE standard by 0.4 mpg. 

Table· 0-5 - CAFE Performance and Standards for MYs 2004 to 2017 

Domestic Import Light Total 
Model Passem,er Car Passen11:er Car Truck Flttt 
Year Ci\JT SrnndarU Ci\fT Standard CAFE SmndarU Ci\IT S1andard 

(mn"j (mn!.!) (mnul (JTillLI (mnl!\ lnl"") (m1l!l (ITill\!) 

2017 39.2 38.5 39.6 39.6 28.6 29.4 J3.4 33.8 

2016 37.3 36.5 38.2 37-4 27.4 2_8.8 32.2 32.7 

2015 37.2 35.2 37.3 35.8 27.3 27.6 32.2 31.6 

2014 36.3 34.0 36.9 34.6 26.5 26.3 31.7 30.5 

2013 36.1 33,2 36.8 33.9 25.7 25.9 31.6 30.3 

2012 34.8 32.7 36.0 33.4 25.0 25.3 30.8 29.8 

2011 32.7 30.0 33.7 30.4 24.7 24.3 29.0 27.4 

2010 33-1 27.5 35.2 27.5 25.2 23.4 29.3 25.4 

2009 32.1 27.5 33.8 27.5 24.8 23.0 29.0 25,4 

2008 31.2 27.5 31.8 27.5 23.6 22.4 27.1 24.7 

2007 30.6 27.5 32.2 27.5 23.J 22.2 26.6 24.6 

2006 30.3 27.5 29.7 27.5 22.5 21.6 25.8 24.2 

2005 30.5 27.5 29.9 27.5 22.1 21.0 25.4 23.7 

2004 29.9 27.5 28.7 27.5 21.5 20.7 24.6 23A 
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Figure 0-6Figure 0-6 provides a historical overview ofthe industi)''S use ofC AFE 
corripliance flexibilities for addressing performance shortfalls.1611 MY 2016 is the latest model 
yea( for which CAFE compliance determinations are complete, and credit application and civil 
penalty payment determinations made by the manufacturer. Historically, manufacturers have 
generally resolved credit shortfalls first by carrying forward any earned credits and then applying 
traded credits. In MYs 2014 and 2015, the amount of credit shortfalls is almost the same as the 
amount of carry-forward and traded credits. Manufacturers occasionally canyback credits or opt 
to transfer earned credits between their fleets to resolve performance shortfalls. Trading credits 
from another manufacturer and transferring them across fleets occurs far more frequently. Also, 
credit trading has generally taken the place of civil penalty payments for resolving performance 
shortfalls. Only a handful of manufacturers have made civil penalty payments since the 
implementation of the credit trading program.161" NHTSA expects there may be sufficient 
credits in manufacturers' credit accounts to resolve all import passenger car and light truck 
performance shortfalls expected through MY 2019. By statute, manufacturers 'cannot use traded 
or transferred credits to address performance shortfalls for failing to meet the minimum domestic 
pas,senger carstandards. 1613 One domestic passenger car manufacturer paid a civil penalty for 
failing to comply with the minimum domestic passenger car standard for MY 2016. 1614 

Additional manufacturers are expected to pay civil penalty payments for failing to comply with 
the minimum domestic passenger cars standards for MYs 2017 through 2019. 

'"' 
1 The Figure includes all credits manufacturers hnve used in credii transactions to date. Credits contained in 

carryback plan~ yet to be executed or in pending enforcertient actions are not included in the Figure. 
161: Six manufacturers have paid CAFE civil penallies since credit trading began in :?011. Fiat Chrysler paid the 
largest civil penalty total over the period, followed by Jaguar Land Rover and then Volvo. See Summary of CAFE 
Civil Penalties Collected, CAFE Public Infonnation Center, 
https:1/one.nhtsa.gov/cafe_pic/CAFE PIC Fines LIVE.html. 
16 " Congress prescribed-minimum dOmestTe pass"enger car standards for domestic passenger car manufactnrers and 
unique compliance requirements for these standards in 49 USC 32902(btf4) and 3:?90J(f)(2). 
1614 Fiat Chrysler paid $77,268,702.50 in civil penalties for failing to comply with !he minimum domestic passenger 
car standard for MY 2016. 
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Figure 0-6 - Indust1y Use of Compliance Flexibilities and Civil Penalty Payments 

The compliarice data show that the rate at which induslly has been increasing fuel 
economy, as shown by the actual fuel economy of the.overall fleet, has not kept pace with the 
year-over-year increases in the stringency of the standards since MY 2010. The margin of CAFE 
overcompliance diminished steadily through MY 2015. In MY 2016, the fuel economy of the 
fleet was worse than standards, and the margin of the shortfall has or is projected to become 
worse through MY 2019. Manufacturers have increasingly used CAFE compliance flexibilities 
and paid more in civil penalties to address the growing CAFE shortfalls. The data show use of 
these flexibilities is likely to increase at least through 2019. 

3. Shift in Sales Production from Passenger Cars to Light Trucks 

The notable trend in the stagnant growth-in the automotive industry's CAFE performance 
is likely related to an increase in the purchase of light trucks beginning with MY 2013. Light 
trucks had a sharp spike in sales, increasing by a total ofS percent from MYs 2013 to 2014. In 
MY 2014, light trucks comprised approximately 41 percent of the total sales production volume 
of automobiles and has continued to grow ever since. In comparison, for model year 2014, 
domestic passenger cars repre~ented 36 percent of the total fleet and import passenger cars 
represented 23 percent. Both domestic and import passenger car $ales have continued to fall 
every year since MY 2013. Figure 0-7Figure 0-7 shows the sales production volumes of light 
trucks and domestic and import passenger cars for MYs 2004 to 2017. The proportion of light 
trucks in the fleet, being driven by consumer demand and lower fuel prices, raises some concern 
for the ability of that fleet to comply with future CAFE standards. Historically, light truck fleets 
have fallen below their associated CAFE standards and have had larger performance shortages 
than either import and domestic passenger car fleets. This trend is expected to continue, even 
with allowance for AJC and off-cycle flexibilities. For MY 2019, NHTSA expects even greater 
CAFE performance shortages in the light truck and import passenger car fleets than in prior 
model years, based upon manufacturer's MMY reports. The combined effect of these fuel 
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economy shortages will require manufacturers to rely heavily on compliance flexibilities or pay 
civil penalties. 

Another important factor in automobile sales production impacting CAFE perfonnance 
values involves increasing trends in the volume of small SU Vs and pickup trucks. These 
vehicles as a percentage oftota! fleet increased from approximately 52 percent in MY 2012 to 63 
percent in MY 2017. As shown in Figure·o-8Figure 0-8, small SUVs, with 4WD and 2\VD 
drive trains, in particular have surpassed the sales production volumes of all other vehicle classes 
over these the given model years. The number ofsmal! and standard SUVs sold in the U.S. for 
MY 2017 nearly doubled compared to sales in the U.S. for MY 2012. During that same period, 
passenger car sales production as a total of vehicle sales production decreas_ed by approximately 
11 percent. The combination oflow gas prices and the increased utility that SUVs provide may 
explain the shift in sales production. Nonetheless, if the sales of these small SUVs and pickup 
trucks continue to increase, NHTSA expects there will be continued stagnation in the CAFE 
performance of the overall fleet. 

Saies Production Volume~ 

w::• 

Madel Y~ar 

Figure 0-7 - Sales Production Volumes for MYs 2004 to 2017 
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Figure 0-8 - Vehicle Class Production Changes for MYs 2012 to.2017 

4. Vehicle Classification 

"· 

Before manufactures can comply with CAFE and COz standards, they must first 
determine how a vehicle is classified in accordance with 49 CFR Part 523, "Vehicle 
Classification." In EPCA, Congress designated some vehicles as passenger automobiles and 
some as non-passenger automobiles. Vehicle classification, for purposes of the light-duty CAFE 
and C01 programs, refers to whether a vehicle is classified as a passenger automobile (car) or a 
non-passenger automobile (light truck).1615

• 
1616 As discussed previously, passenger cars and 

1•.15 See 40 CFR 86. 1803-01, For the MYs 2012-2016 standards, the J\.ffs 2017-2025 standards. and this rule, EPA 
uses NIITSA 's regulatory definitions fordetennining which vehicles woul_d be subject to which CO, standards. 
1616 EfCA uses the tenns "'passenger automobile'" and "'non-passenger automobile;" NHTSA 's regulatiun on vehicle 
classification, 49 CPR part 523, further clarifies the EPCA definitions and introduces the tcnn "light truck" as a 
plainer language alternative for"'non-pa=ngerautomob11e," 
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light trucks are subject to different fuel economy and CO~ standards, and light trucks have Jess 
stringent standards 10 accommodate their utility usage. 

Under EPCA and NHTSA 's current regulations, vehicles are classified as light trucks 
either on the basis of off-highway capability or on the basis of having truck-like (utility) 
characteristics.1617

· 
1618

, 
1619 Determining whether a vehicle is capable of"off-highway operation" 

is,a two-part determination: first,,does the vehicle either have 4-wheel drive or a gross vehic!_e 
weight rating (GVWR) over 6,000 pounds, and second, does the vehicle (that has either 4-wheel 
dtive or over 6,000 pounds GVWR) also have- "a significant feature ... designed for off-highway 
operation.''16

2!1 NHTSA's current regulations specii), that this "significant feature" requires the 
Yehicle to meet at least four out of five ground clearance dimensions.1621 Further, to be classified 
as a light truck on the basis of having truck-like characteristics instead. NHTSA regulations also 
require the vehicle to perform at least one of the following functions: carry more than 10 
persons, provide temporary living quarters, have an open bed (i.e., a pickup truck), provide more 
cargo-carrying volume than passenger-carrying volume, or pennit expanded cargo ·volume 
capacity by the removal or stowing of rear seats.162! 

Over time, NHTSA has revised its light truck vehicle classification regulations and issued 
legal interpretations 10 address changes in vehicle designs. Based upon agency observations of 
current vehicle design trends, compliance testing and evaluation, and discussions with 
stakeholders, NHTSA has become aware of certain additional design changes that further 
complicate light truck classification determinations for the CAFE and CO~ programs. NHTSA 
discussed several classification issues in the NPRM and sought comments on potential 
resolutions. Only a few comments were received, primarily from vehicle manufacturers, and 
they were aimed generally at requesting flexibility in how NHTSA applies the existing 
classification criteria. A summary of the comments received and NHTSA 's responses for the 
final rule are explained in the following sections. 

a. Classification Based 011 ''T,.uck-Like Characteristics" 

One of the "truck-like characteristics" that allows manufacturers to classif)F vehicles as 
light trucks is having at least three rows of seats as standard equipment, as long as the design 
also "pennit[s] expanded use of the automobile for cargo-carrying purposes or other non~ 
passenger-carrying purposes through the removal or stowing offo,ldable or pivoting seats so as to 
create a flat, leveled cargo surface extending from the forward most point of installation of those 
seats to the rear of the automobile's interior."16::., Typically, most minivans qualify under the 

,rn 49 use J290J(a){ 181: 49 CFRpart 523. 
' 6'" 49 CFR 523.S{b). 
16 '° 49 CFR 523.S(a). 
'"" 49 U.S.C. 3290!(a)( 18). 
'"' The ground dearance dimensions are: (i) approach angle ofm,t less than 28 degrees; (ii) breako,1er angle of not 
less than 14 degrees; (iii) departure angle of not less than 20 degrees; (iv) running clearance ofnot less than 20 
centimeters; and/or(,·) front and rear axle clearances of not less than 18 centimeters each. 
'"2 By statute, vehicles that NHTSA, on behalf of the Secretary of DOT, "decides by regulation [are] manufactured 
primarily for transporting not more than JO individuals" are passenger automobiles. 49 U.S.C. 32901(a)(J 81. 
1£.149 CFR 523.5(a)(5J(ii). 
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provision by expanding the cargo area through removable or stowable seats, and a small 
percentage of sports utilizy vehicles qualiJ)' through folding seats that use the seat backs to form 
a se_condary "raised" cargo floor. 1624 NHTSA identified two issues with this criterion that 
various manufacturers appear to be approaching differently. Both relate to how expanded cargo 
area is provided when seats are removed or stowed in the vehicle. 

The first issue is -how to identify the "forwardmost point of installation" and how the 
location impacts the available cargo floor area and volume behind the seats. Seating 
configurations have evolved considerably over the last twenty years, as minivan seats arc now 
very complex in design, providing far more ergonomic functionality. For example, the market 
demand for increased rear seat leg room has resulted in adjustable second row seats m9unted to 
sliding tracks. Earlier s_eating designs had fixed attachment points on the vehicle floor, and it 
was easy to identify the "fon-vardmost point of installation" because it was readily observable 
and did not change. When seats move forward and backward on sliding tracks, however, the 
"forwardmost point of installation" is less readily identifiable. To avoid this complication, most 
manufacturers maintain light truck qualification by using adjustable seats that can be removed 
from the vehicle and having a flat floor rearnmd of the front seats.161' For others, the 
qualification is not as apparent because new adjustable seats have been introduced that remain 
within vehicle to accommqdate side airbags. Manufacrurers designate various positions for the 
forward most point of installation in vehicles where the seat in the sliding track can be moved far 
enough forward to allow the entire seat to compress against the back oft he front seat where it 
can be stowed beyond the forwardmost point of installation, while the seat cushion bottom folds 
towards the seatback. In some cases, manufacturers designate the forwardmost point of 
installation at a location in the sliding track where the seat is positioned·at its rearmost position 
in the track. In others, the initial point of installation is designated at a location in the sliding 
track accommodating the seating position of a 75-percentile male test dummy. The amount of 
the flat floor surface area and cargo volume behind the seats can vary depending on which 
approach a manufacturer adopts. 

NHTSA sought public comments in the NPR!vT to explore potential options for 
establishing the fon-vardmost point of installation for adjustable second row seats and to evaluate 
whether an additional classification criteria could be required, specifying a minimum amount of 
cargo volume behind the seats. Comments were received from the Aut0 Alliance and Fiat 
Chrysler. 16

~
6 Both the Auto Alliance and Fiat Chrysler commented that some flexibility is 

needed in determining the forwardmost point of installation that allows manufacturers to set the 
location of the-seat attachment point to the sliding track in any manufacturer-designated position 
that allows for customer-ergonomics and safety, while still _meeting the spirit oft he expanded 

161' All minivans and a small percentage ofsporrs utility vehjcJes that qualify as light trucks do so by meeting the 
characteristic for third row seats. As more advanced seating designs are introduced in minivans, manufacturers that 
wish to retain this status will need to avoid losing the expanded cargo characteristics that are the basis for the 
allowing minivnns to be qualified as light trucks. 
Im NHTSA notes that to qualif),- as a light truck, a vehicle still requires a flat floor from the forwardmost point of 
installation of removable second row seats to the rear of the vehicle. 
1•"6 The National Automobile Dealers Association commented generally that it does not support any substantial 
modifications to the existing passenger car and light truck fleet definitions. 
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cargo-carrying requirement 1627 The Auto Alliance further commented that the forwardmost 
attachment point of the seat structure to the floor is still a viable method of measurement, even 
when there is a sliding track between the floor attachment point and the seat. 16~~ 

NHTSA did not propose any vehicle reclassifications and is not adopting a regulatory 
change at this time. Based on its review of the comments, NHTSA agrees that flexibility is 
warranted to accommodate safety and customer demand but clarifies that the regulation requires 
seats that are not removed to be stowed-that is, moved so as to fonn a cargo area behind the 
seats. Manufacturers can freely designate the seating location in the sliding track to establish the 
forwardmost point of installation. At that seat location, the forwardmost point of installation is 
the forwardmost attachment point of the seat structure (including any carriage structures) to the 
floor in the sliding track. Vehicles will be considered to meet the characteristic provided the rear 
of the seats can be moved forward beyond that point and the seats articulate to an unusable 
stowed position either in the floor of the vehicle or at the front perimeter of expanded cargo 
area. 16

"9 

The second issue concems the "flatness" and "levelness•· of folded rear seats that use the 
seat backs to fonn a raised cargo surface and whether the seats must fonn a continuous flat, 
leveled surface. Many SU Vs have three rows of designated seating positions, where the second 
row has "captain's seats" (i.e., two independent bucket seats), rather than the traditional bench
St)de seating more common when the provision was added to NHTSA 's regulation. When 
captain's seats are folded down, the seatback can form a flat surface for expanded cargo-carrying 
purposes, but the surface oft he seatbacks may be angled (i.e., at some angle slightly greater than 
0°), or may be at a different level with the rest of the cargo area (i.'e., horizontal surface of folded 
seats is 0° at a different height from horizontal surface of cargo area behind the seats). Captain's 
seats, when folded fiat, may also leave significant gaps around and bet\-veen the seats. Some 
manufacturers have opted to _use plastic panels to !eve! the surface and to covers the gaps 
between seats, while others have left the space open and the surface angled or at different levels. 
NHTSA sought comments in the NPRJvl on the following questions related to the requirement 
for a tlat, leveled cargo surface: 

• Does the cargo surface need to be flat and level in exactly the same plane, or does it 
fulfill the intent of the criterion and provide appropriate cargo-carrying functionality 
for the cargo surface to be other than flat and level in the same plane? 

• Does the cargo surface need to be flat and level across the entire surface, or are 
(potentia!ly large) gaps in that surface consistent with the intent of the criterion and 
providing appropriate cargo-carrying functionality? Should panels to fill gaps be 
required? 

• Certain third row seats are located on top the rear axle causing them to sit higher and 
closef'to the vehicle roof. When these seats fo!d flat the available cargo-canying 

'"" Auto Alliance, Detailed Comments, NHTSA-2018-0067-12073; Fiat Chrysler, Detaile<l Comments. NHTSA-
2018-0067-11943. 
1"1' Auto Alliance, Detailed Comment,;. NHTSA-2018-0067-12073. 
1•~ The front perimeter of the cargo area is the plane fonned behind the front'seats and extending from one side of 
the vehicle IC> the other. , 
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volume is reduced, Is cargo-carrying functionality better ensured by setting a 
minimum amount ofuseable cargo-carrying volume in a vehicle when seats fold flat? 

The Auto Alliance, Fiat Chrysler, Hyundai, Kia, and one individual, Walter Kreucher, 
commented on these seating issues. The Auto Alliance, Fiat Chrysler, and Walter Kreucher 
believed that the criteria for a "flat, leveled cargo surface" shoul,d not be interpreted to mean that 
a cargo surface must he flat and level in exactly the same plane.1

"
30 The comments noted that a 

surface that is not exactly flat and level in the same plane can still provide substantial cargo
carrying capacity, while allowing manufacturers 10 provide ergonomically comfortable seats that 
meet safety requirements. 16'

1 The comments stated that NHTSA should not establish a minimum 
amount of cargo surface area for seats that remain \~ithin the vehicle.163~ Instead, they preferred 
that manufacturers should be, allowed to determine the methodology for providing appropriate 
cargo-carrying functionality without NHTSA stipulating additional requirements for flat a'nd 
level surfaces or gaps and gap-filling panels, 163' 

The Auto Alliance and Fiat Chrysler argued that area or volume requirements are not 
needed, as those attributes speak to overall vehicle size and shape, which should remain a 
consumer choic.e. 16·14 The requirements for expanded cargo- or other non-passenger-carrying 
purposes are fully met in the existing regulation, which requires a flm, leveled cargo surface with 
two rows of seats that are folded or stowed. Fiat Chrysler a!so cbmmented that potential new 
requirements would likely be interpreted and executed differently 'across manufacturers and 
could narrow the choice of engineering solutions and negatively affect other important vehicle 
attributes. 1635 

Hyundai arid Kia commented that instead of requiring panels, NHTSA could limit the 
size of the gaps around and between folded s'eats. 1636 In that case, manufacturers would have 
flexibility to use panels if they wish but could take other measures to narrow gaps. On the other 
hand, Walter Kreucher stated that NHTSA sho'u!d allow gaps of any size and not require the use 
of panels to cover them. 1637 

NHTSA is not adopting a regulatory change at this time. NHTSA agrees with 
comm enters that it should not require a minimum amount of cargo surface area or volume for 
seats that remain within the vehicle, which could be difficult to meet for certain vehicle sizes and 
shapes that would otherwise be considered non-passenger vehicles, NHTSA agrees that the 

'"'° Auto Alliance, Detailed Comments, NlITSA-2018-0067-12073; Fiat Chrysler, Detailed Comments, NHTSA-
2018-0067-11943; Walter Kreucher, Detailed Comments, NHTSA-2018-0067-0444. 
loJ! See. e.g.. Fiat Chrysler, Detailed Comments, NHTSA-2018-0067-11943. 
Hm See. e.g .• Auto Alliance, Detailed Comments, NHTSA-20\8-0067-12073. 
1
"" See. e.g., fiat Chrysler, Detailed Comments, NHTSA-2018-0067-l 1943. 

1634 Auto Alliance, Detailed Comments, NHTSA-2018-0067-12073; fiat Chrysler, Detailed Comments, NHTSA-
2018-0067-11943. 
16-'' fiat Chrysler, Detailed Comments, NIHSA-2018-0067-l 1943. 
lo.JI; Hyundai, Detailed Comments, EPA"HQ-OAR-2018-0283-441 l; Kia, Detailed Comments, EPA-HQ-OAR-2018-
0283-41 95. 
,rn Kreucher, Detailed Comments, NHTSA-2018-0067-0444. 
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amount of cargo volume should be a consumer choice. Setting a minimum amount of cargo area 
or volume could have an adverse effect on potential new car buyers. 

NHTSA notes that there may also be safety considerations involved with the requirement 
to have a flat, leveled cargo surface area formed by seat backs. A flat, leveled cargo surface area 
could prevent objects from having a ramp-like surface to gain momentum in rolling backwards 
into the tailgate's interior surface, poterttially causing stress or damage on the tailgate's latching 
mechanism, For these reasons, several standards exist in the industry for preventing objects from 
sliding, such as standards from the American Disability Act (ADA) that specify floor and ground 
design requirements for protecting wheelchair seated occupants. In addition, objects resting on 
the tailgate could become a hazard or source of injury for individuals opening the tailgate. At 
this time, NHTSA accepts the commenters' position that having a cargo surface area that is 
exactly flat and level in the same plane may not be necessary. Comments did not provide 
enough information for NHTSA to identify any changes to the existing requirements. Therefore, 
at this time, NHTSA will retain its existing provisions for the stowing offoldable or pivoting 
seats to cre_ate a flat, leveled cargo surface, but NHTSA may consider c'onducting research in the 
future regarding these issues. NHTSA has also determined that it should set not a limit on the 
size of the gaps between folded seats at this time, although it may consider adopting such limits 
in the future. NHTSA continues to encourage manufacturers to consider the safety implications 
of all aspects of their vehicle designs, including any angling of the seat back cargo surface and 
whether it is appropriate to offer panels as optional equipment for covering any large-gap 
openings. 

b. Issues that NHTSA has Observed Regar(iing Class{fication Based on '"Off-Road 
Capability" 

( 1) Afeasuring Vehicle Characteristics JO,- Off-Highway 
Capability 

For a vehicle to qualify as off-highv,ay capable. in addition to either having 4WD or a 
GVWR more than 6,000 pounds, the vehicle must have four out of five characteristics indicative 
of off-highway operation. 1638 These characteristics are: 

• An approach angle of not less than 28 degrees 
• A breakover angle of not less than 14 degrees 
• A departure angle ofnot less than 20 degrees 
• A running clearance of not less than 20 centimeters 
• Front and rear axle clearances of not less than 18 centimeters each 

NHTSA's regulations require manufacturers to measure these characteristics when a 
vehicle is at its curb weight, on a level surface, with the front wheels parallel to the automobile's 
longitudinal centerline, and the tires inflated to the manufacturer's recommended cold inflation 
pressure.1639 Given that the regulations describe the vehicle's physical position and 

16J1 49 CFR 523.5(b)(2). 
1.:IS ld. 
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characteristics at time of measurement, NHTSA previously assumed that manufacturers would 
use physical measurements of vehicles. In practice, NHTSA has instead received from 
manufacturers a mixture of angles and dimensions from design models (i.e., the vehicle as 
designed, not as actually produced) and/or physical vehicle measurements. 1

M(l When 
appropriate, the agency will verify reported values by measuring production vehicles in the field. 
NHTSA currently requires that manufacturers use physical vehicle measurements as the basis for 
values reported to the agency for purposes of vehicle classification. NHTSA sought comment on 
whether regulatory changes are needed with respect to this issue. 

(2) Appl'oach, Breakover, and Departure Angles 

Approach angle, breakover angle, and departure angle are relevant to dete1mining off
highway capability. Large approach and departure angles ensure the front and rear bumpers and 
valance panels have sufficient clearance for obstacle avoidance while driving off-road. The 
breakover angle ensures sufficient body clearance from rocks and other objects located between 
the front and rear wheels while traversing rough terrain. Both the approach and departure angles 
are derived from a line tangent to the front (or rear) tire static loaded radius arc extending from 
the ground near the center of the tire patch to the lowest contact point on the front or rear of the 
vehicle. The term "static loaded radius arc" is based upon the definitions in SAE Jl I 00 and 
J1544. The term is defined as the distance from wheel axis of rotation to the supporting surface 
(ground) at a given load of the vehicle and stated inflation pressure of the tire (manufacturer's 
recommended cold inflation pressure).1641 

The static loaded radius arc is easy to measure, but the imaginary line tangent to the static 
loaded radius arc is difficult to ascertain in the field. The approach and departure angles are the 
angles between the line tangent to the static loaded radius arc and the level ground on ~hich the 
test vehicle rests. Simpler measurements that provide good approximations for the approach and 
departure angles involve using either a line tangent to the outside diameter or perimeter of the 
tire or a line that originates at the geometric center of the tire contact patch and extends t0the 
lowest contact point on the front or rear of the vehicle. The first method provides an angle 
slightly greater than. and the second method provides an angle slightly less than, the angle 
derived from the true static loaded radius arc. Both approaches can be used to measure angles in 
the field to verify dUta submitted by the manufacturers used to detem1ine light truck 
classification decisions. 

NHTSA sought comment on what the effect would be ifit replaced reference to the 
"static loaded arc radius" with a different tenn like "outside perimeter of the tire" or "geometric 
center of the tire contact patch." The Auto Alliance and Fiat Chrysler offered comments. The 
Auto Alliance and Fiat Chrysler commented that only a measurement using the static loaded arc 
radius reasonably reflects the tire condition during off-road events that approach, breakover, and 
departure angles are quantifying. They also stated the static loaded arc radius best reflects the 

1"" NHTSA previously encountered a similar issue when manufacturers reported CAfE footprint information. In 
the October 2012 final rule, NHTSA clarified ma:nufocturers must submit footprint measurements ha.scd upon 
production values. 77 FR 63138 (October 15.1012). 
""'' 49 CFR 523.2. 
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actual condition that exists versus the outside tire diameter. 1"42 Finally, the Auto Alliance 
commented the static loaded arc radius is easy to measure: therefore, the off-road criteria should 
remain tied to the static loaded arc radius.1643 

After reviewing the comments, NHTSA agrees that the static loaded arc radius is the 
most accurate way to account for the condition of the tire and the vehicle-to-ground interaction 
during off-road events. NHTSA has decided to accept the Auto Alliance's and Fiat Chrysler's 
views and will retain the existing definitions for off-road angles based upon the static loaded arc 
radius. 

(3) Running Clear-ance 

NHTSA regulations define "running clearance" as "the distance from the surface on 
which an automobile is standing to the lowest point ·on the automobile, excluding unsprung 
weight."1= Unsprung weight includes the components (e.g., suspension, wheels, axles, and 
other components directly connected to the wheels and axles) that are connec1ed and translate 
with the wheels. Sprung weight, on the other hand, includes all components fixed underneath the 
vehicle and translate with the vehicle body \e.g., mufflers and subframes). To clarify these 
requirements, NHTSA previously issued a letter of interpretation stating that certain parts .of a 
vehicle-such as tire aero deflectors that are made of flexible plastic, bend without breaking, and 
ren1rn to their original position-would not count against the 20-centimeter running clearance 
requirement.1645 The agency explained that this does not mean a vehicle with less than 20-
centimeters running clearance could be elevated by an upward force that bends the deflectors and 
still be considered compliant with the running clearance criterion, as it would be inconsistent 
with the conditions listed in the introductory paragraph of 49 CFR 523.5(b)(2). Further, NHTSA 
explained that without a flexible component installed, the vehicle must meet the 20-centimeter 
running clearance along its entire underside. This 20-centimeter clearance is required for all 
sprung weight components. 

The agency is aware of vehicle designs that incorporate rigid (i.e., inflexible) air dams, 
valance panels, exhaust pipes, and other components, equipped a~ manufacturers' standard or 
optional equipment (e.g., running boards and towing hitches), that likely do not meet the 20-
centimeter running clearance requirement. Despite these rigid features, it appears manufacturers 
are not taking these components into consideration when making measurements. Additionally, 
NHTSA believes some manufacturers may provide dimensions for their base vehicles without 
considering optional or various trim level components that may reduce the vehicle's·ground 
clearance. Consistent with our approach to other measurements, NHTSA believes that ground 
clearance, as well as all the other off-highway criteria for a light u-uck determination, should use 
the measurements from vehicles with all standard and optional equipment installed, at the time of 

"'" Auto Alliance, Detailed Comments, N!-ITSA-2018-0067-12073; Fiat Chry'sler, Detailed Comments, NHTSA
:2018-0067-11943. 
'"'' Auto Alliance, Detailed Comments, NHTSA-2018-0067-I:2073. 
J6-i-! Id. 
1"'5 See letter to Mark D. Edie, Ford Motor Company, July 30, 20!~, available at h!tps://isean:h.nhtsa.govlfiles/l l-
000612%20M.Edie%20(Part%20523).htm. 
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the first retail sale.164

" The agencr reiterates that the characteristics listed in 49 CFR 523.5(b)(2) 
are characteristics indicative of off-highway capability. A fixed feature-such as an air dam that 
does not flex and return to its original slate or an exhaust that could detach-inherently interferes 
wi1h the off-highway capability of these vehicles. If manufacturers seek to classify these 
vehicles as light trucks under 49 CFR 523.5(6)(2) and the vehicles do not meet the four 
remaining characteristics to demonstrate off-highway capability, they must be classified as 
passenger cars. 

In the NPRM, NHTSA sought public comments on how to consider components such as 
air dams, exhaust pipes, and other hanging component features-especially those that are 
inflexible~as relates lo running clearance and whether the agency should consider amending its 
definition in,Part 523 to account for these components. The Auto Alliance and three automobile 
manufacturers-Fiat Chrysler, Hyundai, and Kia---commented on the questions. The Auto 
Alliance and Fiat Chrysler commented that no change is needed for the 20-centimeter running 
clearance requirement for fixed features of the vehicle: all fixed components must have 20-
centimeter of running clearance. 1647 They agreed that flexible components that bend withbut 
breaking and return to their original position do not count against the 20-centimeter running 
clearance requirement.1648 They disagreed with NHTSA 's position that these requirements 
should apply to all vehicles with standard and optional equipment installed at the time of the first 
retail sale and proposed instead that the requirement should be "as shipped to the dealer."16--19 

Additionally, the Auto Alliance asked NHTSA to make a specific allowance for vehicles that 
have adjustable ride height, such as air suspension, and permit the running clearance and other 
off-road clearance measurements to be made in the lifted or off- road mode.100 Hyundai and 
Kia ufged NHTSAnot to modi(ythe definition of"running clearance," which currently is 
defined as ''the distance from the surface on which an automobile is standing to the lowest point 
on the automobile, excluding unsprung weight."1651 

Based upon the comments above, NHTSA has decided to retain its running clearance 
requirements for qualifying light trucks without change. First, running clearance means the 
distance from the surface on which an automobile is standing to all fixed components under the 
vehicle, excluding unsprung components, axle clearance components and flexible components 
that bend without breaking and returning to their original position as explained in NHTSA ·s 
previous interpretation. Second, NHTSA acknowledges that at this time, during validation 
testing for running clearance, a vehicle with optional equipment installed will only be tested "as 

I0-16 See NHTSA 's footprint test procedure for wrifying CAFE standards uses vehicles equipped,at time of first retail 
sale. See TP-537-01 located at https://www.nhtsa.gov/vehicle-manufacturers/test-procedures. 
'"" Auto Alliance, Detailed Comments, NHTSA-2018-0067-12073; Fiat Chrysler, Detailed Comments, NHTSA-
2018-0067-11943. 
'"' Auto,Allianc,e, Detailed Comments. NHTSA-2018-0067-12073: Fiat Clu)'sler. Detailed Comments, NHTSA-
2018-0067-l 1943. 
'"'9 Auto Alliance, Detailed Commencs, NHTSA-2018-0067-12073; Fiat Chrysler, Detailed Comments, NHTSA-
2018-0067-l 1943. 
1••0 Auto Alliance, Detailed Comments, NHTSA-2018-0067-12073. 
,.;s, Hyundai, Detailed Comments, EPA-HQ-OAR-2018-0283-4411; Kia, Detailed Comments, EPA-HQ-OAR-2018-
0283-4!95. 
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shipped to the dealer." NHTSA has found that optional equipment can impact a vehicle's ability 
to comply with running clearance requirements, while optional equipment must be considered 
for other light truck agency validation tests unless the equipment has no impact on the outcome 
of the test. 

(4) Front and Rear Axle Clearance 

NHTSA regulations state that front and rear axle clearances of not less than 18 
centimeters are another criterion that can be used for designating a vehicle as off-highway 
capable.160

! The agency defines "axle clearance" as the vertical distance from the level surface 
on which an automobile is standing to the lowest point on the axle differential of the 
automobile.16.53 

The agency believes this definition may be outdated because of vehicle design changes, 
including axle system components and independent front and rear suspension components. In 
the past, traditional light trucks with and without 4WD systems had solid rear axles with -center
mounted differentials on the axle. For these trucks, the rear axle differential was closer 10 the 
ground than any other ax!e or suspension system component. This traditional axle design still 
exists today for some trucks with a solid chassis (also known as body-on-frame configuration). 
Today, however, many SUVs and CUVs that qualify as light trucks are constructed with a 
uni body frame and have unsprung (e.g., control anns, tie rods, ball joints, struts, shocks, etc.) and 
sprung components (e.g., the axle subframes) connected together as a part of the a>.:le 
assembly.1654 These unsprung and sprung components are located under the a,;les, making them 
lower to the ground than the axles and the differential. and were not contemplated when NHTSA 
e'stablished the definition and the allowable clearance for axles. The definition also did not 
origina1ly account for 2WD vehicles with GVWRs greater than 6,000 pounds that had one axle 
without a differential, such as the model year2018 Ford Expedition. Vehicles with axle 
components that are low enough to interfere with the whicle's ability to perfonn off-road would 
seem inconsistent with the regulation's intent of ensuring off-highway capability, as Congress 
required.1655 

In light of these issues, comments were sought in the NPRM on whether (and if so, how) 
to revise the definition of axle clearance. NHTSA sought comments on what unsprung axle 
components should be considered when determining a vehicle's axle clearance. The agency 
questioned whether the definition for axle clearance should be modified to account for axles 
without differentials. NHTSA also sought comment on whether the 'axle subframes surrounding 
the axle components but affixed directly to the vehicle unibody as sprung mass (lower to the 
ground than the axles) should be considered in the allowable running clearance discussed above. 
Finally, NHTSA sought comments on whether it should consider replacing both the running and 

'"2 49 CFR 523.5(b}(2)(v). 
ooi; 49 CFR 523.2. 
'"' Unibody frames integrate the frame and body components into a combined structure. 
lo)S 49 U.S.C. 32901 (~)(l8)(A). 
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axle clearance criteria with a single ground clearance criterion that considers all components 
underneath the vehicle that impact a vehicle's off-road capability. 

Comments were received from the Auto Alliance, Fiat Chrysler, Hyundai, and Kia. All 
the manufacturers that commented claimed no change is needed to the current definition, 
regardless of whether the axle components are sprung or unsprung masses, as the bottom of the 
differential is the vulnerable component.1

1,5
6 The Auto Alliance also stated there is no need to 

further modify the definition to account for axles without differentials. Further, the Auto 
Alliance does not think a single criterion that considers all components under the axle is needed 
and prefers to keep the existing regulation. 1607 Fiat Chrysler and the Auto Alliance also 
recommended that 2\VD SU Vs and CUVs be reclassified back into the truck fleet, where they 
had been placed prior to the 2011 MY. Their position is that 2WD SUVs are designed to meet 
the "off-road-capable" definition in NHTSA 's rules by having the required running and/or axle 
clearances as well as meeting other off-road dimensional criteria, 16'8 Hyundai stated that 
changing the point of measurement now would have significant development and economic 
impacts. 1659 Kia stated that it has designed its vehicles and developed product plans in reliance 
on the current definitions, and those designs and product plans cannot be modified cheaply or 
quickly. 11160 

NHTSA already addressed the comments on 2WD SUVs in a previous rulemaking, and 
NHTSA has no additional response at this time. 1661 Upon review of other comments, 
manufacturers did not clearly distinguish which parts of the axle sub-frames should be 
considered as sprung masses in order for NHTSA to understand if modifications are needed to its 
axle clearance requirements. Therefore, at this time, NHTSA is retaining its axle clearance 
requirements as currently specified. However, NHTSA still believes it is beneficial to continue 
efforts at defining those axle components that are sprung or unsprung masses before considering 
any changes to its regulatory provisions. In addition, NHTSA needs to understand any 
significant developmental and economic impacts that might be associated with any possible 
changes to its requirements. Therefore, NHTSA will consider collecting further information on 
these issues and may take further action related to this issue in the future. 

161~ Auto Alliance, Detailed Comments, NHTSA-2018-0067-12073; Fiat Chrysler, Detailed Comments, NHTSA-
2018-0067-11943; Hyundai, Detailed Comments, EPA-HQ...OAR-2018-0283-441 l: Kia, Detailed Comments, EPA
HQ-OAR-2018-0283-4195. 
"" Auto Alliance, Detailed Comments, NHTSA-2018-0067-12073. 
16" fiat Chrysler, Detailed Comments, NHTSA-20!8-0067-11943; Auto Alliance, Detailed Comments, NIITSA-
2018-0()67-12073. 
'"'° Hyundai, Detailed Comments, EPA-HQ-OAR-2018-0283-4411. 
IMO Kia, Detailed Comments, EPA-HQ-OAR-2018-0283-4195. 
'"" NO new arguments have been raised be}'qn4 those already considered in the April 6, 2006, final rule {see 71 FR 
17566). 
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B. EPA Compliance and Enforcement 

I. Overview of the EPA Compliance Process 
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:,,t'ttt: ,1 '·' llh lhl' uinenH \1-l ~ti,. :\..ln+H++t1t·l+t1<'+~ -+nt~'"'''"'t'lt,llkt' •1 llli Hlc I Pol, 
frt1,;ra111 Ill <1clldl1Cc' ,,1 oeu,·h 111,,Jcl: eill h: ,1:Tltl:, 111.,: 1111•1 1hc·i1 p111d11d "ill ,11111p1~ "llh l ! l 

Jt_ll'\1 ldl't1J1ilc: cl..:c·1111l ... lll lt: 11d~ lilct:f c•~...t--.1 

~~irl:tt't~ f "'H-f-,n4 til<!t,•1+--- •'tl"lk'-t'-. 4 ltt;lt•j 't14 'Ci",~ f~ +tt·"<+tm--+-r~~~,f-~~ti 
i t 11 l>111c '\ t.--41--+d--4--ll.~~ ... .:.,-++o:"t"t-~ _c <.till le ,tit --++-+' ~~--~.-.,-,...,-., 
1t't'-l.l1 C "'K f~r-f 1M.UJ......,.•flf•,tH ~ 

- , , >• Ill> 
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Commented [A421): DELETE: EPA seB no reason to 

include this text in the Final SAFE rule. which did not 
appear in the 1'PRM. 

EPA did not propose or asl for comment in thic! SAFE 
J\'PRJ\1 an} changes to the ba.,ic a.,pccts oflhe no" long• 
standing GHG compliance program, nnd are noc finalizing 
any changes. In addition. this te\l descrit>t,s some program 
dcm~nts lhat ,,ere tranSeitional nnd lhlb are no longer pan of 
the program. 

Please note that EPA did not re,ie" the deleted te~1 for 
accurac). 
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,1c111,l<11tl, c111d lt'<jllfft'IHt'!\I t1 -t-ltn+hlrltt'<H'~-.lH-{-1 ~ :.1,-!.:.-l~ 1,·1·rt' t'lildl II t' \ t ,l"c It \111htt1 

t'mll -I,;-,\'-"'"",, tt ,t'd h' ct'rlil~ tht' 11w,lt I 1: I'< ·, i1l1111 ed<'h 111c111t1tc1, Ill' t'I.- !led , I I'd"'-..:'~ 

L<tr , ,r lt,1h1 1ru,I,, ""-+lit_.-+ P+j't<•:;t ant .I,·<" 111 • ,11· 1111:,:,,i Ii ~~t- i1Hpt41--ntfthl+ow~ 

p,1 !11:;!<'1 .. tr ilct'I. 1111lil e th,+-\~•,ctrdlH I j'<-c lt1I «r1tli1.dll· 11 I «1,I 111 dcl 

'71'<'. tttc1ttttldrl-ttt't'·f..._-tthl7--tt11r .. ,lu,:t' 1-.,h1, l-,, !I'll,, ,a 'lntHt'!L,e-, :\t',1. I Im •U;:!h• 'I• ! 1ltt> 4h• >tkl .' t'i-H'. 

IHdlllll,.dllrt"r t' ,I.ti-It h I~ I re ,ult, I, ,1 ,ill lhc h'lt-h:k. .... •'ri+hi1+-t'm.--+Ht+t•Jd-1'"r••nn,I+ p \ ,.,..,_-... 
iht' llht11t1h1ch11er · It' 1111,; \lc111ttlt1d-tt1-t'+'rt-..11tlue11hc11 t (..1 ,inti l \I I 1t' 1i•,g "' et .111 .:·1:11.: 

111,,J,,I ~ t'cll" t,1 IHcl\lllllU l'!1it1t'lll ll •t' tli lc' 1111,! ,,!1ti t'H,!111c'tl"ll1,! le" ,,•tll"tc', \lc11lt1!t1c·1urcr likll 

11hn11'. tlu,r llr;ul t c > ,H,J l \I I lt'-l -..l+,-t+>-1--l" \ ,111.l I I'\ 11h <'<lllt'lltl: , <11,I 1,1 

st·nlil't0<fl r:, le !Ill!.! <1I ti litl'<>f.rlh·r: Pll a 11h cl ,,!"the 111.111111.idtlltl • ,l·"lc lo ,ltlt'111'111c 

u 11Hj'lia11cc "11!~ ti~ 1-111do1r,I I 1111 i,·11 lt"I c'I «111, iii: ht" ,klt'Hlllltt'.I ·, ht'• ,1 c •11o1'lclc 

l-lt't+-j1r,,lilt:' ,,_,,,~Ht' t1\.oil,1bk· "' 1l1c ,I .. c .. 1 the lllt'dt:'I ~'-'·" I 11Jcr 1lt1 u1<'Fdllhl\t'J <il'f'J""''" 

Ille d inrli<11ld ·11«l•,c1111 111 • J,q h th lh, l ( I c111d l \I I pr• ,!l<1111 ,lfc C' ,,.,i--.tt'+tl .,,,ti fl,•li 

dupltcc11i,e 

--ll,c I P \ t.•lllJ'il.111.e l'l",;r,1m, t•I .. 111: c1 <' , , ,111pli.1n« • 111. the l < 1 1,.ntl<11d h11 

di 11 d • •t' • t' • u11npl1tt11ct' \\ ,li1 111 11 <' ,1.1n,l.1rd I c 111. It" <'IHI • 1.111 lt111ddrd e 1.,bh· ht'd tlllt'.c'f 

tilt' l \ \ "l'rl: 1im,u,;h1·1>1" \th1cle lull I t"lt1I Iii, I I'\ cl,·tcrn111Jc Ill II C Lnd,1r,I 1°: 

.1dd111,; .111 ddj,1 1111.:111 Id, I< 'I It th,· cmt, ,t,'11-+e•.-o+h l~''-nk#l-rt~-ll.---lbt d~. ~--~ ~ 
I I'\ I"• ,;ram di "lflt"llllit'· •ecjlllft'lllt'lll j. I 111.11111'..1,Hll"t'f ,. 1'1· • 1t!t' "d1Td!11: . .t, led 
ft't'<•rt111,:.,t11d1-ittt>-l'-t'• Hf..,;,•H-k-'-l<1l~ l1t'lll f'l•'\I 1,111 111,·111trl,;.1tcd 11111-k 'I\ ' 111: :1111 

11110111.11,in,;. 11' \ II c .t ·«11ie1: .al c1'11ll'l1tt11tc' 111,·,I tll1' ,111 \ • -..tl1d<1lc ll,cl ,l'<cld,!<' ,!lfd Iii fl,, 

"1rlH,l.11d. i11dutli11g ptc l'rttdt1dit111 ,·t'l"11li,·,11itlf' <1ntl I'" [1'1•1uud1t 11. i11 u c 111.,1lll<1rtfi,_'. ,tilt'! 

\ t:'hlL I<! <.'Hkr , ll ,I, >!H<.'I ,t'f\ Ice 

I 11dc·1 the 11',\ u1111pli,11lt.e l'lt ::--r.tm. 111c111ul.1tltllt!I l,.1\c ,1 llt!JHl>t'i ,·I l1c>.1htl111e ,1ml 
lllct!llll"~ 111 l1t'lp,1tl11,·1c: ,111npl1<1t,tc I ,c1mplv· 111,l11dct1t'di1 l1o1nl, 1rg.1r<111 ic'r ,md 1r,1d111='' 

lllcclHl\c'•illrtc·rta1111cc-li+tt~ u,h.1 h.111,r: cledlll'<'lllelc ,mdlu.; ct"ll·cltit lt, 

c',<'ilq>ll••n It I ct'rhll fl I chic It'. ,md dilcrn.itc •flloll 111,11H1l,1ctu1t'r ,pc,ilit l 1-l ---1-k-cl-rt~ 
h111J,1rd 111 !hi, ntlt'tllrtM+~i J.W...nl1,I' 111' \ ,tr, li11.1l1,<i11; 11t\•, l ( l .111tl l \I I 1.111d,11d 

tllld~t "hidl-RMlllll.tc!Ult'I "ill,, llllllllt' lo1 l'<'rl,,1111 the .lllit' !Ht dL' Icici u<mpl1,t11cc l'I •ct' ,t 

tc-ttt·1t'llll~ rt'qllir.-d lt•F Ilic l I I ,md ( \I-I ~tth- -~-l-lt',,•-.;;4•'tt'ttrtl-h:'t'-t'fi->tt''.,"'' fc'Htnit-1 tn 
rldcc' ·,,illH'tll ,i;11ili«1111 m .. ,ttl-i..t\-hl!l-, 111 !ht' \,l'l\\1. I I' \.-..--+tt-=4;+.-.:-11·0111 till I'" il>I<.' 

~ I" d lllll110t'I ,'I II !l~\ htlllit' dlid lflct'illlh' I he lo1II, \' 111,! ,t'cift'll llflllll<11"1it Ille 

~'+'flllllt'IH l't'cc'I'· etl ,md rr1111,lc I I'\· , le•!'"'~ ttt~\t.tllt I I'\ pr,•,~'+ tktt-it1tttl+lt;! 

<-ttttlf'tltlltt1"·itt\d-hH>I lllrlllltlch.1- LI<' ihc I I'\ llL'\tbiltilt'' ,lfltl illtt'lllilc dlt' <.'\j'ldillt'd Ill lite 

lt11lt>•« 111,! t't'th'll'--rt'-< \\-~ 

I I' \ { ( , 1'1< ,!fcllll I PIHj'litllkt' 

-\.1,mu-hi-'.llilcl rd.1JJ 1l1c11 , .. n1pl1.111,.; tr,llc::_-ic I.tr lit .1.l1 dllcc I .;.1 .. h 111 'tlcl c'.tr 

'litrHllttcllll<'hdi , .. Ldllh,d I I'\ l11 d1 ttl ihell l!dlc-le ,111d l'i,.n l,01 ccrltl: i11,; .;,1,h rn .. d,I 

~ \ ttr•'ltt:°r- 1· ... ~· , .. tt ltttqil&"-'.~""'•111 ,~tl'lt " ' I ~,11, "..,-.+,: t'f'>'=Hfl.: ,,,,d I tit 111 • ·--.. 11:•U '1; 1----- _,.._, I,~ 1.! lj l 1111, 

- , ,~\rt ~ .. I \.-1..t;tth•bh"I~ l••--1¥ J 4).-- --1#~4t-f--+-........+t1:.- •!-Htt-.t-+--- -i>t--1-h •-4-t'"-,f '"' ....... j-'4-114 •vl ·• •! l.;-+,, ~H.J~ -t1+.tt t•t~.j...~ ~~t'1.-l 

tt 1 -,.ht: h;•.,.f fr._ ,~ ..,. 
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~1•1nrl: ,, 1th ii~ ldiJd,11,I <'l'-lrt11c'I~ l,q tli.:-lf--r,i~~---- 11 .. c1 "''" "'' !hell 11,,,111 
lflld, llt'l:'I t \ \ '-,c1irn1 ~ll.'1-,r1d' l'lt"lll'II lllt1t1ul,1, 1w\:1 l1111H 111l1 1dt1c111,: d lk" m,,,,., 
~-k'-ttt\,~,•Hllllt'l'ct' unit' ih<' hl1iclt I u>\c'tcd I>~ ,m I l'-:.....+-.--1tt'd c<!rlllic.tlt', I c 1111,'llllil~ 

1, etll •n .:'.11r,1u 11 l I P{-tt\t'{ .l,.,\ tit: ,1 ihc the· r«jllllclHclll • lilr 1--1-lA t.....tt<>th.<! <>ht-u~fl•li....~ 

c1>Hl11111111_,. hu . .,J ,,n d tlc!ll-<'H~traH-1>1l-.-•I u•'ll1'iit1nu· "itli tile <'11>1 ,1.-+t+-,i~hddftJ,-<:",htW+~ 

I I'\ 1111dc·r '-.«·t1,•n ~.::'1•I tht' \Li I I'\ i !le «nilicdlt o>l-,..>+tl•4fH+l~ put uc1111 l" \. «11• !I 

.:'.tlh 111 the \ci. l>d c·el lll+Hltct ;11 ii: I l'le die It' 1111,! tt 11J11ttcJ c1il.c1 h: I I'\ o'I I>: tile' 

111c1111:1lt1clltrc'r. I he I c·th:>rc1I [ c' l l'r,•ectllllc: 1 I 11' ,,, .. , 11:, •• le \ I c11,J th• 11 IJl111 ,1: I tic''. I ttllllllH; 

I c' I 11111 -1-rn ··111,.:hn ti'. .. le' Ii t!Ft U •ctl 1.,, lhl 1'1111'' t'. I lie dl'lllitdlh•II dc'll1< II tlctlh !I 

fc',fllll'c cfl)I • I• 11 lc ,1111,c lh<tl HHI I he J lk It r u,,h 111, .!cl ~cdl".--~-,il't«llh•l1 j'I"=-'"" 

4''1 \c'hklt' .11 , • .111,,.,·, • llhtlllildcHll<'I I, c<11r: -~F11i1cdllo ll le' I Jnht ,cl" dlid c1,r~-.'tti+iut1-+.-'t' 
k,!tn,;l111n-,111c·m01Jel~+1lhc'Pc'<l.\\l1t'lllt" >1;11t1icdltt-d+rtH~h•Hh·dc' ,t1c'llls1,le. I I'\ 
•ll'l'lic' th1 f" lie: 1,, µ l . -\. ( • .• 111.l '. IL ,;,,nif,.,1i, P le l J,tl.t ,t1,J c1ll,.1-'o.-.+!•httl~•"-I.II<';, I LI c 

tdlTy, \ .. , ,111J ... e1rr:, d(F.-••···=-,b1,1 lo tlc'll•Hl1 lr,,tc ( ( I llcc'I ., 1 t l.t:,'.<' "•fHfH<>llk c ti I he,: h.t 1 <' d, 11 , .. 

~r~\-l I J'l'"I'" e' I .,,. le' I ,;r, ur thrll itfc' lr--t~'rll~ I\ <'I d,11,t '"' « n,li«!IJ II. I I'\ 
,1l1 .. ,· lhto, le •I "'"llJ-"1'''-''ff·'"''' iloc \, ( l •• ,mpli.ince •l<llcllk'l-tt-tt-tt+l\-rt+tt~-tltr.>t~+t .\-t\ 
"PI(• I 111\ll \l-\_...1111 ... ,,11,I ::111 > 

lfr«HI c' vt+Hl-fl!dlkc 1•\illl d llctl ct',c'lu,!c' ldttd.u-J dq>el1U • h •~lt!rll l'l<>dtlclt,•J, 1, lttlHc 
ti-+-, 11,,1 ,,, ... , i1,1 .. 1, Jc1crm111c «•mplidlhe ... 11; <11.- ilec'I "' c't.t;c .ti !he !llile ti,.: "lt111ttl.1dttrc1 

"l'l'lj_,. IHI .111.I i<'<'<'"<' u ,enil .. t-rrk-~-+-<+•H-k·nH11: 1,,, "le 121 '"I'· 111 le.tel. I I'\ <>'lll~-t,-. 

I •lie' .111tl .-,,mrilt' tht'tt'~itlt ,,1 t'tlt"h L<'fitlicdlc' 11I ,, 11lt1t"lllll~ , .. ,. iloc' 1 ·,1 i't .. ,'fiH11 thrnt~h 

~ei-HBt>l ; I 1 ul cc>th ;t\ c'll m,•Jd :• <'di" \ltt't -illc HJ<~ _,,..-.t--h-c--1 I'\, ,1kul.11c !he ilccl 

d\t'hl~c ctlll • ,1, 111 t'"lllf'thl~t' J.,, <!I ll ,n; .1clual prudm1«111 I, 11u111c c1n.l I •lt I ( l <'iH.j.....1-,,11-+,, .. 1 

~;-4 .. m,.:hm,>Jt!I 1: pc. I I'\ c1I, ,ctkul.ttc the' llnl c1,,rc1;,c--.t,ttld-.trJ~¾ht'J-•••Hll<' ( .W 

o:'tni· i,•n !clr,;c'l l,tiuc'• lr,>m tl1c l••>!t'ftt-11--l'rl c'd !.11'.!t'I clll\c ctnJ Ilic l'l'<•thtc!1<•11,, lt1,1,c .,1 e·,tth 

m,,,l,_,I 1: I'<'- I I'\ th,·11 cPl111't1r-..,fht'-dcll1.1I 11.•c'l d\cr<1;e It• th,: llhlllltl,1du1,-r· 1 .. ,,q,ri1H Rd ,c•J 
hllld,11J It• dc'lc'l"IHll!c ~,-•tttpttntt~·lc1l,i11,; i11t11 u II itli:'idl1Pll d11'. ll,·\1.,il11> crc'd!I ,mJ 111cc1tli\e, 

J+b.-ttl-k::,---c~,: ,111,I 111r,, 11diu,,n!ll.! d,'lli; ,. banl,c'tl ntttl-i+rlfl••kfft'th:+,,-dt+-.. ind I \ ,, chit le 
111,,:1Hi\c m11l1ipli,:r. ~ tflrlhh.-t,:nn111ttt11111 ,,I,·, m1>lttt11<:c "11h lio:cl d\c'l"d:,'.,'+--+l -• .. fatttldtth-+H.-17 

111•! """ur u1111I <111'-' t+rl..,..,•-~<'nr, .-tkt'l 1h,: ,l11 .,: ,,1 tltc' 1111,d,:I: .:ctr du,: i<+-fJ.tc....++ttk ft'tttHh,t!-tt-+r 
1~1t1nulac·H1r,·r !,+ uhm11 111<1rn1.111111 .111J Ii r I I'\ .-,,mpl1,111cc k..........,...4t+Pe--.c~ m1>lt'tcd \ 1,.,;,.,t' 

+.. lll>:'c'I !he llccl d' ci'd:,'.<' hu.d,ttd all~ IHl'ltclllot' llc\ihilllic· h,1• c l>,:,:11 ,:•,h,.u lt'd ,, ult! 
ul11111c11el:, le' ull in pcthlliit' ,rnd illll!llcli 0,c' llt,lcr t111der the I \ \ 

(,'ll,f'+-lrlHc<' I' iii, 11' \ l ( '- 1c111tlt11d I dc'tcrirnncd t1llt"t lttt'-t'-tt<l-1+t !-lt.:,-++l.,del ~"'·" "l1,1, 

1i11,il <'l'IHl'li<tlltt' int11r111.11i111111111i1c ',:l]lcJ< m,11H1l,,,h1rcd 1, I' cl!e I "' o1ilc1rle \ 11, tctl .th, \c, 

tttid.-+ the' 1;1t•lfrtlll hc1 «I 1cmtlu1th. d-tHrtfltt1ddtH-:t · , blHtHrlle ~,,mpflnlk<' .. 1,1•~
d<'l<'l'llltllt'd dllc' I the' encl 11I 1endHH1oJt'I _\cdl 1•,h,:11 ill<' p1,,Jm1,.,11, t 0,cl1•,lc l,111l1c1111,,,dd-""7....-tt 

~l,:lt' '-+flt<'-lfl-<' llc't'i ,,...._-r.1,,:c l,L11tl~ rlj'J-'~l+dtH+fm.--lttf.._... ~.,_rl-t rl-tn.l-tttt<..-1- 4~1 .. 

,tit' i>d ctl un Ille' c1p11 lic.1hlt l<N•+pttfl¼-1'.1 t'tl tUl'•t . a I" ·dm·ti,,11 '11lu111,: \' cr.!hlc'd li,•c'I d' cl'.t.!e 
re,t•Hfc'll-lt'RI 11 i 11 ht' ,-.,lcu l.11 «I ~o->+,. ,ff' rttltl 1nt..·k ~ t'.t'<'d, ·n ih.:- n»•-.rth~ ~~-.4+4.---m+--.I...+, 
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nli11111L1Llltrc'tl lt•f .tit' 1>: the 111o111uli1dt1F<'F II .1 !P,111l.'.1,~"t"rtl'-rt'ltH-'f-·Ht!8,+lt-c'1-m.4'h.'"""'.t 

llt'ct ,1, ert1Jt t < J --k+t,,/ f't'-Hci-l+m+l ti-.t-ttf- rlhtl- t>Hfthchtti+ltl.ttth-. f l1t'H-\+lt"H-ht!tt.-Htt,-¾!!1"1 :!t't~htte-, 

""ffiJ'H-dHrt>-t'l't.'t.111 . ( , lll t'r c'I:. ti tilt' •lc·cl .lh'r.1;,· ( ( l ;\ el d, c , . .,, Plt'cl iht' · 1<111d .. rit. lhc 

il<'ct 111< ur u 'IHJ'li<111c <' dclai+---+-n-h-,; c I crrc J '" c1, ,., ,1,, •f+4rttt+ h•t--.,,,,_ h Pn...!c'+ "<'>if. tt 

Hlill1ll Ide llilt'r d I ,, ,_:.1 Ill , d c:'d 11 I, •r 11111Jc I I~ I'<', «ltHf'~-ct't+.tttt in 1111n I"; le , cj lhtl I h+•+-= -1,-,i 

ockftl-lttlli-11 !l.-,ibd1iit' ,111J 111,t>nli .. :. i11.-l11,li11,: l"r \ < ~ 1<11, \\lllt m·1,1.•1ccl ,~,""-~ 
I<' sl '.dill<' lo• it't1:«1;t. ,,i I c~-.:+t' 1fih!nil11;1c . ,111.l h~ ht 1J t'ic, \•It Ill I IN 13iel lil' II cit I 

I 11,lc, Ilic I j• \ ,. 11, r ht111u l'lt•;!l<1111. d IHdlHthtci tttt'f ....i .. ~., n.,.,, "?,-'t'-ltt'ln-lt'~ rl ... , ... t'l-1-d+l !t+-tt 

-~Hlhi~ h,1,, c:,c:r.111·pl1"11 l,,r u ill:' ,11m1·l1c111tc, t'dll 1:,•·.•l•il11·c: . 111clt1d,tt:! 
cfcdll CdlT~ hid .. c""-'ttt+ utH\.-tt'l'I-Wtftl. tfedl! 11,1ll kl . al J tic'dli l•cttlc, I c'«lllj'I~ ti Ill:' , tudttt«lidl 

clt'dtl ;:!-<''<'ldlcJ I'~• 111,t.ill111,: \ C •~ ,km ;,i1IH+!lff'"'"""'f-t>+ihcit'f•'-"''+ ~4.-tttt-t'~~ 

1+tl--...:,.lt'-hc'thi111l",-i'-". ,11 I,: hid clc'dllt flltl 1/c' l"lcl lq' inttl, II tt 1111'1: ll'~nt,:,-
1c<'IHl>ll1c!ll<'l1 HI !ht· ,t' llc•<1htlill<' .111tl llkt'llll\c' 1 lic <' ,.,111pl1<111t<'-t'-+c'tHt-t'ft.....,._tt,w, <t+-< 

_,,n ,1 ,1c:1H "llil 11rnlur ( \14- pf+~ml+j'f•"' 1 i, 11 th.ti 1,,,,, c _.,., kd 111cc ill<' llittf'I1t 11, I Ih 
<-\-1 I ri·,>grnm ,,1" dtid<'J u11,l<'1 I l'l \ .111,I I I'\ th1""Jli 1ulc111.li.n1~ c111d ,,,,11!,il• c 1.11 1111; 
"1th lilt' 211 ! I ,•t 2•11- lllHJcl) <'di , .... , I l' \ · . I 1c•r: i''"JIH!Fi 1, 1 !,;ht dtot: , ,,,, le' ,'f+tc'++rt 

r,d l uldill cllli, i, II LI t iinildl tcft'tl+t-f'l•~-- rt-"th•fft~-+•t l .. , ,n,,h1k·--..,,uec tc1n.l.11tl 
I Lic•d h~ I IY.--Htnlc'I lhc' ( \ \ I H.it'r Ilk ( (l l'l",!'.1111 , 1! ,1e,l.1 <11<' lllld'"l,l,tl• c ,1, Ilic , .. ITc'lll 

111 .. Jc'I )c'..t'. IH,IIHll.teilllc'O ll'd: cd1r:, t1t'd11 tklicll ;.,r1•.,1rd I. Id l't'rl, J, I LIi' 11· thin' 111o1J,I 
: <',tr .1l1ctr the' dc:li,11 11c·d11· \l\c1 lildl li+Ht'-. 1i <-r<'dfh .ff<' ~llji fl•·•ht\-nil...W..,-l~L\ tlc'f.-1'!-IHfk'-. 
H½<tt--Hlc' rn,+tlHl.tdurer I' Fl,11 i11 et1111j'hillltc , I I'\,!,,,, 11111 l'<'rtrnl 111o11111l,ttll1Fc'I' 1, I'd: Iii«! 111 

fh'-tt..-'i-<.t>H-lf'hrl+l<:<' ,,, ith .1r11 lic.1hlc i.111,lard ,: I I'\' 'dt1lli111 n: u11dc1 the ( \ \ rt'tjlllk I I'\ 1,' 

~~ .. .-1npl1.1111 1n.inul11,:u1 ,•r· ,·cni liu,t.: 111 ,·,,111, ,rmll:,. "Ip, I, j'<'r1111l. Ilic m<11uilc1c1urcr 

n+--~I~ -· 1----tttk-i 'ttt11111211_' •I !lit<. \ \ . ._,:, .11 ,,lli,lc dft 1•1 .. hiia1tcd lllllc tl1c• 

• d1idc' i uP ,·red h:, t1 t't'fl-Htt.t;t'-t'+kt-• tth-•ntttt:,--

t ,,ml'itdlltc \\Ill. 111c' ,,_d\c'rl-l++t-lhfrlhl-i-. !~ -~ rllt<c"!"lllicdll,•tl. 1--t,t 

tl11,,ugl,.,u1 d lc'IHclc·, II •t'htl lilc. ,111,! ctllllf'lic111,t' It' ,11ll,,_ ll1,1) .,nl,IUt' ,1llc'I st'tlllic.tll ,,, 

\.---.c'+t+l-l-tlt' l,111<l.11tl .ll'f'I: .111.1tl111 lillclll l,tt'lt>O- I! <ltt>•lllll ,;,r lt'IH,lc clHI lc•ll--.c•••ti-R..J 

dc':,·rtttliill<•ll ,r I ,111.1h1l11: Ill ll •t' 1 \. cdi,111 :;111i1 d II. I ht' lt c lul I, It' ( I I t.rntl.1r.l I, r _.,,.h m, .icl 

l~j'lc' "'+>tt-h.l ht' the' n111d,I l'<'<.ilit (II lc',t'I ti cd 111 ""'lt-l+trlltt~-H-l<."-+kt'h+wi'd)c'<'-. ,ttliw•lrtl i,• Pt' 
!II" h•;hcr h> """'u111 i.,1 lt'<l-h+-tt'•,+-ttttdfn-+t.H.td-i.,n htrtdt>i+i;~ tlHf~•h+lket in u c le' t 

f<.'-s-tth..,__-....._+, ... +1 ' O .. 111 thl' I \\<ti" ,:,.1111. I I'\ br,,.td .tuth, n1:, 1, lccjtllt<' 111c111ulddttf'c'f--f>4 

,c:111.-.1: ,tlH,lc ,I 11' \ d,:,nni11,:·ri-tlt'ft'-+ttc'--rl-.t>l"-htt~t.11 trt+tnl""f--;•l-+;,-.n-t,+ffifl: 1n,: ,d11tl,· In 
<1ddi1t1111. '.ccti .. 11 ' II' <11 the l \ \-ttttth,>H/t,-, I l' •\11>-w,-...,, pc4t.+H-k', .11 up h•, , .. _ _;c,11 l'<'I , ... lii,lt' 
~~;-4 -\-dF,Htt-. t""-+mRttc't.l rlct ... ~1-...d1i ... ,l-i1t4hc< ~ , \ ln-ttc'1t"Ht1Htt1~-»-1e-.+rr1+•fHdlc' 

~I~ l~•t \ ( ~~,-~It.' 1,t.l I . 1r c.nl t 1\1 t f'tc:I 'I 1, ,1.I Jc tt kl, ,ct! ,I I ,lf11 11 l~ 

t~h:i~l-+tt'll"-\ , ,•tt-11"+1 n,.~ flf•--.:t ttlt Hl., ~tt"..=i, ttt.""ttPl\. h :"t-Hi--ttH1.:h.:'tl~.t \41 t 'i"t-~riffi 1-r1Ht:'-t \....--C 1+-h-½ •t:": r-Ht~ 

,,t,;J111l- H tt,I,. i~~,:, .. . 11~ -h: ,h,!.tl ... t,1<t \.,--1, .. ,-,.1,-~ ... -t+---H++f+'"-'rt'+-------t'"•~rtt• !~ - H ..... ~...__ ... -H I-- "+tH--Lrk"'l '-th. .. : J..t-1-t:l 

__ ...._. '"H...+-• .;u ... .;.., .. i 44-,t. l -krti \u h I Htt l-.'l·t~·· I P \ l•+tt ... ~ ..... p" n•F•t'- +•I ,p 41• \.. ._ • .. 11 J ~' ..\.1.~H\ l1; ~ .. f \ +••l,tf--,u+ ... 

1 l ' . tfll ti f•+•·4HP.~1;.---i--..-.--'1,.~th~1t--ttH--ltt.• ~ --tt'-.1h- \--tt \ , ·.- h, dt<kl+tHIHH" tl11: tftU--t .... , h1•t: •-ic • t--4. i p \ -fJH• --,--\- u.., ...... +,t'-J 

1 ,___ ! +'-'+" , •4--l,ii.+.•J..-., -~ tt .. +4t-~\.-H~-1-+!-t'--+-,-,•+-:-Ht .. ..,., tl-rt"---t"t..~•l .... •,-.,;t.. rrt~p-•-n.¼1----I Htt: 1~~1---rH•"•.,;..l,t. .... "1 • • :.,.1 ..... ~~• •_,.. .~ 
1 ••HHl~I ti,.('" ,111,1 •· .... ,1,.+i--•I ... t- Hf tl-h ... ~-tt'- l,-.1--h.."t' --~ 17"i ~-"t1..,+--4.,_ .... -l--+~+t!.i.--\ -4ht'--~ ~'tJ..~-- • ... -.+...--+t I tt••? l"t= -ti•h . .-t 

Ht.tt , 1-l nH1t t."f'"..- ,~• 1'1\ lith;'~-+li 1r1t 1, I t i ...:rf1+ 1t.. \ Hu---. ...... 1•! -.h ,--h ---ht -
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f1,efwl+7 I I'\ fHtN-t'<>A~+.J- +rlfl<:4\.-•+-lrlll•·,~ ~th.R-rl'<t-A,: ; r c11 II~ 111 lhc ' .. 1 .. 1,, 1,. Ilic· ,',,.-,.+j-

1mr,1t1' I the' 11di11i,111. lhc '"' dlllr· 'h1 ,h•I~ "' ct111lj'ildllce. dllti .. lie!"' 1. \1cr 111,1llc'I .t ]ti lite 

111<1~ lc't!llilc 

~t,411 211' ii lite l \\.ti II Jc' ,cl 11,_, tit I lh<1i tilt' f'1<•l1il>itctl h_. 11111 I h1 •« · 1, ll c,lltl 

1'1.- u•rre 111•11tl111,,.1,;ulc1H"n, d\'j'II «jt1,tll: lt• lht' (II lt111dc11tl .1 1,, 111~ ,:1lc1 tc;uluiccl 
~1111 1,,11 \,1 1'1,11 .11\ 1>1, 1 hibi1cJ 1,:, ',·cli, 1. 2P' ,,! iii.- I \ \ 111,111,lt' the' 1n1r dus11,,n 111111 

tdlllllkkt' 11r the ,.ilt' 11I d ·,t'i11,I.- \\llhHlll ct ceniliu1lc ,,I u111l,1r111J1~,. rcm,1,111..: 11r11il1eni c 
tk+~n+·•-..-.ttli••~"-"ttttf'ntdH. H-1t- ~.,J.,.,•r H1~1rttht!tt•H-,•I *.,._~-J~t;tti~lt• *1-t'rll 
t'll.l ''""' dlf'1lt.1I ,. ,t11J o11h,-r rt'lc11td dclh 'l I I'\ 1i1L,li,,,.J .. 11,_"Ud_'c 111 ihc '1 11' ( () 

~t<•n 1\1,11 dt:idli, Ille' ,pcc1li, p1, h1h11c'tl «,_k'i lhc· '- leull \tr \cL 

I 11 ,11Jc lllillltll11clt1tt'r Ill Ilic' ct11l J'l1.lllct' j1!1id . I I'\ 111,1·, ,J .. '" llllllll0 c1 "' 1l.-,1l,i\:11,· 
rithl-·l+W<'+l+i~--i 11 ldl 1tl lt1dlll c I It• ~~t><. ..... ~tfi,e,:4~1--,:,I- I .( l -.!rl+l,.~'1"1.J--.- ti,.,..._. 
llc''lihd11i,· c111J llkel111' l' ,Ire' c',J1c'clc'd 1,, i11«·1.1i· h'c il.c' J'lo•duc11,,, 'I cc'lfoil' ,_.1i;,1_. ,t11..I 

ff•+\-i~ ullic 1<'111-k>-mt ~ - ffirttttttrid-ttft'Pdtt·+ttHI. c' r«c< d i~ lc'c 1111, I«; I"" I I IHJ'r< \ c'll lc'lll 

c1Ht! fc't!ttc't'-til<."-14-t:'h;fl H~ ttl +h<' fl•~.,,tt-,...ft-h•#lh ... HtJ'f «IIH ,111; "' c1,tl l ell I 11, •Ill lie 111.,\ ,111J I t,c I 
"'' 11«111: ,·h1c'lll\c' - I lie' h1«, 1cl ;«.ii "l1<11ffll .,, .... ,,. 11t.~"' • ...,;!:!"+h.fe"- -.lrlthln+J- ,m,1 c•>tltj'Hrlltc<' 

\'rt•u· c 111,ludc J'l<'•t'r\lttc'"+n~rnul.1c1u1-.,r · 1le·.1h111i1c i11111c·cl111._ the 1.111,la1J ,.1, Ilic c>dc'lll 

dJ'l'l"t'f'r!.llc' ,inti r_.,111110d l: 1.,,, 

I ,,1 I I'\. J1«il«c arJ ,11\tc1 <'lllcr,,.c'llc~ 1,c'l11clc· die c\c'lllj'i lr-·1ri 1l1c' l 11 ,i.111d.11tl . • , 

r1J;.~-,\.l 'I :'II I 2 ,Ill.I 1.tkl m,.Jt.'I I c'IIP . I ndrl--1 Pl \. t-Hri~l+,tc'titf<'f....tt~•rlll.~• 

t"rt:ttttJ.:..p,4+c't'"-rifltl-i>l-l,t'H~iHt'f~';-- •t'i.+,'-k·-fr-1-ltt'tr+-\-l-l il<'cl «ncl u\l 111.111ul«ddrt!r lh<tl 

p1,,dth.c'<'lll<'l',,c'l1,:, \c'hi,·1.: h.11cl1i l1 11i,.1ll: d,'llc ,_ l l 1.\,...J.•j"1:'tldll-t'-',t'll,j"ll,>ll.,.,.j-1Hrdic'fH\.• 

l+lt'-I-.J."<-- \-t'-\·t.'illt'l+.•H. \\ h1.-l1 .1\111•1 lllrlfltllrit-l+!f<'P. l,+t",,:"'.1 1J'l r,<licc .md-t'ffit'i),!c'fk'. \chicle• 
tq>,,11 clltltll,-! flt !lli<.111i1111 it f J' \ lliie dlllc' 11,1lil.lc.1!1t1ll 1\i.11 I clH II~\-\ 1,.,.4,+i=,,J-1 l f' \ 
cdllilllllt:', !t1 hdiclc iii nJ'1'F11 \~+f'f·'' idc till c'«lllj'll 'II It I lhc •t' lc'\i«:lc, hccdll c Ilic' 

Hfi-11.-jtte tt'd+Hft'",- ,.~ ~chi, It' tie ,j ,_llc'U ,pc'c I !h: itl-½,---1; <I Id\\ <'I, I ,~ft-c'-Ji'!<C"lthlHtl-.,!Hc'f7c'rlh. :r • ·~ 

prn,.,........-...1-M-'"" 1h<'~•--+-+iH·,+++t!-th.-++-1-0 t'H+-l~,-,-it11-h. ~t"- ~di,;, i..11 f'"'l'•~,.._,,,f-hri11111•111,-,,1i.,11 
I\ ilh l!Oc' ( \I \ prt1,_I dill I hc'lc'll<l"c'. 11• • d'lllll 1t'll! ',\ c'I c llli,-!l•i Ill !ht' \ l'\P \ t r I c'dl\ c',!. ,111J 

11' \ \•,ill r,•1.1111 lhc c',elflj1 li, n d clllTcllli'., c\l till,_ . 

\ · 1ft1{1 f:t, ,, c,/ftf \qt,,, . l ,tiJ ·•'IL ll.n1, toe' , 'c 

'Ph1II \,;1• Ill<' 1ni111ul.1d11rc>P IH<'<'li11; t\~11 1111 inc, \d111i111 1rc111. 111 ',\~ \ 1 lh' 

,n1c11c1 tt lt•nh m I ' ( I H 121 .2111 dlc't.''«,·1111,1 fr,,m I f~l ll --..,mJ.++.l..t!t\-c'HlMr~<' 
~.........iitct' t111iq11c ,~ 111 ".ti l~~lllc ,1i1nJ .. rJ . I, I ,ch1clc llhllittl<1clt11cr. 'I\\' , 
dc'li11111,111 ,,1 ,1 11111\I 1>11 111c' 1 .111~ lirin •• 1111 ii! 1h,111 h,'l!U.t4np!.~, I*- 1+h.·tt1tk-•,-h,-.H, 

I ', bc1 c"d <111J !Pr,·1;11 111,111 h1 ,in, e 111 :illt'c' J1 1i11cl c\tlc,- •rlc l,1r lt._111 Jui: ,duck 111.111 

'n +ttltHr ttldt-ltlfttc Htt c-i-.. ttlt.k'J'<'tldt'Hh' ••ffttHc'l c'tt!Hfflt"fle"f••+H I .J . .111J ,die rn.11i , c I tic' I I, I 11, lc 
, , ,,. u1"' r I le' , 1,., 111"' .. ""'"""1 1,,, '" ...+l-htH-u- 1 t'<'!-Lc'l,1 ,,1 11,.,. 1 .. ,,,1 "ril-nh,J ltg-1-.H+tirh 
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-..Ht', 111 lhc 1 ",. tlllt, iht' <''«lllj'IH·>tt~,rl ,1 nc;lt,,. hi,: llHfdtl •II,•, t1,11l l 11 t,;1.lut-1;.-,.1~ 

~<11 ~ .P...\ l.11,n ,'11,h bu l'k'""<', rtl c-t'-'<ctrq,1. 11' \ rcqun,: c"cttl1 uch enllt:,-+,• ..+tl>!-H+Hi 

'lllll<'ll dcc:.irdl1ttn...k"i,lldlld I,,,., II qu,ililic ,1 .. ,t--,tttrtH-l>tt--tt~..,..,..,,H,cit't I I I It I: I :11: l i1e 

pt, ,;r,1111 .ti,, ,tl+tw--- 111,dl PII lllc t' '" l'•c,l\~t'+I t'-\-t'-ltlj-~11 .. 11 ,111tl le lu111t1·1t:• C' t+~ ~l lh<' 

( -0 •ldlltidl"J . I tlf-t.'-'rtttttj'lt'. d-' 1l1<1II llidttlilt1,-l-l+h,H+l.""'.J.cdttc'-\•<'+lldt', cl-'~~-tfflf4;·1~ 

it I intt'I<' ,kt! in ,:!<'llt'r.iltl',:? I I l <lctlit ,tlh.+t><'tt.'1111 .. II: l'.trliLtf'dll'l,:! 'II ti,· t1tcl11 llhtr.j._,,_,1 

~f-tt+ •llHII' hu,111t'nt'•. Ill tilt' \I) 'Ill~ ' 111 11 I I'\ pr,,~t11ll, tilt .1..!c'lcl 1,·,11;111/nl 

Htctt---,.,t!<'' ...-: 111.dl ... iUlfk n,a'iulm.llff<'r I I.e. 11idllldt1dlll<I ----·i+l1-t1Httl'<'tl rr .. tlutl l111c dlld 

!'I• d11c11< n l••,ttmc".....+hrtkt., 11> I Jlkd the" \ll \ dcl°ftttti,-1n,-! ,t•llMII h1, 111c 1,,,, .. ,,IJ ld«I:, 111.d 

~ --.trlttt.lm.J.. It> lie ,·,u,·111cl:, ch,tl-l<'+~,tnHJ-f'H1clHi"II: illkcl 1hlt l" c1lhl~ rt+l<'.i"l~+\1 
J'lll1.lrc1,,;1-l-c1,..J1t 1t,111,,11ic1 IH.tl\llfrt..1-ttlcl . ._l.11'111,:!",lllith, '111-«'lllJ'hrl-l>tt'HI•'<.~ 

cl1;ihlc Ill.ill 111itHl'rt'. l1!.ll!lll .. .t111cr 1'\ \l..+lt<th' 1-h .. nrtf..•111, j'L'lllll•l1 I I'\ Ii• dc'\o.'l••11 ..:t, 
.tlk111.,Lih l ( I -.letrtf I Hr ,h._,i, c-•1111'dl1'.• tll.'tcri11111cd 1--+l-rl,,_rl"._-I,: , .. "l>.1 , 111., rul>l11. 
1•r,1cc lt<r\t'I _:111~ '1111.tl,c·,c .. 1111cllhlltt1L1cH.\c'I' ·1,:1,:,\,ludecll111nu111pl:,11l'~ 

t-W 1.11,tic1rd, h~ 1 .. 11, .. 1111; 11,,· .1111c pt11111111·1o; p1.~ll1; ll.-•.il•1 ' 11: 111111, 1 111, < \I I 

.1llcrnt1ll'd 1,md,11d ,.,,. -111cill ht Ille' t'I h+f+i•HH Ill (Ill 1•<111 .;,::5 ., I \ I I<' c·,c11,r1 11<.+tl 

lllt'l.'1111.,:l<> ld'ldc11tl,i-Hl1,:: h.11,·.in1w.1il' "" le 1h,111:'.1i.1u~1.., \q,l1;1hlc 

11 ,it•t1i<1Lllltc'r mu I 111 1111,d,,: c1 ,;• ,,ti lc1ith ,,11,,rl 111 ,t'dH't'-i:l<'dll Ir, H ,,1l1c1 111c111ulc1..ture1 . il 

!he: die' It'd I 11.11>1: d\clllul-lc . h• td\cl iht! cllll I II !c'dllclil'II 1h,: '•l•'lild l1c1,.: ...i-ttc'f-~ 
!;• dchlt'\ ,.' 1111de1 t11Tli,t1hlc 1.111d .. 1d \n '\ \ I ,11di, 111; 11ii • r1i1111 \',<'ltl~-H<'i1--.Hhl11I "'"'" ,111,I 

l!'i."rn .. 11111111hc11 I I'\ \1-t'llld 11 c ii' .1JJ1111·111,, .,u1c1 .11<1d,1l•lc 1t1l•>r1n,,11t111111 c • .. il•l1 h l I l 
-..-httc,.-h-~++1-1ll.ll pcc·1li, 111.inuli,,·1mc1 Ii• \-nl,_,, ... .,>,4-t'+IJcd d1,;ibil1t: 1,,r 111, 'I '11 I I 

j'l--..t+>t+-l11 ,,:r: ll1t1II 111<mtil.i.:1tH't'f-.-thd-1-rtf<:' , .. ,,,.,J h:, l.n;c 111<111td<1<lure1. hut 1,1l11ctt ·M<' 

.il>k· t.1 c i.1hl1 h 1h,+!-ttlc':,-.,;r<'~'l''-'l.1l1,1n.1II: 111J.-1>c·11J,.·111. 

I I'\ l>clie•,,·. II c'' cllij'll1>l\'-.--\Ht! lull ,111..l c,jtlHdPlt' !i'I tilt· t' l'cclli, l:I'<' t1I 
llMlll11tit llllcF • ,tntl. th,;1<'1ttr""'-..lr,l 111<l r«lll<' I ,ttll'!Hclal 111 the·\ l'H \1 (I' c•--k; e h.111,;, 

~.t,,n •· t, 11 «Jllc!HI;,. I I'\ 1 r..tr1i11111,, the,.,, ,tin; t'',cll11'11,lll • "11l1o•ul <111_. lu!1hc1 
111ud1li«1111•11 ,. 

--i--i-lrl+l-r,.•"' ,~.· ,·, /i,' ,,., 'tc /,,1c, ·,,,,111< 1,,,, ;,,.,•./· 
I 7 I ! I \1 

11:,-~f l>,1clsg1,,u11,I. !he 11 \ \'.~t.;ti..-t-iilt' 1ddll11111,il !cud 11111c '"' l111111cJ 

1,-lu111c 111.,11ul.i,:111c1 ,. 1,hcrd~ ·l'«ili.-tl lllllllhr ,-1 ,d11e,c .trc uhnl l11 c1 le• -.If+~ 

•,hmd.11,I 111.-nht1 '.", ' 111' 'Ill ~,....-+i+h>t~m,tllc1 1,,l,1111,: 111.111u1.,,H11,;1,1 \1' '11111 

'l,11n1!.1ct11rer-.-,...HH lim11,,t11'11,Jud 1111,. •1c1·, 11< 1t·J f':, I P·-Ht+h<'~'irl-11: ,li.,lle11,;t.l 111 !he 

~'r<';t1;..-,-+-J4hc lt<llll l'rl',:?r.1111. rlttll 11c,Ji11; uJtlt+H.;ld+ lt'mi llttlt'. \l.111ul<1..lur.-r ", 1th lldlT• ·•• 

l'I• """' "' ra111g \\c"l-c 1114 .;t>lc 1, · 1.11,t' 1'1111 dch dllld,'.c' "' d .cr<1;i11; Ill • 1h.-r l'h~fo+H Pt,~ 
clt.c l<1 tilt' t+m+l~"I'< •I the t;, I''- .>I I cl11t le Ilic~ c II 1.- t'-\dH,t'k. , •Ille' 111,,lli.'1 •, ,l,1111, 
lllcllllliddtlltliltcl cull i,ltnlirt'I~ 1-l1d11,lc 111111,,-r:• lii;l,lc1,t'l 111,·1 () cm,, ,,,n 11,t'II 

; o.'hl, le .trt' ,,b, .. , c Hit' l ( l t'l~ll l.11:,!cl I, I iii.ti ; d11t le I, t<lj'l 1111. hc11 J,, 11''1 hrthc,.illt'+-f:'-fc"", 

,,1 •d11.-lc,111lht'II p1,,lt1c11,H11111•, ,11t, .. h,d1lt<dh'r<1,,c lhc crffit+ttHT .. llllc'I ilt'tl 1,111I: pc1: 
liHt'• 1111de1 the< \11 J'l";:!ltllll r..titc-r-ttMH fl~ iht'; +f'i>tt<.tl>i_. I \I I 1.111,l.11,I 
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14'Atlt'lt'nllmt'tl 1h.1! 1h,0 t' lc'ti1111>l11::'1ud cll'c: 1111 Ullt'e' '<',.1rn111,•tl 111.>lt' <'.lti lime' in tile' 
1.,nn ii d 111,,1, "'1<1tlu,d 11lrn , in, 1-~rth \ mrlH\Hndtth'! -!tttt'-qttn++j7 4,,1 tilt' k'iHj'<>f<1+'7 
lt'<1d 11111c <1,l,»,1c111ct' ii it ,,14d ,._,IH,-k,-i+H~\,..-+fl \+\ l(i11u,rnJ th I , ~-k--...~~4-t+ 
m ,,l,,J: t',tr •· de hc1, •,1 11111.111111 ~-k--1 p,,tt ... ,1H..+7to~ltk-+h!C'..lt,4,1 ... n1,..11;;.-tt-mrtn•tlndt lf<-t 

P.i '<'tmiH ... l-li.L\tt'~il c1 li1111tt'J nu111l1c1,-,J--;--c~11tl, .1, .i ,q,anHt.'-n+t"frl..:111..: 11 ,·.:1 l,,r \I', : JJ! ;_ 
~-1•-ltH.H-dl>! IIPin! I,• d It', 11111::"clil (II -.!-rltttldht 'J'<.°'-°f4:._'-<T~n ... 1-rl+ttkttthil 2> l'c'lt't'll' 

.,h, ..... Ille'\ cl11,I,· . 1•!ht'rll I ,:' •ll'J'li.:c1hl, 1,.,,1 1'1'1111 lttr,,t'I le,"' '.I 11! dl'l'I: II' <ii''" 11111.1µ11-J 

lt'i11t·lt' t111t1I. j'lt'ati t 1\c'fillt' 1,•l,f:,t'cll l'<!Wtl ,,1·1n 2111~ 1lm•t1,.:h ~Iii'. 11 u. 1l1c 1111111ht'I 111 
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r.!!.,_ What Complia11ce Flexibilities and fllce11til•es A re Currently 

Available Under the CO2 Program and How Do A1a11ufact11rers Use 
Them? 

Under ! l'\· ,1c:_ul.1t 11 'cct1•11_11:,c11,1liht' I \\.manufacturerscanusecredit 
flexibilities to comply with CO2 standards for passenger car or light truck compliance fleets. 
Similar to the CAFE program. manufacturers gain credits when the performance ofa fleet 
exceeds its required CO2 fleet average standard "h IL h L 111 1,, , .1 rkd 1 " 1 ,, .u l1 I 111 'i , , , .:.ir . I I• \ 
d,11 • 1011 , .i 1111.:-11 me: dL·di t ,.,rr - l11n, J rJ c:'\u:c:dinc. ' , L'.ir, .,!) 111 \1 111:.! \ I'\ 2111 11 .. :11 I' to he 

, Jn 1,·J l11n, anJ 1hr11ti:.!11 \ I'\ :112 1. A manufacturer's fleet performance 1l,c1t l.1ll h:'io1•,, 1hc le•. c I 
t+!--itth.11 J,,c:, not lllc' L'I the: fleet average standard c't+ftl'-,,;_c·n,·r.11-, a credit deficit. Manufacturers 
can carry credit deficits forward up to three model years before having to resolve the shortfal l. 

~r.-tt4-h.+c4J.+Ml-t'-ffit'-If ,+t½'-Hi• •JH1 ~~~ ~ 7" -IH,-,I',,' ..;,~ ~~ 
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~~ch tilt!! t111~. dt'tli1 ..:t'llcld1t'd IIH'll 'I', 21111 1 1m,,11;lt _'.'.11l1• 111<1~ 1,-, 11 ul 1," 111pl: ., 11h 
li;l>1 dut~ , ttliklc• l ( l ~fi..l• ril ~H1~ 1111~~) "'n , I I h, pr1n I H'l1 d,k• r:111 dl'l'I: 1 
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NHTSA 's program will continue the 5-year carry-forward and 3-year carryback, as 
required by statute. Credit "transfer" means the ability of manufacturers to move credits from 
their passenger car fleet to their light truck ileet. or vice versa. As part of the EISA amendments 
to EPCA, NHTSA was required to establish by regulation a CAFE credit transferring program, 
now codified at 49 CFR part 536, to allow a manufacturer to transfer credits between its car and 
truck fleets to achieve compliance with the standards. For example, credits earned by over
compliance with a manufacturer's car fleet average standard could be used to offset debits 
incurred because the manufacturer did not meet the truck fleet average standard in a given year. 

Under Section 202(a) of the CAA, there is no statutory limitation on car/truck credit 
transfers, and EPA 's CO2 program allows unlimited credit transfers across a manufacturer's car 
and light truck fleets to meet CO2 standards. 
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EPA requested comment on a variety of"enhanced flexibilities" whereby EPA could 
make adjustments to current incentives and Credit provisions and potentially add new tlexibility 
opportunities to expand the means by which manufacturers may satisfy standards. Some of these 
additional flexibilities would not result in a reduction in program stringency, while others would 
incentivize technologies that could realize greater CO2 emissions reductions over a longer term, 
but would result in a loss of emission benefits in the short.term, as discussed below, EPA 
requested comments on these topics to support the increased application of technologies that the 
automotive industry is developing and deploying that could potentially lead to further long-term 
emissions reductions and allow manufacturers to comply with standards while reducing costs, 

EPA explained that one category of flexibilities, such as off-cycle credits and credit 
banking, involve credits that are based on real world emissions reductions and do not represent a 
loss of overall emissions benefits or a reduction in program stringency, yet offer manufacturers 
potentially lower-cost or more efficient path to compliance. Another category of flexibilities, 
such a~ incentives for battery electric vehicles, hybrid technologies, and alternative fuels, do 
result in a loss of emissions benefit and represent a rt;duction in the effective stringency of the 
standards to the extent the incentives are used by manufacturers. These incentives would help 
manufacturers mt;et a numerically more stringent standard, but would not reduce real-world CO2 
emissions in the short term compared to a lower stringency option with fewer such incentives. 
EPA's policy rationale for providing such incentives, as articulated in the 2012 rulemaking, ,,as 
that such programs could incentivize the development and deployment of advanced technologies 
with the potential to lead to greater CO2 emissions re9uctions in the longer-term, where such 
technologies today are limited by higher costs, market barriers, infrastructure, and consumer 
awareness. 1rn Such incentive approaches would also result in rewarding automakers who invest 
in certain technological pathways, rather than being technology neutral. 

Prior to the proposal, automakers and other stakeholders expressed support for this type 
of tiJ"fFe-,,<h-l,:1!t.1!vJ;_;;!!_,:_~_D.-;,~!.lu!.'_\l• For example, in March 2018, Ford stated, "We support 
increasing clean car standards through 2025 and are not asking for a rollback. We want one set 
of standards nationally, along with additional flexibility to help us provide more affordable 
options for our customers."1672 Honda, in April 2018, also expressed its support for an approach 
tha:t retained the existing standards while extending the advanced technology multipliers for 
electrified vehicles, eliminated automakers' responsibility for the impact of upstream emissions 
from the electric grid, and accommodated more off-cycle technologies.1673 

EPA 's request for comments was largely based on its consideration of input from 
automakers and other stakeholders, including suppliers and alternative fuels industries, 
supporting a variety of program flexibilities. 1674 The following provides an overview ofEP A's 

"" See 77 FR 62810-62826 (Oct. 15, 2012). 
167:! "A Measure of Progress" Bill Ford, Executive Chainnan, Ford Motor Company. and Jim Hackett, President and 
CEO, Ford Motor Company, March 27,20!8, https://medium.com/cityoftomorrowla-measure-of-progress
bc34ad2b0cd. 
,m Honda Release "Our Perspective - Vehicle Greenhouse Gas and Fuel Economy Standards," April 20, 2018, 
http;llnews.honda.com/newsandviewslpov.aspx?id.,10275-en. 
1674 Memorandum to docket EPA-HQ-OAR-2018-0283 regarding meetings with the Alliance of Automobile 
Manufacturers on April 16, 2018 and Global Automakers on April 17, 2018. EPA-HQ-OAR-2018-0283-0022. 
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request for comments on several flexibility concepts, the comments EPA received, and the 
agency's response to those comments. After considering comments and the level of stringency 
of the final revised standards. EPA is not adopting new incentives in the areas of credit 
multipl iers 111 ·th thL L .. \ccpti,,n "' 111ult1pli.:r, 1,,1 11,1t11.1 _c1 ,cluck 1, new incentives for hybrid 
vehicles, incentives for autonomot1s or connected vehicles, or alternative fueled vehicles~•· 
1h.1r n tur.il_g.1,, as part of this final rule. EPA is finalizing program changes for the treatment of 
upstream emissions for electric vehicles, the treatment of natural gas vehicles. and off-cycle 
credits, as discussed below. 

( I ) Credit Flexibilities 

Under the EPA program, CO2 credits may be carried forward, or banked, for a period of 
five years, with the exception that MY 20I0-2015 credits may be carried forward and used 
through MY 2021. CO2 credits may also be traded between manufacturers and transferred 
between passenger car and light truck fleets similar to the CAFE program, but without any 
adjustment for fuel savings. Under Section 202(a) of the CAA, there is no statutory limitation on 
credit transfers between a manufacturer's passenger car and light truck fleets, and EPA 's CO2 
program allows unlim ited credit transfers across a manufacturer's passenger car and light truck 
fleets to comply with CO2 standards. This flexibil ity is based on the expectation that it will help 
faci litate manufacturer compliance with CO2 standards in the lead time provided, and allow CO2 
emissions reductions to be achieved in the most cost effective way. I l'-1,.+-.i•,.;-~~--tt! 
ile•,ibiti1: d d d!lt:' (IIHt' J'li" I 11111 ,il,,m111!.: IHdllllldcllllt'I, 111 ..'.c'llt'l'dlt' ,1etl11 !.11 the' _111111 _Iii I 
Ah1d,I ~•df. I hi, ,tll,m,d 111dl1lil,tcltllt'l 1,1 h1l« <1dh1llld::,L ·" Licdi1 "l'f'• IHI 1i11e rri,11 lo Lile' 

ldl'I ,d Ille lt'dt.'ral L!IIJ'II'<' ( () tllll 1, 11 I'' •..'.I.IIH Ill 'I) 'PI 2 

Automakers suggested, prior to the NPRM proposal, a variety of ways in which CO2 
credit life could be extended under the CAA, like allowing automakers to carry-forward MY 
20 IO and later banked credits to MY 2025, extending the life of credits beyond five years, or 
even unlimited credit life where credits would not expire. EPA requested comments in the 
NPRM on extending credit carry-forward under the CO:? program beyond the current five years, 
including unlimited credit life. 

111 !ht'\ P~l'I. 11' \ !<1lttl II hl1t,c l0111"t1 ,rc.li! !11, u 111,l t-'-l<k 111o111t1l.ttlh+.:'+-~• 

.1,ld11i .. 11t1I n, .. ,tl,t111: [11 lllit',!1,llt' l>.1111..:cl dt'd,l lurllic'I 111111 llit'II J'i"dtitl 1·1.111 <01ld I'• 1111111,111: 

ft•tftttt'--c-0 ,l, \' d re tth. I p \ lc<fltt'..\t'd utlHtH<4ll'-1'tl c'\l<'i1dlll,: cretli1 ulfT\ '"'"''dfd he:' ntl 

1-H<-'l'Bftt'ti+-l+I-<' 7.,,,..., -+H<c+t11.l+n-..: unlim,1,..., t+~ General comments were received in 
response to the NPRM from the National Automobile Dealers Association and Volkswagen. 
They commented that credit carry-forward and carryback options help with annual comp I iance 
with the CO2 program. 1675 They stated that these mechanisms allow manufacturers to become 
compliant over the course of the time a credit is usable in the market.1676 Toyota, General 
Motors, Fiat Chrysler, the Auto Alliance, and the Global Automakers each commented that CO2 

'
615 National Automobile Dealers Association. Detailed Comments, NHTSA-2018-0067-12064; Volkswagen. 

Detailed Comments, NHTSA-2017-0069-0583. 
1676 See. e.g. . National Automobile Dealers Association. NHTSA-2018-0067-12064. 
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credits earned by manufacturers need a longer life so they may be carried forward fu11her than 
the current five-year limitation.1677 They asked for an unlimited period for using CO, credits 
without restrictions, since h,, .11 _111:, 1 .. t automakers have earned those credits and should be 
allowed to use them however they see fit.1678 They also stated that this would incentivize 
manufacturers to make early reductions in CO2 emissions.1679 Furthermore, it was noted that 
credits are earned when manufacturers achieve lower CO, fleet average emissions than otherwise 
required by regulation in any given model year. They stated that this typically results from 
actions taken by a manufacturer to deploy specific models or more efficient technology than 
required, often at a higher cost. Such technologies reduce the amount of CO2 emissions released 
into the atmosphere over the li fe of the vehicle, which could be over several decades. Therefore. 
the resulting credit earned by a manufacturer for having made the product or technology 
investment that resulted in the reduced emissions should not be limited to five years. 

Global Automakers, the Auto All iance. Fiat Chrysler, and Toyota requested a one-time 
expiration date extension through 2026 for CO, credits earned in MYs 20 I 0-2015. 108" They 
asserted that earned credits represent actual CO, reductions and increasing thei r lifespan will 
allow for better compliance. Conversely, Honda disagreed with the extension of MY 20 I0-2015 
credits through 2026 because they have been selling their credi ts under the assumption that they 
would expire.1681 Honda stated that shorter life (soon to expire) credits are worth less than 
longer life credits, leading to a disadvantage for manufacturers who have already sold these 
credits at a lower price. Honda asserted that the one-time extension would benefit only a few 
automakers.168' However, Honda did agree that a one- time extension through 2026 for MYs 
2016-2020 CO! c.redits would assist with compliance because these credits have yet ro be 
involved in trades .1683 

In sum, commenters requested either unlimited allowances to carl)'-forward surplus 
credits without any expiration date, a one-time expiration date extension through 2026 for COJ 
credits earned from MY 20 IO and later, or consideration for extending credit life longer than the 
current five-year provision. After considering the comments received, EPA has decided not to 
change its credi t carry-forward provisions at this time, and w ill retain the credit carry-forward 
period under the CO! program at five years for credits generated in MYs 2016 and later. l.t_l 
r,qui:,1..:J ,·"111111,·11h <>11..:,1,·nJ,J ,,11T,-t.,r".irJ .• ,J,.11,_ \\1th thL..1.1,,-r 11,"1' 1111..:,}_11,,J.!",-'-' 111 
this , i:,t i.,11 . • 1, p,•1<:1111.d \\~>I h..:lp111,_ lll,llllll.1,:u1..:r, 111 l1,111,Jl11111 ' " 111111, ,1111-,1 I ,1.111JJ1J, 

th;111 Jlfl'l'"'i:d 1111\\,·1,·:·. C'.l h l l th, 1,·,..:. ,Ii Iii, 1.111J .1rd, 1i11.1l1/c:d l!lJ.,, . EPA J,,._.,-.,,,in+ Iltn+ H 
tW not believe any changes to its credit carry-forward provisio ns ,....,..,re warranted. EPA 

1677 Toyota, Detailed Comments, NHTSA-20 18-0067-12 150; General Motors. Detailed Comments, NHTSA-2018-
0067- 11858; Fiat Chrysler, Detailed Comments. NHTSA-~018-0067-11943; Auto Al liance, Detai led Comments, 
NHTSA-20 I 8-0067-12073; Global Automakers, Detailed Comments, NHTSA-2018-0067-12032. 
1678 See, e.g.. Global Au1omakers, Detailed Comments, NHTSA-2018-0067-12032. 
1• 7• See. e.g.. General Motors. Detailed Comments, NHTSA-2018-0067-11858. 
1680 Global Automakers. Detailed Comments, NHTSA-201 8-0067-1 2032; Alliance, Detailed Comments, NHTSA-
20 18-0067-1 2073; Fiat Chrysler, Detailed Comments, NHTSA-201 8-0067- 11 943; Toyota Detailed Comments, 
NHTSA-2018-0067-12150. 
'
6
"' Honda, Detailed Comments.NHTSA-2018-0067-11818. 

'"'' Honda, Detailed Comments. NHTSA-2018-0067-11818. 
•m llonda. Detailed Comments, NHTSA-20 18-0067- 11 818. 
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11,•IL'~i!+ ,, .,,1,11,.,~ that NHTSA 's CAFE program is constrained by statute to a five-year 
carry-forward so if EPA adopted a longer can)'-forward period, it might be of limited use since 
the level of stringency of the COc and CAFE standards is similar across the programs. Also, the 
analysis on which the tai lpipe CO2 emissions standards finalized today are based. assumed a 
five-year carry-forward period for credits . 

. \1Jt1!hcr red ,11; lt•r dc·n~ Ill.! 1rn,11tll<1t:l111·t'1 rt'q11, b--1~-h:'tjtt!lctl·lt• .1J1t11llct,:!<' ti n•ll.:,t 
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(2) Advanced Technology Incentives 

The existing EPA~~ program provides incentives for electric vehicles. fuel-cell 
vehicles, plug-in hybrid vehicles, and natural gas vehicles. The 2012 rulemaking allowed 
manufacturers to use a O grams/mile emissions factor for all electric powered vehicles rather than 
having to account for the COc emissions associated with upstream electricity generation, up to a 
per-manufacturer cumulative production cap for MYs 2022-2025. The program also includes 
multiplier incentives that allow manufacturers to count advanced techno logy vehicles as more 
than one vehicle in the compliance calculations. The multipliers began with MY 2017 and end 
after MY 202 1. 1685 Prior to the proposal, stakeholders suggested that these incentives should be 
expanded to support further the production of advanced technologies by allowing manufacturers 
to continue to use the O grams/mile emissions factor for electric powered vehicles rather than 
having to account for upstream electricity generation emissions and by extending and potentially 
increasing the multiplier incentives. 

First, EPA requested comments on extending the use of O grams/mile emissions factor for 
electric powered vehicles. 

The Auto All iance, Global Automakers, and several manufacturers commented that 
upstream utility emissions come from power plants, not vehicle tailpipes, and manufacturers 

"II 1 .. l . l>.1 kil , cl 111> \ :11 • '" -__µ..,.,.;..,.. 
168! The multipl iers are for EY/FCYs: 2017-2019-2.0. 2020-1.75, 2021- 1.5: for PHEVs and dedicated and dLial
fuel CNG vehicles: 2017- 2019-1.6, 2020-1.45, 2021- 1.3. 
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have no control over the feedstock used by those power plants and should not be held responsible 
for their upstream electricity emissions.1686 The Auto Alliance further commented that removing 
upstream accounting is not an incentive for advanced technology vehicles; rather, it should be 
seen as a correction to remove responsibility for emissions over which the automakers have no 
controL 1687 Fiat Chrysler commented that "requiring upstream accounting could impede 
development ofBEVs or PHEVs, as accounting of upstream emissions degrades the CO2 
perfonnance ofBEVs to the level of PHEVs, and PHEVs to the level of a conventiorial hybrid 
electric vehicle. This, in effect. disincentivizes the technology."16~k 

Several other commenters also supported not counting upstream emissions and instead 
only counting electric powered vehicle tailpipe emissions of0 grams/mile. 1689 These 
commenters included NCAT, SAFE, BorgWarner, CALSTART, Eaton, and Edison Electric 
Institute. 

API did notsuppon continuing the 0 grams/mile emission factor for electricity use, 
commenting that by failing to factor-the real contribution of upstream CO2 emissions from 
electric generation, the regulatory agencies would distort the market for developing 
transportation fuel alternatives. 1690 APJ commented that EPA should not ignore the 
environmental burden of upstream emissions in granting production incentives to automakers. 

Manufacturers of Emission Controls Association (MECA) commented that "with the 
growing emphasis on real-world emission reductions, it becomes increasingly important to 
consider all emissions to the environment, including upstream emissions. Numerous studies 
have shown that in many parts of the country, the temporary 0 gramsfmile upstream emissions 
factor is not delivered in the real-world ... MECA believes that EPA shou'ld continue to set 
performance-based standards that assess technology pathways based on delivering the intended 
emission reductions over the full well-to-wheels vehicle life cycle in the real-\>·orld."1691 Motor 
& Equipment Manufacturers Association (MEMA) also supported a well-to-wheel fuel !ifecycle 
approach, commenting that without this type of co'mprehensive assessment on the fuel impacts 
and comprehensive CO: costs, policies improperly "slant toward preferred techno!ogies."16

Q
1 

Nonetheless, MEMA commented that it is not opposed to continuing to allow 0 grams/ini!e 
emissions factor for electric powered vehicles through 2026. 

The Union of Concerned Scientists lUCS) commented that not accounting for upstream 
emissions combined with the multipliers has a significant impact on the efficacy of the standard, 
and extending.these regulatory incentives is more likely to result in a credit giveaway than to 
drive additional deployment of electric vehlcles.1693 UCS further commented that, to date, more 

'"" See, e.g., Volkswagen. Detailed Comments. NHTSA-2017-0069-0583. 
"" Auto Alliance, Detailed Comments, NHTSA-2018-0067-12073. 
1
•

11 Fi.it Chrysler, Detailed Comments, NHTSA-2018-0067-11943. 
i.io See, e.g., NCAT, NHTSA-2018-0067-11969. 
1690 API, Detailed Comments, EPA-HQ-OAR-2018-0283-5458. 
1691 MECA, Detailed Comments, NHTSA-2018-0067-1 \ ',94. 
,.;,,, MEMA, EPA-HQ-OAR-2018-0283-5692. See 
https:f/www.mema.orglsites/default/flleslresource/.MEMA%20CAFE%20and%20GHG%20Vehic!e%.:!0Comments 
%20FINAL%20with%20Appendices%20Oct%2026%202018.pdf. 
'"

0
-' UCS, Detailed Comments, NHTSA-2018-0067-12039. 
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than half of the electric vehicles sold have been in California and the States that have adopted 
California's ZEV standards; however, UCS asse1ted, federal standards ignore the upstream 
emissions for all vehicles sold. 

After carefully considering the wide range of comments on whether to include upstream 
emissions associated with electricity use in the compliance calculations for electrifi'ed vehicles, 
EPA has decided to allow the continued use of the O grams/mile emissions factor with no per
manufacturer production caps or other limitations. EPA is revising its regulations to remove the 
production caps and related pnwisions. When EPA initially adopted a production cap for 
manufacturers that -use the O grams/mile emissions factor, in the rulemaking to establish CO: 
standards for MY 2012-2016 vehicles, there were no controls in place for CO2 emissions from 
electricity production.1694 This was also the case when EPA ex.tended the O grams/mile upstream 
provision and revised the production caps in the rule establishing MY 2017-2025 standards. 1M 

However, since then, EPA has adopted a program to control CO2 emissions from power 
plants.Hi% Emissions from the power sector hav.e been declining and that trend is projected to 
continue. ia97 For these reasons, EPA no longer views the upstream emissions factor as an 
incentive in the same way it views a multiplier incentive which provides bonus credits. EPA 
agrees that, at this time, manufacturers should not account for upstream utility emissions. 
Therefore, EPA is adopting regulatory changes consistent with its historical practice ofbasing 
compliance with vehicle emissions standards on tailpipe emissions through model year 2026. 
EPA may choose to reconsider this decision in a future co~ ru\emaking, and will reexamine the 
issue when establishing standards commencing_ with the 2027 model year. 

Second, EPA requested comments on extending or increasing advanced technology 
incentives, including multiplier incentives, with multipliers in the range of2.0-4.5. EPA 
received a wide range of comments both for and against increasing the multiplier incentives. 
The MY 2017-2025 t,Uf,, .. :,.~i program finalized in 2012 included incentive multipliers for 
certain advanced technologies for MY 2017-2021 vehicles. 

The Auto Alliance, Global Automakers, and several individual manufacturers 
commented in support of continued and increased multipliers. The Auto Alliance commented 
that EPA should ex.tend and significantly expandi;;,~ multipliers "to encourage a transition to 
these technologies while cost, range, and infrastructure challenges are addressed to encourage 
ongoing investments in advanced technolbgies."1698 Global Automakers commented that 
multipliers should be included through MY 2026, set at values that encourage ongoing 
investment in advanced technologies, without diluting overall efficiency improvements in the 
program.1699 NCAT, Eaton, Plug-in America, Alliance to Save Eriergy, SAFE, and MEMA also 

'"" 75 FR 25341. May 7. 20IO, 
IAAI 77 FR628J6, October !5, 2012. 
ros, 84 FR32520, July 8, 2019. 
'""'84FR32561. 
1""1 Auto Alliance, Detailed Comment~. NHTSA-2018-0067-12073. 
1600 Global Automakers, Detailed Comments, NHTSA-2018-0067-12032. 
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supported additional multiplier ince111ives to encourage further the production and sale of 
advanced technology vehicles. 1700 

EPA also received comments against extending the multiplier credits. UCS commented 
that reducing the stringency of the standards lessens the need for the adoption of these vehicles 
and undermines the initial rationale for these credits, resulting in a significa111 bank of credits 
which would further erode the benefits of these standards.1701 American Council for an Energy
Efficient Economy (ACEEE) commented that providing multiplier incentives for any longer 
period, or at a greater rate than those currently in place, would create windfall credits for 
manufacturers given the industry's current product plans. 170~ Fiat Chl)'Sler commented generally 
in suppon of a multiplier incentive, but noted that since multipliers are a~~ -only 
flexibility not present in the CAFE program, greater use of multipliers would result in funher 
disharmonizing the programs.1703 AP! commented against multipliers, stating that the program 
should be technology neutral and that regulatory agencies should not incentivize either producer 
or consumer investments in government-selected technologies applied to government-selected 
vehicle categories. 17<J.l 

In this final rule, EPA is neither adopting any additional multipliers nor extending the 
existing multipliers scheduled to phase out after MY 2021 tor I \ ,. l'H I \ ,. :.ind IT\ s. 
t ·ompliance II ith the !in.ii r.:\ iscd standard, is pr,,jel'ted to be ::td1ic\ ab!.:\\ ithuul a ,uh,1 .. mt1al 
in.:reast: in the,.:: ,uhanced tcchrwlug\ ,chidt:s and therefore .1ddiLion.1l inccnli\,:~ to .::nrnural!c 
th.:ir production arc tmncccs,::u, . EPA is alsn concerned that additional multiplier incentives 
beyond those already in place for thc,e \ ehiclcs 1\ hich arc current I) 3\ ailable 10 consumer, 
would reduce the emissions benefits associated with the program. .\~ di,;..:u\,cd hclO\\ in section 
IX.B.l.a.(3)(b). EP.\ is (lfl)\idirnr an additional multiplier for dedicated and dual-fuel l\(i\,. 
1,hich arc lll>t curremh produced h1 auto manufauurcr,. for \l'I, 2022-211211. l:P.\ 110k., 1lw 
W , t)rogrum i:!lr.-atl: rn.n idl!., a ,igHilic.tlll iA~i!Alh .- for Pl41 \·,. j,\,. i:IALI H \ • h~ ""I~ 
c8lllHiA,; 1ailri13e emb•.iun, I nm clt't:mrmin,; for Llf' ,IFt'BA! l!l'AI'! llll! .r. 

(3) Special Considerations 

(a) Incentives/or Connected or Automated Vehicles 

Connected and automated (including autonomous) vehicles have the potential to impact 
significantly vehicle emissions in the future, with their aggregate impact being either positive or 
negative. depending on a large number of vehicle-specific and system-wide factors. EPA noted 
in the proposal that connected or automated vehicles would be eligible for credits under the off
cycle program if a manufacturer provides data sufficient to demonstrate the real-world emissions 

1700 NCAT. Detailed Comments. NHTSA-2018-0067-11969; Eaton, Detailed Comments. EPA-HQ-OAR-2018-
0283-5068; Plug-In America, Detailed Comments. NHTSA-2018-0067-12028; Al liance to Save Energy. Detai led 
Comments, NHTSA-20 18-0067-1 1837; SAFE. Detailed Comments. NHTSA-2018-0067-11981; see 
hnps://www.mema.org/sites/default/fi les/resource/MEJvtA%20CAFE%20and%20GHG%20Vehicle%20Comments 
%20FINAL %20with%20Appendices%20Oct%2026%2020 I 8.pdf. 
1701 UCS. Detai led Comments, NHTSA-20 I 8-0067-1 2039. 
1702 ACE EE, Detailed Comments.NHTSA-2018-0067-12122. 
1703 Fiat Chrysler. Detai led Comments. NHTSA-2018-0067-11943. 
17
"' API, Deiailed Comments. EPA-HQ-OAR-2018-0283-5458. 

893 

Commented [A4241: RE\1SE: Edits to rcllcct EPA 's 
:\'G\' muhiJ>lier. 

----



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

benefits of such technology applied to its vehicles. However, demonstrating the incremental 
real-world benefits of these emerging technologies will be challenging. Prior to the proposal, 
stakeholders suggested that EPA should consider an incentive for these teclrnologies without 
requiring individual manufacturers to demonstrate real-world emissions benefits of the 
technologies. A number of stakeholders also requested that EPA consider credits for automated 
and connected vehicles that are placed in ridesharing or other high mileage applications, where 
any potential environmental benefits could be multiplied due to the high util ization of these 
vehicles. EPA requested comment on such incentives as a way to faci litate increased use of 
these technologies, including some level of assurance that they wil l lead to future addi tional 
emissions reductions. For example, EPA stated in the proposal that any near-term incentive 
program should include some demonstration that the technologies will be both truly new and 
have some connection to overall environmental benefits. EPA fu1ther outlined and sought 
comment on several approaches to incentivize automated and connected vehicle technologies. 

EPA received comments supporting and opposing incentives for automated and 
connected vehicles. The Auto Alliance commented that the agencies should incentivize the 
adoption of these technologies and provide for possibly additional credit once the benefits 
beyond the credit values have been confi rmed.1705 It further commented that a growing body of 
modeling results, as well as real-world driving statistics, show that current automated driving 
technologies improve real-world fuel efficiency and reduce CO2 emissions. SAFE commented 
that connected automated vehicles have tremendous potential to save lives, and when combined 
with ride-sharing and electric powertrains, they can also increase efficiencies and save fuel.1706 

SAFE argued that an initial review of the literature shows the potential for these technologies to 
improve fuel economy by up to 25 percent when they are optimized and aggregated alongside 
other traditional efficiency technologies. Toyota commented that automated vehicles, and 
possibly new mobil ity models such as ridesharing, can help attain societal goals concerning 
climate change, energy securi ty, traffic congestion, and safety. 1707 Ford commented that it is 
supportive of credits for future connected and automated vehicles and that autonomous vehicles 
are considered the future of personal mobility, with many manufacturers announcing plans to 
release autonomous-capable vehicles in the near term.1708 Ford added that these vehicles have 
the potential to not only provide meaningful real-world CO2 and fuel economy benefits, but also 
add true societal benefit for the public good by providing transpo1tation to those who would 
otherwise not have access. General Motors and Jaguar Land Rover commented in favor of 
additional credits for vehicles placed in ride-sharing or high mileage applications.17<l9 

l .'.RB ti, t'J1c•,111c·11 u•tt'lf'thlfh.t' lle\1h1111 1t' 1,,i- dlll1111 .. 1lll•u ~-rtlt" 11,•' 
<tf'l'h'j'fntt,.~.--'-'-• II ~t.-t+t'J..lli,11 n1a11ul.1cltllt l"v--it!'t'- ittt~dd~ ,!Hlh:l["t!tft-.! l>rm~•tl-;!- tlH¼<4-\Hffi,• +tS 

170
; Auto Alliance. De1ai led Comments. NHTSA-2018-006 7- 12073. 

17°" SAFE. Detailed Comments, NHTSA-20 18-0067-1 1981 . 
17o7 Toyota. Detailed Comments, NHTSA-2018-0067-12150. 
170~ Ford, Detailed Comments. NHTSA-20 18-0067-11928. 
•
7o<> General Motors, Detailed Comments, NHTSA-2018-0067-1 J 858; Jaguar Land Rover, Detai led Comments, 

NHTSA-2018-0067-119 16. 
---t-~ J~ i¼.;tk"'t-t--' ti 1Jt: 1 1 111' \ _, ~+--Y---ff-~-->-

894 

Commented (A425]: IJl'LFTF,: n,is co111111e11t is cove"'d 
belu". - ----------



*** EO 12866 Review Draft Do Not Cite. Quote or Release During Review*** 

11.'d>n, ,I •..'I< , t, t lie: 11 Ile c'I IHdl,m..: thc',,~>++Hte. llllhc'c c: , "ir:, ( 11l1' c'f , .' SA FE 
commented that autonomous vehicles will lead to new jobs and better worker productivity. It 
stated that these vehicles wil l also reduce congestion and lead to safer travel.1712 

Other commenters opposed incentives for automated and connected vehicles, generally 
commenting that while the technologies are promising, the impacts of the technologies remain 
highly uncertain and therefore incentives are not appropriate. ACEEE commented that EPA 
should not incentivize technologies such as automated vehicle technology or ridesharing 
services, unless and until it can be demonstrated that such an incentive will result in emissions 
reduction benefits and will not undermine the existing standards.1713 ACEEE believes that there 
currently exists no real-world data to justify granting of off-cycle credits for automated vehicle 
technologies, and that providing automakers credits for deploying technologies which are driven 
by demands other than fuel savings and emissions reduction only allows them to make fewer 
real-world emissions reductions elsewhere. ACEEE fu11her stated that while automated vehicles 
promise all-new possibilities and efficiencies in transportation and the use of infrastructure, the 
net impact on transportation sector energy use and emissions is unknown. 

UCS commented that the '"evidence to-date does not warrant incentivizing such 
technologies-there is no provable environmental benefit of such technologies, and the agencies 
have previously correctly acknowledged that any such potential impacts would be related to 
indi rect benefits, which raise serious concerns about compliance and enforcement to ensure the 
integrity of the program."1714 Honda commented that there remains considerable uncertainty in 
the literature regarding the energy and environmental benefits (or negative benefits) of 
connected/automated vehicle technology.1715 Honda commented that if technology benefits can 
be verified under robust, repeatable conditions, they should warrant off-cycle credits under the 
existing off-cycle program. Honda does not believe credits should be granted for application of 
technology alone. 

CARB commented that new compliance flexibilities (or off-cycle credit categories) for 
automated vehicles are not appropriate at this time.1716 CARB believes that, although the 
technology is widely expected to provide safety and mobility benefits, automakers are expected 
to bring the technology to market regardless, so incentives are unnecessary, and it is not 
established that these technologies will reduce emissions given their potential for high annual 
mileage. Resources for the Future commented they do not see a rationale for providing special 
credits to automated vehicles since such vehicles could increase or decrease emissions. 1717 

Competitive Enterprise Institute (CEI) commented that some connected and/or automated 
vehicle technology applications-namely platooning-may improve fuel efficiency through 
improved aerodynamics and thus reduce CO2 emissions; however, such applications to date are 

• \~~It. I~ n,~ • -tt,,tt-- o-;- :...-~tl-\.....\~~--uw>--1-t-..,..: .. 
1712 SAFE, Detailed Comments. NHTSA-20 18-0067-1198I. 
1713 ACEEE. Detailed Comments, NHTSA-2018-0067- 12122. 
17" USC, Detailed Comments. NHTSA-2018-0067-12039. 
17" Honda, Detailed Comments, NHTSA-20 18-0067-11 8 18. 
1716 CARB, Detailed Comments, NHTSA-20 18-0067-1 1873. 
1717 Resources for the Future, Detai led Comments. NHTSA-20 18-006 7-11789. 
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limited to heavy-vehicle prototypes beyond the scope of this rulemaking and in any event should 
be subject to verification prior to any award of offacycle credits.1718 CEI commented further: 
"We urge EPA to preserve the existing off-cycle program requirement that manufacturers 
demonstrate CO2 emissions reductions prior to the award of credits, rather than picking 
technology winners and losers that have nothing to do with fuel economy or emissions," 
National Association of Truck Stop Operators (NATSO) commented against incenfrvcs, stating 
that although automated vehicles have the potential positively to transform transportation (and 
indeed day-to-day life) in the U.S., there are also a number of complexities and potential costs 
associated with them. 1719 

EPA is not adopting new incentives for automated and connected vehicles, While EPA 
agrees there may be potential for such technologies to redtice emissions long-term, depending on 
hO\Y the technologies are developed, implemented, and used, EPA remains concerned about the 
high degree of uncertainty regarding the impacts of the technologies and potential loss of 
emissions reductions associated with such incentives. EPA agrees with the comments that, at 
this time, it is more appropriate for manufacturers to seek credits through the existing off-cycle 
credits program where manufacturers would be required to provide data demonstrating direct 
emissions improvements for the technologies. 

(b) Natural Gas Vehicle (NGVJ Credits 

Vehicles that are able to run on compressed natural gas (CNG) _are eligible for an 
advanced technology multiplier credit for MYs 2017-2021, as discussed in the Advanced 
Technology Incentives section above. o'ual-fueled natural gas vehicles, which can run either on 
natural gas or on gasoline, also may use utility factors higher than 0.5 when weighting tailpipe 
emissions measured over the test procedures while operating on natural gas and gasoline test 
fuels if the vehicles meet minimum design criteria, inciuding minimum CNG range 
requirements. Prior to the proposal, EPA received input from several indust,y stakeholders that 
supported expanding these incentives to stimulate production of vehicles capable of operating on 
natural gas, including treating incentives for natural gas vehicles on par with those for electric 
vehicles and other advanced technologies, and adjusting or removing the minimum range 
requirements for dual-fueled CNG vehicles. EPA requested comments on these potential 
additional incentiYes for natural gas fueled vehicles. 

Among comments received regarding incentives for NGVs, Ariel Corporation and VNG 
together commented that NGVs can be effectively promoted by providing a leyel playing field 
and regulatory parity with EVs. 17;o They stated, "an effective alternative compliance pathway 
for NG Vs can be established with a few simple changes to the regulations including applying the 
'0.15 divisor' to emissions calculations, which would harmonize EPA 's regulations with the 
statutory CAFE program, and recognize the real-world emissions benefits ofRNG [renewable 
natural gas], and provide NGVs with reasonable parity with EVs." Ariel and VNG commented 
also that EPA should-offer advanced technology production multipliers for NG Vs on par with 

171 ' CEI, Detailed Comments, EPA-H~-OAR-2018-0283-4!66. 
"''NA TSO, Detailed Comments, EPA-HQ-OAR-20!8-0283-5484. 
ma Joint Submission from Ariel Corp. and VNG.co, Detailed Comments, NHTSA-2018-0067-7573. 
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EVs and FCVs, with G\ls receiving these incentives at the same level and for the same 
duration as e lectric and foel-cell vehic les. I e u•111111~11ll:r, belie ell hd- that while NG\ls 
have lower technology hurdles than these vehicles, they face similar infrastructure challenges 
and offer similar or superior emissions benefits through the use of RNG. 

Coalition for Renewable arural Gas, NG\/ America, the American Gas Association, and 
the American Public Gas Association·-.i,-,1111 uh1111 1, u. commented 11 .1 1<•1111 ,ubm _!!.!.!.1 that 
NHTSA and EPA should use this rulemaking opportunity to expand incentives for NG Vs and 
thereby increase the availability ofNG\ls in the light-duty sector, particularly for pickup trucks, 
work vans, and sport utility vehicles.1711 These commenters also submitted comments 
supporting additional incentives for full-size pickup NG\ls and incentives for vehicles equipped 
to be conve11ed to operate on natural gas. Coalition for Renewable Natural Gas, et al., 
commented that allowing O grams/mile accounting for electricity use is favorable to elecn·ic 
vehicles because it allows electric vehicle manufacturers to take credit for anticipated 
improvements in emissions associated with the electric grid resulting from increased use of 
natural gas and renewable energy.17~2 It further commented that given the significant amount of 
renewable natural gas currently being used and projected to be used in future years, using a 
factor of 0.15 or even greater to offset NGV emissions is warranted because RNG use reduces 
carbon dioxide emissions by 85 percent or more in most cases. lngevity similarly commented in 
support of EPA including a 0. 15 multiplier incentive for purposes of CO2 compliance parity 
between natural gas and electric dual-fuel vehicles as necessary and critical to promote the 
commercialization of light-duty natural gas vehic les and stimulate the increased util ization of 
RNG. lngeviry added that growth in the natural gas vehicle market is necessary to meet future 
RFS obligations. 17:3 

United States Senator James M. lnhofe commented that "even if all current incentives for 
EVs are eliminated, EVs still have a compliance advantage going forward. This is because the 
policy and technical approaches underlying the [CO2] regulations embedded preferential 
treatment for the previous administration's favored technology. I respectfully ask you not to give 
NG Vs preterential treatment, but to level the playing field to allow the marketplace to detennine 
the future of GV adoption and not the federal bureaucracy. To achieve this parity, reinstating 
the 0. 15 [CO2] multiplier is essential."1724 

In JJJ1111111 In lll'P11rt111~ the· .1p1,Ji, .111,,11 ,,1 ,111 J, l.1el111 tf1.' 11.,t11,,l~.1, 111du,11, ,ti,., 
e•'!lllll~111cJ in ,upp11n ,,1pr,.Ju,11111111111lt111l1ch l11r ,(,\, \11cl .111d \ ,l,J,t•1111ll"lll,·d th.it 11' \ 
,h11uld 11lkr .ilh ,mn·J tl·d11111lu~, Pllld11ct1,111 111ul11pli<'1, 1,,1 ,1 ,\, 1111 p,11 1111h I \, .111d I ( \ , . 
111111 , ( , \ , r.:eci, m~ I hl·,, I 11l'l'lll 11 .:, .i i thl' ,,lllle fl', cl .mJ I, ,r I he ,am,· dur.11 h ,11 .1, <' l~-:lnc .11 ,d 
lu.:I cell ,,hilk'. 111:.!l"\ 11, lllllll!Kllle·d lh,11 du.ii-lull .111d ekJieJlld "-l ,\ 111ul111,Jic r, ,lwu!J be 
e ,IL ndnl 11111 •u"h ~P~:' ,1, .in ,·I kcli\ l 11.1~01111 •le 1h.: u•n·1nc1u.il 1;.11 h ,11 , 11 I he''e k111d, t1I 
hh1cl_.:, h, 1h,· .l1lt<>lll,1I e·1, ,1 ,\ \n cf'lc.t d .ii ,11111111.:111c·d th.II"''(,\,. h,,1h ekJ1c.1\c"d .,nd 

" " Joint Submission from the Coalition for Renewable Natural Gas. NGVAmerica, the American Gas Associat ion, 
and the American Public Gas Association, Detailed Comments, NHTSA-2018-0067-1 1967. 
" " Joint Submission from the Coal ition for Renewable Natural Gas, NG\/ America, the American Gas Association, 
and the American Public Gas Association. Detailed Comments, NHTSA-1018-0067- 11967. 
,m lngevity, Detailed Commenls, NHTSA-20 18-0067-8666. 
1724 James M. lnhofe, Detailed Comments, EPA-HQ-OAR-2018-0283-7456. 

897 

Commented[A426]: (ll\",r ,,,11011, lht • 
1~ ,, 



*** EO 12866 Review Oran Do Not Cite, Quote or Re lease During Review* ** 

d11.il-lUL'i. ,h.,t11d hL p1,1,,dc:d \\llh hL' ,IJllL \c ,le c pr,,duc11111, II ll liPI c'l clc'dl!, .1, ll,l\c' 
Pll'\ IPLhl\ h.:.:11. ,lr,d Ldllllllllc 111 he. PIii\ J,J 1,1 I\, JllJ I l \, < 11\L'll 1h.11 lhc c\Pcclcd .ind 
lil-..:h r,11 ..!L' ,,1p,1hili1ic·, ,,Ql ,\ ~111 2e11.:r,1;h c'\cc'L·J I \ r.11 2c, I includiiL 11.11u1.il .:.1, d11.il
l11L·I 1c·l11ck, 1h.11 ,i.:11iliL,llltl1 PlllJ'lll,•rm lhl· r.111.:c L,lJ\lhilil1L·, ,,1 I'll!\, \\hlch 111,11(1,1hl\ 

.:nj_.~ ,1 l,11,L-r mulupl1c'l ,1, L•'ll1J',Ul'J 111 I\ 'l• th, ILh1ck•J1r.,duc11t,11 mul11pllL-r, 1h.11 .ir.: lt-c·d I,,, 
~,,u!J b, .ippli.:_~ t~ '\1 ,\ ,, 111~lu~,L!k;_du.d lu,·I '\< ,\ '- '-l'L'cilh_,.~ dcJ1c~·•lLJ ,11~ Ju.il-111,I 
'\t ,\, \11r ,ill L',>\Ll'c·d ,1d1.lllcc'd ll'chih>II'..!\ IL"1lclc,1 ,lt11 rid lc-c'i\L' ,l h.1,c 11111illPllcl' ,,: 2.111,,1 

,l!11 ,u,h hi.!h,·r 111uhiplic·1 .11·1!!1~c·J 1<1 l \, I { \, l,!J .11 k,t:_l llll1Jc·I ll\lr, .::'.111•11h1<1tt.:h ::'._11::'.I 
,!llij_thc ,a,llL mul1iplic·1, ,.Jlu1J,·d 111 I\, I l \, t 1,rc.1 lc-r 1h1,,u.d1 :11:, .. 

National Association of Convenience Stores (NACS) and the Society of Independent 
Gasoline Marketers of America (SIGMA) commented, '' the Associations urge you to treat all 
fuels and technologies equally, including GVs, EYs, and petroleum-based motor fue ls. It is the 
role of the Agencies to set performance specifications via notice-and-comment rulemaking to 
ensure that they are appropriate. Once the specifications are set, however, it should be up to the 
market to determine how best to meet them:·17: 5 

UCS commented that natural gas is a potent greenhouse gas, and any direct emissions of 
methane pose a significant threat to any effort to limit climate change.17c6 UCS stated, ··these 
direct emissions upstream significantly undermine any potential benefit that could come from the 
pump-to-wheel benefits of displacing gasoline or diesel with natural gas." UCS also 
commented, "furthermore, the technology underpinning any natural gas-powered vehicle is 
exceptiona lly mundane-natura l gas has been deployed previously in vehicles like the Honda 
Civic, and aftermarket CNG conversions have long been avai lable on the market. Again, there is 
no critical hurdle to overcome with CNG powered vehic les, and there is little if any benefit to 
any such incentives. \Ve strongly recommend that EPA eliminate all incentives for natural gas 
vehicles and instead ensure such vehicles are credited commensurate with their impact on the 
environment." CARB a lso commented that new compliance flexi bil ities for NGYs are not 
appropriate at th is time.1m 

I I' \ It'll Lit' let! «'Ill Ille lll "" t'', t:'h+Htth4ll-lh"rrlt"'-~'t'tl in lhl ' « l l 111 I I' \ i !JI I 
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1725 Joint submission on behalf ofNACS and SIGMA, Detailed Comments. EPA-HQ-OAR-2018-0283-5814. 
1726 UCS, Detailed Comments, NHTSA-2018-0067-12039. 
' 727 CARB, Detailed Comments, NHTSA-2018-0067-11873. 
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EPA a lso received comments on the appl ication of the regulatory utility factor. For dual· 
fue l vehicles, emissions are measured on both fuels (e.g., gasoline and natural gas) and weighted 
using a factor referred to in the regulations as a utility factor. To use a utility factor for natural 
gas greater than 0.5, a dual-fuel NGV must meet design criteria requiring the vehicle to have a 
natural gas to gasoline driving range of 2: l . The vehicle must also preferentially operate on 
natural gas until the natural gas tank is empty. EPA adopted these design criteria as part of the 
2012 final rule to help ensure vehicles using a utility factor of higher than 0.5 would likely be 
fueled with and use natural gas most of the time on the road. At that time, EPA was concerned 
that natural gas refueling may be much more inconvenient for drivers relative to e lectric charging 
for PHEVs due to a lack ofCNG refueling stations (or home refueling, compared to the 
availability of home chargers for many PHEVs) and, therefore, dual-fuel vehicles with limited 
driving range on natural gas would likely frequently operate on gasoline. 

I \. ( \1, II I_~!.\ I l L~ I- I \I\ I -
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EPA received comments regarding the design criteria. Jngevity commented that it has 
developed a low-pressure (900 psi) adsorbed natural gas (ANG) fuel storage technology that 
allows vehicles to be refueled using an affordable and reliable low-pressure natural gas fueling 
appliance.1n 9 lngevity commented that ANG will allow for a distributed refueling network at 
users' homes and businesses, just like electrical recharging equipment has been installed for 
PHEVs over the last several years. Ingevity commented that the design criteria for dual-fuel 
NG Vs that were established in the MYs 2017-2025 final rule "make it impossible to reasonably 
and affordably manufacture a dual-fuel NGV that can fully utilize the utility factor (UF) 
approach for determining fuel economy and [CO2] emissions." Ingevity recommended that the 
design criteria for dual-fuel NGVs be removed and that the utility factor be based only on the 
range of the NGV on natural gas, equivalent to the treatment of PHEVs. MECA submitted 
similar comments regarding ANG technology. 1730 

Ariel and VNG also commented that design criteria imposed on dual-fuel NGVs add 
unnecessary costs and complexity, and currently are arbitrarily applied only to dual-fuel NGVs, 
and not to their dual-fuel hybrid counterparts. 17"1 NACS, SIGMA, and NA TSO also 
recommended that EPA remove eligibility requirements associated with the utility factor, 1732 

After considering the comments, EPA is removing the design criteria from the 
regulations and thereby allowing higher utility factors to be used for dual-fuel natural gas 
vehicles based solely on driving range .on natural gas, as is the case for PHEVs. The utility 
factor represents a reasonable v;ay of weighting the emissions ofa dual-fuel vehicle on each fuel 
to derive a single emissions value when including the dual-fuel vehicles in a manufacturer's fleet 
average compliance determination. Ideally, the utility factor would match the usy of each fuel in 
real-world vehicle operation. The utility factor is not meant to incentivize the adoption of a 
particular technology, so it differs fundamentally from incentives such as multipliers. With the 
development of low-pressure natural gas vehicle fueling system technology since the 20 !2' final 
rule, EP A's concerns regarding limited fueling infrastructure that led the agency to adopt the 
design criteria in the 2012 rule are significantly diminished, EPA believes that low-pressure 
fueling is a new advancement that offers the potential for more convenient refueling for 
individuals or businesses similar to that for PHEVs. EPA expects owners of dual-fuel CNG 
vehicles preferentially to seek to refuel and operate on CNG fuel as much as possible, ·both 
because the owner would have to pay a higher vehicle price for the dual-fuel capability, and 
because CNG fuel is considerably cheaper than gasoline, With the opportunity for relatively 
low-cost on-site refueling at homes or businesses, EPA expects such vehicles to be refueled with 
natural gas similar to how people refuel PHEVs. Vehicle purchasers that choose high pressure 
vehicle systems over !ow pressure systems would likely do so only if they have ready access to a 
high pressure refueling system, for example, at a fleet's central fueling location. Removing the 
design criteria for dual-fuel natural gas vehicles also addresses the concerns of some commenters 
regarding the differing treatment of PHEVs and dual-fuel NGVs. 

'"
0 lngevity. Detailed Comments, NHTSA-2018-00u7-8666. 

"-'' See MECA, Detailed Comments, NHTSA-2018-0067-11999. 
"" Joint Submission from Ariel Corp. and VNG, Detailed Comments, NHTSA-2018-0067-7573, 
1"' Joint submission on behalf ofNACS and SIGMA, Detailed Comments, EPA-HQ-OAR-2018-0283-5824; 
NA TSO, Detailed Comment, EPA-HQ-OAR-2018-0283-5484. 
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EPA believes that with the advancement of technology offering the potential for more 
flexible refuel ing ofNGVs, removing the design criteria is a reasonable change to the 
regulations. This regulatory change wi ll apply starting with MY 202 1. MY 2021 will provide 
sufficient time for orderly implementation and EPA is not aware of any dual-fuel NGVs 
emissions certified for MYs 2019-2020 that would otherwise be affected if this change were to 
be implemented sooner. 

C. NHTSA Compliance and Enforcement 

I . Overview of the NHTSA Compliance Process 

Consumer choice drives the mixture of automobiles on the road. Manufacturers largely 
produce a mixture of vehicles to meet consumer demand and address compliance with CAFE 
standards though the application of fuel economy improving technologies to those vehicles, and 
by using compliance flexibilities a nd incentives that are avai lable in the CAFE program. As 
discussed earlier in this notice, each vehicle manufacturer is subject to separate CAFE standards 
for passenger cars and light trucks, and for the passenger car standards, a manufacturer' s 
domestical ly-manufactured and imported passenger car fleets are required to comply 
separately.1733 Additionally, domestically-manufactured passenger cars are subject to a statutory 
minimum standard.1734 CAFE program flexibil it ies are largely provided for in statute. 

Compliance with the CAFE program begins with manufacturers submining required 
reports to NHTSA in advance and during the model year that contain in formation, specifications, 
data, and projections about their fleets. 1735 Manufacturers report early product projections to 
NHTSA describing their efforts to comply with CAFE standards per EPC A's reporting 
requirements.1736 Manufacturers' early projections are required to identify any of the flexibilities 
and incentives manufacturers plan to use for air-conditioning (A/C) efficiency, off-cycle and 
full-size pickup truck advanced technologies. EPA consults with NHTSA when reviewing and 
considering manufacturers' requests for fuel consumption improvement values for A/C and off
cycle technologies that improve fuel economy. NHTSA evaluates and monitors the performance 
of the industry using the information provided. NHTSA also audits manufacturers' projected 
data for conformance and verifies vehicle design data through testing to ensure manufacturers 
are complying as projected. After the model year ends, manufacturers submit final reports to 
EPA, including final information on all the flexibilities and incentives allowed or approved for 

173-' 49 U.S.C. 32904(b). 
1134 49 U.S.C. 32902(b)(-+). 
11.15 49 U.S.C. 32907(a); 49 CFR 537.7. 
m • 49 U.S.C. 32907(a). 
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the given model year. 17.17 EPA then calculates the fuel economy level of each fleet produced by 
each manufacturer, and transr'nits that information to NHTSA.1738 

NHTSA notes that some manufacturers have submitted and/or resubmitted requests for 
A/C and off-cycle benefits after EPA final reports are completed or nearly completed and, in 
those cases, such submissions are causing considerable delays in EPA 's ability to finalize CAFE 
reports. Late and revised submissions can place significant burdens on 1he government in order 
to reassess a manufacturer's CAFE performances and standards and can also cause significant 
impacts on previous.compliance model years. In the following sections, EPA and NHTSA are 
incorporating regulatory modifications or providing guidance to help manufacturers expedite 
approvals and to facilitate the governments processing of the ,w,, flexibilities and incentives. 

NHTSA determines each manufacturer's obligation to comply with applicable model 
year's CAFE standards and notifies the manufacturer if any of its fleet performances fall below 
standards. Manufacturers must submit plans detailing the compliance flexibilities to be used to 
resolve any possible noncompliances or may pay civil penalties to address any deficits for falling 
below standards. NHTSA periodically releases data and reports to the public through its CAFE 
Public Information Center (PIC) based on information in the EPA final reports for the given 
compliance model year, and based on the prqjections manufacturers provide to NHTSA for the 
next two model years.1739 

2. NHTSA 's CAFE Program Compliance 

EPCA and EISA specify several flexibilities and incentives that are available to help 
manufacturers comply with CAFE standards. Some flexibilities are defined, and sometimes 
limited, by statute - for example, while Congress allowed manufacturers to transfer credits 
earned for over-compliance from their car fleet to their truck fleet and vice versa, Congress also 
liinited the amount by which manufacturers could increase their CAFE levels using those 
transfers. 174° Consistent with the limits Congress placed on certain statutory flexibilities and 
incentives, NHTSA crafted and implements the credit transfer and trading regulations 
authorized by EJSA to help ensure that total fuel savings are preserved when manufacturers 
exercise statutory compliance flexibilities. 

NHTSA and EPA have previously developed other compliance flexibilities and 
incentives for the CAFE program consistent with the statutory provisions regarding EPA 's 
calculation of manufacturers' fuel economy levels. As discussed previously, NHTSA finalized 
in the 20f2 final rule, for MYs 2017 and later, an approach for manufacturers' "credits" under 

"" For example, alternative fueled vehicles get special calculations under EPCA (49 U.S.C. 32905-06), and fuel 
~e>nomy levels can also be adjusted to reflect air conditioning efficiency and "ofl~cycle" lmprowments, as 
discussed below. 
m• 49 U.S.C, 32904{c)-(e). EPCA granted EPA authority to establish fuel economy testing and calculation 
procedures; EPA uses a two-year early certification process to qualif)· manufacturers to stari: selling vehicles, 
coordinates manufacturer testing throughout the model year. and validates manufacturer-submitted final le!<I results 
after the close of the model year. 
mo NHTSA CAFE Public Jnfonnation Center, https://one.nhtsa.goy/cafe_pic/CAFE_PlC_Horne.htm. 
17-10 See 49 lJ.S.C. 32903(g). 
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EPA 's program to be applied as fuel economy "adjustments" or "improvement values" under 
NHTSA 's program for: ( I) technologies that cannot be measured or cannot be folly measured on 
the 2-cycle test procedure, i.e., "off-cycle" technologies; and (2) A/C efficiency improvements 
that also improve fuel economy but cannot be measured on the 2-cycle test procedure. 
Additionally, both agencies' programs give manufacturers compliance incentives for utilizing 
specified technologies on pickup trucks, such as pickup truck hybridization. 

The following sections outline how NHTSA determines whether manufacturers are in 
compliance with the CAFE standards for each model year, and how manufacturers may use 
compliance flexibilities, or address noncompliance by paying civil penalties. As addressed 
above, some compliance flexibilities are expressly prescribed in statute and some are 
implemented consistent with EPCA's provisions regarding calculation of fuel economy, 
NHTSA.proposed new language updating and clarifying exisllng regulatory text in this area as 
part of the J\'PRM. NHTSA also sought comments in the NPRM on these changes, as well as on 
the general etlicac>' of these flexibilities in the fuel economy and C01 programs. 

Moreover, the followirig sections explain how manufacturers submit data and information 
to the agency. As part of the NPRM, NHTSA proposed to implement a new standardized 
tempfate for manufacturers to use to submit CAFE data to the agency, as well as a standardized 
template for reporting credit transactions. Additionally, NHTSA proposed adding requirements 
that specif), the precision of the fuel savings adjustment factor in 49 CFR 536.4. These new 
requirements are intended to streamline reporting and data collection from manufacturers, in 
addition to helping the agency use the best available data to inform CAFE program decision 
makers. The comments received to these proposals are included in Section VIII.C.2.a)(2)(d) 
along with NHTSA 's responses to the comments and final resolutions ; ..... ~•-established in the 
final rule. 

NHTSA also sought comments on removing or modifying certain CAFE program 
flexibilities. The comments received and NHTSA 's responses to those comments are discussed 
below. 

a) How does NHTSA Determine Compliance? 

(]) Mam!fllcturers Submit Data to NHTSA and EPA and the 
Agencies Validate Results 

EPCA, as amended by EISA, requires a manufacturer to submit reports to the Secretary 
of Transportation explaining whether the manufacturer will comply "'ith an applicable CAFE 
standard for the model year for which the report is made; the actions a manufacturer has taken or 
intends to take to comply with the standard; and other information the Secretary requires by 
regulation. 1m A manufacturer must submit a report containing the above information during the 
30-day period before the beginning of each model year, and during the 30-day period beginning 

l'-l 49 U.S.C. 32907(a). 
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the 180th day of the model year.17
--1

2 When a manufacturer determines it is unlikely to comply 
with a CAPE standard, the rhanufacturer must report additional actions it intends to take to 
comply and include a statement about whether those actions are sufficient to ensure 
compliance. 1741 

To implement these reporting requirements, NHTSA issued 49 CFRPart 537_, 
"Automotive Fuel Economy Reports," which specifies three types of CAFE reports that 
manufacturers must submit. A manufacturer must first submit a pre.model year (PMY) report 
containing the manufacturer's projected compliance information for that upcoming model year. 
By regulation, the PMY report must be submitted in December of the calendar year prior to the 
corresponding model year.11~4 Manufacturers must then submit a mid-model year (MMY) report 
containing updated information from manufacturers based upon actual and projected information 
known midway through the model year. By regulation, the MMY report must be submitted by 
the end of July for the applicable model year. ms Finally, manufacturers must submit a 
supplementary report to supplement or correct previously submitted information, as specified in 
NHTSA 's regu!ation. 1746 

lfa manufacturer wishes to request confidential treatment for a CAFE report, it must 
submit both a confidential and redacted version of the report to NHTSA. CAFE reports 
submitted to NHTSA contain estimated sales production information. which may be protected as 
confidential until the termination of the production period for that model year.1747 NHTSA 
temporarily protects each manufacturer'$ competitive sales production strategies, but does not 
permanently exclude sales production information from public disclosure. Sales production 
volumes are part of the information Nl-lTSA routinely makes publicly available through the 
tAFEPIC. 

The manufacturer reports provide information on light-duty automobiles such as 
projected and actual fuel economy standards, fuel economy performance values, and production 
volumes, as well as information on vehicle design features (e.g., engine displacement and 
transmission class) and other vehicle attribute characteristics (e.g., track width, wheelbase, and 
other off.road features for light trucks). Beginning with MY 2017, to obtain credit for fuel 
economy improvement values attributable to additional technologies, manufacturers must also 
provide information regarding A/C systems with improved efficiency, off-cycle technologies 
(e.g., stop-start systems, high--efficienc;y lighting, active engine warm•up), and full.size pickup 
trucks with hybrid technologies or with emissions/fuel economy performance that is better than 
footprint-based targets by specified amounts. This includes identifying the makes and model 
types equipped with each technology; the compliance category those vehicles belong to, and the 
associated fuel economy improvement value for each technology. 1748 In some cases, NHTSA 
may require manufacturers to provide supplementary information to justif'.y or explain the 

,.,, Id. 

'"" Id. 
11..., 49 CFR 537.S(b). 
"'-' ld. 
'"1 49 CFR537.8. 
"" 49 CFRpan512. appx. B(2). 
"'' NHTSA collects model type information based upon the EPA definition for "model type" in 40 CFR 600.002. 
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benefits of these technologies and their impact on fuel consumption or to evaluate the safety 
implication of the technologies. These details are necessary to facilitate NHTSA 's technical 
analyses and tq ensure the agency can perform enforcement audits as appropriate. 

NHTSA uses manufacturer-submitted PMY, MMY, and supplementary reports to assist 
in auditing manufacturer compliance data and identifying potential compliance issues as early as 
possible. Additionally, as part of its footprint validation program, NHTSA conducts vehicle 
testing throughout the model year to confirm the-accuracy of the track width and wheelbase 
measurements submitted in the reports.17-l" These tests help the agency better understand how 
manufacturers may adjust vehicle characteristics to change a vehicle's footprint measurement, 
and ultimately its fuel economy target. NHTSA also includes a summary of manufacturers' 
PMY and MMY data in an annual fuel ecoriomy performance report made publicly available on 
its PIC. 

NHTSA uses EPA-verified final-model year (FMY) data to evaluate manufacturers' 
compliance with CAFE program requirements, and draws conclusions about the performance of 
the industry. After manufacturers submit their FMY data, EPA verifies-the infonnation, 
accounting for NHTSA and EPA testing:, and subsequently forwards the final verified data to 
NHTSA. 

(2) Changes lo CAFE Reporting Requirements Made by This 
Final Rule 

NHTSA proposed changes to its CAFE reporting requirements with the intent of 
streamlining data collection and reporting for manufacturers while helping the agency obtain the 
best available data to inform CAFE program decision-makers. The agency developed two new 
standardized-reporting templates for manufacturers and proposed to start using the templates 
beginning in the 2019 compliance model year. In the NPRM, NHTSA sought comments on the 
templates. NHTSA's responses to the comments received and the changes to the templates for 
the final rule are presented below. 

(a/ Standardized CAFE Reporting Template 

When NHTSA rece\ved and reviewed manufacturers' projection reports for MYs 2013 -
2015, the agency observed that most did not conform to the requirements specified in 49 CFR 
Part 537. For example, NHTSA identified several instances where manufacturers' CAFE reports 
included a ''yes" or "no" response to a request for a vehicle's 1111merical ground clearance values. 
In a 2015 notice of proposed rulemaking, NHTSA proposed to amend 49 CFR Part 537 to 
require a new data format for manufacturers' light-duty vehicle CAFE projection reports. 1750 In 
response to the proposal, some manufacturers commented that the previous changes in reporting 
requirements generated confusion and led to reporting errors. NHTSA recognized that the 

mo U.S. Department ofTransportation, NHTSA. Lllboratory Test Procedure for49 CFR Part 537, Amomobile Fuel 
Economy Attribute Measurements (Mar. 30, 2009). available al 
http://v.ww.nhtsa.govlDOTINfHSANehicJe%20Safetyrrest%20Proceduresl Associated%20Files/TP-53 7-0 l .pdf. 
"'

0 80FR40540(Jul. 13.2015). 
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modification to the base tire definition in the 2012 final rule for MYs 2017 and later seemed to 
make some manufacturers uncertain about what footprint data was required in the reports. 1751 

Specifically, certain manufacturers did not understand that the modified base tire definition 
required them to provide estimated attribute-based target standards for each unique-model 
type/footprint combination beginning with MY 2013. NHTSA discovered cases where 
manufacturers only pr6vided target or vehicle data for certified vehicle configurations, and did 
not report information for each of the unique model type/footprint combinations for their 

available production vehicles in the market. However, NHTSA did not adopt the proposed data 
format from the 2015 proposed rule after receiving ad,,erse comments from manufacturers. 175" 

Since the issuance of the final rule in 2016. NHTSA has continued to receive projection 
repo1ts that contain inaccurate and/or missing data. These noncompliant reports impede 
NHTSA 's ability to audit manufacturer compliance data, identify potential compliance issues. 
and analyze industry trends. Problems with inaccurate or missing data has become an even 
greater issue for manufacturers reporting on the new MY 2017 incentives for efficient A/C 
systems, off-cycle technologies, and full-size pickup trucks with hybrid technologies/improved 
exhaust emission performance. m 3 These incentives are explained in Section VIII.C.2.c). 
Manufacturers seeking to take advantage of these new benefits must provide information at the 
model-type level; however, many manufacturers did not submit the required information in their 
PMY reports for MYs 2017. 2018, and 2019. This caused NHTSA's Office ofEnforcement to 
send letters reminding manufacturers of their obligation to submit accurate and complete CAFE 
reports. NHTSA will continue to monitor the accuracy, completeness, and timeliness of 
manufacturers' CAFE reports and may take additional action as appropriate. 

1n the NPRM, NHTSA proposed a new standardized template for reporting PMY and 
MMY infonnation, as specified in 49 CFR 537.7(b) and (c), as well as supplementary 
information required by 49 CFR 537.8. The template allows manufacturers to build out the 
required confidential versions of CAFE reports specified in 49 CFR Part 537 and to produce 
automatically the required non-confidential versions by clicking a button within the template. 
While NHTSA recognizes that modifications to the reporting requirements may initially be a 
slight inconvenience to manufacturers, the number of noncompliant reports the agency continues 
to receive justifies development of a uniform reporting method to help ensure compliance with 
CAFE regulations. Adopting a standardized template will assist manufacturers in providi'ng the 
agency with all necessary data, thereby helping manufacturers to ensure they are complying with 
CAFE regulations. The template organizes the required data in a manner consistent with 
NHTSA and EPA regulations and simplifies the reporting process by incorporating standardized 
responses consistent with those provided to EPA. The template collects the relevant data, 
calculates intennediate and final values in accordance with EPA and NHTSA methodologies, 
and aggregates all the final values required by NHTSA regulations in a single summary 
worksheet. Thus, NHTSA believes that the standardized templates will benefit both the agency 

l"I 49 CFR 523.2. 
'"" 81 FR 73958 (Oct. 25, 2016). 
"ll NHTSA allows manufacturers to use these flexibilities and incentives for complying with standards .starting in 
MY 2017. 
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and manufacturers by helping to avoid reporting errors, such as data omissions and 
miscalculations, and will ultimately simplify and streamline reporting. 

NHTSA proposed to require that manufacturers use the standardized template for all 
PMY, MMY, and supplementary CAFE reports. NHTSA observed that a significant number of 
manufacturers submit their MMY reports as updated PMY reports-using the same amount of 
information. despite fewer data requirements. To conform with this method, NHTSA designed 
the template based on one standardized format that uses the same data requirements for all CAFE 
reports. This approach will further simplify CAFE projection reporting for manufacturers. The 
template contains a few add,itiona! data fields for certain vehicle characteristics; however, the 
inclusion of model type indexes will limit the number of required entries by populating a number 
of pre-entered data fields based on one value. , 

The standardized template will also allow NHTSA to modify its existing compliance 
database to accept and import uniform data and automatically aggregate manufacturers' data. 
This will allow NHTSA to execute its regulatory obligations more efficiently and effectively. 
Overall, the template will help to ensure compliance with data requirements under EPCA/EISA 
and drastically reduce the industry and government's burden for reporting in accordance with the 
Paperwork Reduction Act. 1754 NHTSA made the template available through its docket as well as 
its PlC, and sought comment on the regulatory changes to the reporting process. 

Comments on the template were received from the Auto Alliance, Global Automakers, 
Ford, Mercedes-Benz, Toyota, Volvo {lnd Volkswagen. The Auto Alliance, Toyota, and 
Volkswagen opposed adopting the proposed template; however, Global Automakers agreed with 
the appropriateness ofa standardized template that combines credit trading information with a 
data reporting template. 1 755 Global Automakers also made two recommendations: ( I) (,":Ombine 
EPA 's AB&T template with NHTSA 's CAFE Projections Reporting Template to streamline 
reporting and reduce burden; and (2) add an FMY report requirement as an update to tlie MMY 
report submission.1756 

Mercedes-Benz., Ford. and Volkswagen commented about data fields they believed were 
outdated, or not relevant to fuel economy testing or projecting fuel economy performance.1757 

Mercedes-Benz stated that some required data fields are not currently collected as a part of the 
fuel economy testing process, and their capture would require additional burden.1758 Mercedes
Benz believes those data fields should be an optional requirement. Additionally, Mercedes-Benz 
recommended that NHTSA omit certain data fields, and stated that it would be helpful ifNHTSA 
clarified its intention for the information in others. 175g The specific data fields mentioned by 

"" 44 U.S,C. 3S01 el seq. 
"'' Auto Alliance, Detailed Comments, NJ-ITSA-2018-0067-12073; Toyota, Detailed Comments, NHTSA-2018-
0067-12150; Volkswagen, Detailed Comments, NHTSA-2017-0069-0583. 
'716 Global Automakers, Detailed Comments, NHTSA-2018-0067-12032. 
im Daimler Mercedes. Detailed Comments. EPA-HQ-OAR-2018-0283-4182; Ford, Detailed Comments, NHTSA

·2018-0067-11928; Volkswagen, Detailed Comments. "t'<"l-lTSA-2017-0069-0583. 
im Daimler Mercedes. Detailed Comments. EPA-HQ-OAR-2018-0283-4182. 
175" Daimler Mercedes, Detailed Comments.·EPA"HQ-OAR-2018-0283"4] 82. 
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Mercedes-Benz are in Table 0-6Table 0-6. Ford slated that many of the data fields-are outdated, 
have no bearing on compliance assessments, and are misaligned with the current reporting 
structure, which is dictated by model type index. 1760 Similarly, Volkswagen stated that1he 
proposed reporting template is populated with many fields that do not immediately appear 
relevant to projecting CAFE performance, align with the existing requirements in 49 CFR 537.7, 
or seem relevant in the space of automotive techn.ology.1761 

Table 0-6- Suggested Data Fields to Omit 

Men:edcs-Bcnz 
Worksheet(s) Data Field Recommendation 

T · e of Overdrive 
T · e ofTornue Com'erler Omit 

Footprifll - DP, 
Catal "M Usacre 
Electric Traction Motor 

Footprint - lP, and 
Motor Controller Footprint. LT 
Batten: Conffo:uration Provide Clarification 
Electrical Chari,ini, Svstem 

E"e Storaoe Device 
Calibration 

Fuel Economy - DP, Distributor Calibration 
Fuel Economy - JP, and Choke Calibration Omit 
Fuel Economy- LT Basic Vehicle Frontal Area 

Ontiona! Enuinment 

The Auto Alliance and Mercedes-Benz noted the differences in how NHTSA and EPA 
request data on NC efficiency and off-cycle technologies. Mercedes-Benz highlighted the 
difficulty in predicting the projected sales production of the technologies, and the Auto A!liance 
cautioned that the number of reporting entries would increase by a factor of ten or more.1762 TI1e 
Auto Alliance stated its belief that the change in reporting requirements would cost its members 
more titan $1 million in information technology changes and that the changes could not be 
completed prior to MY 2021.1763 Likewise, Ford contended that an implementation date for MY 
2019 is aggressive and does not provide manufacturers with adequate lead time. 1764 

The Auto Alliance emphasized that the templates lack common reporting standardization 
with submissions to EPA. 176

' The Auto Alliance, Global Automakers, Toyota, and Volvo all 
requested that NHTSA and EPA accept a single, common reporting format to satisfy reporting 

rn.o Ford. Detailed Comments. NHTSA-2018-0067-! 1928. 
" 61 Volkswagen. Detailed Comments, WHTSA-2017-0069-0583. 
116

' Auto Alliance, Detailed Comments, NIITSA-2018-0067-12073; Daimler Mercedes, Detailed Comments, EPA
HQ-OAR-2018--0283-4!82. 
" 63 Auto Alliance. Detailed Comments, Nl-!TSA-20\8-0067-12073. 
1164'Ford, Detailed Comments, NHTSA-2018-0067-11928. 
"°·' Auto Alliance, Detailed Camments, NHTSA-2018-0067-12073, 
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for both agencies. 1700 Mercedes-Benz and Volkswagen requested stakeholder workshops to 
review the template w ith agency staff, with the former recommending that NHTSA host the 
workshops in partnership with EPA.1767 

Ford requests that NHTSA re-examine the proposed required submission methods and 
reconsider current electronic submission methods.1768 Ford expressed concern about the 
efticiency and security issues involved in submitting data on a CD through the mail containing 
confidential business information. 17(,

9 Ford identified what it believes are better available 
avenues for submission, such as secured email or on line porta ls like E PA ' s Central Data 
Exchange.1770 

NHTSA disagrees with many of the manufacturers' assertions. Differences in EPA and 
"HTSA regulations prevent establishing a single reporting format for CAFE purposes. For 

example, EPA only needs early model year information for manufacturers' applications for 
certification required under 40 CFR 86.1 843-01 . Manufacturers submit a single application with 
extensive detai ls for each certified vehicle within a test group (i.e .. the cenified vehicle 
represents all the vehicles within the test group with simi lar technologies and performance 
characteristics). In comparison, NHTSA ' s required early model year information is far less 
detailed and is aggregated for model types and compliance categories. However. NHTSA and 
EPA already share all the re levant CAFE FMY infom1ation pursuant to an interagency 
agreement. This arrangement not only benefits manufacturers but also reduces the burden on the 
Federal government. Since much of the required data in NHTSA's project ions template is 
already contained in EPA final reports, manufacturers would not be required to generate 
additional information but simply to provide estimates along the way to fi nalizing the data. 
N HTSA plans to re lease a data matrix that maps data e lements between the U!l_remplate and 
the EPA final ( ~ff reports. NHTSA will notify the public when the matrix will be available on 
its website. Consequently, there is no need to create an additional final report as an updated 
vers ion ofNHTSA 's MMY report, as suggested by Global Automakers. Once NHTSA 
configures its CAFE database to accept the reporting template via fi le upload, the agency will be 
able to use the model type index data fie ld to connect data values from the template to 
corresponding values in EPA 's final U!l_report. Manufacturers should note that CAFE repons 
are estimated projections of the EPA final ~ }11 compliance data. Contrary to Mercedes 
concerns about the difficulty in predicting the projected sales production of the technologies, 
NHTSA only expects manufacturers to provide the most up-to-date information avai lable 30 
days before a repo11 is required to be submined to the Administrator as specified in 49 CFR Part 
537.5(d). While manufacturer PMY reports may be limited in certain instances (excluding 
vehicles already in sales distribution). the MMY repon s should be more inclusive and closer to 

1766 Auto Alliance. Detailed Comments. NHTSA-2018-0067- 12073; Global Automakers, Detailed Comments, 
NHTSA-2018-0067-1 2032; Toyota. Detailed Comments, NHTSA-2018-0067-12150; Volvo, Detailed Comments. 
NHTSA-2018-0067- 12036. 
im Daimler Mercedes, Detai led Comments. EPA-HQ-OAR-20 18-0283-4182; Volkswagen, Detailed Comments, 
NHTSA-2017-0069-0583. 
1768 Ford, Detailed Comments, NHTSA-2018-0067-1 1928. 
1769 Ford, De1ailed Comments, NHTSA-2018-0067-11928. 
17711 Ford, Detailed Comments, NHTSA-2018-0067- 11928. 
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1he fina l values reported to EPA. Manufacturers should also be submitting supplementary 
reports to NHTSA if they believe there wi ll be significant differences between CAFE MMY 
reports and the EPA final reports. 

Commenters also stated that the NC and off-cycle information reported in the NHTSA 
template is inconsistent with the EPA ' '[ RII 't [\ -L'l'-t.1771 NHTSA notes that the inc.onsistency 
between the agencies is intentional and necessary. NHTSA's off-cycle and NC information 
must be collected in greater detail than that reported to the EPA \ LRII 't ~ \ -( I\. HTSA 
collects detailed info1mation on A/C and off-cycle technologies for determining penetration rates 
of specific technologies in the market, as well as analyzing the types of technologies as equipped 
on specific model types. In comparison, EPA aggregates the data for calculating credits, which 
allows for combining the benefits for a ll the technologies equipped on a model type. NHTSA 
also wi ll use the detailed information for public disclosure and for auditing purposes. However, 
NHTSA acknowledges the Auto Alliance's concerns about the burden placed on the industry for 
providing more detailed data and therefore will not require manufacturers to start using the 
templates for reporting unti l MY 2023. NHTSA also agrees with Ford that it is important to 
consider the issues of security and efficiency with respect to the submission of confidential 
information to the agency, and the agency will consider possible changes to its procedures 
relating to the receipt and handling of confidential information to ensure streamlined, secure, and 
efficient submission of confidential information, including CAFE reports.177J 

Secondly, NHTSA agrees with Mercedes-Benz and Volkswagen that workshops wil l aid 
in implementing the templates by providing instruction on how to complete them. NHTSA plans 
to host a workshop for manufacturers to discuss the implementation process. HTSA believes 
finalizing the template in this rulemaking is important to address continuing concerns with 
reporting noncompliance (i .e., missing, incomplete, or inaccurate submissions) with the existing 
provisions in Part 537. Ultimately, establishing the new templates and holding educational 
workshops will be more effective in achieving industry compliance than imposing penalties on a 
case-by-case basis for failure to comply with reporting provisions. 

Finally, NHTSA is also adopting changes to the proposed template in response to 
comments from Mercedes-Benz, Ford, and Volkswagen. NHTSA made changes to several of 
the data fields discussed by Mercedes-Benz. NHTSA does not agree with Mercedes-Benz's 
recommendation to omit the "Type of Overdrive" or "Type of Torque Converter" data fields; 
however, the agency does believe the proposed data to be inse11ed into those fields may be too 
specific for CAFE purposes. Therefore, the agency is finalizing a requirement that 
manufacturers identify whether vehicles are equipped with overdrive or a torque converter by 
selecting "Yes" or "No" from a dropdown list. The agency has also changed the "Calibration" 
field to ''Other Calibration" to clarify the data being requested, and changed the "Auxiliary 
Emission Control Device" in the "Fuel Economy" worksheets to a dropdown that allows users to 
select multiple emission control systems. NHTSA believes that adding dropdown lists in the 

1771 See. e.g .. Auto Alliance, Detailed Comments, NHTSA-20 I 8-0067-12073. 
"" See 49 CFR part 5 12, 537 .5. 
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template creates uniformity in the reported infonnation and makes the information more relevant 
to current vehicles. 

The agency agrees with the essence of Volkswagen's assertion that some of the required 
data fields may no longer be as common on contemporary vehicles, and therefore, may not apply 
to all manufacturers. As suggested by Mercedes-Benz, NHTSA has decided to make the 
"Catalyst Usage," "Distributor Calibration,'' ''Choke Calibration," and "Other Calibration'" data 
fields optional with a default value of"N/A." NHTSA does not agree with Mercedes-Benz's 
recommendation that NHTSA provide a better understanding of its intention for the information 
in certain data fields. "Electric Tractio11 Motor, Motor Controller," "Battery Configuration," 
"Electrical Charging System," and "Energy Storage Device" are the data fields that characterize 
the bask powerplant for electric vehicles. Basic Engine, along with Carline and Transmission 
Class, make up a model type for light-duty vehicles. Therefore, those five fields are used to 
group vehicles by model type in accordance with EPA regulations. Fuel economy performance 
is calculated by Subconfiguration, which is a subset of a model type. As such, those five data 
fields are an integral part of grouping vehicles for fuel economy testing purposes in accordance 
with EPA regulations. NHTSA also does not agree with Volkswagen's assertion that the 
template is populated with many fields that do not appear relevant to projecting CAFE 
perfonnance. As previously mentioned, many of the data fields are used to arrange vehicles into 
groups for calculating fuel economy performance in accordance with 49 CFR 53 7. 7. 

Furthermore, NHTSA has re-engineered the template in a few areas to include additional 
supporting data elements used in calculating other data fields required by Part 537. These fields 
may not directly align with the existing requirements in Part 537 but are necessary for validation 
purposes. For this reason, NHTSA is also finalizing its proposal in the NPRM to remove the 
optional provisions for reporting the data fields for detennining the CAFE model type target 
standards. inaking the infonnation mandatory in the template. Additional changes have been 
made to the template to improve fuel economy calculations. NHTSA edited the template to 
include the calculation procedure for altemative-fuel vehicles and corrected the test procedure 
adjustment (TPA) calculation to align the tleet average fuel economy calculation methodology 
with 40 CPR 600.510-12. Several expanded worksheets and functional features were a!so added 
to the template to improve the usability of the templates for manufacturers. These changes 
include modifications such as adding the estimated credits and a minimum domestic passenger 
shortfall calculator as the last fields to the "Summary" worksheet. Oiher functional changes 
include protecting users from changing the fonnatting or data validation in each cell and 
allowing columns to be widened by users. 

{b) Standardized Credit Documenls 

A credit "[t]rade" is defined in 49 CFR 536.3 as "the receipt by NHTSA of an instruction 
from a credit holder to place its credits in the account of another credit holder."1m "Traded 
credits are moved from one credit holder to the recipient credit holder within the same 
compliance category for which the credits were originally eamed. If a credit has been traded to 

rm 49 CFR 536.3(b). 
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another credit holder and is subsequently traded back to the originating manufacturer, it will be 
deemed not to have been traded for compliance purposes."1m NHTSA does not administer trade 
negotiations between manufacturers and when a trade document is received the agreement must 
be issued jointly by the current credit holder and the receiving party. im NHTSA does not settle 
contractual or payment issues between trading manufacturers. 

NHTSA created its CAFE database to maintain credit accounts for manufacturers and to 
track all credit transactions. A credit account consists of a balance of credits in each compliance 
category and vintage held by the holder. While-maintaining accurate credit records is essential, 
it has become a challenging task for the agency given the recent increase in credit transactions. 
Manufacturers have requested that NHTSA approve trade or transfer requests not only in 
response to end-of-model year shortfalls, but also, during the model year, when purchasing 
cre(jits to bank. 

To reduce the burden on all parties, encourage compliance, and facilitate quicker NHTSA 
credit transaction approval, the agency proposed in the NPRM to add a required template to 
standardize the infonnation paities submit to NHTSA in reporting a credit transaction. 
Presently, manufacturers are inconsistent in submitting the infonnation required by 49 CFR 
536.8, creating difficulty for NHTSA in processing transactions. The template NHTSA 
proposed is a simple spreadsheet that trading parties fill out. When completed, parties will be 
able to click a button on the spreadsheet to generate a credit transaction summary and if 
applicable credit trade confirmation, the latter of which shall be signed by both trading entities. 
The credit trade c:onfirmation serves as an acknowledgement that the parties have agreed to trade 
credits. The completed credit trade summary and a PDF copy of the signed trade confinnation 
must be submitted to NHTSA. Using the template simplifies CAFE compliance aspects of the 
credit trading process, and helps to ensure that trading parties follow the requirements for a credit 
transaction in 49 CFR 536.S(a). 1776 

Additionally, the credit trade confirmation includes an acknowledgement of the "error or 
fraud" provisions in 49 CFR 536.S(f)-(g), and the finality provision of 49 CFR 536.S(g). 
NHTSA sought comment on this approach, as well as on any changes to the template that may be 
necessary to facilitate manufacturer credit transaction requests. The agency uploaded the 
proposed template to the NHTSA 's docket and the CAFE PIC site for manufacturers to 
download and review. 

Only Global Automakers commented on the proposed 'cfedi1 transaction template, and 
Global Automakers supported adopting a unifonn template. Global Automakers stated that, in 
theory, it agrees that a standardized template with credit trading infonnation is appropriate, and a 
similar template-is already in use for these types of reporting requirements by its' members that 
could be integrated into the end of the yeai· EPA final report. Global Automakers believes the 
use of similar templates have been well-established, and such a template could be implemented 

"" Id. 
1775 See 49 CfR 536.8(a). 
"'" Submitting a properly completed template and accompanying transaction letter will satisl)· the trading 
requirements in 49 CFR part 536. 
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across multiple agencies (i.e. NHTSA and EPA) with very little lag time in learning. 1777 No 
comments were received on the transaction letter generated by the template. 

For the final rule, NHTSA is finalizing the proposed requirements for its credit templates 
to be incorporated into provisions for Part 536. NHTSA understands that manufacturers may be 
using similar credit reporting templates as part of their current business processc:s but has 
decided to adopt the template proposed in the NPRM. The NHTSA credit templates are an 
integral part of a long.range technology deployment that is already underway and will automate 
the NHTSA 's CAFE database and web portal systems. When complete,_the systems and portals 
will receive information directly from manufacturers and enable manufacturers, independently, 
to confirm credit trades and receive real•time credit balances. For this reason, diverging from the 
proposed templates for the final rule would impose unnecessary costs upon NHTSA. In the 
interest of accommodating the transition by manufacturers from other standardized templates, the 
agency wlll delay mandatory use of the CAFE credit template until January 1, 2021. 
Manufacturers may de\'iate from ihe generated language in the NHTSA credit trade confinnation 
by adding additional qualifications but; at a minimum, must include the core information 
generated by the template. 

(c) Credit Transaction Irr:formation 

Credit trading among entities commenced in the CAFE program starting in MY 2011.1778 

To date, NHTSA has received numerous credit trades from manufacturers but has only made 
limited information publicly available.1779 As discussed earlier, NHTSA maintains an online 
CAFE database with manufacturer and fleetwide compliance information that includes year·by· 
year accounting of credit balances for each credit holder. While NHTSA maintains this 
database, the agency's regulations currently st\!te that it does not publish information on 
individual transactions, and NHTSA has not previously required trading entities to submit 
information regarding the compensation (whethet financial, or other items of value) 
manufacturers receive in exchange for credits. mn. 1731 Thus, NHTSA 's PJC offers sparse 
information to those looking to determine the value of a credit. 

The lack of information regarding credit transactions means entities wishing to trade 
cre,dits have little, if any, information to determine the value of the credits they seek to buy or 
sell. It is widely assumed that the civil penalty for noncompliance with CAFE standards largely 
determines the upper value of a credit, because it is logical to assume that manufacturers would 
not purchase credits if it cost less to pay civil penalties instead, but it is unknown how other 
factors affect the value. For example, a credit nearing the end of its five-model·year lifespan 
would theoretically be worth less than a credit within its full five-model·year lifespan. In the 

177' Global Automakers, Detailed Comments, NHTSA-2018-0067-12032. 
177' 49 CFR 536.6(c). 
mo Manufacturers may generate credjts, but non-manufacturers may also hold or trade credits. Thus, the word 
••entities" is used to refer to those that may be a party to a credit transaction. 
"'" 49 CFR536.5(e)( I). 
mi NHJ'SA understands that not all credits are exchanged for monetary compensation. The proposal that NHTSA 
is adopting in this final rule requires entities to report compensation exchanged for credits, and is not limited to 

reponing monetary compensation. 
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latter case, the credit holder would like ly value the credit more, as it can be used for compliance 
purposes for a longer period of time. 

In the interest of facilitating a transparent and efficient credi t trading market. NHTSA 
stated in the NPRM that consideration is being given to modif)ring its regulations for credit trade 
information. NHTSA sought comment in the N PRM about the feasibility of requi ring more 
information disclosure around trades, includ ing price information. noting that neither the public, 
shareholders, competitors, nor even the agencies themselves know the price of credit 
transactions. More specifically, t-1¼.!--a~:--.H IS\ proposed requiring trading pa11ies to 
submi t information disc losing the identities of the parties to credit trades, the number of credits 
traded. and the amount of compensation exchanged for credits. Fu11hermore, NHTSA proposed 
that regulations would also permit the agency to publish information about specific transactions 
on the PIC. 

NHTSA received comments from Volkswagen, Honda, Fiat Chrysler, Toyota, Global 
Automakers. the Auto All iance, UCS, and from one private cit izen, Mr. Jason Schwartz, 
regarding the scope of avai lable credit information. All auto associations and manufacturers 
requested that NHTSA maintain the confidentiality of credit trades and transactions. The 
remaining commenters felt increased transparency would benefit the market. 

Global Automakers, the Auto Alliance, Fiat Chrysler, and Volkswagen stated that credit 
trades are business-to-business, contain internal infonnation and can involve both financial and 
non-financial compensation between pa11ies.1782 They stated credit t ransactions should be 
viewed as being similar to other competitive purchase agreements, which include non-disclosure 
terms and strict confidentiality with regard to cost and compensation.1783 They contended that 
negotiations must remain confidential to protect the sensitive business practices for both the 
buyer and seller, and that revealing purchasing terms could result in a competitive disadvantage 
for both.1784 Further, it was stated that certain transactions may not happen if they are publicized 
for fear of public criticism, making the program less efficient. ms 

Honda added that disclosing trading terms may not be as simple as a spot purchase at a 
given price.1786 Honda explained that it has undertaken a number of transactions for both CAFE 
and CO~ credits, and there has been a range of complexity in these transactions due to numerous 
factors that are reflective of the marketplace, such as the volume of credits, compliance category, 
credit expiration date, a seller's compliance strategy, and even the CAFE penalty rate in effect at 
that tirne.1787 In addition, Honda stated that automakers have a range of partnerships and 

1782 Global Automakers. Detailed Comments, NHTSA-2018-0067- 12032; Auto Alliance. Detailed Comments, 
NHTSA-2018-0067-12073; Fiat Chrysler, Detailed Comments.NHTSA-2018-006 7-1 1943; Volkswagen. Detailed 
Comments. NHTSA-2017-0069-0583. 
m ; See, e.g .. Auto Alliance, Detailed Comments. NHTSA-2018-0067-12073. 
178' See, e.g. .. Auto Alliance, Detailed Comments. NHTSA-2018-0067-12073. 
17

" See, e.g. .. Fiat Chrysler, Detailed Comments, NHTSA-20 18-0067-11943. 
1786 Honda_ Detailed Comments, NHTSA-2018-0067-11818. 
1787 Honda_ Detailed Comments, NHTSA-2018-0067-11818. 
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cooperative agreements with their own competitors. 1788 Honda commented that credit 
transactions can be an offshoot of these broader relationships, and difficult to price separately 
and independent!y. 1m Thus, Honda believes there may not be a reasonable, or even meaningful, 
presentation of"market" information in a transaction "price."17

</(l Finally, Honda concluded by 
stating that information on pricing terms and business partner pairings is highly competitive and, 
if made public, could divulge to competitors a buyer's and/of seller's future compliance 
strategy. 1

i
9l For these reasons, Honda believes it is appropriate to maintain the confidentiality of 

trade terms, pricing infonnation, and of trading partner identification.1M 

Fiat Chrysler stated that revealing credit transaction information would reveal highly 
confidential business information. 1 m It stated that credit transaction infommtion may reveal the 
technology that is most valued by a company and the value of putting certain technology intb a 
vehicle. 1

7?4 It believed 1hat credit trades are complex business transactions made at arm's 
length.179' As such, they may include monetary and non-monetary compensation, non-disclosure 
provisions, and other sensitive tenns. 1796 Fiat Chrysler commented that publicizing such 
sensitive information could stifle the credit market and potentially result in uncompetitive 
outcomes, and could also decrease the efficiency in the credit trading marketplace.17'J7 Fiat 
Chrysler further stated that the NPRM's justifications for requiring the disclosure of credit 
transaction information is unfounded and the government has no need of this information in the 
regular course of doing business. 1798 

The Auto Alliance, Honda, Toyota, and Volkswagen argued against NHTSA publishing 
credit movements each model year bn its PIC. They stated that detailed credit banks by account 
holder are available to the public or entities wishing to engage in the credit market and that 
information is already sufficient. 17q9 Global Automakers further contended that the agencies 
know which companies are trading and how those credits-are being used, which is all that should 
be required for administering the program. 1800 The Auto Alliance argued that in private markets, 
trades and prices often are not made public; this privacy Qoes not mean that the markets operate 

118' Honda, Detailed CDmments, NHTSA-2018-0067-11818. 
"" Honda, Detaile<l Comments, NHTSA-20 l 8-006 7-1 I 818. 
""" Honda, Detailed Comments, NlITSA-2018-0067-118!8. 
17~' Honda, Detailed Comments, NHTSA-2018-0067-1 l 818. 
"'

0 Honda, Detailed Comments, NHTSA-2018-0067-118!8. 
"" fiat Chrysler, Detaile<l Comments, NHTSA-2018-0067-11943. 
'1" Fiat Chrysler, Detailed Comments. NHTSA-2018-0067-11943. 
17' 5 Fiat Chrysler, Detailed Comments, NHTSA-2018-0067-11943. 
11' 6 Fiat Chrysler, Detailed Comments, NHTSA-2018-0067-l l 943. 
1101 Fiat Chrysler, Detaile<l Comments, NHTSA-2018-0067-11943, 
"',' Fiat Chrysler, Detaile<l Comments, NHTSA-2018-0067-11943. 
'"1 Auto Alliance, Detailed Comments, NHTSA-2018-0067-!2073; Honda, Detailed Comments, NHTSA-2018-
0067-11818: Toyota. Detailed Comments, NHTSA-2018-0067-12150: Vollcs.rngen, Detailed Comments, NHTSA-
2017-0069-0583. 
,.-,o Global Automakers, Detaile<l Comments, NHTSA-2018-0067-12032. 
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any less effectively, nor that the public at large does not benefit from the transactions that lower 
costs for all parties. 1801 

Volkswagen further commented that revealing confidential purchase terms has no 
precedent in the ;:iutomotive industry, Volkswagen's position is that it does not disclose contract 
pricing for purchasing fuel saving technologies from suppliers, such as for turbochargers or 
battery packs. Therefore, Volkswagen does not believe it is appropriate to disclose the purchase 
price for CAFE credits. 1802 

Opposite views from those expressed by automobile manufacturers were received in the 
comm,ents from UCS and Jason Schwartz. Both commenters strongly supported an increase in 
information regarding credit trading in the CAFE program.1803 They argUed that more 
information will allow manufacturers to make better informed decisions and lead to greater 
industry efficiency in genera!. 181

).1 UCS added that while the PfC does have some information, it 
is difficult to discern how the manufacturers are dividing credits to offset shortfa!Is.1805 It 
requested NHTSA disclose at least as much information as EPA provides from its program, if 
not providing more information on transaction price and compliance category.13

'
16 Jason 

Schwanz had similar arguments for more transparency. Mr. Schwartz added that the agencies 
can assume that credits may be traded at prices similar to the civil penalty rate for 
noncompliance under the CAFE standards, but not knowing the actual prices greatly complicates 
the agencies' estimations of the costs of complying with the standards. 1807 Schwartz used several 
examples to explain and justify the need for making data on credit transactions, prices, and 
holdings publicly available to help the agency and the public assess the efficacy of the 
program. 1808 He also explained that such information will enable the smooth operation of the 
credit market by enabling credit buyers to better evaluate the value of credits and placing all 
players on equal infonnational footing which facilitates price discovery, and assists buyers and 
sellers in reaching terms.1

&/lQ He added that regulators should require greater transparency to 
facilitate oversight. 18 Hl He asserted his belief that greater transparency in tracking transactions 
and credits helps regulators detect fraud, manipulation, market power, abuse, and to enforce 
compliance. 1811 

Jn response to these comments, NHTSA has decided not to share detailed information on 
credit transactions or the cost of individual credit transactions with the public. NHTSA agrees 
with manufacturers that revealing confidential purchase terms could result in a competitive 

1'° 1 Autb Alliance, Detailed Comments, NHTSA-2018-0067-12073. 
1•o: Volksw~gen, Detailed Comments, NHTSA-2017-0069-0583. 
""-' UCS, Detailed Comments, NHTSA-2018-0067-!2039; Jason Sch,.artz, Detailed Comments, Nl·ITSA-Wl&-
0067-12162. 
'1°" See, e.g .. UC'S, Detailed Comments, NHTSA-2018-0067-12039. 
"

0
' UCS. Detailed Comments, NHTSA-201&-0067-12039. 

""° UC'S, Detailed Comments, NHTSA-201&-0067-12039. 
11"°' Jason Schwartz, Detailed Comments, NHTSA-2018-0067-12162. 
111'1 Jason Schwartz, Detailed Comments, NHTSA-2018-0067-12162. 
" 09 Jason Sclmartz, Detailed Comments, NHTSA-2018-0067-12162. 
'"" Jason Schwartz, Detailed Comments, NHTSA-2018-0067-12162. 
'"' Jason Schwartz, Detailed Comments, NHTSA-2018-0067-12162. 
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disadvantage for both credit buyers and sellers, as well as hann to companies revealing highly 
confidential business materials. However, NHTSA believes that greater government oversight is 
needed over the CAFE credit market NHTSA needs to understand more information 
surrounding trades, including costing information. As Honda recognized in its comments, 
NHTSA needs to·understand the full range of complexity in transactions, monetary and non
monetary, in addition to the range of partnerships and cooperative. agreements between credit 
account holders-which may impact the price of credit trades. 1812 NHTSA also believes, as 
mentioned by commenters, that disclosure of information concerning credit trades is imp01tant 
for facilitating government oversight for protecting against fraud, manipulation, market power, 
and abuse which may occur in the credit market. 

NHTSA is adopting new reporting provisions in this final rule. Starting January I, 202 L. 
manufacturers will be required to submit al! credit trade contracts, including costing and 
transactional information, to the agency. This information may be submitted confidentially, in 
accordance with 49 CFR part 512.1813 NHTSA will use this information to determine the true 
cost of compliance for all manufacturers. This information will allow NHTSA to assess better 
the impact of its regulations on the industry. and provide more insightful information to use in 
developing future nilemakings. This confidential information will be held by secure·e]eCtronic 
means in NHTSA's database systems. As for public information, NHTSA will include more 
information on the PIC on aggregated credit transactions, such as the combined flexibilities all 
manufacturers used for compliance as shown in Figure 0-6Figure 0-6, or information comparable 
to the credit information EPA makes available to the public. In the future, NHTSA will consider 
what information, if any, can be meaningfully shared with the public on credit transactional 
details or costs, while accounting for the concerns raised by the automotive industry. 

(d) Precision of the CAFE CreditAcijustment Factor 

EPCA, as amended by EISA, required the Secretary of Transportation to establish an 
adjustment factor to ensure total oil savings are preserved when manufacturers trade credits. 1814 

The adjustment factor applies to credits traded between manufacturers and to cred_its transferred 
across a manufacturer's compliance fleets. 

In establishing the adjustment factor, NHTSA did not specify the exact precision of the 
output of the equation in 49 CFR 536.4(b). NHTSA's standard practice has been round to the 
nearest four decimal places (e.g., 0.0001) for the adjustment factor. However. in the absence of a 
regulatory requirement, many manufacturers have contacted NHTSA for guidance, and NHTSA 
has had to correct several credit transaction requests. In some instances, manufacturers_have had 
to revise signed credit trade documents and submit additional trade agreements to properly 
address credit shortfalls. 

NHTSA proposed in the NPRM to add requirements to 49 CFR 536.4 specifying the 
precision of the adjustment factor by rounding to four decimal places (e.g., 0.0001 ). NHTSA has 

"" Honda, Detailed Comments, NHTSA-2018-0067-l 1819. 
im See also 49 U.S.C. 32910(c). 
'"" 49 U.S.C. 32903(f)(l ). 
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also included equations for the adjustment factor in its proposed credit transaction report 
template, mentioned above, with the same level of precision. NHTSA sought comment on this 
approach but received no comments, and therefore is finalizing this approach in this final rule. 

(3) NHTSA Then Analyzes EPA-Cert/tied CAFE Values}Or 
Compliance 

After manufacturers complete certification testing and submit their final compliance 
values to EPA, EPA verifies the data and issues final CAFE reports to manufacturers and 
NHTSA. NHTSA then evaluates ,vherher the manufacturers' compliance categories {i.e., 
domestic passenger car, imported passenger car, and light truck fleets) meet the applicable CAFE 
standards. NHTSA uses EPA-verified data to compare fleet average standards with actual fleet 
performance values in each compliance category. Each vehicle a manufacturer produces has a 
fuel economy target based on its footprint (footprint curves are discussed above in Section II.C), 
and each compliance category has a CAFE standard measured in miles per gallon (mpg). The 
manufacturer's fleet average CAFE standard is calculated based on the foe! economy target 
value and production ·volume of each vehicle model. The CAFE performance is calculated based 
on the compliance value and production volume-of each vehicle model. A manufacturer 
complies with the CAFE standard if its fleet average performance is greater than or equal to its 
required standard, or if it is able 10 use available compliance flexibilities, described below in 
Section Vlll.C .2.c. 10 resolve any shortfall. 

lfthe average fuel economy level of the vehicles in a compliance category falls below the 
applicable fuel economy standard, NHTSA provides written notification to the manufacturer that 
it has not met that standard. The manufacturer is then required to confinn the shortfall and either 
submit a plan indicating how it will allocate existing credits, or ifit does not have sufficient 
credits available in that fleet, how it will earn, transfer, and/or acquire credits, or pay the 
appropriate civil penalty. The manufacturer must submit a credit allocation plan or payment 
within 60 days of receiving agency notification. 

NHTSA approves a credit allocation p!an unless it finds the proposed credits are 
unavailable or that it is unlikely that the plan will result in the manufacturer earning sufficient 
credits to offset the projected shortfall. If a plan is approved, NHTSA revises the manufacturer's 
credit account accordingly. If a plan is rejected, NHTSA notifies the manufacturer and requests 
a revised plan or payment of the appropriate civil penalty. Similarly, if the manufacturer is 
delinquent in submitting a response within 60 days, NHTSA takes action to collect a civil 
penalty. IfNHTSA receives and approves a mariufactur_er's plan to carry back future earned 
credits within the following three years in order to comply with current regulatory obligations, 
NHTSA will defer lerying civil penalties for noncompliance until the date(s) when the 
manufacturer's approved plan indicates that the credits will be earned or acquired to ac'hieve 
compliance. If the manufacturer fails to acquire or earn sufficient credits by the plan dates, 
NHTSA will initiate noncompliance proceedings to collect civil pena!ties. 1815 

"" S<:egenerally 49 CFR part 536. 
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(4) Civil Penalties for l',/onco111plia11ce 

In the event that a manufacturer does not comply with a CAFE standard, EPCA provides 
that the manufacturer is potentially liable for a civil penalty.1816 The manufacturer determines 
whether to use available credits to reduce or offset its potential pena!ty.1817 This penalty rate is 
$5.50 for each tenth of a mpg that a manufacturer's average fuel economy falls short of the 
standard for a given model year multiplied by the total volume of those vehicles in the affected 
compliance category manufactured for that model year. 1

&
18 A person (or manufacturer) that 

violates 49 U.S.C. 32911 (a), including general CAFE violations other than those for failing to 
comply with CAFE standards (i.e., fuel economy labeling violations), is also liable to the United 
States Government for a civil penalty of not more than $42,530 for each violation. A separate 
violation occurs for each day the violation continues. All penalties are paid to the U.S. Treasury 
and not to NHTSA.1819 

Potential Civil Penalty 
= $5.50 x (Avg.FE Performance -Avg.FE Standard) x 10 
x Total Production 

Since the inception of the CAFE program, the U.S. Treasury has collected a total of 
$969,978,472.50 in CAFE civil penalty payments. Generally, import manufacturers have paid 
significantly more in civil penalties than dome~tic manufacturers, with the majority of payments 
made by import manufacturers for passenger cars and not light trucks. Over the total program 
lifetime, import manufacturers paid a total of$969,520,032.50 in CAFE penalties while domestic 
manufacturers paid a total of$458,44Q.18~0 

Prior to the CAFE credit trade and transfer program, several manufacturers opted to pay 
civil penalties instead of complying with CAFE standards. Since NHTSA introduced trading and 
transferring, manufacturers have largely traded or transferred credits to achieve compliance, 
rather than paying civil penalties for noncompliance. NHTSA therefore assumes that buying and 
selling credits is a more cost-effective strategy for manufacturers than paying civil penalties, in 

1"" 49 u.s.c. 32911-12. 
m 7 See49 U.S.C. 32912. 
1311 NHTSA finalized a retaining the $5.50 civil penalty rate in an April ~018 NPRM. See 83 FR 13904 (Apr. 2. 
2018). 
'"" 49 USC 32912(e) allows for fiscal year 2008 and each fiscal year thereafter, the total amount deposit~d in the 
genera! fund of the Treasury during the preceding fiscal year from fines, penalties, and other funds obtained through 
enforcement actions conducted pursuant to EISA and EPCA (including funds obtained under consent decrees), the 
Secretary of the Treasury, suliject to the availability ofappropriations, shall: (J) transfer 50percent ohuch total 
amount to the account providing appropriations to the Secretary ofTran,pnrtation for the administration of this 
chapter, which shall be used by the Secretary I~ support rulemaking under this chapter; a_nd (2) transfer50 percent of 
such total amount to the account providing appropriations to the Secretary ofTransportation for the administration 
oftl1is chapter, which shall be used by the Secretary to carry out a program to make grants to manufacturers for 
retooling, ree<juipping, or expanding existing manufacturing facilities in the United State8 to produce advanced 
technology vehicles and components. 
'"" These totals include penalties associated with all fleets for these manufacturers. For _example, the total penalties 
paid by import manufacturers includes penalties associated with shortfalls in those manufac\Urers' domestic 
passenger car fleets. 
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part, because it seems logical that the price of a credit is directly related to the civil penalty rate 
and decreases as a credit's life diminishes.1821 Prior to trading and transferring, on average. 
manufacturers paid $28,073,281.93 in civil penalty payments annually (a total of $814,125, 176 
from MYs 1982 to 2010). Since trading and transferring began, manufacturers now pay an 
average of $25,975,549.42 each model year. The agency notes that six manufacturers have paid 
c ivil penalties s ince 20 11 totaling $ 155,853,296.50; Fiat Chrysler paid a civil pena lty in MY 
2016 equal to $77,268,720.50 for fail ing to meet the minimum domestic passenger car standard. 
NHTSA expects that, over the next several years, manufacturers will face challenges in avoiding 
paying further civil penalties as standards increase in stringency. 

b) What Exemptions and Exclusions does NHTSA A/1011•? 

(J) Emergency and Law Enforcemem Vehicles 

Under EPCA, manufacturers are allowed to exclude emergency vehic les, which include 
law enforcement vehicles. from their CAFE fleet. 1822 All manufacturers t hat produce emergency 
vehicles have historically done so. NHTSA did not propose any changes to this exclusion and 
therefore is retaining the provision w ithout change for the final rule. 

(2) Small Volume Mamifacturers 

Per 49 U .S.C. 32902(d). N HTSA established requirements for exempted small volume 
manufacturers in 49 CFR part 525. "Exemptions from Average Fuel Economy Standards." The 
small volume manufacturer exemption is available for any manufacturer whose pr~jected or 
actual combined sales (whether in the U.S. or not) are fewer than I 0,000 passenger automobiles 
in the model year two years before the model year for which the manufacturer seeks an 
exemption.1823 T he manufacturer must subm it a petit ion with information stating that the 
applicable CAFE standard is more stringent than the maximum feasible average fue l economy 
level that the manufacturer can achieve. 1824 N HTSA must then issue by Federal Register notice, 
a proposed decision granting or denying the petition and inviting public comment. 1825 l f the 
agency proposed to grant the petition, the notice includes an alternative average fuel economy 
standard for the passenger automobi les manufactured by the manufacturer.1826 After conclusion 
of the public comment period, the agency publishes a fi nal decision in the Federal Regis/er. 1827 

If the agency grants the petition, it establishes an alternative standard, which is the maximum 
feasible average fuel economy level for the manufacturers to which the alternative standard 
applies.1828 NHTSA did not propose and is not making any changes to the small volume 
manufacturer provision or alternative standards regulations in this rulemaking. 

"°' See 49 CFR 536.4 for NHTSA 's regulations regarding CAFE credi1s. 
,.,., 49 U.S.C. 32902(c). 
llr.!3 49 CFR 525.5. 
1m 49 CFR 525.7(h). 
is:i 49 CFR 525.8(c). 
18

'
6 Id 

1m 49 CFR 525.S(e). 
1820 49 U.S.C. 32902(d)(2); 49 CFR 525.S(e). 
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c) What Compliance Flexibilities and /ncemives are Currently 
Available Under the CAFE Program and How do Mam!lacturers Use 
Them? 

There are several compliance flexibilities and incentives that manufacturers can use to 
achieve compliance with CAFE standards beyond applying fuel economy-improving 
technologies. Some compliance flexibilities and incentives are statutorily mandated by Congress 
through EPCA and EISA. These specifically include program credits generated from 
overcompliance, including the abil ity to carry-forward, carryback, trade and transfer credits, and 
special fue l economy calculations for dual- and alternative-fueled vehicles (discussed in turn, 
below). However, 49 U.S.C. 32902(h) expressly prohibits NHTSA from considering the 
availabi lity of statutorily established credits (either for building dual- or alternative-fueled 
vehicles or from accumulated transfers or traders) in setting the level of the standards. Thus. 
NHTSA may not raise CAFE standards because manufacturers have enough credits to meet 
higher standards, or because alternative fuel vehicles (including electric vehicles) are available to 
help manufacturers achieve compliance. Tl,i, i•, an i1HF•1Flan1 Jiff.-rc1h'.- tn,n, I P \ · dtllhllrll~ 

rn,Jcr 11,c C \ \. ,,hid, d0", nut t011lain al!h a ,..,.,11 it'li0A. aml ,,,, hid, lle•<tl>ilil~ l P \ ha, LJliliNtl 
in 1lw j1<1,1 ill Elt'tcm1i11i1,g urrrt11•ria1c It·, d, t11' ,trin!!"'"''.• for i1. pn>,;FimL 

Generating, trading, transforring, and applying CAFE credits is governed by statute.18c9 

Program credits are generated when a vehicle manufacturer's fleet over-complies with its 
standard for a given model year, meaning its vehicle fleet achieved a higher corporate average 
fuel economy value than the amount required by the CAFE program for that fleet in that model 
year. Conversely. if the fleet average CAFE level does not meet the standard, the fleet would 
incur debits (also referred to as a shortfall). A manufacturer whose fleet generates a credit 
shonfall in a given model year can resolve its shortfall using any one or combination of several 
credits flexibi lities, including credit carryback. credit carry-forward, credit transfers, and credit 
trades. 

NHTSA also has promulgated compliance flexibilities and incemives consistent with 
EPCA's provisions regarding calculation of fuel economy levels for individual vehicles and for 
fleets. mo These compliance flexibilities and incentives, which were first adopted in the 2012 
rule for MYs 2017 and later, include A/C efficiency improvement and off-cycle adjustments. and 
adjustments for advanced technologies in full-size pickup trucks. including adjustments for mild 
and strong hybrid electric full-size pickup trucks and performance-based incentives in full-size 
pickup trucks. The fuel consumption improvement benefits of these technologies measured by 
various testing methods can be used by manufacturers to increase the CAFE performance of their 
fleets. 

Under NHTSA regulations, credit holders (including, but not limited to manufacturers) 
have credit accounts with NHTSA where they can, as outlined above, hold credits, and use them 
to achieve compliance with CAFE standards, by carrying forward, carrying back. or transferring 
credits across compliance categories. Manufacturers with excess credits in their accounts can 

'"' 49 u.s.c. 32903. 
'"" 49 u.s.c. 32904. 
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also trade credits to other manufacturers, who may use those credits to resolve a shortfall 
currently or in a future model year. A credit may also be cancelled before its expiration date if 
the credit holder so chooses. Traded and transferred credits are subject to an "adjustment factor" 
to ensure total oil savings are preserved. 1831 Credits earned before MY 2011 may not be traded 
or transferred. 183~ 

Credit "carryback" means that manufacturers are able to use credits to offset a deficit that 
had accrued in a prior model year, while credit "carry-forward" means that manufacturers can 
bank credits and use them towards compliance in future model years. EPCA, as amended by 
EISA allows manufacturers to carryback credits for up to three model years, and to carry
forward credits for up to five model years.18'' Credits expire the model year after which the 
credits may no longer be used to achieve compliance with fuel economy regulations.1834 

Manufacturers seeking to use carryback credits must have an approved carryback plan from 
NHTSA demonstrating their ability to earn sufficient credits in future MYs that can be carried 
back to resolve the current MY's credit shortfall. I I'\ .,I "l,·11 w,-.. ;~ •••Hfo:•+i+tt+frtH,..........,+H<kt 

~ 11rn"°rdlll -~ 

Credit "trading'' refers to the ability of manufacturers or persons to sell credits to, or 
purchase credits from, one another. EISA gave NHTSA discretion to establish by regulation a 
CAFE credit trading program, to allow credits to be traded between vehicle manufacturers, now 
codified at 49 CFR part 536. 1836 EISA prohibited manufacturers from using traded credits to 
meet the minimum domestic passenger car CAFE standard.1837 

As mentioned previously, the agencies sought comments in the NPRM on whether and 
how each agency's existing flexibilities and incentives might be amended, revised, or deleted to 
avoid the inefficiencies and market disto11ions as discussed earlier. NHTSA was concerned with 
the potential for unintended consequences. Specifically, comments were sought on the 
appropriate level of comp I iance flexibilities, including credit trading, in a program that is 
correctly designed to follow statutory direction to create maximum feasible fuel economy 
standards. Given that the credit trading program is discretionary under EISA, NHTSA also 
sought comments on whether the credit trading provisions in 49 CFR part 536 should cease to 
apply beginning in MY 2022. Comments were sought on whether to allow all incentive-based 
adjustments, except those that are mandated by statute, to expire, in addition to other possible 
simplifications to reduce market distortion, improve program transparency and accountability, 
and improve overal l performance of the compliance programs. 

1831 49 CFR 536.4(c). 
,s;: 49 CFR 536.6(c). 
1833 49 U.S.C. 32903(a). 
18

" 49 C FR 536.3(b}. 
\---f,•FI Ill \1\ H~=--~-Ht-t-- ... 111i11. .1rtc!ll1 ~.ll\hl.1d4'ir-..;•11'\''-H-"l+('-4~•,:ff"t<lr-t•·~~ 

~--'~.c-1. c/1•11,t~-c.-'·!-~•d- l cl ltdlt I \l'i _PIHµ.,.,-.,~h Ul•--~4~ ,H~--~'l. .. ~~-~ 

Iii I, I 1 ., ' ' .,....,,.., w I I"· 1.I II""· ~·-"1+-\.1+ .,· 
IS)• 49 U.S.(. 32903(1). 
1837 49 u.s.c. 32903(1)(2). 
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The comments received from the public and NHTSA 's responses to those comments are 
discussed below. A summary of all the flexibil ities and incentives, and information on whether 
they were either retained or modified forthe final rule, is presented in Table 0-ITable 0- 1 
through Table 0-4Table 0-4. 

(1) Credit Cany-Forward and Back 

Under the CAFE program, when the average fuel economy of a compliance fleet 
manufactured in a part icular mode l year exceeds its applicable average fuel economy standard, 
the manufacturer earns credits. m 8 The credits may be applied to: ( 1) any of the 3 consecutive 
model years immediately before the model year for which the credits are earned; and (2) any of 
the 5 consecutive model years immediately after the model year for which the credits arc earned. 
For example, a credit earned for exceeding model year 20 I 7 standards will be usable for 
compliance purposes through and including the 2022 compliance model year. NHTSA sought 
no comments or proposed changes to any of the aspects of its lifespan for CAFE credits because 
of the existing statutory limitation set forth by Congress. The public offered no comments on 
such flexibil ities 1111d.:r the l \f I pn><1ram. 

(2) Credi! Trading 

All commenters responding to the NPRM on this issue favored retaining the existing 
CAFE credit trading program. Comments on credit trading were received from Volkswagen, 
Honda, General Motors, CARB, BorgWarner, Jaguar Land Rover, Fiat Chrysler, G lobal 
Automakers, the Auto Alliance, the Institute for Policy Integrity, Toyota, and academic 
commenters, Jeremy Michalek and Jason Schwartz. No comments were received supporting the 
idea of changing the existing credit trading program. 

In general, manufacturers' comments centered around problems in predicting whether 
consumers will purchase the fuel efficient vehicles necessary for manufacturers to meet their 
compliance obligations. They stated that continuing the credit trading program allows 
manufacturers to address uncertainty in the market better.1839 The Auto Alliance, Volkswagen. 
Fiat Chrysler, and Honda commented that credit flexibil ities allow manufacturers to comply with 
the program even when faced with market uncertainties.1840 Honda stated that credit trading 
allows the government to set reasonable standards without fear of having to cater to the least
capable manufacturer. 1841 Jaguar Land Rover stated the removal ofNHTSA 's credit trading 
programs would increase and intensify the dis-harmonization between the C01 and CAFE 
programs.1842 

1838 -19 U.S.C. 32903 and 49 CFR 536. 
1839 See, e.g., Fiat Chrysler, Detai led Comments, NHTSA-2018-0067-11943. 
""l Amo Alliance, Detailed Comments, NHTSA-2018-0067- 12073; Volkswagen, Detailed Comments, NHTSA-
2017-0069-0583-22; Fiat Chrysler, Detailed Comments, NHTSA-2018-0067-11943: Honda. Deiailcd Comments. 
NHTSA-20! 8-0067-11818. 
1841 Honda, Detailed Comments, NHTSA-2018-0067-1 1818. 
18" Jaguar Land Rover, Detailed Comments, NI-ITSA-2018-0067-1 1916-9. 
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Global A4tomakers, Fiat Chrysler, Jason Schwartz, and Jeremy Michalek each 
commented that the credit trading program allows for a more efficient compliance process given 
that more fuel-efficient manufacturers can sell their credits to manufacturers who fall short. 1g43 

These commenters and BorgWarner stated that the program lowers the overall cost of reducing 
fuel consumption. rn44 Likewise, Jaguar Land Rover, Fiat Chrysler, and General Motors argued 
compliance flexibilities. like trading, increase the ability to achieve higher fuel economy and 
reduced CO2 emissions. They found that the credit trading flexibility allows them to invest more 
money in technologies that will lead to future increases in' their fuel economy.1845 SimilarJy, 
CARB argued credit flexibilities have been shown to be-successful in reducing emissions and 
spurring innovation. It saw no reason to remove a successful program.rn46 

Fiat Chrysler staled that credit trading allows manufacturers to pro\'ide more choices for 
consumers since manufacturers are not required to meet the standard exactly, but rather, they can 
purchase traded credits and then provide V?hicles the public is demanding while still complying 
with fleet average standards. 1847 They stated that this leads to the overall compliance of the U.S. 
fleet while allowing for more consumer choices. They further added that if the program is 
removed, manufacturers that currently generate credits from their fuel-efficient fleet may find it 
more profitable to begin producing less fuel-efficient vehicles, perhaps even halting the current 
improvements in fuel efficiency across the industry. ig4g 

Honda commented that regulatory flexibilities, such as credit trading, built into the CO;, 
and CAFE programs have become critical elements fo the programs' success, especially in the 
face of product cadences with uneven sales that do not always match compliance obligations.1849 

General Motors stated its belief that program flexibilities will continue to play an increasingly 
important role in reducing CO2 emissions and increasing fuel economy through technologies and 
innovations. 1gso CARE-stated that existing flexibilities create consistency in compliance 
planning for m1tomakers for model years iffthe existing program. 1851 Fiat Chrysler added that 
each of1he CAFE and CO2 programmatic tools and flexibilities should be retained, improved 
and strengthened. Fiat Chrysler opined that this is a chance for the agencies to make better 
policies that work more efficiently and as intended, and cautioned that eliminating them now 
could have the serious negative impact of making the standards more stringent and costlier for 
manufacturers. 1852 

ii,, Global Automakers, Detailed Comments, NlITSA-2018-0067-12032; Fiat Chrysler, Detailed Comments, 
NHTSA-2018-0067-11943; Jason Schwartz, Detailed Comments, NHTSA-2018-0067-12162; Jeremy Michalek, 
Detailed Comments, NHTSA-2018-0067-11903. 
"" BorgWarner, Detaile(I Comments, 1'<'HTSA-2018-0067-l l 895, 
"" Jaguar Land Rover, Detailed Comments, NHTSA-2018-0067-119!6; Fial Chrysler, Detailed Comments. 
NHTSA-2018-0067-11943; General Motors, Detailed Comments, NHTSA-:?018-0067-11858. 
iMo CARB, Detailed Comments, NHTSA-2018-0067-11873. 
11' 7 General Motors, Detailed Comments, NHTSA-2018-0067-11943. 
"" General Motors, 0¢tailed Comments, NHTSA-2018-0067-11943. 
"'

0 Honda, Detailed Comments, NHTSA-2018-0067-l l 818. 
mo General Motors,Petailed Comments, NHTSA-2b18-0067-11858. 
"" CARB, Detailed Comments, NlITSA-2018-0067-11873. 
"'° Fiat Chrysler, Detailed Comments, NHTSA"2018-0067-l 1943. 
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NHTSA is not making changes to its credit trading provisions in the final rule. NHTSA 
sought comments on removing the optional credit trading program to explore public views on 
market distortions or windfalls that occur as a result of the credit trading program. However, 
commenters consistently opined that removing existing flexibi lities might result in manufacturers 
not building certain types of vehicles. This could adversely impact compliance plans over 
mult iple model years. NHTSA concurs with those views, and since this fina l rule adopts CAFE 
standards that continuously increase through MY 1026. understands the importance of a llowing 
for credit trading to provide additional means of achieving compliance for manufacturers who 
face varying degrees of difliculty in achieving the standards the agencies are linalizing today. 
With increasing standards, credit trading flexibilities help to compensate for an uneven sales mix 
of vehicle types and to aid with compliance planning. I.Jl.\ linal ale,\ t>lt1m<' . a. f'l't!" t!lllt!B 
t'drlit'r. ,htm a ,hili in eeR ,tll~ler~ f'tlFElu1:,iRg nwre ~mall S,L'\. ,ub1e1c1 !u 1'8 ,·,cngt.'1 ~m 
·,ldRBanJ ,. afltl tht",t! 1 ehi~lt'·, are le·,., fud ellie1.-Rl 1lia11 11ci~ t:1•11irae1 t111tl ,~iitl ,i,·t'tl ra, ,t'A21:'1 

1car; that pre, i11tl',I: ,fomi1i1tl~tl th~ 1m1rl.e1. The need to ensure consumer choice is adequately 
considered drives the need for the d:,'.c'nc, ~ to provide credit trading flexibility to 
manufacturers. For example, even with increasing standards, a manufacturer could continue to 
sell certain types of vehicles with lower mpg performance over a longer period of t ime to satisfy 
its consumers by purchasing credits or canying credits back from future model years to address 
the mpg fleet shortages caused by these vehicles, before ultimately having to introduce more 
fuel-efficient technologies. NHTSA believes that these types of scenarios are consistent with the 
purpose of the CAFE credit program, as adopted by Congress. 

(3 ) Credits Transferring 

Credit "transfer" means the abi lity of manufacturers to move credits from their passenger 
car fleet to their light truck fleet, or vice versa. As part of the EISA amendments to EPCA, 
NHTSA was required to establish by regulation a CAFE credit transferring program, now 
codified at 49 CFR part 536, to allow a manufacturer to transfer credits between its car and truck 
fleets to achieve compliance with the standards. JS;J For example, credits earned by 
overcompliance with a manufacturer's car fleet average standard may be used to offset debits 
incurred because of that manufacturer's failed to meet the truck fleet average standard in a given 
year. However, EISA imposed a cap on the amount by which a manufacturer could raise its 
CAFE performance through transferred credits: I mpg for MYs 2011-2013; 1.5 mpg for MYs 
2014-2017; and 2 mpg for MYs 2018 and beyond.1854 These statutory limits will continue to 
apply to the determination of compliance with CAFE standards. EISA also prohibits the use of 
transferred credits to meet the minimum domestic passenger car fleet CAFE standard.1855 

In the NPRM, NHTSA responded to the 2016 petition for rulemaking from the Auto 
Alliance and Global Automakers (Alliance/Global or Petitioners) asking to amend the regulatory 
definit ion of"transfer" as it pertains to compliance tlexibilities.1856 In particular, 

'"'' See 49 U.S.C. 32903(g)( I). 
,m 49 U.S.C. 32903(g)(3). 
,m 49 U.S.C. 32903(g)(4). 
1856 Auto A lliance and Global Automakers Petition for Direct Final Rule with Regard to 
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Alliance/Global requested that NHTSA add text to the definition of"transfer" stating that the 
statutory transfer cap in 49 U.S.C. 32903(g)(3) applies when the credits are transferred, 
Alliance/Global assert that adding this text to the definition is consistent with NHTSA's prior 
position on this issue in the MYs 2012-2016 final rule, in which NHTSA stated: 

NHTSA interprets EISA not to prohibit the banking of transferred credits for use in 
later model years. Thus. NHTSA believes that the language of EI SA may be read to 
allow manufacturers to transfer credits fi'Oln one fleet that has an excess number of 
credits, within the limits spec/fied. to anotherfleet that may ulso hare e:wess credits 
instead of tran~ferring onlv to a fleet that has a credit shortfall. This would mean 
that a manufacturer could tran~fer a certain number of credits each year and hank 
them, and then the credits could be carriedfonl'ard or back 'without limit' later if 
a11dwhe11 a shortfall ever occurred in that same.fleet. 1~5-

NHTSA clarified in the NPRM, based upon a previous interpretation, that the transfer cap 
from EISA does not limit how many credits may be transjkrred in a given model year, but it 
does limit the application of transferred credits to a compliance category in a model year.1858 

The imerpretation concludes by stating that, "Thus, manufacturers may transfer as many credits 
into a compliance category as they wish, but transferred credits may not increase a 
manufacturer's CAFE !ev'el beyond the statutory limits."1859 

NHTSA maintains its views that the transfer caps in 49 U.S.C. 32903(g)(3} are properly 
read to apply to the application of credits. As NHTSA explained in the NPRM, it understands 
that the language in the MYs 2012-2016 final rule could be read to suggest that the transfer cap 
applies at the time credits are transferred. However, NHTSA believes its existing interpretation 
- that the transfer cap applies at the time the credits are used - is a more appropriate, plain 
language reading of the statute. While manufacturers have approached NHTSA ,vith various 
interpretations that would essential!y allow them to circumvent the EISA transfer cap, NHTSA 
believes such interpretations are improper because they would not give effect to the statutory 
transfer cap. Therefore, NHTSA proposed in the NPRM to deny Alliance/Globa\;s petition to 
revise the definition of"transfer" in 49 CFR 536.3, and is now finalizing that denial. 

In response to the tentative denial of the petition above in the NPRM, comments were 
received from the Global Automakers and Toyota asking NHTSA to reconsider applying the 
transfer cap of2.0 mpg per year when credits are transferred rather than when they are 

Various Aspects of!he Corporate Average Fuel Economy Program and the Greenhouse Gas Program (June 20, 
2016) at 13, a\'ai/ab/e al /111p.1·:J/'w,,w.eJJ(l.gal'lsi1esiprodue1ionfiles/2/!J 6-
(19fdoeuments/pelition _lo_ epa _ftom_ a/lfo _alliance~ a11d_J!,/abaf._a11lomakers.pdf[hereinafter Alliance/Global 
Petition]. 
""' 75 FR 25666 (May 7, 2010), 
"'" See, letter from 0. Kevin Vincent, Chief Counsel, NlITSA to Tom Stricker, Toyoca (July 5, 2011 ), ,nwilab!e at 
https:/lisearch.nhtsa.gov/fi!es/10-004142%20-%20Toytlta%20C AFE%20credit%20transfei%20banking%20-
%205%20Jul%2011 %20fina\%20for%Wsignature.htm (last accessed Apr. 18, 2018). 
Ill.I• Id. 
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applied. 186(' They reiterated that imposing the cap when applying the credits is overly 
burdensome, but did not provide any new information that has persuaded NHTSA to change its 
view that the petition should be denied. The Auto Alliance also stated that NHTSA should 
revise it_s definition of"transfer" to be more consistent with EP A.1M 1 

Other more general comments to the NPRM were also received from Walter Kreucher, 
Jeremy Michalek, Global Automakers, the Auto Alliance, and Toyota, regarding the use of the 
credit transfer flexibility. These comm enters generally appreciated the transfer flexibility for its 
ability to reduce compliance costs.186~ More specifically, Walter Kreucher commented that the 
ability to transfer credits between compliance categories was beneficial for manufacturers and 
allowed for efficiency in the markets and reduce compliance costs. 1863 

For the final rule, NHTSA is not making any changes to the existing provisions regarding 
transferring credits. NHTSA's position remains unchanged that the·transfer cap in 4_9 U.S.C. 
32903(g)(l) clearly limits the amount of performance increase for a manufacturer's fleet that 
fails to achieve the prescribed standards. The same statutory provision preventsNHTSA from 
changing its definition for transfer to be consistent with EPA. Consequently, NHTSA is not 
changing its definition or its previous interpretation that the application of transfer caps applies at 
the time the credits are used and not when transferred. Therefore, NI-ITSA is finalizing its 
decision to deny the Auto Alliance and GlobaLAutomakers petition. 

(4) Minimum Domestic Passenger Car Standard 

EPCA, as amended by EISA, addresses the minimum domestic passenger car standard 
(MDPCS), clearly stating that any manufacturer's domestically-manufactured passenger car fleet 
must meet the greater of either 27 .5 mpg on average, or 92 percent of the average fuel economy 
projected by the Secretary for the combined domestic and non-domestic passenger automobile 
fleets·manufactured for sale ,in the U.S. by all manufacturers in the model year, which projection 
shall be published in the Federal Register when the standard for that model year is promulgated 
in accordance with 49 U.S.C. 32902{b).1~M Since that requirement was added to the statute, the 
"92 percent'' has always been greater than 27.5 mpg. NHTSA published the 92 percent MD PCS 
for MYs2017-2025 at 49 CFR 531.5(d) as part of the 2012 final rule. 49 CFR 531.5(e) explains 
that the published MDPCS for MYs 2022-2025 are not final and may change when NJ-ITSA sets 
standards for those model years. This is consistent with the statutory requirement that the 92 
percent standards must be determined at the time an overall passenger car standard is 
promulgated and published in the Federal Register. 1865 Any time NHTSA establishes or changes 
a passenger car standard for a model year, the MDPCS for that model year must also be 

'1"" Global Automakers, Detailed Comments, NHTSA-20!8-0067-12032; Toyota, Detailed Comments, NHTSA-
2018-0067-12150. 
" 61 Auto Alliance, Detailed Comments, NHTSA-2018-0067-)2073. 
116' See, e.g., Gl,obal Automakers, Detailed Cqmments, NHTSA-2018-0067-12032. 
'"' Walter Kreucher, Detailed Comments, NHTSA-201 8-0067-0444. 
11..i 49,U.S.C. 32902(b)(4). 
!16.< 49 ll.S.C. 32904(b)(4)(B). 
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evaluated or re-evaluated and established accordingly. Thus, this final rule establishes the 
applicable MDPCS for MYs 2021-2026. 

The 2016 Alliancefdlobal petition for rulemaking asked NHTSA to retroactively revise 
the 92 percent MD PCS for MYs 2012-2016 "to reflect 92 percent of the required average 
passenger car standard taking into account the fleet mix as it actually occurred, rather than what 
was forecast." The petitioners claimed that doing so would be "fully consistent with the 
statute."18<>6 NHTSA acknowledged in the NPRM that determining the 92 percent value ahead of 
the model year to which it applies, based on the information then available to the agency, results 
in a different mpg number than ifNHTSA detennined the 92 percent value based on the 
information available at the end of the model year in questi6n. NHTSA further acknowledged 
that determining the 92 percent value in advance can make the MD PCS more stringent than it 
could be. if it were determined at the end of the model year, lf manufacturers end up producing 
more larger-footprint passenger cars than NHTSA originally anticipated. 

Accordingly, NHTSA sought comments in the NPRM on the request made by 
Alliance/Global recognizing the uncertainty inherent in prqjecting specific mpg values far into 
the future. NHTSA also stated that it is possible to define the mpg values associated with a 
CAFE standard (i.e .. the footprint curve) as a range rather than as a single number. ffNHTSA 
took that approach, 92 percent of that "standard" would also, necessarily, be a range. 

NHTSA received several comments regarding the minimum domestic passenger car 
standard (MDPCS). Commenters included Walter Kreucher, a joint submission from the States 
of California et al. and the Cities of Oakland et al., Fiat Chrysler, and the Auto Alliance. Walter 
Kreucher asserted that NHTSA must continue to allow and even expand flexibilities to allow 
manufacturers to meet the MDPCS. He suggested applying retroactive air conditioning credits to 
help manufacturers become compliant. !S67 Fiat Chrysler and the Auto Alliance requested 
NHTSA establish a MDPCS rlinge rather than a single value and then recalculate that range to a 
value at the end of each model year. This will lead to a more accurate MD PCS value, which 
they believe are currently set too high. 1868 The joint submission from the States of California et 
al. and the Cities of Oakland et al. did not believe the minimum domestic passenger car standard 
needed revising. They stated EPCA does not allow for an interpretation of a range and a 
projected minimum set value was how the statute was written. 1869 

[Text Forthcoming] 

1a., Alliance/Global Petition at 5, 17-18. 
'""' Walter Kreuchcr, Detailed Comments, NHTSA-2018-0067-0444. 
l"6ffiat Chrysler, Detailed Comments, NHTSA-2018-0067-11943; Auto Alliance, Detailed Comments. NHTSA-
2018-0067-12073. 
1""" Joint submission from States of California et al. and the Cities of_Oakland et al., Detailed Comments, NHTSA-
2018-0067-1 !735. 
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(5) Fuel Sm,fngs Aqjustment Factor 

Under NHTSA 's credit trading regulations, a fuel savings adjustment factor is applied 
when trading otcurs between manufacturers or when a manufacturer transfers credits between its 
fleets, but not when a manufacturer carries credits forward or carries back credits within the 
same tleet. 1870 The Alliance/Global requested in their 2016 petition that NHTSA require 
manufacturers to apply the fuel savings adjustment factor when credits are carried forward or 
carried back within the same fleet, including for existing, unused credits. 

Per EISA, total oil savings must be preserved in NHTSA 's credit trading program. 1871 

The statutory provisions for credit transferring within a manufacturer's fleet do not explicitly 
include the same requirement; however, NHTSA prescribed a fuel savings adjustment factor that 
applies to both credit trades between manufacturers and credit transfers between a 
manufactur~•s compliance fleets. 1872. 1873 

When NHTSA initially considered the preservation of oil savings, the agency explained 
how one credit is not necessarily equal to another. For example, the fuel savings lost if the 
average fuel economy of a manufacturer falls one-tenth of an mpg below the level of a relatively 
low standard are greater than the average fuel savings gained by raising the average fuel 
economy of a manufacturer one-tenth of a mpg above the level 'of a relatively high CAFE 
standard.1874 The effect of applying the adjustment factor is to increase the numerical value of 
credits for compliance accounting that are earned for exceeding a CAFE standard, that are 
applied to a compliance category with a higher CAFE standard. Likewise, the adjustment factor 
has the effect of decreasing the numerical value of credits for compliance accounting that are 
earned for exceeding a CAFE standard, that are applied to a compliance category with a lower 
CAFE standard. While applying the adjusnnent factor impacts the compliance accounting value 
of credits which are denominated in miles per gallon, the adjustment maintains the real world 
value of credits from the perspective of the actual amount of fuel consumed or saved. 

Alliance/Global stated, in its 2016 petition, that while carry-forward and carryback 
credits have been used for many years, the CAFE standards did not change during the 
Congressional CAFE freeze, meaning credits earned during those years were associated with the 
same amount of fuel savings from year to year. im Alliance/Global suggest that because there is 

187" See 49 CFR 536.4(c), 
'"" 49 U.S.C. 32903(t)(l ). 
ml 49 LJ.S.C. J2903(g). 
"" See 49 CFR536.5; .,ee also 74 FR 14430 (Mar. 30, 2009) (Per NHTSA's final rule for MY 2011 Average Pue! 
Economy Standards for Pass~nger Cars and Light Trucks, "'There is no other clear expression of congressional intent 
ln the text of the statute suggesting that NHTSA would have authority to adjust transferred credits, even in the 
interest of preserving oil savings. However, the goal of the CAFE program is energy conservation; ultimately, the 
U.S. would reap a greater benefit from eilsuring that fuel oil savings are preserved for both trades and transfers. 
Furthermore, accounting for traded credits differently than fortransferred credits does add unnecessary burden on 
program enforcement. Thus, NHTSA will adjust credits both when they are traded and when they are transferred so 
that no loss in fuel savings occurs."). 
1rn 74 FR 14432 (Mar. 30, 2009). 
,m Alliance/Global Petition at 10. 
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no longer a Congressional CAFE freeze, NHTSA should apply the adjustment factor when 
movitig credits within a manufacturer's fleet {i.e. carry-forward or carryback) beginning 
retroactively in MY 201 l.1~7~ 

In the NPRM, NHTSA tentatively denied Alliance/G!obal's request to apply the fuel 
savings adjustment factor to credits that are carried forward or carried back within the same fleet 
to the extent that the request would impact credits carried forward or back retroactively within 
manufacturers' compliance fleets (Le., credits that were generated prior to MY 2021 when the 
standards set by this rule first apply). NHTSA tentatively determined that applying the 
adjustment factor to credits earned in prior model years would be inequitable to apply 
retroactively. There would be an advantage for manufacturers carrying.credits into ruture model 
years with higher CAFE standards. Manufacturers have historically planned compliance 
strategies based, at least in part, on the existing rules for ho\v credits could be carried forward 
and back, including the lack of an adjustment factor when credits are carried forward or back 
within the same fleet. Thus, retroactively requiring an adjustment factor could disadvantage 
certain manufacturers without credits, and result in windfalls for other manufacturers. 

To explore the impact on future model years, 1'\HTSA sought additional comments in the 
NPRM on the feasibility of applying the fuel savings adjustment factor to credits carried 
forwards or back starting in MY 2021. Global Automakers submitted new comments arguing 
that the application of fuel savings adjustment factors to credits carried forward or back would 
not result in a credit windfall. They believed this practice would ensure that credits have a 
consistent value over time. 1877 

Comments from Global Automakers provided no further justification that would persuade 
NHTSA to consider changing its position on denying the application of the adjustment factor to 
carry-forward and carryback credits beginning with MY 2011. NHTSA continues to be 
concerned about the inequitable outcome retroactive adjustments would have on the credit 
market. Therefore, NHTSA is finalizing its decision to deny the Alliance/Global request to 
apply the adjustment factor to credits carried forward or carried back within a compliance 
category retroactively beginning as early as MY 2011. 

Congress expressly required that DOT establish a credit "transferring" regulation, to 
allow individual manufacturers to move credits from one of their fleets to another (e.g., using a 
credit earned for exceeding the light truck standard for compliance with the domestic passenger 
car standard). Congress also gave DOT discretion to establish a credit "trading" regulation so 
that credits may be bought and sold bet\veen manufacturers.1878 Congress specified that trading 
was for earned credits "to be sold to manufacturers whose automobiles fail to achieve the 
prescribed standards such that the total. oil savings associated with manufacturers that exceed the 
prescribed standards are preserved."m9 NHTSA established 49·CFR part 536 believing it was 
consistent with the statute for transferred credits to be subject to the same "adjustment factor" to 

mo Alliance/Global Petition at 4. 
m, Global Automakers, Detailed Comments, NHTSA-2018-0067-12032. 
m• 49 U.S.C. 32903(f). 
,..,., 49 u.s.c 32!,03(!)(1 ). 
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e nsure tota l oil savings are preserved.1880 HTSA believed that no funher application of the 
adjustment factor to other credit flexibil ities would be appropriate at that time. NHTSA sought 
comments in the NPRM to explore the consequences associated with applying the adjustment 
factor to credits carried forward and back starting in MY 2021. but no further insight was gained 
from the comments received. Therefore, NHTSA is retaining its existing requirements for the 
adjustment factor to be appl ied to transteITed and traded credits only. NHTSA will continue 
considering potential application of the adjustment factor for all types of credit flexibilities in the 
future, and may consider regulatory changes in subsequent rulemakings. 

(6) VMT Estimates.for Fuel Savings Adjustment Factor 

NHTSA uses the vehicle miles trave led (\/MT) estimate as part of its fuel savings 
adjustment equation to ensure that when traded or transferred credits are used, fuel economy 
credits are adjusted to ensure fuel oil savings is preserved.1881 For MYs 2017-2025, NHTSA 
finalized VMT values of 195,264 miles for passenger car credits, and 225,865 miles for light 
truck credits. 188~ These VMT estimates harmonized wi th those used in EPA 's co~ program. For 
l'vlYs 2011-2016, NHTSA estimated different VMTs by model year. 

In the NPRM, NHTSA explained that Alliance/Global requested in their 2016 petition 
that NHTSA apply fixed VMT estimates to the fuel savings adjustment factor for MYs 201 1-
2016 similar to how NHTSA handled VMT values for MYs 2017-2025.1883 NHTSA rejected a 
similar request from the Auto Alliance in the MY 2017 and later ru lemaking, citing lack of 
scope, and expressing concern about the potential loss of fuel savings.188

-l 

The Alliance/Global argued that data from MYs 201 1-2016 demonstrate that no fuel 
savings would have been lost, as was NHTSA 's concern.1885 Alliance/G lobal asse1ted that by 
not revising the MY 2012-2016 \/MT estimates, credits earned during that time frame were 
undervalued.1886 Therefore, Alliance/Global argued t hat NHTSA should retroactively revise its 
\/Jv1T estimates to "reflect better the real-world fuel economy results."1887 

Such retroactive adjustments could have unfair adverse effects upon manufacturers for 
decisions they made based on the regulations as they existed at the time. ~++tnH,t'-4+,4'rl1 
t1el<11< 1, 1,tl.:.:d. ,1diu 1111:,! \ '11 c> ,111- ...... ~+--t'h'J'"rt.,111.11, I:, <ti kt! 111.,11.,1.1,1111..-1 illtt1 
flit\ c' d "reel ti dc'li, 11 di 1d ',' c'lc p.irt "I I I' \ · I <'IHI'• •r.t~,l-llfflt' \ 111111 dlk c \ Ile rtht\ , , 

~~-!--\-\'-+ ..,.,._H+.,..-+-1--\ \' ,,1,,_1,t111 u11,01, 1,,1 \I\ 11_ I .. »,J4,ttt'r-Given that some 
manufacturers would be disproportionately affected were NHTSA to adopt Alliance/Global's 

188" 74 FR 14196. 14434 (Mar. 30. 2009). 
'"' See 49 CFR 536.4(c). 
"" 77 FR 63130 (Oct. 15, 20 12). 
18'3 Al liance/Global Petition at 5, 11. 

'"' Id. 
,m Alliance/Global Petition at 11. 
"'6 Id. 
"" All iance/Global Petition at 11. 
~ ,.+l ~+-+I 
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proposal, in the PRM, NHTSA tentatively denied Alliance/Globars request to change the 
agency's VMT schedules for MYs 2011-2016 retroactively. \hnt>u• 1 ,l,,h,11· ,u:c-:o<' t,1111 th.it , 
-~-"'.-t>M+-ltth,dlllc'r hnti!J l· c .,1 1, ,,,, ed I• dec1 c'llt1rl r+f'\'l•·•,tt-th!, c ll• i cl,clll.::'<' ti,, l.1c!-#1<•l 

lthtttttl.lcllllc'I', 111 the 11 \ \ ' , l'l".::'l'.1111 111.1.lc• J'l....,,¾tdl•>li d.;,.,.,t,~cJ 11 the lc,-tll .. 11< 11 t+

lt+h-k:'1 i.,11J t11 tlh:.'-l+ffit'- • NHTSA sought comments on the Alliance/Global requests in the 
NPRM. 

However, no fu rther comments were received on this issue in response to the "PRM. 
Therefore. NHTSA is finalizing its decision to deny the All iance/Global request to modify the 
VMT schedules for MYs 2011-2016. 

(7) Special Fuel Economy Calcularionsfor Dual and 
Altemarive Fueled Vehicles 

As discussed at length in prior ru lemakings. EPCA, as amended by EISA, encouraged 
manufacturers to build alternative-fueled and dual- (or flexible-) fueled vehicles by providing 
special fuel economy calculations for "dedicated" (that is, 100 percent) alternative fueled 
vehicles and ''dual-fueled" (that is, capable of running on either the alte rnative fuel or 
gasoline/diesel) vehicles. 

Dedicated alternative-fuel automobiles include electric, fuel cell, and compressed natural 
gas vehicles, among others. The statutory provisions for dedicated alternative fuel vehicles in 49 
U.S.C. 32905(a) state that the fuel economy of any dedicated automobile manufactured after MY 
1992 shall be measured "based on the fue l content of the alternative fuel used to operate the 
automobile. A gallon of liquid alternative fuel used to operate a dedicated automobile is deemed 
to contain 0.1 5 gallon of fuel.'' Under EPCA, for dedicated alternative fuel vehicles, there are no 
limits or phase-out forth is special fuel economy calculation, unlike for duel-fueled vehicles, as 
discussed below. 

EPCA 's statutory incentive for dual-fueled vehicles at 49 U.S.C. 32906 and ihe 
measurement methodology for dual-fueled vehicles at 49 U.S.C. 32905(b) and (d) expire after 
MY 2019; therefore, NHTSA had to examine the future of these provisions in the MY 2017 and 
later CAFE rulemaking. NHTSA and EPA concluded that it would be inappropriate to measure 
duel-fueled vehicles' fuel economy like that of conventional gasoline vehicles with no 
recognition of their alternative fuel capability, which would be contrary to the intent of 
EPCA/EISA. The agencies determined that for MY 2020 and later vehicles, the general statutory 
provisions authorizing EPA to establish testing and calculation procedures provide discretion to 
set the CAFE calculation procedures for those vehicles. The methodology for EPA's approach is 
outlined in the 2012 final rule for MYs 2017 and later at 77 FR 63128 (Oct. I 5, 2012). In the 
NPRM, NHTSA sought comments on that current approach. 

NHTSA received comments from the Coalition for Renewable Natural Gas. NGV 
America, the American Gas Association, the American Public Gas Association, CARB, lngevity 

~ . I 1\ t • l "'it I_ 
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Corporation, Fuel Freedom Foundation, UCS, National Farmers Union, Indiana Com Growers 
Association, Volkswagen, and a joint submission from Ariel Corp. and VNG.co. 

Fuel Freedom Foundation and the National Farmers Union asserted that the agencies 
~hould continue offering incentives for emerging technology vehicles including natural gas 
vehicles, internal combustion engine (ICE) vehicles that encourage renewable fuel use, electric 
and hydrogen fuel cell vehicles, flex-fuel vehicles (FFVs), and dedicated high-octane vehicles 
designed for compatibility with mid-level ethanol blends. 1890 

Indiana Com Growers Association and Fuel Freedom Foundation specified that FFVs, as 
well as vehicles that run on mid-level ethanol blends, should receive credit for the petroleum 
reduction value.mi For vehicles using higher-ethanol blends, these commenters stated that1he 
agencies should establish more accurate petroleum equivalency factors for the proportion of 
ethanol versus gaS. 1891 Clean Fuels Development Coalition requested credits for producing 
"Engines Optimized for High-Octane" be reinstated. 1893 Volkswagen made the same request and 
added that a pathway to higher-octane fuel is important to it.1~94 

Ariel Corp. and VNG.co, the Coalition for Renewable Natural Gas, NGVAmerica. the 
American Gas Association, and the American Public Gas Association commented that the 
agencies should expand incentives for natural gas vehicles in the light-duty,sector especially for 
pick-up trucks, work vans, and sport utility vehicles.1895 They argued that current incentives are 
not strong enough to induce manufacturers to produce natural gas vehicles. They further 
requested that the market penetration rates be removed for light-duty trucks. 1396 

The Coalition for Renewable Natural Gas, NGVAmerica, the American Gas Association, 
and the American Public Gas Association argued that an AMFA factor of0.15 is low and 
because some natural gas vehicles can operate at I 00 percent natural gas, a higher fuel economy 
credit is justified. They further supported a permanent use of the 0.15 factor for dual-fuel 
vehicles.1897 Similarly, Ingevity Corporation, and Ariel Corp. and VNG.co argued that natural 
gas vehicle emissions should return to the O.l 5 divisor.1898 

-,..,, Fuel Freedom Foundation. Detailed Comments. NfHSA-2018-0067-12016; National Farmers Union. Detailed 
Comments. NHTSA-2018-0067-11972. 
'"°' Indiana Com Gro,1ers As~ociation, Detailed Comments. NHTSA-2018-0067-12003; Fuel FreedDm foundation. 
Detailed Comments, N!ffSA-2018-0067-1:iOJ6, 
1"°' Fuel Freedom Foundation,Detai!ed CDmments, NHTSA-2018-0067-12016. 
'"°' Clean Fuels Develo'pment Coalition, Detailed Comments, NHTSA-2018-0067-1203 !. 
,..., Volkswagen, Detalled Comments, NHTSA-2017-0069-0583. 
"°' Joint submission from Ariel Corp and VNG.co LLC. Detailed Comments. NHTSA-2018-0(ljj7-7573; Joint 
submission from the Coalition for Renewable Natural Gas. NVG America, the American Gas Association. and 
American Public Gas Association, Detailed Comments, NHTSA-2018-0067-11967. 
,...; See, e.g,,joint submission from the Coalition for Renewable Natural Gas. NGVAmerica. the American Gas 
Association, and the American Public Gas Association, Detailed Comments. NHTSA-2018-0067-11967. 
,s.-r Joint submission from the Coalition for Renewable Natura! Oas, NGVAmerica, the American Gas Association, 
and !he American Public Gas Association, Detailed Comments, NHTSA-2018-0067-1 !967. 
li'nl lngevily Corporation, Detailed Comments, NHTSA-2018-0067-8666; Joiot submission from Ariel Corp. and 
\'NG.co LLC, Detalled Comments. NHTSA-2018-0067-7573. 
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lngevity Corporation, Ariel Corp. and VNG.co, the Coalition for Renewable Natural Gas, 
GYAmerica, the American Gas Association, and the American Public Gas Association 

requested that the agencies remove the minimum driving range , I n.t1u1.tl _.t, cutl_ll1,1isJ 1,, 

'-u" 1111c ,111d --Jn, c 1" c111p1, ·· ,i.:,ic111 requirement, for Ju.ti- uc·l natural gas vehic les .inc .di, 11 

hi..:hc·1 .11 lit, l~-101, b.i-.:d "11 J11,1n:._ 1. n..:c, 11h. "' l.Ml Jual-luc l \.( ,\, .11, \lc.llc·J ,,11111.,rh t11 

1'111 \ , _ They stated a belief that 1h, d.:,1:...1 c""'lLUll 1 .. 1_~ ,d-lful \.< ,\," ,.,,,.,:, 1, IL, thc11 

~-~ hold, NGYstoan unfairly higherstandard.18w \, di c 1--.:d.tl 01, ti, '-,diPr \ 

I\ It I I'\ 1, lclll<'I II-' U_l_L'l _Jc,\;_!1 LP11'1l'.11 1' li11 d1 .d-1 lei\( 1\, 

CARB argued that flexibilities for natural gas vehicles and high-octane blend vehicles are 
not yet warranted. 1900 Similarly. UCS argued that natural gas is a greenhouse gas and benefits 
from natural gas vehicles are undermined by their costs. UCS further commented that natural 
gas vehicle technology does not need any incentives since it has already been deployed and in 
the market.1901 

In response to comments, N HTSA has determined that EPCA and EISA prescribe the 
incentive that is used for dedicated liquid and gaseous alternative fuel vehicles, and the CAFE 
program wi ll continue to use those statutory incentives. For dedicated alternative fuel vehicles, 
the statute provides a significant incentive that only counts 15 percent of the actual energy 
used. 19112 For dual fuel vehicles. NHTSA has determined that, for the po11ion of operation that 
occurs on an alternative fuel, it is consistent to use the same incentive that is specified by EPCA 
and EISA for dedicated fuel vehicles. For example, for the hypothetical case of a vehicle that 
operates 99 percent of the time on an alternative fuel. it would be appropriate for that vehicle to 
receive nearly the same incentive as a dedicated alternative fuel vehicle that operates I 00 percent 
of the time on alternative fuel. Applying the same 15 percent of energy used incentive for both 
dedicated and duel fuel vehicles remains appropriate. NHTSA therefore is not adopting any new 
incentives for any alternative fueled vehicles. 

D. Compliance Issues that Affect Both the CO2 and CAFE Programs 

Because the real world CO2 emissions reduction benefits of certain technologies cannot 
be measured or fully measured using 2-cycle test procedures, EPA established new compl iance 
flexibilities under its CAA authority. starting in MY 2012, that allow manufacturers credit for 
emission compliance for installing these technologies. Those flexibi lities are designed to 
recognize improvements in A/C systems with greater efficiency and other ··"1 h c le .. 
technologies that reduce real world tailpipe CO2 emissions. More specifically, real world 

' 8'"' lngevity. Detailed Comments, NHTSA-2018-0067-8666: Joint submission from Ariel Corp. and \ING.co LLC. 
Detailed Comments, NHTSA-2018-0067-7573; Joint submission from The Coalition for Renewable Natural Gas. 
NGVAmerica, the American Gas Association. the American Public Gas Associat ion. Detailed Comments, NHTSA-
2018-0067- 11967. 
1900 CARB, Detailed Comments, NHTSA-20 18-0067-11873. 
1
•

01 UCS, Detailed Comments, NHTSA-2018-0067- 12039. 
'""' 32905(a) " ... A gallon of a liquid alternative fuel used to o perate a dedicated automobile is deemed to contain , I 5 
gallon of fuel." 32905(c) •· ... One hundred cubic feet of natural gas is deemed to contain .823 gallon equivalent of 
natural gas. The Secretary ofTransportation shall determine the appropriate gallon equi\'alent of other gaseous 
fuels. A gallon equivalent of gaseous fuel is deemed to have a fuel content of .1 5 gallon or foel." 
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improvements that cannot be measured .. r lu I, l L,1,11rnl on 2-cycle tests are determined and 
used to calculate additional CO: credits (1 \k:2 •. .:1.111h I Mg1) for each model type that has the 
technologies. Because these tailpipe CO:: improving technologies also impact fuel economy, 
NHTSA adopted the same flexibil ities and incentives beginning in MY 20 I 7. EPA and NHTSA 
also established incentives for both the CO2 and CAFE programs that give added compliance 
credits and fuel consumption improvement values for the production of strong and mild hybrid 
full-size pickup trucks beginning in MY 2017.1903 Pursuant to 49 USC 32903. EPA adjusts 
manufacturers' CAFE performance values using the emissions benefits or incentives provided 
for these technologies. EPA developed a methodology for manufacturers to increase their 
passenger car and light truck fue l economy performance in accordance with procedures set forth 
by EPA in 40 CFR pan 600. For the NHTSA CAFE program, the CO2 reductions (in grams per 
mi le) are converted to fuel consumption improved values (FC!Vs, gallons per mile) and then the 
benefits are summed for all the model types in the manufacturer's fleets. The total FCI Vs are 
used to adjust and increase manufacturers' CAFE (mpg) performance values. 

It is important to note that while these flexibilities and incentives have similar value for 
compliance in the CAFE and CO2 programs, there are differences in how they are accounted for 
in each of the programs due to differences in the structure of the programs. The CAFE program 
accounts for AIC efficiency and off-cycle improvements through EPA measurement procedures 
that determinefi,e/ consumption improvement values (FC!Vs). The CAFE A/C efficiency and 
off-cycle provisions do not involve manufacturer credils.1904 There are no bankable. tradable, or 
transferrable credits earned by a manufacturer for implementing more etlicient A/C systems or 
installing an off-cycle technology. In fact, the only credits provided for in NHTSA 's CAFE 
program are those earned by overcompliance with a standard.1905 As discussed above, EPA 
adjusts CAFE performance values based on thL I I I\,_, 1.:r 1tc'dlhr111 . .!l1 th, use of these 
technologies. ',p.,~itit:1111: 1111 -~-k lt','lf,, •1,':.'_ <tilt! \ { ,:llic1c"11-:, 1111p1, ,,:m,:1 '. ,lieu «11,, 

c1tliu ,I 111.Jl\ itlu,11 1 c h1c 1.- u•111plic111« , ,,lu, l>.t ,<:'J 1111 ihc I !id" n· t11Hf%>R-itttj'h•l·1:'+ll1"h~ 

111·1ht' t' lt'chtlHl.~+'!-<"~~.~+-ttfrtffi;f1d1ttt'+'~ ,·c·hiclc c li I," met: c'«cctl ti l11el 
t't'1-+H<•IH~ 1.ll"j,'t'I 1h11•u=h !he> i11clu "''' ,,I \ ( c'J°lictt'IIL: c111d "' ,II,: ,le lt",hn,d,,.!-....tHtl 
!l!t!+<'l+>ftL.i.. i.c~n-rt-k,Jrl'---<tt+<.'tl+l~f~ ,._dt1,.1t• 

Illustrative of this confusion. in the 2016 Alliance/Global petition, the petitioners asked 
NHTSA to avoid imposing unnecessary restrictions on the use of credits. Alliance/Global 
referenced language from an EPA report that stated compliance is assessed by measuring the 
tailpipe emissions of a manufacturer's vehicles, and then reducing vehicle CO'.' compliance 
values depending o n A/C efficiency improvements and off-cycle technologies.1906 This language 
is consistent with NHTSA's statement in the MY 2017 and later final rule, which explained how 
the agencies coordinate and apply off-cycle and A/C adjustments. "There will be separate 
improvement values for each type of credit, calculated separately for cars and for trucks. T hese 

'""' See 40 CFR 86.1867-86.1868. 86.1870. 
'"'M This is not to be confused with EPA ·s parallel program. which refers to the consideration of A/C improvements 
and off-cycle technologies as "credits.'· 
'""' 49 u.s.c. 32903. 
1"°" See Alliance/Global Petition at 15. 
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improvement values are sµbtracted from the manufacturer's 2-cycle-based fleet fuel consumption 
value to yield a 'final new fleet fuel consumption value, which would be inverted to determine a 
final fleet fuel CAFE value!'1'1(1

7 

In the NPRM, NHTSA proposed to deny Alliance/Global's request because what the 
petitioners refer to as "technology credits" are actually FClVs applied to the fuel economy 
performance of individual vehicles. 19n8 Thus, these adjustments are not actually "credits," per 
the usage of"credit" in EPCAIEISA and are not subject to the "carry-forward" and "canyback" 
provisions in 49 U.S.C. 32903. To alleviate confusion, and to ensure consistency in 
nomenclature, NHTSA proposed to update language in its regulations to reflect that the use of 
the term "credits" to refer to NC efficiency and off-cycle technology adjustments should 
actually be termed fuel consumption improvement values (FC!Vs). No further comments were 
re_ceived on this issue in response to the NPR.\1. For the final rule, NHTSA is finalizing the 
proposed changes in its regulations to remove the term "credits'' and to replace it with the term 
"adjustments" for the FCIV benefit for AJC and off~cycle technologies, it,. 1(1;,>, L,, ·\ i ! .x: ,',iru/17, 

Manufacturers seeking to use these flexibilities and incentives start the process each 
model year by submitting infonnation to EPA and seeking any necessary approvals. as 
appropriate. The use of certain technologies only requires submitting information to EPA, 
whereas others require a formal request process for approval. The differences are explained in 
the following sections. The compliance information manufacturers must submit to EPA 
describes the technologies, the flexibilities or incentives being used, and the testing approach for 
deriving benefits. Initial information is required as a part'ofthe EPA certification process, as 
specified by 40 C'FR 86.1843-01 in advance of each model year. For technologies requiring 
approvals, EPA must confirm the manufacturer's testing approach, receive test results to assess 
the benefit of the technology, and then_ .s,hc':<:·_n'fik;\t,!,· issue a Federal Register notice that 
invites public comment. EPA review and determination usually occurs before the end of the 
compliance model year, if manufacturers provide information to EPA on a timely basis. To 
receive the benefit under the CAFE program for technologies that require approvals, 
manufacturers must concurrently submit to NHTSA the same infonnation that is sent to EPA. 
EPA consults with NHTSA in reviewing AJC effichency and off-cycle adjustments to fuel 
economy performance values that require approval. NHTSA provides EPA its assessment of the 
suitability of a technology considering: (1) whether the technology has a direct impact upon 
improving fuel economy performance; (2) whether the technology is related to crash-avoidance 
1echnologies, safety critical systems or systems affecting safety-critical functions, or 
technologies designed for the purpose of reducing the frequency of vehicle crashes; (3) 
infonnation from any assessments i;onducted by EPA related to the application, the technology, 
and/or related technologies; and (4) any other relevant factors. 

""' 77 FR 62726 (Oct. 15, 2012). 
1'"1 The agencies also refor to A/C and off-cycle technology improvement values as "credits" sporadically 
throughout their regulations. NHTSA is amending its regulations to reflect these are adjustments and not actual 
credits that can he carried forward or back. For a further discussion, see above. 
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EPA and NHTSA sought comments on several aspects of the shared flexibilities and 
incentives in the NPRM. Presented in the following sections is a summary of the comments 
received and the agencies final decisions for the final rule. 

I. Incentives for Advanced Tech.nologies in Full-Size Pickup Trucks 

In the 20 I 2 rulemaking for MYs 2017 and beyond, EPA and NHTSA finalized incentives 

for large_scale implementation of hybrid electric fu ll size pickup trucks for both the CO2 and 
CAFE programs. CO~ credits and CAFE FCIVs are available for manufacturers that produce 
full-size pickup trucks with Mild HE\/ or Strong HEV technology. provided the percentage of 
production with the technology is greater than specified percentages. JQllq Additionally, CO: 
credits and CAFE FCl\ls are available for manufacturers that produce full-size pickups with 
other technologies that enables full size pickup trucks to exceed performance of their CO~ or 
CAFE targets based on footprints by specified amounts. 1910 These performance-based incentive 
created a technology neutral path to achieve the CO2 credits and CAFE FCIVs, which would 
encourage the development and application of new technological approaches. 

EPA and NHTSA established limits on the vehicles eligible to qualify for these 
incentives; a truck must meet minimum criteria for bed size and towing or payload capacity, and 
meet minimum production thresholds (in terms ofa percentage ofa manufacturer' s full-size 
pickup truck fleet) in order to qualify for the incentives. Under the existing program, the strong 
hybrid credit is 20 grams/mile per vehicle, avai lable through MY 2025, if installed on at least I 0 
percent of the manufacturer's full-size pickup truck fleet in the model year. The program also 
includes an incentive for mi ld hybrids of IO grams/mile per vehicle during MYs 2017-202 1. To 
be eligible the manufacturer would have to show that the mild hybrid technology is utilized in a 
specified po1tion of its truck fleet beginning with at least 20 percent of a company's ful l-size 
pickup production in MY 20 17 and ramping up to at least 80 percent in MY 2021. JQt 

1 

At present, no manufacturer has qualified to use the full-size pickup truck incentives. 
One vehicle manufacturer introduced a mild hybrid pickup truck for MY 2019 but ~Jid 
11'•1 meet the minimum production threshold. Others have announced potential collaborat ions, or 
have already started production on future hybrid or electric models. IQI~ Ho•.,~, <!F. the .1.:t<11t 1e 

10'"77FR62651 (Oct.15,2012). 
11110 Id, 
1911 77 FR 62651-2 (Oct. I 5, 2012). 
1912 Chrysler released the 2019 Dodge Ram 1500 "eTorque" (see 
hups:/ /www. fue I econom v .gov/ feg/F ind.do 9act ion=sbs&i d=407 36&id=-l07 3 7 & id=40394& id=4 0397) which 
qualifies as a mild hybrid pickup truck by replacing the lraditional alternator on the engine with a 48-volt Li-on 
battery-powered, belt-driven motor generato r that improves performance, efficiency, payload, towing capabilities 
and drivabili1y . The production volume of these vehicles did not quality for the full-size pickup truck 
electric/hybrid incentive for MY 2019. Other vehicle models are currently in research o r in developmenl for future 
years but , , uncertain h• ,·the ", II reach the required sales volumes 10 qual ify for incentives. For example, 
the hybrid and battery-electric 1•ersio11s ofrhe F-150 pickup, see hnps://www.tmcks.com/2019/09/ J S/ford-truck
engineer-explains-electric-f-150-pickup-plans (September 18, 2019), or the new electric pickup !ruck manufactured 
by Ri vian, ht1ps:l/www.trucks.com/2019/04/24/ ford-plans-new-electric-truck-rivian-invests-SOO-mi II ion/ (Apri I 24, 

937 

Commented [A439]: C IIAI\GE AS SHOWN: \\'e 
,ugge,t dele1ing thi-. srntencc as it .ipp<ars to be nn author·s 
opinion. If there is some supporting technical hasis forth!! 
st~tfment it should he citt'd. 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

c •llltlltlc' IP h dl,,trc thdl iltctc' tllit:, 111•1 c'lcl be 11llit1c'lll tHIF'tt~~'""' h'I tltc,c 1111, t,c 

1•it-l.t11' lrt1,I, h:•,l111,·l11;1c' h rc',tc1l 1.:1111i,,1111111 qu.tltl: i11~ 'Hlfltfft,:;~ . .t~d>ll"-ttH'\t'i~ tttn:-+'<'+w-,.., 
ih<1I Ilic~ c1•·c' le,, dt1t.1Flc' "r fl-'\ 1dc rnlucc,d 1'11111, 

Prior to the NPIUvl, the agencies received input from automakers that these incentives 
should be extended and available to all light-duty trucks (e.g., cross-over vehicles, minivans, 
sport utility vehicles, and smaller-sized pickups) and not only full-size pickup trucks.1913 

Automakers also recommended that the program's eligibi li ty production thresholds should be 
removed because they discourage the application of technology s ince manufacturers cannot be 
confident of achieving the thresholds. Some stakeholders have also suggested an additional 
incentive for strong and mild hybrid passenger cars. In the proposal, the agencies sought 
comment on whether these incentives should be expanded along the lines suggested by 
stakeholders, on the basis that perhaps these incentives could lead to additional product offerings 
of strong hybrids, and technologies that offer similar emissions reductions, which could enable 
manufacturers to achieve additional long-term C01 emissions reductions. Additionally, the 
agencies sought comment on whether to extend either the incentive for hybrid full-size pickup 
trucks or the performance-based incentive past the dates that EPA specified in the 2012 final rule 
for MY 2017 and later. llw <>:!<' tl<'i<', .ii ~1-...-tn'<'i<t--+fh.'lt, 1,c11111: ,ill t!'ccl• 1·, c 

f!-tt,tl',:lt11 . " ,Ii ctt~-,+J..,......,., 

The agencies received a variety of comments on the full-size pickup truck incentives. 
Comments were received from General Motors, Volkswagen, Honda, BorgWarner, Fiat 
Chrysler, Toyota, DENSO International, Ford, CARB, G lobal Automakers, UCS, Electric Drive 
Transportation Association, the Auto Alliance, Ariel Corp. and YNG.co, ACEEE, the Coalition 
for Renewable Natural Gas, NGV America, the American Gas Association, and the American 
Public Gas Association. 

The Auto Alliance. Toyota, General Motors, BorgWarner. G lobal Automakers, and 
Volkswagen advocated to expand the full-size pickup truck hybrid incentives to all hybrid 
vehicles.191 4 They argued that prices for all hybrid-drive technologies are projected to remain 
high and consumer demand for these vehicles is still slow to increase. 191; They asserted that 
expanding the full-size pickup truck hybrid incentive to all hybrid vehicles will help encourage 
investments in hybrid technology and continue to help manufacturers address their compliance 
challenges. 1916 Similarly, these commenters reported that the current market. fueled by 
consumer demand for SUVs and lower than expected gas prices, is not conducive to consumer 

2019); or the Tesla all electric pickup truck (j1Ups://www.cnn.com/20l9/11/08/success/tesla-pickup
reveal/index.html) (November 8. 20 19). 
1913 83 FR 43461 !Aug. 24, 2018). 
,.,. Auto Alliance, Detailed Comments, NHTSA-2018-006 7- 12073; Toyota, Detailed Comments, NHTSA-2018-
0067-12150; General Motors, Detailed Comments, NlffSA-2018-0067-11858: BorgWarner, Detailed Comments, 
NHTSA-2018-0067-1 1895; Global Automakers. Detai led Comments. NHTSA-20 \ 8-0067- l 2032; Volkswagen, 
Detailed Comments, NHTSA-2017-0069-0583. 
'"" See. e.g., Auto Alliance, Detailed Comments. NHTSA-2018-0067-12073. 
1910 Sec. e.g .. General Motors, Detailed Comments. NHTSA-2018-006 7- 1 1858. 
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acceptance of or demand for electric vehicles.1917 For these reasons, they stated their belief that 
it is important to support adjustments and expansion of the current incentives to promote hybrid 
technologies. 

The Auto Alliance, DENSO lilternational, Global Automakers, Fiat Chrysler, and Honda 
also argued for alternative pathways for the agencies to consider allowing the full-size pickup 
truck hybrid incentives to be expanded to the light-duty truck segment, but not to all passenger 
vehicles. They argued that hybrid technology has been slow to be applied in the light-duty truck 
segment, but has been broadly applied to passenger cars. 1918 

Toyota, Global Automakers, and the Auto Alliance suggested the incentives for light
duty trucks should amount to 20 grams/mile. 1919 Global Automakers added that in addition to 
expanding full-size pickup truck hybrid incentives to light trucks, the agency should consider a 
smaller incentive for hybrid electric passenger vehicles as we\l. 1920 The Auto Alliance and 
Toyota suggested a 10 grams/mile credit for passenger cars.1921 Volkswagen further requested 
the hybrid pickup credit to be expanded to all hybrid cars and trucks.1922 

Toyota, the Auto Alliance, Electric Driw Transportation Association, Ford, DENSO 
International, Global Automakers, Fiat Chrysler, and BorgWarner commented that having 
minimum production percentages for hybrid pickup trucks discourages manufacturers from 
investing in hybrid technologies. They requested that the agencies consider eliminating the 
percentage of production requirement and provide incentives in proportion to the value of the 
technology.1923 Ford stated that the minimum production percentages unfairly penalize larger 
manufacturers who must produce more pickup trucks to claim the incentives than a smaller 
volume manufacturer. 1924 

Ariel Corp. and VNG.co, the Coalition for Renewable Natural Gas, NGVAmerica, the 
American Gas Association, and the American Public Gas Association commented the pickup 

'"" See. e.g., Toyota. Detailed Comments. NHTSA-2018-0067-12150. 
'"1' Auto Alliance. Detailed Comments. NHTSA-2018-0067-12073; DENSO. Detailed Comments, NHTSA-2018-
0067-11880; Global Automakers, Detailed Comments, NHTSA-2018-0067-12032; Fiat Chl)',>ler, Detailed 
Comments, NHTSA-20!8-0067-11943; Honda. Detailed Comments, NHTSA-20\8--0067-11818. 
1919 Toyota, Detailed Comments, NHTSA-2018-0(){;7-12150; Global Automakers, Detailed Comments, NHTSA-
2018-0067-12032; Auto Alliance, Derailed Comments, NHTSA-2018-0067-12073. 
'"'" Global Automakers, Detailed Comments, NHTSA-2018-0067-12032. 
192 ' Auto Alliance.Detailed Comments, NHTSA-2018-0067-12073; Toyota, Detailed Comments, NHTSA-20}8-
0067-12150. 
'""' Volkswagen, Detailed Comments, NHTSA-2017-0069-0583. 
'"''' Toyota, Detailed Comments, NHTSA-2018-0067-12!50; Auto Alliance. Detailed Comments, NHTSA-2018-
0067-12073; Electric Drive Traru:portation Association. Detailed Comments, NHTSA-2018-0067-1201; Ford, 
Detailed Comments, NHTSA-2018-0067-l 1928; DENSO. Detailed Comments. NHTSA-2018-0067-! 1880; Global 
Automakers, Detailed Comments, NHTSA-2018-0067-12032; Fiat Chrysler, Detailed Comments, NHTSA-20!8-
0067-11943; BorgWarner, Detailed Comments, NHTSA-2018-0067-11895. 
1924 Ford, Detailed Commems, NHTSA-2018--0067-11928. 
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truck incentives should be expanded to include natural gas vehicles. 102" They suggested a 
"Natural Gas Pickup" incentive like the hybrid-electric and performance-based pickup credits, 
but no minimum production requirement.10~6 

ACEEE and UCS commented that hybrid technology has been around for quite a while 
and has been applied in every vehicle class. They discouraged the agencies from applying more 
incentives to these vehicles. 1927 Specifically, UCS stated that incentives for electric vehicles are 
mostly driven by state regulation, and EPA and NHTSA policies are rewarding manufacturers 
for meeting standards they were a lready required to meet. 19"8 UCS commented that hybrids are 
not innovators or game-changing vehicles-they are simply one of many strategies by which 
manufacturers can reduce emissions and should not receive special treatment. 19

"
9 

CARS commented that incentives for full-s ize hybrid pickup trucks should remain 
limited in their scope and that increasing or expanding those incentives can erode emissions 
benefits. 193° CARB further commented that hybrid e lectric vehic les (HEVs) are widely avai lable 
at varying levels of power and performance across vehicle sizes. and C ARB does not believe 
HEVs deserve special treatment in the CO2 vehicle regulations. 

After carefu lly considering the comments received, EPA and NHTSA are not adopting 
any new or expanded incentives for hybrid vehicles or full-size pickup trucks. I he 1:11.il 1e·, 1 cd 
,1.1nd.1rJ, .1r.: p1,11.:LtcJ 111 hL .1Lhtc\,1hlt I\ I 111u1 ,mh .,ddnl 111Lc'nl1\.:, .11HJ .111, lie\\ 111cc11l1\L'' 
11 ,,ulJ r.:,uli in the'"" Pl e·111i"i,,n, h.:11c1i1, In the c·'1.:111 th.11 th.:, 11,·r,· 11,cd In 111.inul.1,·wrn,. 
i+l<"-rl~ic hd1,.,c .~4\ ,1re'<p,111Jr:tl 111ccllli,r:• ""uld lil,r:I_, ltt~-t...-.ttH• tntll:,-lbftl.t...--t 
<:.'ti-th 1111, hc1lc·l·11 .i1 Juel c,.111,,111, 1111pi-1•\clllc'lll lllct' rlH fHd<c'd.: 111 ,tit' ,.,,lu111e 1•,11ulJ n, t 

l'c ,,felled. The agencies agree with CARB and ACEEE, and UCS that hybrids are a well
established technology that has already been applied to a wide range of vehicles and, as such, no 
further incentives are warranted at this time. I 11rth.:r. 1hr: <1:?cnur:--l..,.J.+nc 1lw1 mt<'nll,~ 
llldA11l.1elllFef 1,, 1m1>l,:mr:nl !'nillc h't.:+Htl•l,,:?le I , lll"l'l'H l"idlc'. ,1 11.,11.1l.1t1111t'1 1,1,..J 
r:u 11,1<111:, 1•.:1 i,,rn1d11<c Ii, uld 1q>1 '-' r:111 .1, !-ttrtl -1-tw , ,•11 ,11mr11, 1 The agencies believe any new 
or expanded incentives ~ h11<.I' would likely not result in any further emissions benefits or 
fuel economy improvements beyond those measured during testing. Manufacturers d id not 
provide sufficient evidence to support their position in a manner that leads the agencies to 
conclude otherwise. 

19" Join1 submission from Ariel Corp. and VNG.co, Detailed Comments. NHTSA-2018-0067-7573; Joim 
submission from The Coal ition for Renewable Natural Gas, NGVAmerica, the American Gas Association. and the 
A.merican Publ ic Gas Association, Detailed Comments. NHTSA-2018-0067-11967. 
1926 See, e.g .. Joint submiss ion from Ariel Corp. and VNG.co, Detailed Comments, NHTSA-2018-0067-7573. 
'"" ACEEE. Detai led Comments, NHTSA-2018-0067-12122-29; UCS. Detailed Comments. NHTSA-20 18-0067-
12039. 
1928 UCS, Detailed Comments, NHTSA-2018-0067- 12039. 
1929 UCS. Detailed Comments, NHTSA-2018-0067- 12039. 
191° CARB. Detailed Comments, NJ-ITSA-2018-0067-11 873. 
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2. Flexibilities for Air Conditioning Efficiency 

A/C systems are virtually standard automotive accessories, and more than 95 percent of 
new cars and light trucks sold in the U.S. are equipped with mobile A/C systems. A/C system 
usage places a load on an engine, which results in additional tailpipe CO2 emissions and fuel 
consumption; the high penetration rate of AJC systems throughout the light-duty vehicle fleet 
means that efficient systems can significantly impact the total energy consumed and CO2 
emissions. AJC systems also have non-CO:: emissions associated with refrigerant leakage. 1931 

Manufacturers can improve the efficiency of AJC systems though redesigned and refined A/C 
system components,and controls. 1932 That said, such improvements are not measurable or 
recognized using 2-cycle test procedures, since AJC is turned off during 2-cycle testing. Any 
AJC system efficiency improvements that reduce load on the engine and improve fuel economy 
is therefore not measurable on those tests. 

The CO2 and CAFE program~ include flexibilities to acc_ount for the real world CO2 
emissions and fuel economy improvements associated with improved A/C systems and to 
include the improvements for compliance. 1q·

11 The total of AJC efficiency credits is calculated by 
summing the individual credit values for each efficiency improving technology used on a 
vehicle, as specified in the A/C credit menu. The total AJC efficiency credit sum for each 
vehicle is capped at 5.0 grams/mile for cars and 7.2· grams/mile for trucks. Additionally, the off
cycle credit program contains credit earning opportunities for technologies that reduce the 
thennal loads on a vehicle from environmental conditions (solar loads or parked interior air 
temperature). 1934 These teclmologies are listed on a thennal control menu that provides a 
predefined improvement value for each technology. If a vehicle has more than one thermal load 
improvement technology, the improvement values are added together, but subject to a cap of 3.0 
grams/mile for cars and 4.3 grams/mile for trucks. 

EPA requested comment On the A/C caps and on ,,,.·hether NC efficiency technologies 
and off-cycle thennal control technologies should be combined under a single cap, since the 
technologies directly interact with each other. That is, improved thermal control results in 
reduced AJC loads for the more efficient A/Ctechnologies. If the thermal credits were removed 
from the off-cycle menu, they would no longer be counted against the 10 grams/mile menu cap 

1931 See Se.:tion [xxx] for further details. Notably, manufacturers cannot claim CAFE-related benefits for reducing 
NC leakage or switching to an AIC refrigerant with a lower global wanning potential. \Vhile these improvements 
reduce emissions consistent with the purpose of!he CAA. they generally do not impact fuel economy and, thus, are 
not relevant to the CAFE program. · 
1930 The approJch for recognizing potential AJC efficiency gains is to utilize, in most cases, existing vehicle 
technology/component')', bot with improved energy efficienc) of the te.:hnology designs and operation. For 
example, most of the additional A/C-related load on an engine is because of the compre:ssor, which·pumps the 
refrigerant around the system loop. The less the compressor operates, the less load the compressor place:; on the 
engine resulting in less foe! consumption and CO, emissions. Thus, optimizing:compressor operation with cabin 
demand using more sophisticated sensors, controls, and control strategies is one path to improving the efficiency of 
the AIC system. For further discussion of AJC efficiency technologies. see Section 11.D of the NPRM and Chapter 6 
of the accompanying PRIA. 
'"'-' See 40 CFR 86.1868-!2. 
"" &e 40 CFR 86.1869-12(b). 
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discussed above, representing a way to provide more room under the menu cap for other off
cycle technologies. Specifically, EPA sought comment on replacing the current off-cycle 
them,al efficiency capped value of 10 grams/mile, with separate caps of 8 grams/mile for cars 
and 11.5 grams/mi le for trucks. 

Comments concerning the A/C caps were received from the Auto Alliance. DENSO, Fiat 
Chrysler, and Volkswagen. DENSO commented that A/C efficiency credits earned through the 
off-cycle petition process should not count toward the NC credit cap. If A/C credits granted 
through the off-cycle petition process are no longer counted toward the A/C credit cap, it stated 
that manufacturers would be significantly incentivized to develop new and innovative 
technologies. 193

; Fiat Chrysler requested that certain A/C credits for electrical technologies be 
transferred to the off-cycle credit list.1

Q
36 Volkswagen further supported the removal of the 

thermal control technology credit caps and suggested that implem enting caps at the fleet average 
level, rather than per-vehicle, could be less constraining. JQJ

7 DENSO pointed to an NREL study 
which found that A/C improvements were greater than previously thought possible. Therefore. it 
requested the agencies consider increasing the A/C credit cap. 193

~ 

Similarly, the Auto All iance and Fiat Chrysler suggested raising the cap on A/C 
efficiency and thermal control technology by 64 percent and combine them under a single 
cap.193

q Additionally, they proposed increasing A/C efficiency and them,al control technology 
credits by up to 64 percent.19 411 T hey a lso proposed that the agencies create new regulatory 
provisions 10 handle additional new A/C and therma l technologies.1941 

As with increasing the credit caps, manufacturers and suppliers were generally supportive 
of higher credit caps, or no caps at all, for this combined technology group. However. EPA has 
decided 1101 to adopt any changes to the caps, including combining the A/C efficiency and 
thermal controls menu. due to the uncertainty regarding the menu credit values. Additional 
unc.ertainty exists for these tech nology groups because there are likely synergistic effects 
between A/C efficiency and thermal technologies that would need to be further considered in 
determining appropriate credit levels if the two groups of technologies are combined under a 
single cap. Data is not currently avai lable to consider these effects. Therefore, the agencies are 
not making any changes to the flex ibilities for A/C efficiency improvements in the C01 or CAFE 
program, but may perform research to understand better the relationship between A/C efficiency 
and thermal technologies IPr ,,,n,rL,L'J:,;_1.!!•.lJ 1lwr llitl\ lc,.tl '" c1 J1lk1c111 .1n111,,_J1 in future 
rulemakings. 

193! DENSO, De1ailed Commen1s. NHTSA-2018-0067-11880. 
1936 Fial Chrysler. Detailed Comments. NHTSA-2018-0067-11943. 
1
•" Volkswagen, Detailed Comments, NHTSA-2017-0069-0583. 

1938 DENSO, Detailed Comments, NHTSA-2018-0067-11880. 
193'' Auto Alliance, Detailed Comments, HTSA-2018-0067-12073: Fiat Chrysler. Detailed Comments. NHTSA-
2018-0067-1 1943. 
'"'" See, e.g., Fiat Chrysler, Derailed Comments, NHTSA-2018-0067- 1 I 943. 
1941 See, e.g., Auto Al liance, Detailed Comments. NHTSA-2018-0067- 12073. 

942 



*** EO 12866 Review Draft Do Not Cite, Quote or Release During Review*** 

3. Flexibilities for Off-Cycle Technologies 

"Off-cycle" technologies are those that reduce vehicle fuel consumption and CO2 
emissions in the real world, but for which the fuel consumption reduction benefits cannot be 
measured or cannot be fully measured under the 2-cycle test procedures (city, highway or 
correspondingly FTP, HFET) used to determine compliance with the fleet average standards. 
The CAFE city and highway test cycles, collectively referred to as the 2-cycle laboratory 

compliance tests (or 2-cycle tests), were developed in the early 1970s. The city test simulates 
c ity driving in the Los Angeles area at that time. The highway test simulates driving on 
secondary roads (not expressways). The cycles are effective in measuring improvements in most 
fuel economy improving technologies; however, they are unable to measure or underrepresent 
certain fuel economy improving technologies because of limitat ions in the test cycles. For 
example, off-cycle technologies that improve emissions and fuel economy at idle (such as "stop 
start'' systems) a nd those technologies that improve fuel economy to the greatest extent at 
expressway speeds (such as active grille shutters which improve aerodynamics) receive less than 
their real-world benefits in the 2-cycle compliance tests. 

Starting with MY 2008, EPA began employing a "five-cycle" test methodology to 
measure fuel economy for the purpose of improving new car window stickers ( labels) and giving 
consumers better information about the fuel economy they could expect under real-world driving 
conditions. 19

·
12 However, for CO2 and CAFE compliance, EPA continues to use the established 

"two-cycle" test methodology. I943 As learned thro ugh development of the "five-cycle'' 
methodology and prior rulemakings, there are technologies that provide real-world C01 
emissions and fuel consumption improvements, but those improvements are not fully reflected 
on the " two-cycle" test. EPA established the off-cycle credit program to provide an appropriate 
level of CO2 credit for technologies that achieve CO2 reductions. but are normally not chosen as 
a CO2 control strategy because their CO2 benefits are not measured on the specified 2-cycle test. 

Currently, EPA has three compliance pathways. ,111<I 1111t'1,.I, ~+tt+tt-+rt1-l+ .,......,H.,,imli11<-
1he J'hlct' t, l.11 LI II,.' t II c) ck cl m1 h.111c,• llc·,1hl111c• . The first approach a llows 
manufacturers to gain credits without having to prove the benefits of the technologies on a case
by-case basis. A predetermined list or "menu" of credit values for specific off-cycle 
technologies exists and became effective starting in MY 2014.1944 This pathway allows 
manufacturers to use credit values establ ished by EPA for a wide range of off-cycle 
technologies, with minimal or no data submittal or testing requirements.1945 Specifically. EPA 

l'l-11 https://ww,v.epa.gov/vehicle-and-fuel-emissions-testing/dynamomete r-drive-schedules. 
1"'3 The city and highway test cycles, commonly referred to together as the 2-cycle Jests are labora1ory compl iance 
tests required by law for CAFE and are also used for determining compliance with the C00 standards. 
1941 See 40 CFR 86. I 869- l 2(b). 
'""' T he Technical Suppon Document (TSD) for the 2012 final rule for MYs ~017 and beyond provides technology 
examples and guidance with respect to the potential pathways 10 achieve the desired physical impact of a speci fic 
off-cycle technology from the menu and provides the foundation for the analysis justif)•ing the credits provided by 
the menu. The expectation is that manufacturers will use the infonnation in the TSD to design and implement off
cycle techno logies that meet or exceed those expectations in order to achieve Jhe real-world benefits o f o fl:cycle 
technologies from the menu. 
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established a menu with a number of technologies that have real-world co~ and fuel 
consumption benefits not measured, or not fully measured, by the two-cycle test procedures, and 
those benefits were reasonably quantified by the agencies at that time. For each of the pre
approved technologies on the menu, EPA established a quantified default value that is available 
without addi tional testing. tvlanufacturers must demonstrate that they were in fact using the 
menu technology, but not required to conduct testing to quantify the technology's effects. unless 
they wish to receive a credit larger than the default value. The default values for these off-cycle 
credits were largely determined from research, analysis, and simulations, rather than from full 
vehicle testing. which would have been both cost and time prohibitive. EPA generally used 
conservative predefined estimates to avoid any potential credit windfall.1q46 

For off-cycle technologies not on the pre-defined technology list, or obtained through 
petitioning, EPA created a second pathway which a llows manufacturers to use 5-cycle testing to 
demonstrate and justify off-cycle CO~ credits.19•7 EPA established this alternative for a 
manufacturer to demonstrate the benefits of the technology using 5-cycle test ing. The additional 
emissions tests allow emission benefits to be demonstrated over some elements of real-world 
driving not captured by the CO~ compliance tests, including high speeds, rapid accelerations, and 
cold temperatures. Under this pathway, manufacturers submit test data to EPA, and EPA 
determines whether there is sufficient technical basis to approve the off-cycle credits. No public 
commenh J'l..'rwJ 1,-rlf-e required for manufacturers seeking credits us ing the EPA ~ menu 
or using 5-cycle testing. 

The thi rd pathway I I'\ de 1;11~,• lt11 ;.i111i11; ,,11 -~ .I~ t1etli1 ttll " 111t11111lc1,111rc1 1l,c11 
11,·lin e th<'I I •l'<'L if·, 111"1 -: • le t.:.111" ol";: . c'Jtltt'r 111 lhe I I' \ 1>1.l,I I' I lll<'flto ·1 ' I• •I. "· I 1ie1 <' 

letr;er m1pn11 ellh:'111 111 .11•1'I: t,,r ;r,·.11er ert'tl11 .inti lud u,11 t1111p11, 11 1m1•n•1 t'llle»f.-l-t+++._..._fl-11 

lll'l'"nrn; tl,,1<1 u 1n; c1 "" <' h:, ,d <' dc'1l1< ,, 1rc111 .. ,1 c1r1>111<1,h I hi 11, 1d 1•.,tll'1c1: allows 
manufacturers to seek EPA approval, through a notice and comment process, to use an 
alternative methodology other than the menu or 5-cycle methodology for determining the off
cycle technology co~ credits.19•8 \ l.111ul.1..:1 1..:1, 111u,1 pn l\ id<. ,ur1'• ,n ine: d.11.1 1 >11 .I ,.,,.__t,, -,., __ 
h.i-1, dcmn1htr.11i11c. the h,·11clit- 111 !Iii.' ,,11-,,,k 1..:clt1111l11~, 1111 th,·11 1-.:hi-k 11111,kl-. 

\ l,111ul.1c1un:r, 111,11 ,ti"' u,..: th, 1h1rJ p,11111\,1\ 111 ,q,ph h•r ,-rc·di1, .u1d It I\, 1,,1 m,·m1 
k'ch11Pl<1c!k, \\hl.'t\.' th, 111.illlllacllll.:r 1, able· l" d,111111tsll",llc ,1,diis .11,J I l I\, -'ll".111..'I th.111 tlh,-, 

pn,11d,J 111 the llll"llll 

Due to the uncertainties associated with combining r+d,-l·+--1-~technologies and the 
fact that some uncertainty is introduced because off-cycle credits are provided based on a general 

1"46 While many of the assumptions made for the analysis were conservat ive. others were "central." For example, in 
some cases, an average vehicle was selected on which the analysis was conducted. In that case, a smaller vehicle 
may presumably deserve fewer credits whereas a larger vehic le may deserve more. Where the estimates are central. 
it would be inappropriate for the agencies tO gr.int greater credit for larger vehic les, si nce this value is a lready 
balanced by smaller vehicles in the fleet. The agencies take these mancrs into consideration when applications are 
submitted 11 .... 1 J~ t-,~ , !111 1.. rr I k h--· f-ht-•1::1-++1.-d-,.--dt+- on the menu. 
1
"' See 40 CFR 86. I 869- l 2(c). EPA proposed a correction for the 5-cycle pathway in a separate technical 

amendments rulemaking. See 83 FR 49344 (Oct. I. 2019). EPA is not approving credits based on the 5-cycle 
pathway pending the finalization of the technical amendments rule. 
19' 8 See 40 CFR 86. I 869- l 2(d). 
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assessment of off-cycle performance, as opposed to testing on the individual vehicle models. 
EPA established caps that limit the amount of credits a manufacturer may generate us ing the 
EPA ~ menu. Off-cycle technology is capped at IO grams/mile per year o n a combined car 
and truck fleet-wide average basis. 1 P \ ,ti. c' 1<1rl1 .11Lcl 111111111H1111 pc·11c1r,n11111 r.n,, l,·1 c'\c·1,,I 

111 !he Ii ,lctl lu.hn, ,,,,,.:ic • ---tt>·•.ttntttttliT•H-!~ttt.!ttW·~ic'tttt-H+tlll ht' 11 I ti ~!'--'rrrt"-\,-, 

-.,..;~ ~f!~No caps were established for technologies gaining credits through the 
petitioning or 5---cycle approval methodologies. 

a) Consideration of Eliminating AIC and Off-Cycle Adjustments in 
the C01 and CAFE Programs 

The agencies sought comments in the PRM on whether to remove the A/C and off-
cycle flexibilities from the CAFE program and adjust the stringency levels accordingly based 
upon concern that the flexibilities might distort the market. Several commenters provided 
responses concerning the feasibility of removing any of these flexibilities. Commenters included 
the Auto Alliance, the National Automobile Dealers Association. Global Automakers. the 
Alliance for Vehicle Efficiency, ACEEE, BorgWarner. Fiat Chrysler, General Molors, 
International Council on Clean Transportation, Toyota, and UCS. Other comments were 
received requesting that the agencies look into expanding the flexibi lities by including more 
technologies. 

There was widespread support from commenters for retaining these flexibil ities for A/C 
and off-cycle technologies in the COc and CAFE programs. Commenters preferred that the 
agencies continue to include the flexibil ities, believing them to enable real world fuel economy 
improvements and compliance with C01 and CAFE standards with a more cost effective 
combination of technologies. The agencies agree that these programs achieve real world fuel 
economy improvements and that keeping the flexibi li ties may enable more cost effective 
technology combinations to achieve those real world fuel economy improvements. For MY 
20 17, manufacturers introduced a wide variety of low---cost technologies through the A/C and off-
cycle flexibilities that increased the overall industry's CAFE performance by 1.1 mpg. The 
agencies a lso acknowledge that the continued use of these flexibilities under the EPA program 
since 2012 warrants consideration due to automakers' and suppliers' significant investments in 
developing the technologies, which could result in stranded capital should the agencies 
discontinue them and manufacturers choose to remove the technologies. For these reasons. the 
agencies have decided to continue allowing manufacturers to use the existing flexibilities for 
A/C efficiency and off-cycle technologies for future model years. 

b) Final Decisions in Response 10 1\lfamifacturers · and Suppliers· 
Requests 

Automakers, trade associations, and auto suppliers recommended several changes to the 
current off-cycle credit program.1949 Prior to the NPRM, automakers and suppl iers suggested 
changes to the off-cycle program, including: 

'°'" See general~\' All iance/Global Petition. 
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• Streamlining the program in ways that would give auto manufacturers more certainty 
and make it easier for manufacturers to earn credits; 

• Expanding the current pre-defined off-cycle credit menu to include additional 
technologies and increasing credit levels where appropriate; 

• Eliminating or increasing the credit cap on the pre-defined list of off-cycle 
technologies and revising the thermal technology credit cap; and 

• Creating a role for suppliers directly to seek approval of their technologies. 

EPA requested comments o n several aspects of the off-cycle credits program and . as discussed below. both 
EPA and NHTSA are adopting some modest changes, primari ly to help streamline and clarify their programs. and to 
ease the implementation burden for manufacturers and the governmem. The agenc ies arc not adopting a significant 
expansion of the programs in this rule. as also discussed below. EPA and NHTSA are taking this relatively 
conservative approach for their off-cycle programs due to the uncenainty that remains in estimating off-cycle 
benefits of technologies and the need to remain cautious to help ensure that emissions and fuel economy benefits 
expected through the off-cycle flexibi lity are realized in the real-world. le I'\ note, I hat the standJrJ, 
tinaliz.:d in 10da, ·, rule arc prn1cllcd 10 bc a.:1110:\ abl<! 11 ithou1 an o:,pamkd t>H~c.:, .:k cr..-di1, 
prot!ram and tht:rcforc 1-.P \ dne, not belie1e c\pandint! the prnt!r:Jm i, ncccssan l(ir c.:nmplian.:c. 

(I) Program Streamlining 

EPA requested comments on changes to the off-cycle process that would streamline the 
program. Currently, under the third pathway, manufacturers submit an application that includes 
the methodology they used to determine the off-cycle credit value and data, which then 
undergoes a public notice and comment process prior to an EPA decision regarding the 
application. Each manufacturer separately submits an application to EPA that must undergo a 
public notice and comment process even if the manufacturer uses a methodology previously 
approved by EPA for another manufacturer. For example, under the current program, multiple 
manufacturers have separately submitted applications for high-efficiency alternators and 
advanced NC compressors using similar methodologies and producing similar levels of credits. 
If manufacturers also seek fuel economy improvement values for the CAFE program. they are 
also required to send the submissions to NHTSA, as EPA consults with NHTSA in its 
determinations for the CAFE program. NHTSA 's involvement is discussed in more detail in 
Section Vlll.D.3.b). 

EPA requested comment on revising the regulations to al low all auto manufacturers to 
make use ofa methodology once it has been approved by EPA under the public process, without 
subsequent applications from other manufacturers having to undergo the same process. This 
would reduce redundancy in the current program. 1111 ,, , •11!.I rL,lllu , c:,.Att1lilit'k-:,--++l l~t-Hh'+tl 

l'''"::!1c1m . Manufacturers would need to provide EPA with at least the same level of data and 
detail for the technology and methodology as the manufacturer that went through the initial 
public notice and comment process. 

EPA received supportive comments for streamlining the approval process from auto 
manufacturers and suppliers. The Auto Alliance commented that it supports all actions that 
would shorten the time it takes EPA to evaluate and reach decisions on applications through the 
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off-cycle alternative methodology pathway, and that manufacturers should be allowed to use 
common data from applications that have already been approved. 1950 Such common data would 
include ambient conditions, general consumer behavior data, and general operating and 
performance data for the same off-cycle technologies. G lobal Automakers also commented that 
EPA should streamline efforts to avoid reduplication of applications in situations where multiple 
automakers have submitted petitions for the same techno logy and recommended blanket 
approval for applications using the same specific technologies and calculation and measurement 

procedures.1951 General Motors commented that when a credit for a new technology is approved 
for one manufacturer, the EPA decision document announcing that approval can serve as a 
guidance document that assigns a credit value or calculation methodology for the technology for 
all manufacturers without requiring duplicative testing.195

~ MEl\1A commented that it would be 
sufficient to uphold the integrity of the off-cycle program to require the next vehicle 
manufacturer's application to provide at least the same level of data and details as the origina l 
vehicle manufacturer application and to validate the level of credit the next vehicle manufacturer 
is applying for based on how the technology is applied in its fleet.1953 

ACEEE commented that any streamlining of the process by which automakers petition 
for off-cycle credits must maintain the requirement that a thorough methodology show real
world benefits and ensure adequate opportunity for publ ic review.1954 International Council on 
Clean Transportation ( ICCT), while not commenting on this specific request for comment, 
commented that the program should remain unchanged until potential changes can be further 
analyzed.1955 

After considering the comments, consistent with its l.,.q, . ..: 1 I •~, EPA 
is streamlining the approval process as follows: once a methodology for a specific off-cycle 
technology has gone through the public notice and comment process and is approved for one 
manufacturer, other manufacturers may follow the same methodology to collect data on which to 
base their off-cycle credits. Once a methodology is approved, other manufacturers may submit 
appl ications citing the approved methodology, but those manufacturers must provide their own 
necessary test data, modeling, and calculations of credit value specific to their vehicles, and any 
other vehicle-specific details pursuant to that methodology, to assess an appropriate credit value. 
This is similar to what occurred, for example, with the advanced NC compressor, where one 
manufacturer applied for credits with data collected through bench testing and vehicle testing 
and subsequent manufacturers applied for credits following the same methodology. but by 
submitting test data specific to their vehicle models. However, those subsequent applications 
previously required a public notice and comment process. For future applications, as long as the 
testing is conducted using the previously-approved methodology, EPA will evaluate the credi t 

1950 Auto All iance, Detailed Comments, NHTSA-2018-0067-12073. 
19" Global Automakers, Detailed Comment5, NHTSA-2018-0067-12032. 
'"" General Motors, Detailed Comments, NHTSA-20 18-0067-11858-2 I. 
19

' 3 MEMA, EPA-HQ-OAR-2018-0283-5692. See 
h1tps://www.mema.org/sitesldefault/fi les/resource/MEMA%20CAFE%20and%20GHG%20Vehicle%20Comments 
%20FINAL %20with%20Appendices%200ct"/o2026%202018.pdf. 
10

" ACEEE, Detai led Comments, NHTSA-2018-0067- 12122. 
19" International Council on Clean Transponation, Detailed Comments, NHTSA-2018-0067-1 174 I. 
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application and issue a decision with no additional notice and comment, since the first 
application that established the methodology was subject to notice and comment. 

EPA is not providing blanket approval for a specific credit value, nor amending the 
requirement that manufacturers col lect necessary data or perform modeling or other analyses on 
their specific vehicle models as the basis for the credit. However, once a methodology has been 
fully vetted and approved through the public process, EPA believes additional public review of 

the identical methodology is unnecessarily dupl icative. In EPA's experience thus far (for 
example with high-efficiency alternators and advanced AIC compressors for which EPA has 
received applications from several manufacturers based on the same methodology), additional 
public review has yielded no additional substantive public comments. EPA believes this change 
in the program wil l help reduce the time necessary for review of applications . EPA will maintain 
the option to seek additional public comment in cases where the agency believes a new 
application deviates fi-om a previously approved methodology or raises new issues on which the 
agency believes it is prudent to seek comment. 

EPA a lso requested comment on revising the regulations to allow EPA to. in effect, add 
technologies to the pre-approved credit menu without going through a subsequent rulemaking. 
For example, if one or more manufacturers submit applications with sufficient supporting data 
for the same or similar technology, the data from that application(s) could potentially be used by 
EPA as the basis for adding technologies to the menu. EPA requested comment on revising the 
regulations to allow EPA to establish through a decision documenr a credit value, or scalable 
value as appropriate, and technology definitions or other criteria to be used for determining 
whether a technology qualifies for the new menu credit As envisioned in the NPRM, this 
streamlined process of adding a technology to the menu would involve an opportunity for public 
review but not a formal rulemaking to revise the regulations, allowing EPA to add technologies 
to the menu in a timely manner, where EPA believes that sufficient data exist to estimate an 
appropriate credit level for that technology across the fleet. 

EPA received supportive comments regarding this J'' 'I'' .1I , l'.,Jllc l l\\r l'.nmments from 
auto manufacturers and suppliers who believe that the change would help streamline the 
program. EPA also received comments from environmenta l NGOs suggesting that the program 
should not be changed at this time. After consideration oft.hese comments, the agencies are not 
revising the regulations to allow technologies to be added to the menu w ithout a rulemaking 
because EPA believes that menu-based off-cycle credits should be based on a robust 
demonstration of the technology, consistent with the regulations. The agencies will retain the 
option to add technologies to the menu through a rulemaking, similar to the approach being taken 
for high-efficiency alternators and advanced A/C compressors as discussed below, where 
sufficient data has been collected from multiple manufacturers and vehicle models on which to 
base a menu credit. The menu credits are meant to be conservative. The agencies are concerned 
that basing a menu credit on data from only one or a few manufacturers does not guarantee a 
robust and accurate credit level representing vehicles across the fleet. At this time. the agencies 
continue to believe a rulemaking process with full opportunity for public comment remains the 
best approach for adding technologies to the menu. A rulemaking ensures that all stakeholders 
including automakers have an opportunity to provide data to support an appropriate and 
conservative credit level for the fleet. This approach also provides an incentive for 

948 

Commented (A446J: CHANGE AS SHOW!\: EPA did 
not propose these changes. only requested comment. 



*** EO 12866 Review Dralt Do Not C ite, Quote or Release During Review*** 

manufacturers to, in the meantime, continue to perform testing and provide actual data that could 
eventually be used to infonn a rulemaking process to add a technology to the menu. The 
agencies want to preserve that element of the program to maintain the integrity of off-cycle 
credits representing real-world reductions. 

(2) AIC and Off-Cycle Application Process 

The agencies received several comments, in addition to those received in the petitions 
from the Auto Alliance and Global Automakers, discussed below, on the application process for 
approving additional A/C and off-cycle credits. Commenters included the Global Automakers, 
the Auto All iance, Volkswagen, Edison Electric Inst itute, Ford, Fiat Chrysler, NCAT, Toyota, 
General Motors, and DENSO International. 

Fiat Chrysler, Ford, Volkswagen, DENSO Internat ional, Global Automakers, and the 
Auto Alliance requested that the agencies respond more quickly to applications for A/C and off
cycle technologies. IQ% They prefer that petitions be addressed before the close of a model year 
so manufacturers can have a better idea of what credits they will earn. 

The agencies agree that responding to petitions before the end of a model year is 
beneficial to manufacturers and the government. Manufacturers would have a better idea of the 
approved credits, and the government could cany-out its compliance processes more efficiently. 
EPA structured the A/C and off-cycle programs to make it possible to complete the processes by 
the end of the model year so manufacturers could submit their final reports within the required 
deadline, 90 days atier the calendar year. However, delays currently exist due to the timing 
needed to review and approve technologies for the first time and issue Federal Register notices 
seeking public comments. 11 .1c-rc .q,phc.1bk . The agencies anticipate these problems will resolve 
themselves as the off-cycle program reaches maturity and EPA initiates the new streamlining 
approaches adopted in this final rule, discussed in the previous section. 

The agencies are a lso aware that delays exist because manufacturers frequently submit 
late applications, new applications, and ask for retroactive credits or FCIVs for off-cycle 
technologies equipped on previously-manufactured vehicles after the model year has ended. As 
required under both the co~ and CAFE programs, manufacturers are to submit appl ications for 
off-cycle credits and FCJVs before the beginning of each compliance model year, to enable the 
agencies to make better informed final decis ions before the model year ends. C un,cqu.-ntl~. 
:..++I'•\ ,mJ I P ln-tt ........ ~~k ... •tt"'frl·llll_' d«1L!l111c l.11 m<1·n1l<1<'u1c1 111cl 11 ,1, ,ii, 11 

t ile' ..:n· t'rll lllc'll l m.1· 1.1J.c 1, c'<l'editc' ii•<' 1>1 •d ", 

'°'' Fiat Chrysler, Detailed Comments. NHTSA-20 I 8-0067- 11943-50; Ford. Detailed Comments, NHTSA-20 I 8-
0067-11928-15; Volkswagen, Detailed Comments, NHTSA-2017-0069-0583-13; DENSO, Detailed Comments. 
NHTSA-2018-0067-11880-5; Global Automakers, Detai led Comments. NHTSA-20 18-0067-12032-50; Auto 
Alliance. Detailed Comments. NHTSA-2018-006 7- 12073- 120. 
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In 1he m~.mlime. 1 Io expedite the process of approvals, the agencies wi ll enforce existing 
EPA and NHTSA regulations requiring manufacturers to notify and report information on the 
technologies before the beginning of the model year. Presently. manufacturers must notify EPA 
in their pre-model year reports, and in their applications for certification. of their intention to 
generate any A/C and off-cycle credi ts before the model year, regardless of the methodology for 
generating credits. 1957 Manufacturers choosing to generate credits using the alternative EPA-
approval methodology are required to submi t a detailed analytical plan to EPA prior to a model 
year in which a manufacturer intends to seek these credits. The manufacturer may seek EPA 
input on the proposed methodology prior to conducting testing or analytical work, and EPA will 
provide input on the manufacturer's analytical plan. The alternative demonstration program must 
be approved in advance by the Administrator. NHTSA has similar provisions for its projections 
reports in which detai led information on the technologies must be included in those submissions 
during the month of December before the model year.1q58 NHTSA's provisions a lso requi re 
manufacturers to submit in formation to NHTSA at the same time as to EPA. Consequently, the 
eligibi lity of a manufacturer to gain off-cycle C0 1 credits or CAFE adj ustments for a given 
compliance model year requires appropriate submissions to the agenc ies. The agencies intend to 
enforce these provisions starting with the 2020 compliance model year. Manufacturers may 
resubmit MY 2020 information until May I, 2020. \lt.·1 •h.n t 111, +1he agencies will deny any 
manufacturers' late submissions . .:quc•·,t 11c. ,c1ru.,c1i,, dc·di1, ,.Ii.,, I 'MHH-Ht.~k.~~ 

r,·qu~ ii",! 1t11,,,1,-+t'tl-i+~ for previous compliance mode l years. However, manufacturers 
who properly submit information ahead of time will be allowed to make corrections to resolve 
inadvertent errors during or after the model year. The agencies believe that enforcing the 
existing submission requirements will be the most efficient approach to expedite approvals until 
new regulatory deadlines or addi tional requirements can be adopted. 

Fiat Chrysler, Volkswagen, Global A utomakers, and the Auto A ll iance further suggested 
the EPA issue a Federal Register notice for submitted off-cycle applications within 30 days and 
issue a final decision within 90 days. 1959 

As mentioned, EPA is addressing the issues raised by commenters by streamlining its 
required regulatory processes to eliminate the need to submit multiple Federal Register notices 
concerning requests from different manufacturers for the same technology. Under this 
streamlined process, atier a technology is approved for the initial manufacturer(s), EPA will 
approve any subsequent manufacturer requests for the same technology upon receipt of data 
submissions val idating the benefit specific to their model types. 

Genera l Motors. Toyota. NCAT, Fiat Chrysler, Ford. Volkswagen. DE SO, Edison 
E lectric Institute, Global Automakers, and the Auto Alliance further suggested that technologies 
approved for multiple manufacturers, to the extent additional automakers will have the same 
requests, be added to the -~i1,--I, J.i..+'..'.111,·11, 1 to encourage additiona l implementation of the 

19 57 See 40 CFR 86. I 869(a) and 40 CFR XXXXXXX. 
19 58 See 49 CFR Part 537.7(c)(7) and 49 CFR Part 53 1.6 and 533.6. 
19

$
9 Fiat Chrysler. Detailed Comments, NHTSA-2018-0067--11943; Volkswagen, Detai led Comments, KHTSA-

2017-0069-0583, Global Automakers, Detailed Comments, NlffSA-2018-0067-12032: Auto Alliance, Detailed 
Comments, NHTSA-20 18-0067-12073. 
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technology. Doing so would reduce duplicative efforts for the agencies, as well as 
manufacrnrers. I%O 

As mentioned previously, the agencies have decided to al low only new technologies to be 
added to the ~ 111,·1n1 through the regular rulemaking processes including the opportunity 
for notice and public comment. 

General Motors, DENSO, Global A utomakers, and the Auto All iance further suggested 
that suppliers should be allowed to request a "grams per mile" value for their off-cycle 
technologies. T hey asserted that this will provide certainty to manufacturers before they buy that 
technology.1% 1 Toyota and the Auto Alliance suggested that the agencies could improve 
efliciency and reduce burdens by creating a ·'toolbox," methodologies that manufacrnrers can 
apply to the analysis of off-cycle credit opportunities. 196~ They stated it would addit ionally help 
manufacturers if the agency would issue guidance leners and decision documents for off-eye le 
credit approvals. I%3 

The agencies believe that developing a "toolbox" may not be possible due to the 
development of new and emerging technologies, and manufacturers' different approaches for 
evaluating the benefits of the techno logies. The agencies ~~consider additional guidance, 
if feas ible, as the program, fu1ther matures in the approval process of technologies and if the 
agencies can identify consistent methodologies that may help manufacturers analyze off-cycle 
technologies. 

CAT and General Motors requested more transparency in the A/C and off-cycle 
approval process. They suggested that the agencies could provide reports including off-cycle 
credits approved by vehicle make and model and provide further c larification of data 
requirements that influenced the decision process.1964 

E PA and NHTSA have separate approaches for sharing information on these flexibilities, 
to provide public transparency. EPA already provides det:iiled information on I-Rt' 
manufacturers:, !.!encrnt1nn of \ C and ofl~C\ cle credits li11 each model, ear in its end ol 1111:, eat 
compliance rep,111, incluuin!.! the nrn!.!nitude ,~r crcdih b, mJnufadurcr ,md b, credit 1, 11<;. th.: 

"'" General tvlotors, Detailed Comments. NHTSA-2018-0067-1 1858; Tovota. Detailed Comments, NHTSA-2018-
0067-12150; NCAT, Detailed Comments, NHTSA-1018-0067-11969: Fi;t Chrysler, Detailed Comments, NHTSA-
20 18-0067- 11943; Ford, Detailed Comments. NHTSA-20 18-0067-11928: Volkswagen. Detailed Comments. 
NHTSA-2017-0069-0583; DENSO, Detai led Comments, NHTSA-2018-0067- It 880: Edison Electric Institute, 
Detailed Commenls.NHTSA-2018-0067-119 18: Globa l Automakers. Detai led Comments, NHTSA-20 18-0067-
12032; Auto Alliance, Detailed Comments, NIITSA-20 18-0067-12073. 
1""1 General Motors. Detai led Comments, HTSA-2018-0067-1 I 858; DENSO. Detailed Comments. Nl-lTSA-2018-
0067-1 1880; Global Automakers. Detailed Comments. NHTSA-20 18-0067- 12032: Au10 Alliance, De1ailed 
Comments, NHTSA-2018-0067-12073. 
196' Toyota, De1ailed Comments, NIITSA-2018-0067-12 150: Auto All iance. Detailed Comments. NHTSA-2018-
006 7-12073. 
1"°3 Auto Alliance, Detailed Comments, NHTSA-2018-0067-12073. 
" 6' NCAT, Detailed Commems, NHTSA-2018-006 7-1 1969; General Motors. Detailed Comments, NHTSA-201 8-
0067-11858. 
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.:rcdits generated h, 1cchn11loL!\ 1qi.:. and 1he pcnctr:111,,n 111 uft-•HI.: 1cd1nuluL!1c, 1n c:ich 
manufonurer", tli?cl. ,, . .,, kdmt1lt1git' ,. llAtl ..;retli1, :,!dim~J tt,r t'.tch m,,tlel ~ t'dr iR ii., ,·11J 111 !he 

) t'llr t:tllllfll ic111t"~ report. NHTSA plans to share similar information on its PlC and to provide 
projected data on the market penetration rates of the technologies as soon as it starts receiving 
information through its new reporting templates for the 2023 compliance model year. 

(3) High Efficiency Alternators and Advanced Air 
Conditioning (AIC) Compressors 

EPA sought comments on modifying the off-cycle ~ menu to add certain 
technologies for which E PA has collected sufficient data to set an appropriate credit level. More 
specifically, EPA received data from multiple manufacturers on high-efficiency alternators and 
advanced air conditioning (A/C) compressors that could serve as the basis for new menu credits 
for these technologies.1966 EPA requested comments on adding these two technologies to the 
menu including comments on credit level and appropriate definitions. EPA also requested 
comments on other off-cycle technologies that EPA could consider adding to the menu including 
supporting data that could serve as the basis for the credit. 

f P \ n.:,,i\ cd ,,nl\ ,upp11rtht: n,111111.:111, ,111 ib ~peL1til: regue,t li•r w111111e111~ re!.!mdinL 
Jdclinl.! hiLd1 etlici,·nc, a!tcmatnrs and ad, nn.:cJ \ C' conwn:ss11r~1h.: nl!lli!L Toyota, General 
Motors, BorgWarner, Fiat Chrysler, the Auto Alliance, Global Automakers, MECA, DENSO, 
SAFE, and Volkswagen submitted responses on the off-cycle ~menu. General Motors, 
Volkswagen, Fiat Chrysler, Global Automakers, and the Auto Alliance all supported adding 
high-efficiency alternators and advanced A/C compressors to the ~mcnu.1967 They 
commented that these technologies have already been approved for off-cycle credits through the 
petition process multiple times. They contend that it would be less burdensome if the 
technologies would be added to the pre-approved off-cycle credit list . That said, they were 
concerned about being constrained by the off-cycle caps. 1968 

The agencies believe that adding high-efficiency alternators and advanced A/C 
compressors to the menu is a reasonable step to help streamline the program by allowing 
manufacturers to select the menu credit rather than continuing to seek credits through the public 
approval process. Therefore, EPA is revising the regulations to add these two technologies to the 
menus. The high-efficiency alternator is being added to the off-cycle credits menu, and the 
advanced A/C compressor with a variable crankcase valve is being added to the menu for A/C 
efficiency credits. The credit levels are based on data previously submined by multiple 
manufacturers through the off-cycle credits application process, and discussed in the NPRM. 

I 1 I l I \ \ 1 1 1 j ( r! ... I , t. l 1 ' I I .,,. 
-.;: II ... 11 1{. j l.111 _ 1 .. I IJ , ._ ( _ - 1_ ll 

1966 hnps ://,,~"'' .epa. gov/ vehic le-and-engi ne-::cert i ficati on/c~mpl iance-i n fonnat ion-Ii ght-d ury-greenhouse-gas-ghg
standards. 
1967 General Motors, Detailed Comments, NI-ITSA-201 8-006 7- 1 1858; Volkswagen. Detailed Comments. NHTSA-
2017-0069-0583; Fiat Chrysler. Detailed Comments, NHTSA-2018-0067-11943: Global Automakers. Detailed 
Comments, NJ-ITSA-2018-0067-12032; Auto Alliance. Detailed Comments, NHTSA-2018-0067-1 2073. 
1968 See. e.g .• General Motors. Detailed Comments. NHTSA-2018-0067-1 1858. 
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The high efficiency a lternator credit is scalable with efficiency. providing an increasing credit 
value of 0. 16 grams/mile CO~ per percent improvement as the efficiency of the alternator 
increases above a base I ine level of 67 percent efficiency. The advanced A/C compressor credit 
value is I . I grams/mile for both cars and light trucks. 196

Q 

EPA also received comments from the Auto Alliance, Fiat Clll) 'Sier. General Motors, 
Mitsubishi, Genthenn, 1TB, and MEMA on a variety of individual technologies that they suggest 
adding to the menu.1970 These commenters provided little data to support their recommended 
credit levels. The Auto Alliance and Alliance for Vehicle Efficiency further asserted that 
flexibil ity mechanisms are increasingly important and there is a need to develop unconventional 
and non-traditional fuel economy technologies to meet standards. 1971 They requested additional 
pre-defined and pre-approved technologies to be included in this regulation. 197~ 

The agencies have reviewed manufacturers' requests for adding additional technologies 
to the ~111,·11u and concluded that there is insufficient data in the record at this time on 
which to base an appropriate menu credit value for the technologies. Therefore, none of these 
technologies are being added to the menu at this time. Given the limited data and uncertainty, 
EPA also does not believe it would be appropriate to add any of the technologies to the menu 
without an opportunity for public review and comment. Although the agencies are not adding 
these technologies to the menu at this time, manufacturers may seek off-cycle credits for these 
technologies through the other program pathways. r P \ ;1!_,11 note, ac!,lin thm thl' Jina! ,t.111d.mh 
ar.: not predicated 1111 ;.in l''\Pansion or off-c, cle credits and 1hen.:lore LI'.\ ·s J.:-:i,ion ol nut 
::iJdi111! tcchnnh>!!ie, 10th.: menu at thi, time doe, ml! ,1lfru the 1l\crall li:u,ibilit, lll the 
, t:mdard_~ 

(4) Stop-Start Technology 

In 201 4, EPA approved additional credits for the Mercedes-Benz's stop-start system 
through the off-cycle credit process based on data submitted by Mercedes-Benz on neet idle time 
and its system's real-world effectiveness (i.e., how much of the time the system turns off the 
engine when the vehicle is stopped). tQ73 Prior to proposal, multiple auto manufacturers requested 
that EPA revise the table menu value for stop-start technology based sole ly on one input value 

,,,., For additional details regarding 1he derivaiion of these c redits see EPA 's Memorandum to Docket EPA-HQ
OAR-2018-0283 ("Potential Off-cycle Menu Credit Levels and Definitio ns for High Efficiency Altemators and 
Advanced Air Conditioning Compressors''). 
197

0 Aulo Alliance, Detailed Comments, NHTSA-20 18-0067-12073-48; Fial Chrysler. Detailed Comments. NHTSA-
2018-0067-1 1943; General Motors. Detailed Comments. NIITSA-2018-0067-1 1858; Mitsubishi, Detailed 
Comments, NI-ITSA-20 18-0067-12056; MEMA, Detailed Comments, MEMA, EPA-HQ-OAR-20 18-0283-5692 
(See 
hnps://www.mema.org/si1es/defau lt/fi les/resource/M EM A %,20C AF E%20and %20G H G%20V ehic le%20Com mems 
%20FINAL%20wilh%20Appendices%20Oct%2026%202018.pdf); 1TB, Detai led Comments, EPA-HQ-OAR-2018-
0283-5469; Genthenn. Detailed Comments. EPA-HQ-OAR-2018-0283-5058. 
1
•

71 Auto Alliance, Detai led Comments, NHTSA-2018-0067- 12073: All iance for Vehicle Ellic iency, Delailed 
Comments, NHTSA-2018-0067-1 1696. 
1072 NHTSA-2018-0067-1 2073-48. 
,.,, .. EPA Decision Document: Mercedes-Benz OfT-cycle Credits for l'vlY 2012-2016." EPA-420-R-14-025 (Sept. 
2014). 
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EPA considered, idle time, in the context of the Mercedes-Benz stop-start system. No 
manufacturers provided additional data on any of the other factors evaluated during 
consideration of a conservative credit value for stop-start systems.- Stop-start systems val)' 
significantly in hardware, design, and calibration, leading to. wide variations in the amount of 
idle time during which the engine is actually turned off in real-world driving. EPA has learned 
that s0me stop-start systems may be less effective in the real-world than the agency estimated in 
its 2012 rulemaking analysis, for example, due to systems having a disable switch available to 
the driver, or b_ecause stop-start systems can be disabled under certain temperature conditions or 
auxiliary loads, which would offset the benefits of the higher idle time estimates. EPA requested 
additional data from manufacturers, suppliers, and other stakeholders regarding,a comprehensive 
update to the stop-start off-cycle credit table value. EPA did not receive any additional real
world system effectiveness data from commenters on which to base an adjusted credit level. 
MEMA commented that I; PA should base an increase in the credit on the agencies' updated 
estimated effectiveness of stop-start technology in the Draft Technical Assessment Report 
(TAR), which shows a 67 percent increase in eftt:ctiveness. 1974

• 
197

·1 However, EPA notes that 
this estimate is for system effectiveness over the 2-cycle test procedures and, therefore. is not an 
appropriate basis to adjust the off-cycle credits. The agencies are not adjusting the menu credits 
for stop-start systems at this time. Manufacturers may apply for additional credits if they are 
able to collect data demonstrating a system effectiveness that would serve as the basis for those 
credits. 

(5! Menu Credit Cap 

The off-cycle menu currently includes a fleetwide cap on credits of IO grams/mile to 
address the uncertainty surrounding the data and analysis used as the basis of the menu 
credits. 1976 Prior to proposal, some stakeholders expressed concern that the current cap may 
constrain manufacturers' future ability to fully utilize the menu especially ifthe'menu is 
expanded to include additional technologies, as described above. For example, Global 
Automakers suggested raising the cap from IO grams/mile to 15 grams/mile.1977 EPA requested 
comments on increasing the current cap, for example, from the current IO grams/mile to 1'5 
grams/mile to accommodate increased use of the menu. EPA also requested comment on a 
concept that would replace the current menu cap with an individual manufacturer cap that would 
scale with the manufacturer's average fleetwide- target levels. The cap would be based on a 
percentage of the manufacturer's fleetwide 2-cycle emissions performance, for example at five to 
ten percent of CO:: of a manufacturer's emissions fleet-wide target, With a cap of five percent 

1974 Draft Te<:hnical Assessment Report: Midlenn Evaluation of Light-Duty Vehide Greenhouse Gas Emission 
Standards and Corporate Average Fuel Econoiuy Standards for Model Years 2022<2025, EPA-420-D-16-900 {July 
2016). 
'"'' MEMA, EPA-HQ-OAR-201 8-0283-5692. See 
https:/lv,ww.mema.org/sitesldefault/filesiresource/MEMA%20CAFE%20and%20GHG%20Vehicle%'.'.0Comments 
%20FINAL%20with%20Appendices%20Oct%2026%202018.pdf,, 
19" 4[) CFR 86. I 869--l2{b)(2). 
1977 Global Automakers, Detailed Comments, 1'HTSA-20l8-0067-1203J. 
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for a manufacturer with a 2-cycle tleetwide average C01 level of200 grams/ mile, for example, 
the cap would be 10 grams/mile. 

There was widespread support from automakers and suppliers for removing the cap 
enti rely or raising the cap from 10 grams/mile to 15-20 grams/mile. Toyota, General Motors, 
BorgWarner, Fiat Chrysler, the Auto Alliance, Global Automakers, MECA, DENSO. SAFE, and 
Volkswagen submitted responses on the off-cycle cap to EPA.1

Q?S They argued that the 2-cycle 

test does not always account for all the benefits a technology provides. 1979 General Motors, Fiat 
Chrysler, the Auto All iance, Global Automakers, and Volkswagen agreed that EPA should 
remove the IO grams/ mile cap and, if they must keep the cap, increasing it to 15 grams/mile.198u 

Global Automakers commented that, as more technology receives off-cycle credit values. 
the cap will restrict innovation and therefore EPA should lift the cap now in anticipation of 
increased use of technologies. 1981 General Motors similarly commented that the cap was an 
arbitrary limit without any teclmical justification and that, if1he agency was to add emission 
reduction technologies to the menu these devices could not be effectively incentivized if the I 0 
grams/mile cap remains in place, since there would be no room under the cap.1982 General 
Motors di ,J;reed v, 11l1 thc pt 'I'· .. ti,, I''·, td<" l'I ,, , , 01,, ,+.:-,1++--il ,n 111<1: l>c 1,1l.t11 .1 ··-: ,1 

1c !in.: ti, c 11111 lull: 1,il1ttdlc 1h( 1 .,1u,, I 1h"-h't-l,...,,,..,~'- 1-+tc-_--suggested that as the program 
continues. manufacturers will continue to find new technologies and will be limited by the cap. 
They stated that the cap will stifle additional investments for technologies. MEMA commented 
that if EPA expands the off-cycle technologies menu and continually adds off-cycle technologies 
to the menu, it is critica l that EPA increase or eliminate the cap on the credits gained from the 
off-cycle menu.198-' 

The Auto Alliance argued that putting caps on emerging new technologies wi ll hinder 
fu11her vehicle investments and improvements. The planning cycle is implemented years out and 
without a guarantee they will see benefits. the Auto Alliance stated that manufacturers lack 
incentivization to work toward large technological advances. 198~ The Auto Alliance and Alliance 

197* Toyota, Detailed Comments.NHTSA-20 18-0067-12150; General Motors, Detailed Comments. NHTSA-2018-
0067-1 I 858; Borg\Vamer, Detailed Comments, NHTSA-20 18-0067-11895: Fiat Chrysler, Detailed Comments, 
NIITSA-2018-0067-1 1943: Auto Alliance. Detailed Comments. NHTSA-2018-0067-12073: Global At1tomakcrs, 
Detailed Comments, NHTSA-2018-0067- 12032: MECA, Detailed Comments. NHTSA-2018-0067-11994: DENSO. 
Detai led Comments, NHTSA-2018-0067-1 1880; SAFE. Detai led Comments, NHTSA-2018-0067-1 1981: 
Volkswagen. Detailed Comments. N HTSA-201 7-0069-0583. 
,.,. See, e.g .. DENSO. Detailed Comments. NHTSA-2018-0067-11880. 
i'>So General Motors, Detailed Comments. NHTSA-2018-0067-11858; Fiat Chrysler. Detai led Comments, NHTSA-
2018-0067- 11943; Auto Alliance, Detailed Comments, t-H-fTSA-20 18-0067- 12073; Global Automakers, Detailed 
Comments, NHTSA-20 18-0067- 12032; Volkswagen, Detailed Comments, NHTSA-2017-0069-0583. 
'"' Global Automakers. Detailed Comments.NI-ITSA-20 18-0067-12032. 
' 9"' General Motors. Detailed Co111me111s. NHTSA-2018-0067-1 I 858. 
19

'-1 MEMA, EPA-HQ-OAR-2018-0283-5692. See 
hnps://www.mema.org/sites/default/fi les/resource/MEMA%20CAFE%20and%20GHG%20Vehicle%20Comments 
%20FINA L %20with%20Appendices%20Oct%2026%202018.pdf. 
19"' Auto Alliance, Detailed Comments. NHTSA-2018-0067-12073. 
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for Vehicle Efficiency fu11her asserted that flexibility mechanisms are increasingly important and 
there is a need to develop unconventional and non-traditional fuel economy technologies. 1985 

ACEEE commented that the off-cycle credit menu cap should not be increased or 
modified without the agency first defining any other changes it might consider making to the off
cycle credit program and this should be done through a separate NPRM and public review 
process.1Q86 ICCT commented that if the agencies allow more use of off-cycle credits without 
clear validation of their real-world benefits, the regulations cannot serve their intended objectives 
to reduce CO" and fuel use.1987 

I P.\ di ,ll rctt'i\ ct.I a lc'n i'lllllilk'lll, ',\ c1rning. ael•UI 1he ri ,I, n:· rcm"\ i11,; lht> ldf' c111J 
"" a i11t:t:'1lli•, h'ing 1l1c l \I I EmJ en., pnigre1m ,. \(LI .I . p,,1111ed t1t.Jl 1h,11 ·\hile .,.,,p,m.lillg aml 
urtlati11g lilt' llc!'iiBililit:. tliat ill<'i!llli\ i7c' imlt1\ dlitm tma re ,c'Bft.'h i., a ,!fc'dl lllclhuJ lt1 inrnM.,c 
fuel eflieieR.:~. it i, im11t111am to put" time limit ,,A lhn '-' i111it.'llti1 t.' e111tl e,uefull~ tk,ig11 tht'm ·,o 
m,111t1liu:wrer, tln 11,1t t~l,t' atl1,aRtc:1ge. \l LU ar,;ui!d 1ha1. it IFlc' .,t' llt:'1<itiili1ic, tirt' At1l 
implt'mented 11'10ugh1full~ . the~ t.'tm ena I.JI' rc!tlt1ei11i:; tile· 1~mgrnm hcAc!li!..''""' l P, EtJIHllk'Alt:"tl 
E11t11. gi,eA th.: pt11<:111ial iAlc'ntLliAR lrtJm mul1 iplt:" illll:'Ali1t:"',. it i, iA1r11n e1111 w u111 itl.:r th,: 
~t•mhim.>J i1111ae1.:t.. iat' lll'·,itiililit'., !IA LAI:' tl\ er.ii! ,1ri11~o?AI:~ .. r thl' l'c\!,til111i"11. l ( ,, ,IHkJ lh,H 
;i\ en 1lw f'l1li!nlial liu wide preotl liarm. t'rc!dii; •,, itl,in th,: prt1grt1m : huuld be . "' ere!~ li1nilt>J. 
<!AU tht' a,,;t?ALic! . ." d,_,t.'~,,Alt.'lll l>l ' 1hl' i111pdCI, ur ,tlt'h int:t'Ali\c, ,h,1t1ltl t,.: t''dfc•md:, t:tllLc'P.,llht' 
in Artier 10 13rn1twlt> in.-~a.,nl c'A', ir,mmentHI l>i!nelit fifth<! lti.·I .. .-,m,'A+\--i!-Htk·arhuA di11-.itlc' 
em1,,i£1A•, sia11dard·,.•""" 

The agencies are not increasing the 10 grams/mile menu credit cap at this time. EPA 
established the 10 grams/mile credit cap to address the uncertainty surrounding the data and 
analysis used as the basis of the menu credits, and agrees with ACEEE, ICCT, and UCS that 
sufficient uncertainty remains such that increasing the current cap is not j ustified. As noted in 
the 201 2 final ru le, EPA included the fleet-wide cap because the default credit values were based 
on limited data, and also because the agencies recognized that some unce11ainty is introduced 
when credits are provided based on a general assessment of off-cycle performance as opposed to 
testing on the individual vehicle models.1'190 That uncertainty has not significantly diminished 
since the 2012 final rule. Also, over the course of implementing the program, EPA has 
encountered issues with the regulatory definitions currently in place for some technologies. The 
regulations specify that manufacturers may claim credits for technologies that meet the 
regulatory definitions. However, there have been instances where manufacturers have claimed 
credits for a technological approach that they have argued meets the regulatory definition, but 
EPA found that the technology was not implemented consistent with the technological approach 
envisioned when the off-cycle program was established. This has raised questions of whether 
the credits for the technological approach in question truly represent real-world reductions. and 

10" Auto Alliance, Detailed Comments, NHTSA-2018-0067-1 2073: Alliance for Vehicle Efticiency. Detai led 
Comments. NHTSA-2018-0067-11696. 
1986 ACEEE, Detai led Comments, NHTSA-2018-0067- 121 22. 
1• 87 ICCT, Detailed Comments, NHTSA-2018-0067-1 174 l-43. 
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whether the credits should ultimately be al lowed. These types of issues have resulted in 
uncertainty, which can lead to delays in credit calculations. competitive inequities, as well as 
increased burden on the agency to review and resolve issues. T he caps continue to serve as an 
important measure against the loss of emissions reductions and fuel savings given the uncertainty 
in the credit values as the program is implemented. Since the agencies are not expanding the 
menu beyond the two technologies discussed above, the agencies believe there remains enough 
room under the cap such that the menu may continue to serve its purpose as a source of off-cycle 
credits. Although a few manufacturers approached the cap limit in MY 2018, the fleet average 
menu credit was 4.7 grams/mile, less than half the cap value. ' ""' If the agencies undertake a 
rulemaking in the future to modify the menu or regulato,y definitions, the agencies may re
evaluate the cap levels at that time. The agencies note that the cap only applies to credits based 
on the menu. Under the current program, manufaciurers may apply for credits beyond the cap 
through other available pathways based on a demonstration of off-cycle technology emission 
reduction data for their fleets. 

\ 11t 11c·d 1h , •\ c. 11 he agencies have decided to continue the option to add technologies to 
the menu only through the rulemaking process and, for this final rule, have decide to add two 
new ~~items~, one for high-efficiency alternators and another for advanced A/C 
compressors. 1\n l11rilit'r llkcllll' .. ' arc hcin_· ad•'l'iecl 1111 ,rd- ,,11, ~,1 i..,l•no1I ,;: • "'l· ,_ lt' , 
Jt...c-tt-...~••-frt'"• "'" I:, . The agencies stated that they will only add technologies when sufficient 
data has been collected from multiple manufacturers and vehicle models on which to base a 
menu credit. Accordingly, the agencies believe this approach ensures that conservative, robust 
and accurate credit levels are being added representing vehicles ''on average" across the fleet. 

Finally, 1lu a,::crm.: .. , IH, e'\I IT\.\ ha, been studying how the combination of flexibilities 
and incentives may adversely affect the stringency off'.G:aoothe CAFE regulations. +ltt' 
ai::e1wi1? • <1r1?"-l l l ',,.\ i, aware of an instance in which combining incentives for alternative fueled 
vehicles and iAt:<'Ali'<t'.• adIU,tm.:nls for A/C and off-cycle technologies allowed one 
manufacturer to increase in CAFE fleet performance to a combined average of 516.8 mpg for 
MY 2017, a curious result. kP \ aAa NHTSA ttre--~continuing to evaluate the issue of 
combining incentives and flexibilities and may address this issue further in the future. 

(6) Eligibility 

Though, in the NPRM, EPA did not explicitly request comment on the eligibility criteria 
for determining what technologies are eligible for off-cycle credits, EPA received comments on 
this topic. UCS commented that regulations should be clarified so that the program does not 
result in unwarranted credits for baseline technologies, noting that in the 2012 final rule EPA 
stated that technologies integral or inherent to the basic vehicle design were not eligible for 
credits and specifically excluded technologies identified by the agency as technologies a 
manufacturer may use to meet the two-cycle CO2 standards. 1qq

2 ACEEE commented that off-

1991 The 2018 EPA Automotive Trends Repon, Greenhouse Gas Emissions. Fuel Economy. and Technology since 
1975. EPA-420-R- 19-002 (Mar. 2019). 
'""' UCS. Detai led Comments, NI-ITSA-2018-0067- 12039. 
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cycle credits should be limited to new and innovative technologies and, that to be eligible for 
credit, a technology must reduce emissions from the vehicle receiving the credit (as opposed to 
other vehicles on the road, for example, through system effects of technologies designed for 
crash avoidance or improving traffic tlow). 1993 The Auto Alliance-also commented in the area of 
eligibility, suggesting regulatory changes that would allow off-cycle credits for any technology 
where the manufacturer could demonstrate an off-cycle emissions benefit.1'1'14 The Auto Alliance 
commented that the program is intended to provide credit for technologies that provide more fuel 
economy and CO2 emissions reduction benefit in the real-world than is realized in FTP and 
HFET on-cycle testing and that a baseline technology should be eligible for s.uch credits. 

Given the various public comments on eligibility of technologies for off-cycle credits, the 
agencies are clarifying the regulations regarding technology eligibility, consistent with the intent 
and EPA 's interpretation of1he 2012 rule, as expressed in the preamble to the proposed and final 
rules. The agencies believe that clarif)-·ing the regulations will reduce confusion among 
manufacturers as to what technologies are eligible and-reduce the overall program burden 
associated witl1 EPA staff giving continued guidance to manufacturers regarding eligibility, as 
detailed in the 2012 rule preamble. Eligibility was thoroughly addressed in the 2012 final rule 
preamble, but-the regulations were not as clear, which has led to confusion on the part of sorrie 
manufacturers and delays in reviewing credit applications. 1995 The agencies are not estaQ!ishing 
a new policy regarding eligibility, only amending the language reflecting the existing policy in 
the regulations for sake of clarity. 

As noted in the 2012 final rule preamble, the goal of the ·off-cycle credits program is to 
provide "an incentive for the development and use of additional technologies to achieve real
world reductions iii CO2 emissions."1996 EPA further stated that the intent of the program is to 
''provide an incentive for CO2 and fuel consumption reducing off-cycle technologies that would 
other.vise not be developed because they do not offer a significant 2-cycle benefit."1997 The 
regulation at 40 CFR 86.1869-11(a) provides that manufacturers may generate credits for CO2 
reducing technologies "where the CO2 reduction benefit for the technology is not adequately 
captured on the Federal Test Procedure arid/or Highway Fuel Economy Test." The regulation 
continues: "[t]hese technologies must have a measurable, demonstrable, and verifiable real-world 
CO2 reduction that occurs outside the conditions of the Federal Test Procedure and the Highway 
Fuel Economy Test." 

Off-cycle credits are available for technologies that are not utilized when perfonning FTP 
and HFET tests because 1heir operation is linked to a condition not found during the 2-cycle 
testing. For example, heating and cooling systems are not operated during the 2-cycle test, and 
therefore, efficiency improvements to these systems are not captured at all on the 2-cycle tests. 
As the 2012 rule's language indicates, off-cycle credits are not necessarily limited to 
technologies listed on the menu or off-cycle technologies with no measurable benefit on the FTP 
and/or HFET. Off-cycle credits may be available for some technologies whose performance is 

" 91 ACEEE. Detailed Comments. NHTSA-2018-0067-12122. 
"~ Auto Alliance, Detailed Comments. NHTSA-20!8-0067-12073. 
"'·' 77 FR 62726-36, 62835-37. 
,ow, 77 FR62833. 
I.M 77 FR 62836. 
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measurable to some extent on the FTP and/or HFET but which petform measurably better off
cycle. Active aerodynamic and stop-start technologies (menu item) are examples. However, 
there are limits on what the agencies would consider to be an off-cycle technology eligible for 
credits, as discussed below. 

Just as the regulations and preamble to the 2012 final rule listed technologies that the 
agencies considered to be off-cycle technologies, the preamble also discussed technologies that 
the agency would not consider off-cycle technologies-i.e., technologies the agencies consider to 
be "adequately captured" by the FTP and therefore not eligible for-off-cycle credits. The 
preamble specifically noted that engine, transmission, mass reduction, passive ;ierodynamic 
design, and base tire technologies are not considered to be off-cycle technologies eligible for 
credits. 199s These are technologies that are considered to be "integral or inherent to basic vehicle 
design."1w9 In response to comments in the final rule, the-agencies further clarified that 
advanced combustion concepts,.such as camless engines, variable compression ratio engines, 
micro air/hydraulic launch assist devices, would not be considered to be eligible for credits?Miu 
This limitation to eligibility further extends to other engine designs, transmission designs', and 
electrification systems not specifically contemplated in the rulemaking, such as Atkinson 
combustion engines, and 9 and 10 speed transmissions, as well as to other hybrid systems such as 
48 Volt technologies. Further, the 2012 final rule preamble stated that technologies included in 
the agencies' assessment for purposes of developing the standard would not be a!!o,..,,ed to 
generate off-cycle credits and cites the technrilogies described in Chapter 3 of the 2012 final rule 
TSD.2001 Finally, off-cycle credits are not available for technologies required to be used by 
Federal Law or for crash avoidance systems, safety critical systems, or technologies that may 
reduce the frequency of vehicle crashes?JU2 

The preamble to the 2012 final rule provides the rationale for what the agency considers 
an off-cycle technology and, therefore, eligible for credits. Technologies that are integral or 
inherent to the vehicle are, by necessity, well represented on the 2-cycle test.2003 Examples 
provided in the preamble are engine, transmission, mass reduction, passive aerodynamic design, 
and base tire technologies. The control logic for these powertrain components, like the 
components.themselves (i.e. engine and transmission), are constantly active, fully functioning, 
and operating over the entirety of the FTP and HFET. Similarly, an automatic transmission, 
regardless of whether it has 6-speeds or 8-speeds, would sti!l be constantly active, fully 
functioning and operating over the entirety of the FTP and HFET?}(14 This would also be true for 
base engine technologies, advanced combustion concepts, engine components (pistons, valves, 

l""S 77 FR 62732, 62836. 
1""" 77 FR 62732, 6283611; 81 FR 73499. 
'""" 17 FR 62732. 
" 0' 77 FR 62836. 
'"°' 40 CFR 86.1869-ll(a); 77 FR 62836. 
lOo) 77 FR 62732, 62836. 
""1 76 FR 75024 (Dec. I, 201 I), 
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camshafts, crankshafts, oil pumps, etc.), and driveline components {individual components of the 
transmission, axle, and differential).1005 

Further, even if these technologies have greater benefits on supplemental test cycles, EPA 
has explained that it would be difficult to devise accurate A!B testing (i.e., with and without the 
technology) for these technologies.20

()6 The 2012 preamble states that "EPA is limiting the off
cycle program to technologies that can be identified as add-on technologies conducive to A/B 
testing," partly because it would be very difficult accurately to parse out the off-cycle benefits 
for some integral technologies.21m7 Because the technology is integral to the vehicle, there would 
not be an appropriate baseline (Le., without the technology) vehicle to use for comparison. 
Vehicles are not built without tires, engines, passive aerodynamics or transmissions. 

Also, because these technologies are inherent to the vehicle design, their performance is 
already reflected in the stringency of the standard.and giving credits for these inherent 
technologies would be a type of double-counting windfall.coos "[S]ince these methods are 
integral to basic vehicle design, there are fundamental issues as to whether they would ever 
wan·ant off-cycle credits. Being integral, there is no need to provide an incentive for their use, 
and (more importantly), tl1ese technologies would be incorporated regardless. Granting credits 
would be a windfal!."2009 As such, EPA has laid out a clear basis that technological 
improvements to integral ·and inherent components are considered to be adequately captured on 
the FTP and HFET test. 

EPA is clarifying the regulations in a manner that is consistent with the intent and our 
interpretation of the 2012 rule, as expressed in the preambles to the proposed and final rules. 
The regulations are revised to specif)· that technologies used primarily to meet the 2-cyc\e 
standards ar_e not eligible for off-cycle credits and that only technologies primarily installed for 
reducing off-cycle emissions would be eligible. The revised regulations specify that the 
technologies must not be integral or inhereni to the basic vehicle design, such as. for example. 
engine, transmission, mass reduction, passive aerodynamic design, and tire technologies. 
Exceptions to these general provisions include technologies already specified on the menu, 
including engine idle stop-start, active aerodynamic improvements, and high-efficiency 
alternators. These technologies may provide some benefit on the 2-cycle test, but EPA 
determined in the 20 J2·rule that they are eligible for off-cycle credits because they are 
technologies that could be added to vehicles to provide discemab!e off-cycle reductions. 

Regulatory text at 40 CFR 86.1869-12la) states: "Manufacturers may generate credits for 
CO2 reducing technologies where the CO2 reduction benefit of the technology is not adequately 
captured on the Federal Test Procedure and/or the Highway Fuel Economy Test," to which EPA 
is adding, "such that the technology would not be other.vise installed for purposes ofreducing 
emissions (directly o'r indirectly) over those test cycles (i.e., on-cycle) for compliance with the 
[CO2] standards." EPA is also adding text to this paragraph of the regulations specifying: "The 

ioo, 77FR 6273212. 
i,14o 76 FR 75024. 
0007 77FR62836. 
""~ 77 FR 62732. 
"""' See also 76 FR 75024. 
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technologies must ndt be integral or inherent to the basic vehicle design, such as engine, 
transmission, mass reducti_on, passive aerodynamic design, and tire technologies. Technologies 
installed for non-off-cycle emissions related reasons are also not eligible as they would be 
considered part of the baseline vehicle design. The technology must not be inherent to the 
design of occupant comfort and entertainment features except for technologies related to 
reducing pas~enger A/C demand and improving A/C system efficiency. Notwithstanding the 
provisions of this paragraph {a), off-cycle menu technologies included in paragraph (b) of this 
section remain eligible for credits," 

The agencies believe the above regulatory changes will help reduce confusion over what 
technologies are eligible for off-cycle credits, refocusing the program on technologies that 
manufacturers would install on vehicles for purposes ofreducing off-cycle emissions ra_ther than 
obtafoing additional credits for technologies installed primarily for 2-cycle emissions reduction 
or for other reasons not related to emissions. This approach is consistent with the intent of the 
program as stated in the 2012 final rule to provide an incentive to develop and employ off-cycle 
technologies not adequately captured on the 2-cyde test procedure. 

Of the technologies recommended by mapufacturers to be added to the menu, cooled 
EGR is an example Df a technology that would not be eligible because it is an integral 2-cycle 
technology that EPA noted in its technology assessment in the MY 2012 rule. Cooled EGR is 
often an integral component of turbo charged gasoline direct injection engines which is a primary 
CO2 reduction strategy used by manufacturers to reduce 2-cycle emissions. The technologies are 
calibrated to act as a system such that is not possible to separate them in a way that would allow 
for a clear indication of the off-cycle benefit of cooled EGR as a stand-alone technology. 

EPA also received comments from the Auto Alliance regarding several technologies they 
believe should qualify as active wann-up off-cycle technologies. The Auto Alliance commented 
that systems that use waste heat from the exhaust gas stream should receive additional credits 
beyond the menu credits currently established for active engine and transmission warm-up?Hn 
However, when EPA established the menu credits for active transmission and engine warm-up in 
the 2012 rule, EPA envisiohed waste heat from the exhaust as the primary source of heat to 
quickly bring the system to operating temperature as the basis for the warm-up technology 
credits.2011 Therefore, EPA does not believe additional credits, as suggested by the Auto 
Alliance, are warranted. EPA further hotes that the definitions for active engine and 
transmission warm-up specify that "waste heat" be used in active warm-up technologies in order 
to qualify for the credits.2un lfa system first directs heat to wann the engine oil or \-Vann the 
interior cabin, and only then to the engine or transmission, thereby delaying active wann-up, 
EPA would not view that heat as waste heat since it is serving other purposes during initial 
vehicle wann-up. BP A would also not consider this approach to be wanning up the engine or 
transmission "quickly" due to the potentially significant delay in warm-up activation. In 
developing the active wann-up credits, EPA focused on systems using heat TTom the exhaust as a 

:w,o Auto Alliance, Detailed Comments, NHTSA-2018-0067-12073. 
~' 11 See JointTechnica! Support Document: Final Rulemaking'for 2017-2025 Light-Duty Vehicle Greenhouse Gas 
Emission Standards and Corporate Average Fuel Economy Standards, EPA-420-R-12-9-0l, August 2012, p. 5-96 -
5-100. 
:wi: 40 CFR 86.1869-q(b)(4)(v) and (vi). 
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prima1:y source of waste heat because that heat would be available quickly and also be exhausted 
by the vehicle and otherwise unused. 

EPA alfowed for the possible use of other sources of heat such as coolant as the basis for 
credits as long as those methods would "provide similar perfonnance" as extracting the heat 
directly from the exhaust system.1rn 3 However, EPA may require manufacturers to demonstrate 
that the system is based on "waste heat" or heat that is not being preferentially used by the 
engine or other systems to wam1-up other areas like engine oil or the interior cabin. Systems 
using waste heat from the coolant do not qualif:.V for credits ifthelr operation depends on, and is 
delayed by, engine oil temperature or interior cabin temperature. As the engine and transmission 
component~ are warming up, the engine coolant and transmission oil do not have any 'waste' 
heat available for warming up anything else on the vehicle, During engine and transmission 
wann-up, the only waste heat sour,ce in a vehicle with an internal combustion engine is the 
engine exhaust as the transmission and coolant have not reached warmed-up operating 
temperature and therefore do not have any heat to share. Conserving heat in a transmission is not 
a rapid transmission wann-up using waste heat. Unless the component with lubricating oil and 
coolant is operating at its fully wanned-up design temperature, by EPA 's definition, that 
component does not have any waste heat a~'ailable for transfer from the lubricating oil or coolant 
to any other device until it has reached its fully warmed-up operating temperature (i.e. the 
temperature when the cooling system is enabled). A qualifying system may involve a second 
cqoling locip that operates independent of the primary coolant system and is not dependent on or 
other.vise delayed by, for example, cabin temperature. Evaluating whether such systems qualify 
for menu credits often requires additional information regarding system design to understand 
better how the system uses waste heat. Gi\'en the complexity of these systems and the need to 
sometimes consider the details of how a system operates, EPA is not making any changes to the 
menu regarding warm-up technologies. 

The Auto Alliance further commented that active transmission bypass valves should 
qualify for active transmission wann-up credits.201 ~ The Auto Alliance commented that 
traditional transmission oil coolers are always active and sized for extreme or worst-case hot 
ambient conditions. The coolers will, in colder ambient conditions, keep the transmission 
temperatures well outside of their most efficient operating range. The bypass valve circumvents 
the cooler whefl'the transmission is relatively cold preserving the transmission heat, so the 
transmission wanns more quickly. EPA disagrees that this type of approach should be eligible 
for active transmission wann-up because it does not use waste heat to add heat to the 
transmission. Instead, it prevents useful heat already present in the transmission from being 
unnecessarily removed. Also, EPA does not view this type of bypass valve as an off-cycle 
technology but rather as part of a good engineering design of a transmission cooler system. 
Many vehicles already are designed with transmission-cooler bypass valves. EPA does not 
believe existing coolers qualify as wann-up technologies simply because they are disabled under 

,on See Joint Technical Support Document: Final Rulemaking for 2017-2025 Light-Duty Vehicle Greenhouse Gas 
Emission Standards and Corporate Average Fuel Economy Standards, p. 5-99, EPA--420-R-12-901, August 2012. 
'"" Amo Alllance, Detailed Comments, N1-lTSA-20lS-0067-12073. 
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cold conditions. This approach does not represent the addition of a new off-cycle warm-up 
technology but the disabling of an existing cooling technology. 

Although the agencies did not consider changes to the program to allow credits for 
safety-related technologies and autonomous vehicle technologies in the proposal, comments 
were received both in favor of and not in favor of allowing such credits.2015 The agencies note 
that the rationale for not allowing oft~ycle credits for safety-related or crash avoidance 
technologies has not changed since the-2012 rule and, therefore, in the proposed rule the 
agencies did not consider making any changes to allow oft:cycle credits for safety-related 
technologies.2016 The agencies continue to believe that there is a very significant distinction 
betv,reen technologies providing direct and reliably quantifiable improvements to fuel economy 
and CO2 emission reductions, and technologies which provide those improvements by indirect 
means, where the improvement is not reliably quantifiable, and may be speculative (or in many 
instances, non-existent), or may provide benefit to other vehicles on the road more than for 
themselves. The agencies also continue to believe that the advancement of crash-related and 
crash avoidance systems specifically is best left to NHTSA's exercise of its vehicle, safety 
authority. 

Auto manufacturers and suppliers also commented that EPA should adopt "eco
innovation" credits approved in the European Union (Ell) vehicle CO~ reduction program as part 
of the off-cycle credits program."017 No data was provided as to why the credits would be 
appropriate for the U.S. vehicle fleet. EPA did not consider or request comment on the EU 
credits program and does not believe the credit levels would necessarily be appropriate for the 
U.S. fleet given the very different vehicle use and driving patterns between Europe and the U.S. 
Thus, there is no assurance that the credits would be based on real-world emissions reductions. 

EPA received comments from the Auto Alliance and Global Automakers that EPA 
should automatically award credits if the agency does not take final action within 90 days of 
receiving a request for credits?01 g Regarding these comments, EPA does not believe such a 
provision is in keeping with maintaining the integrity of the off-cycle credits program. As 
discussed above, EPA often requires time to sort through complex issues tq determine if the 
technologies meet the regulatory requirements for receiving credits,and whether the credits have 
been quantified appropriately. In some instances, EPA has received public comments and 
manufacturer rebuttals to those comments that takes additional time to consider before making a 
final decision. EP A's goal continues to be to evaluate applications for credits in as timely a 
manner as is possible given the issues that must be addressed and within the resources available. 
While EPA 's need carefully to consider applications may slow down the approval process or 
result in credits not being approved, it remains paramount to ensure credits are not pr~wided to 
technologies that do not provide actual off-cycle benefits, and thereby do not meet the 
regulations. ln the past, longer time frames for EPA re,,Jew have not caused manufacturers to 

°"" Sec, e.g .• SAFE, Detailed Comments, l\:HTSA-2018-0067-1198I; AAA, Detailed Comments.1'.lf-lTSA-2018-
0067-l !979. 
:oio 77 FR 62733. 
'"" See, e.g., Mitsubishi, Detailed Comments, NHTSA-20\8-0067-12056. 
""" Auto Alliance, Detailed Comments. NHTSA-2018-0067-12073; Global Automakers, Detailed Comments. 
NHTSA-2018-0067-12032. 
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lose credits where credits are determined by EPA to be warranted under the regulations. EPA 
believes that the changes EPA is making to the program will help streamline the program and 
reduce confusion, thus helping to reduce the time necessary to evaluate applications and provide 
fina l decisions to manufacturers. 

(7) Supplier Role in the O.f(-Cyc/e Credits Program 

Prior to proposal, EPA heard from many suppliers and their trade associations about an 
interest in allowing suppliers to have a formal. regulatorily defined role in the off-cycle credits 
program.2019 EPA requested comment on providing a pathway for suppliers, along with at least 
one auto manufacturer partner, 10 submit off-cycle applications for EPA approval. As described 
in the proposal, under such an approach, an application submitted by a suppl ier and vehicle 
manufacturer would establish a credit and/or methodology for demonstrating credits that all auto 
manufacturers could then use in their subsequent applications. EPA requested comment on 
requiring that the supplier be partnered in a substantive way with one or more auto 
manufacturers to ensure that there is a practical interest in the technology prior to EPA investing 
resources in the approval process. The supplier application would be subject to public review 
and comment prior to an EPA decision. However, once approved, subsequent auto manufacturer 
applications request ing credits based on the supplier methodology would not be subject to public 
review. Under this 1•rnrtl .~k:cm,..:pl, the credits would be available provisionally for a limited 
period of time, allowing manufacturers to implement the technology and collect data on their 
vehicles in order to support a continuation of credits for the technology in the longer term. \ , 
.h c•r. ,,1, 1nc·J h I I' \ II' I· rc,Juc,1 '"' c 11111111.:111.+J.w ~ ", ••ilJ <11 , • I" ,, ., 1,k \li.11 the 
provisional credits could be included under the menu credit cap since they would be based on a 
general analysis of the technology rather than manufacturer-specific data. 

Auto manufacturers' and suppliers' comments were generally supportive ofan expanded 
role for suppliers in the off-cycle credit program. The Auto All iance supported al lowing a 
supplier to lead the application process but did not support the provisional credit concept since 
the follow-up testing conducted by manufacturers may not support the level of credits initially 
claimed by the supplier, resulting in a lower than ant icipated credit.2020 Instead, the Auto 
Alliance suggested a separate cap for supplier-based credits and noted that manufacturers could 
submit their own data if they wanted to pursue credits levels that exceeded the cap. General 
Motors similarly disagreed with the provisional credits that might be rescinded if subsequent 
testing does not fu lly validate the value of the technology.'01 1 MEMA supported the request for 
comments regarding a supplier-led process but did not support requiring that suppliers have an 
auto manufacturer partner.2022 MEMA commented that there would be no incentive for a 
supplier to go through the product/technology development process, collect the necessary data, 

'°'" 83 FR 43461. 
:o:o Auto Alliance, Detailed Comments, NHTSA-2018-0067- 12073. 
'°2 1 Auto Alliance, Detailed Comments, NHTSA-2018-0067- 12073. 
:o,: MElvlA, EPA-HQ-OAR-2018-0283-5692. See 
hnps:/ /www.mema.org/s ites.lde fault/fi les/resourcetrv!EMA %20CA FE%20and%20G HG%20Ve h ic I e%20Com men ts 
%20FINAL%20with%20Appendices%20Oct%2026%202018.pdf. 
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and undertake the full application process for a productltechno!ogy that-would not generate 
manufacturer interest. 

EPA is not adopting revisions to the regulations to broaden the role of suppliers in the 
off-cycle credit program at this time. EPA believes such an approach would require additional 
study and comments regardirig the appropriate means of integrating manufacturer data with 
supplier data in order to ensure the validity of the credits and the integrity of the program. In 
light of these issues, EPA believes additional discussioris with interested parties and an 
opportunity for public comment, both of which are beyond the scope of this rulemaking, are 
needed. EPA continues to beliew such an approach could encourage the further development of 
off-cycle technologies, but must be done in a reasonable way that ensures the credits are based 
on real-world emissions reductions. Under the approach suggested by the Auto Alliance, 
manufacturers could claim supplier-based credits indefinitely and EPA may never receive any 
manufacturer data substantiating the credits unless that data supported a credit that exceeded that 
established through the supplier process. EPA is concerned such a one-way ratchet approach 
may result in the loss of emissions benefits and undermining the integrity of the off-cycle credit 
program. EPA also remains concerned about the increased volume of credit applications EPA 
would need to evaluate including potentially frivolous requests making dubious claims regarding 
emissions benefits for technologies that manufacturers would have no interest in using. EPA 
understands MEMA 's perspective on the issue of requiring a manufacturer partner, but a 
supplier0only process would potentially open the door to many requests such that the agency 
would need to expend considerable additional resources. EPA notes that nothing in the current 
regulations prevents collaboration between manufacturers and suppliers. Suppliers can and do 
team with a manufacturer to support the manufacturer's application for credits including 
providing supporting data and analysis. 

c) Final Decisions on the 2016 Alliance.'G!obal Petilion 

(/) Retroactive A/C and Off.Cycle CAFE a4iustme11ts 

In 2016, the Alliance and Global submitted a petition for rulemaking, which included 
requests that: (1) NHTSA allow retroactive credits for AJC and off-cycle incentives for MYs 
2012 to 2016; and (2) NHTSA and EPA revisit the average AIC efficiency benefit calculated Qy 
EPA applicable to MYs 2012 through 2016. The Alliance/Global argued that A!C efficiency 
improvements were not properly acknowledged in the CAFE program, and that manufacturers 
had exceeded the AJC efficiency improvements estimated by the agencies. The petitioners 
requested that EPA also amend its regulations such that manufacturers would be entitled to 
additional AJC efficiency improvement benefits retroactively. The petitioners also argued that 
NHTSA incorrectly stated the agency had taken off-cycle adjustments into consideration when 
setting-standards for MYs 2017 through 2025. but not for MYs 2010-2016. The Alliance/Global 
further contended that because neither NHTSA nor EPA considered off-cycle adjustments in 
formulating the stringency of the MY 2012-2016 standards, NHTSA should retroactively grant 
manufacturers off-cycle adjustments for those model years as EPA did. Doing so, they said, 
would maintain consistency between the agencies' programs. 
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Oft he two agencies, EPA was the first to establish an off-cycle technology program. For 
MYs 2012 through 2016, EPA allowed manufacturers to request off-cycle credits for 
"technologies that achieve [CO2] reductions that are not reflected on current test 
procedures ..... wi, In the subsequent MY 2017 and later rulemaking, NHTSA joined EPA and 
included an off-cycle program for CAFE compliance. The Alliance/Global petition cited a 
statement in the MYs 2012-2016 -ti.nal rule as affirmation that NHTSA took off-cycle 
adjustments into account in follllulating the MYs 2012-2016 stringencies, and therefore should 
allow manufacturers to earn off-cycle benefits in model years that have already passed. 

In the NPR!vl, NHTSA tentatively decided to retain the structure o'fthe existing A/C 
efficiency program and not extend it to MYs 20 IO through 2016. For the rulemaking for MYs 
20 !2 through 2016, NHTSA detennined it was unable to consider improvements manufacturers 
made to passenger car A/C efficiency in calculating CAFE compliance_2!rn.~o~5 However, EPA 
did consider passenger car improvements to A/C efficiency for that timeframe. To allow 
manufacturers to build one fleet that complied with both EPA and NHTSA standards, the CAFE 
and CO2 standards were offset to account for the differences borne out of A/C efficiency 
improvements. Specifically, the agencies converted EP A's grams/mile standards to NHTSA 
mpg (CAFE) standards. EPA then estimated the average amount of improvement manufacturers 
were expected to earn via improved A/C efficiency. From there, NHTSA took EPA's converted 
mpg standard and subtracted the average improvement attributable to improvement in A/C 
efficiency. NHTSA set its standard at this level to allow manufacrurers to comply with both 
standards with similar levels oftechnology."2m6 

Likewise, EPA tentatively decided 1:1 1!1.·_ '\Pi:~\1. not to modify its regulations to change 
the way to account for A/C efficiency improvements. EPA believed this was appropriate as 
manufayturers decided what fuel economy-improving technologies to apply to vehicles based on 
the standards as finalized in 20 to.2°27 This included deciding whether to apply traditional 
tailpipe technologies, A/C efficiency improvements, or both. Granting A/C efficiency 
adjustments to manufacturers retroactively could result in arbitrarily varying levels of 
adjustments granted to manufacturers, similar to the Alliance/Global request regarding 
retroactive off-cycle adjustments. Thus, the existing A/C efficiency improvement structure for 
MYs 2010 through 2016 1Ai·-'c' :J.lJhremain unchanged, 

NHTSA also tentatively decided manufacturers should not be granted retroactive off
cycle adjustments for :MYs 2010 through 2016, and presented a number of clarifications to 
justify the denial. In particular, Alliance/Global pointed to a general statement where NHTSA, 
while discussing consideration of''the effect of other inotor vehicle standards of the Government 

'°" 75 FR 2534!, 25344 (May 7, 2010). EPA had also provided an option for manufacturers to claim "early" off
cycle credits in the 2009"201 l time frame, 
'°" At !hat time. NHTSA stated "[m]odernizingthe passenger canest procedures, or even providing similar credits. 
would not be possible underEPCA as currently wriUen." 75 FR 25557 {May 7, 2010). 
;,m 74 FR 49700 (SepL 28, 2009), 

""'' Id. 
0027 In the MY 2017 and later rulemaking, NHTSA reaffirmed its position it w,rnld not extend A/C'efficiency 
improvement benefits to earlier model years. 77 FR 62720 (Oct. 15, 2012). 
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on fuel economy," stated that that rulemaking resulted in consistent standards across the 
program.20~8 The Alliance/Global petition took this statement as a blanket assertion that 
NHTSA 's consideration of all "relevant technologies" included off-cycle technologies. To the 
contrary, as quoted above, NHTSA explicitly stated it had not considered these oft:.cycle 
technologies.~02q 

TI1e fact that NHTSA had not taken off-cycle adjustments into consideration in setting its 
MYs 2012-2016 standards makes granting the Alliance/Global request inappropriate. Doing so 
could result in a question as to whether the MY 2012-2016 standards were maximum feasible 
under 49 USC 32902{6)(2)(8). lfNHTSA had considered industry's ability to earn off-cycle 
adjustments-an incentive that allows manufacturers to utilize technologies other than those that 
were being modeled as part ofNHTSA 's analysis-the ag'ency might have concluded more 
stringent standards were maximum feasible. Additionally, granting off-cycle adjustments to 
manufacturers retroactively raises questions of equity. NHTSA issued its MYs 201'2-20 I 6 
standards without an off-cycle program, and manufacturers had no reason to anticipate that 
NHTSA would allow the use off-cycle technologies to meet fuel economy standards. Therefore, 
manufacturers made fuel economy compliance decisions with the expectation that they would 
have to meet fuel economy standards using on-cycle technologies. Generating,olf-cycle 
adjustments retroactively would arbitrarily reward some (and potentially disadvantage other) 
manufacturers for compliance decisions they made without the knowledge such technologies 
would be eligible for NHTSA's off-cycle program. Thus, NHTSA tentatively decided to deny 
Alliance/Global's request for retroactive off-cycle adjustments. 

It is worth noting that in the MYs 2017 and laterrulemaking, NHTSA and EPA did 
include off-cycle technologies in establishing the stringency of the standards. As 
Alliance/Global noted, NHTSA and EPA limited their consideration to stop-start and active 
aerodynamic features because oflimited technical infonnation on these technologies.'u3n At that 
time, the agencies stated they "have virtually no data on the cost, development time necessary, 
manufacturability, etc. [sic] of these technologies. The agencies thus cannot project that some of 
these technologies are feasible within the 2017-2025 timeframe.''"0·'1 

As described above, NHTSA first allowed manufacturers to generate off-cycle 
technology fuel consumption improvement values equivalent to CO::i ofl:cycle credits in MY 
2017."03~ In finalizing the rule covering MYs 2017 and later, NHTSA declined to retroactively 
extend its off-cycle program to apply to model years 2012 through 2016,2°33 explaining "NHTSA 

lO)I Jd. 

iu~• Likewise, EPA stated it had not considered off-cycle technologies in finalizing tho MYs 2012-2016 rule. 
"Because lhese technologies·are not nearly so well developed and understood, EPA is not prepared to consider them 
in assessing the stringency of the CO, standards." id. at 25438. 
1'" Alliance/Global Petition at 7. 
'°1' Draft Joint TechniCal Support Document: Rulemaking for 2017-2025 Light-Duty Vehicle Greenhouse Gas 
Emission Standards and Corporate Average Fuel Economy Standards {No,ember 2011 ), p. 5-57. 
'°" 77 FR 62840-(0ct. 15, 2012). 
O<!" See id.; EPA decided to extend provisions from its MY 2017 and later oft:Cycle program to the 2012-2016 
model years. 
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did not take [off-cycle credits] into account when adopting the CAFE standards for those model 
years. As such, extending the credit program to the CAFE program for those model years would 
not be appropriate."1034 

In the NPRM, NHTSA and EPA sought any further comments on the tentative denials of 
the retroactive requests in the Alliance/Global. The Auto Alliance and Fiat Chrysler provided 
additional comments on the tentative denial of the petition requests from the Alliance/Global. 
The commenters cited that the widening gap between the regulatory standards and actual 
industry-wide new vehicle· average fuel economy that has become evident since 2016, despite the 
growing use of Improvement "credits" from various flexibility mechanisms, such as off-cycle 
technology credits, mobile air conditioner efficiency credits, mobile air conditioner refrigerant 
leak reduction credits and credits from electrified vehicles.1035 The commenters believe that 
applying retroactive credits for the new flexibilities for MYs 2012 to 2016 can address the 
current compliance deficiencies. 

Upon consideration of the issue, NHTSA is finalizing its decision to deny any retroactive 
off-cycle adjustments in the CAFE program for MYs 2012-2016. As mentioned in the NPRM, 
NHTSA is concerned about the negative impact of allowing retroactive credits, which could 
undermine the stringency of the MYs 2012-2016 standards. EPA is finalizing its decision not to 
modif).· its regulations to change the benefits for A/C efficiency improvements. As mentioned by 
EPA, the current approach creates unifonnity and objectivity in determining A/C efficiency 
benefits. Consequently, because EPA is maintaining the current A/C determination methodology 
and NHTSA already considered those A/C adjustments in its MYs 2012-2016 CAFE standards, 
NHTSA is also finalizing its decisions in this rule to deny any retroactive A/C adjustments in the 
CAFE program for MYs 2012-2016. 

(2) Petition Requests on AIC Efficienq, and Off-Cycle 
Program Administration 

As discussed above, NHTSA and EPA jointly administer the off-cycle program. The 
2016 Alliance/Global petition requested that EPA and NHTSA make various adjustments to the 
off-cycle program; specifically, the petitioners requested that the agencies should: 

,0,1 Id. 

• re-affirm that technologies meeting the stated definitions are entitled to the off-cycle 
credit at the values stated in the regulation; 

• re-acknowledge that technologies shown to generate more emissions 'reductions than 
the pre-approved amount are entitled to additional credit; 

• confirm that technologies not in the null vehicle set but which are demonstrated to 
provide emissions reductions benefits constitute off-cycle credits; and 

• modify the off-cycle program to account for unanfrdpated delays in the approval 
process by providing that applications based on the 5-cycle methodology are to be 

""·' Auto Allianre, Detailed Comments, NHTSA-20!8-0067-12073; Fiat Chrysler, Detailed Comments, NHTSA-
2018-0067-11943. 
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deemed approved if not acted upon by the agencies within a specified timeframe (for 
instance 90 days), subject to any subsequent review of accuracy and good faith."036 

With respect to Alliance/Global's request regarding off-cycle technologies that 
demonstrate emissions reductions greater than what is allowable from the menu, this final rule 
retains that capabil ity. As was the case for MYs 20 17-2021 , a manufacturer may sti ll apply for 
FCIVs and CO: credits beyond the values listed on the menu, provided the manufacturer 
demonstrates the CO2 and fuel economy improvement.2037 This includes the two-alternative 
processes for demonstrating CO: reductions and fuel economy improvement for gaining benefits 
using e ither the 5-cycle or alternative approval methodologies.~038 

The agencies have considered All iance/Global's requests to streamline aspects of the A/C 
efficiency and off-cycle programs in response to the issues outlined above. Among other things, 
Alliance/Global requested that the agencies consider providing for a default acceptance of 
petitions for off-cycle credits after a specified period of time, provided that all required 
information has been provided, to accelerate the processing of off-cycle credit requests. While 
the agencies agree " 1 ' 111< ,lie 11 •I~ A/C efficiency and off-cycle t'I•~-,; , ~1".,..i,1 

111,, 111, 1.1:e programmatic improvements, there are s ignificant concerns with the concept of 
approving petition requests by default because such requests may not address program issues like 
uncertainty in quantifying program benefits, or general program administration. 

Based on its consideration of the issues raised by the Alliance/Global, EPA has adopted 
in this final rule new processes for streamlining the compliance mechanisms for approving off
cycle and \ < l'tli11, 11.1pplic·:.i11" 1h as discussed in the preceding section. 

d) Specialty Vehicles with Low Mileage (SVUvf) 

In response to the NPRM, Volkswagen submined comments seeking to adopt a new 
flexibi lity for specialty vehicles with low mileage (SVLM).2039 The flexibility would apply to 
specialty vehicles produced at low volumes and produced for infrequent use. T hey argued these 
specialty vehic les do not approach the vehicle miles traveled of typical vehicles. They requested 
that NHTSA and EPA allow the SVLM flexibility for vehicles that demonstrate limited predicted 
driving use. The flexibi lity would allot each manufacturer a limited annual production of 5,000 
SVLM vehicles. It was also proposed that, within this limited product volume, each SVLM 
would retain its footprint derived performance target (per model type), but would utilize a 
modified VMT for determining any credits or debits associated with the performance of these 
vehicles within the manufacturer's fleet. 

The agencies have considered the request from Volkswagen for credits or debits and fuel 
economy adjustments for SVLM vehicles and are denying the request. +l1~-;~1k-i.;-. \, 111 <., \ 

note:, that Congress prescribed alternative (reduced) CAFE standards for low-volume 

,o.ll> Alliance/Global Pe1i1ion at 20. 
2037 77 FR 62837 (Oct. 15. 20 12). 
'°" 40 CfR 86. I 869-12. 
, o.19 Volkswagen, Detailed Comments, NHTSA-~017-0069-0583. 
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manufacturers, codified in 49 CFR part 525. Low-volume manufacturers' vehicles are often 
high-end sports cars v, hitl1 tlt1 Hel hase ,ig11ilitaAl !'l:lt:>I ,a, 111,;-lmnl,,g1<'• tind .trt:' lltJI 1: r1,c11l~ 
Jrio,t:>A h~ 1l1e1r ,mner, lor IP11,; Ji ,lant:t' ,. Congress limited this exemption urnkr 1hc ( ill. 
pn1.;ram to manufacturers of fewer than 10,000 passenger automobiles.2040 EPA has a 
1~, imilar program for 4--,mall volume manufacturers Hhich an: ddini:d a, 111anul;1i:1L1ri:rs 
1\ ilh :n.:ra:.?i: sales liw 1he thre.: Ill<•>! r<:l"t'nl cnn,.:-:uli \..: llllH.kl \..:ar, ,,f k ~, th:111 :i llllO 

, d1icb.- ' ~ The tlexibility proposed by Volkswagen would rir..:,um,1hh be in addition to 
th~b existing ewITTplieApnn isinn,, but Volkswagen does not identify a source of authority for 
it. The agencies also have a number of questions about how specifica!Jy a SVLM concept might 
be implemented, such as whether every manufacturer would simply identify the 5,000 vehicles 
with the lowest projected VMT or lowest fuel economy and therefore qualify for credits for 
5,000 vehicles every model year, or whether there should be additional criteria for vehicles to be 
included. The NPRM did not seek comment on a SVLM concept and the agencies did not 
receive other comments on the requested program. Therefore, the agencies are d,m: mg tilt:' 
~not :idnpting -!&-the SVLM concept suggested by Volkswagen. 

E. CO" and CAFE Compliance Issues Not Addressed in the NPRM 

I. CO:: and CAFE Adjustments for 5-cycle Testing 

EPA and NHTSA received several comments requesting that the agencies revise current 
CAFE test procedures to use EPA's 5-cycle test procedures in place of the 2-cycle test 
procedures that have been largely unchanged since the inception of the CAFE program, or offset 
measured 2-cycle test fuel economy and CO2 emissions for CO2 and CAFE compliance. Walter 
Kreucher commented "some technologies (Hybrid Electric) have penalties on the road that are 
not reflected on the tests used to determine CAFE compliance .... If the Agencies want to provide 
adjustment factors for A/C and other 'Off-Cycle' conditions it must do so in both the positive 
and negative direction" (sic).2042 A VE commented that the agencies should use 5-cycle 
procedures rather than 2-cycle procedures, arguing that the 5-cycle model better demonstrates 
real-world driving conditions and would lead to a more simplified credit allocation system.2043 

BorgWarner echoed those comments, stating that the 5-cycle test is more accurate than the 2-
cycle test and would reduce the need for credit adjustments.2044 Jeremy Michalek commented 
that the fuel economy values the public sees reflected on vehicles for purchase (e.g., on the 
Monroney label or in new car advertising) is calculated from the 5-cycle test; updating the 2-
cycle test to capture more of the vehicle's fuel efficiency factors would allow for better 
consistency and a more accurate fuel efficiency measure.2045 lh,.. \1,110 \llia11cl.' 11mf1A<t'El 1ha1 

1he r P \ rt:'', i· t! i1c, me1htidt1ll•,.?~- for ,·<1lrnltitinf ,,IT c:~ elt' imfn" t!lllt'AI, v, ht!A 11. in,; !ht':> c:~ ,de 

,...,o 49 U.S.C. 32902(d)( I). 

< ' (/ " '°'' Walter Kreucher, Detailed Comments, NHTSA-2018-0067-0444. 
2°'·1 A VE. Detailed Comments, l'UITSA-20 I 8-0067-11696. 
'"'" BorgWarner. De1ailed Comments. NHTSA-2018-0067-1 1895. 
"

14
' Jeremy Michalek, et al.. Detailed Comments, NHTSA-2018-0067-11903. 
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me1IH1delu.:1:, b~ ubm1..ting 1hc: 2 ~:• de be11et11 I rem !he 5 .::, d<' rient'-Httt'-tt'tltl-,-~ 
~dkttlaica flFt:l~=,.. 

The NPRM did not seek comment on revising ,.,, ·r' 1.111,l test procedures to use 5-cycle 
test procedures in place of 2-cycle test procedures, either entirely or broadly. Such a change 
would require extensive assessment and analysis to consider how changes could be implemented 
and what standards might be maximum feasible for CAFE and appropriate and reasonable for 
CO~ for new test procedures. There has been no analysis conducted to estimate the impacts of 
such a change 1111 th, le\, I -i 111, 1.1, .J.11 Lk I lie i.1,,:,·11c"'~ ..,,h .. .Ji.J fhll t>r•'f"..-.....iH,..J.H~{l1c: 

,,ff•~ ele •·dle1:1la1i,1A ll•r 1hc: ; •~<le med uremenl me1h.,d,,log.~ u, p,11-: 111 1hi rukm.1l,i11:;. 
Therefore, making these requested changes is outside the scope of this rulemaking. 

2. National Zero Emissions Vehicle Concept 

Although the agencies did not discuss or request comment on a National Zero Emissions 
Vehicle (NZEV) program concept, several organizations commented on that topic. Some 
discussed ideas from a task force that was formed by the governors of nine States who signed a 
memorandum of understanding (MOU) committing to undertake joint cooperative actions to 
build a robust market for ZEVs under their individual state programs. Collectively. these States 
have committed to having at least 3.3 million ZEVs operating on their roadways by 2025. ZEVs 
include battery-electric vehicles (BEVs), plug-in hybrid electric vehicles (PHEVs), and hydrogen 
fuel-cell electric vehicles (FCEVs). Comments on an NZEV concept were received from 
General Motors, CARB, Edison Electric Institute, Honda, NCAT, Workhorse Group, and Volvo. 

General Motors offered comments supporting an NZEV program, stating that it continues 
to expect California to be the leader of the EV market but hopes a national effort will be put 
forth, making the U.S. a global leader in EV technology development and deployment. 2047 

General Motors stated it believes an NZEV program would fU11her U.S. national security 
interests, make the U.S. more competitive with China, which already has an NZEV program, and 
reduce U.S. dependence on foreign petroleum. General Motors requested that EPA incentivize 
EV deployment, including providing credits for autonomous EVs and EVs that are used in 
rideshare programs_w4s General Motors outlined their proposed NZEV program which would 
include increasing ZEV requirements annually, establishing credit banks for manufacturers based 
on national ZEV sales, and ZEV multipliers for vehicles over 5,250 lbs., autonomous vehicles 
using EV, and EVs in rideshare programs. General Motors also proposed that requirements 
would be revisited if EV battery cell were not available at the costs Argonne National Lab 
forecasts by 2025. General Motors also suggested implementing a Zero Emissions Task Force 
that would promote complementary policies. General Motors acknowledged that the NZEV 
program would have to be su~ject to acceleration or delay depending on how quickly 
technologies are incentivized like battery cost. 

__,--\- 11 ',I I 11cc .J-k.h, ~ __,.......,.,., tTt'"'-t,._ \ I I I 11t \ II ,...._J-1.,.,1, ..:_ :;.u-
,o.,, General Motors, Detailed Comments, NHTSA-2018-0067- 11858. 
'°"' General Motors. Detailed Comments. NHTSA-2018-0067- 11858. 
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CARB recommended a national ZEV multiplier, stating thal a national incenti-ve would 
help ensure ZEVs and PHEVs were being produced for sale beyond the ten States that have ZEV 
programs."049 The Edison Electric Institute supported increasing stringency of fuel economy and 
C01 standards and incorporating policies from ZEV States to create a "One National 
Program."~050 Workhorse Group commented that a national ZEV mandate, where agencies 
progressively increase the mandated percentage of electric vehicles in every fleet, merits serious 
consideration by the agencies. They contended that an NZEV would have to work with the 
current State ZEV mandates and not preempt the progress already made.2051 Volvo, and Honda 
were proponenrn of incorporating ZEV standards into a national program. Volvo requested 
nationwide credits for ZEVs since there are 40 States without ZEV mandates.ws! Honda 
mentioned that incorporating California's ZEV credits into the national program would reduce 
compliance costs for manufacturers while incentivizing technological development.205·1 NCAT 
recommended in their comment that EPA provide enhanced credits for EVs, PHEVs, and FCVs 
that are more stringent than California (and other States) ZEV mandates, making the national 
program credits "additional" to state ZEV compliance credits.='054 

Northeast States for Coordinated Air Use Management {NESCAUM) commented that an 
aggressive reduction in emissions wil! not occur without national ZEV standards which will 
drive development of advanced clean vehicle technologies.2055 

The NPRM did not propose or request.comment on an NZEV concept or program, as 
such, and establishing such a program would be outside the scope of this rulemaking. Such a 
concept would require thorough assessment and full rulemaking notice and comment. There are 
also policy questions about what the appropriate level of potential incentives should be and 
whether certain technologies should receive greater incentives than other technologies. and if so, 
on what basis and by what amounts. Also, for the CAFE program, incentives for technologies 
are almost entirely prescribed by statute, and there are.questions about how the CAFE program 
could implement an NZEV program in alignment with EPCA and EISA. Therefore, the agencies 
have decided ncit to implement an NZEV program as part of this rulemaking. 

F. Medium- and Heavy-Duty Fuel Efficiency Technical Amendments 

NHTSA proposed in the NPRM to make minor technical revisions to correct 
typographical mistakes and improper references adopted in the agency's 2016 Phase 2 medium
and heavy-duty fuel efficiency rule.20>6 The proposed changes were as follows: 

• NHTSA heavy-duty vehicles and engine fuel consumption credit equations. In each 
credit equation in 49 CFR 535. 7, the minus-sign in each multiplication factor was 

004° CARB, Detailed Comments. NHTSA-2018-0067-11873. 
""' Edison Electric Institute, Detailed Comments, NHTSA-2018-0067-11918. 
20i1 Workhorse Group. Detailed Comments, NHTSA-20\8-0067-12215. 
""'' Volvo, Detailed Comments, NHTSA-2018-0067-!2036. 
"°<13 Honda, Detailed Comments, NHTSA-2018-0067-l l 818. 
""-'-' NCAT, De Jailed Comments, NHTSA-2018-0067-11969. 
'"" NESCAUM. Detailed Comments. NHTSA-2018-0067-11691. 
'"'° 81 FR 73478 (Ckt. 25, 2016). 
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omitted in the final version of the rule sent to the Federal Register, For example, the 
credit equation in Part 535. 7(b){l) should be specified as, Total MY Fleet FCC 
(gallons)= (Std- Act) x (Volume) x (UL),; (10-2) instead of(l02), as currently 
exists. NHTSA proposed to correct these Qmissions. 

• The CO: to gasoline conversion factor: In 49 CFR 535.6(a)(4}(ii) and (d)(S)(ii), 
NHTSA provides the methodology and equations for converting the d:h FELs/FCLs 
for heavy-duty pickups and vans (gram per mile) and for engines (grams per hp-hr) to 
their gallon-of-gasoline equivalence. In each equation, NHTSA proposed to correct 
the conversion factor to 8,887 grams per gallon of gasoline fuel instead of a factor of 
8,877 as currently specifi'ed. 

• Curb weight definition: In 49 CFR 513.2, the reference in the definition for curb 
weight is incorrect. NHTSA proposed to correct the definition to incorporate a 
reference to 40 CFR 86.1803 instead of 49 CFR 571.3. 

No public comments were received in response to NHTSA's proposed technical 
corrections. Therefore, NHTSA is finalizing these amendments and incorporating them into its 
heavy-duty regulations. 

X. Regulatory Notices and Analyses 

A. Executive Order 12866, Executive Order 13563 

Executive Order 12866, "Regulatory Planning and Review" (58 FR 51735, Oct. 4, 1993), 
as amended by Executive Order 13563, "Improving Regulation and Regulatory Review" (76 FR 
3821, Jan. 21, 2011 ),.provides for making determinations whether a regulatory action is 
"significant" and therefore subject to the Office of Management and Budget (6MB) review and 
to the requirements of the Executive Order. One comment requested that the agencies provide "a 
far more robust cost-benefit analysis as required by Executive Order (EO) 12866 and Office of 
Management and Budget Circular A-4,"2057 The NPRM and this final rule satisf), the 
requirements of Executive Order 12866, "Regulatory Planning and Review" (58 FR 51735, Oct. 
4, 1993), as ainended by Executive Order 13563, ''Improving Regulation and Regulatory 
Review" (76 FR3821, Jan. 21, 2011). Under-these Executive Orders, this action is an 
"economically significant regulatory action" because it is likely to have an annual effect on the 
economy of$100 million or more, Accordingly, EPA and NHTSA submitted this action to the 
0MB for review and any changes made in response to 0MB recommendations have been 
documented in the docket for this action. The benefits and costs of this proposal are described 

'°57 See Anonymous Commenl, Docket No. EPA-HQ-OAR-2018-0283-3896, at 4-5 (footnote and citation omitted). 
As an example, the comment critiqued the NPRM's discussion of the "diminishing re!Ums" of fuel econoITT)' 
benefits, alleging that the discussion "is not backed by reference to daca or studies regarding how this conclusion 
was made." Id. at 5. Contrary lo the cqmment's allegation. the conclusion is supported by the analysis from U.S. 
Energ)' Infonnation Administration's (EIA's) Annual Energy Outlook (AEO) that was cited in the discussion. Id. 
As noted in the NPRM, thcEIA-the statistical and analytical agency within the U.S. Department of Energy 
{DOE}--is the nation's premier source ofenergy infonnation, and every fuel economy rulemaking since 2002 (and 
every joint CAFE and CO, rulemaking since 2009) has applied fuel price projections ii:om EIA 's AEO. id. at 42992 
n.24. 
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above and in the Final Regulatory Impact _Analysis (FRlA), which is located in the docket and on 
the agencies' websites. 

B, DOT Regulatory Policies and Procedures 

The rule is also signincant within the meaning of the Department ofTransportation's 
Regulatory Policies and Procedures. The benefits and costs of this proposal are described above 
and in the FRIA, which is located in the docket and on NHTSA's website. 

C. Executive Order 13771 (Reducing Regulation and Controlling Regulatory Costs) 

This rule is an E.O. 13771 deregulatory action. Per 0MB Memorandum M-17-21, 
because this rule is deregulatory, it is not required to be offset by two deregulatory actions, as 
one comment suggested.2n5s Details on the estimated cost savings of this p(oposed rule can be 
found in FRIA, which is located in the docket and on the agencies' websites. 

D. Executive Order !32! 1 (Energy Effects) 

Executive Order 13211 applies to any rule that: ( 1) is determined to be economically 
significant as defined under E.O. 12866, and is likely to have a significant adverse effect on the 
supply, distribution, or use of energy; or (2) that is designated by the Administrator of1he Office 
ofinfommtion and Regulatory Affairs as a significant energy ac1ion. If the regulatory action 
meets either criterion, t_he agencies must evaluate the adverse energy effects of the rule and 
explain why the regulation is preferable to other potentially effective and reasonably feasible 
alternatives considered. 

The rule establishes passenger car and light truck fuel economy standards and tailpipe 
carbon dioxide and related emissions standards. An evaluation of energy effects of the action 
and reasonably feasible alternatives considered is provided in NHTSA 's EJS and in the FRIA. 
To the extent that EP A's CO2 standards are substantially related to fuel economy and, 
accordingly, petroleum consumption, the EIS and FRIA analyses also provide an estimate of 
impacts ofEPA's rule. 

E. Environmental Considerations 

I. National Environmental Policy Act (NEPA) 

Concurrently with this final rule, NHTSA is releasing a Final Environmental Impact 
Statement (Final EIS), pursuant to the National Environmental Policy Act, 42 U.S.C. 4321-4347, 
and implementing regulations issued by the Council on Environmental Quality (CEQ), 40 CFR 
part 1500, and NHTSA, 49 CFR part 520. This preamble and final rule serve as the Record of 
Decision under23 CFR 1505.2. NHTSA has authority to issue its Final EIS and Record of 
Decision simultaneously pursuant to 49 U.S.C. 304a(b) and U.S. Department of Transportation, 
Office ofTransportation Policy, Guidance on the Use of Combined Final Environmental Impact 

""" Anonymous Comment, Docket No. EPA-HQ-OAR-2018-0283-3896, al 8. 
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Statements/Records of Decision and Errata Sheets in National Enrimnmemal Pofici, Act 
Reviews (April 25, 2019).2059 NHTSA has detennined that neither the statutory crit~ria nor 
practicability considerations preclude simultaneous issuance. 

NHTSA prepared the Final EIS to analyze and disclose the potential environmental 
impacts of the proposed CAFE standards and a range of alternatives. The Final EIS analyzes 
direct, indirect, and cumulative impacts-and analyzes impacts in propo1tion to their significance. 
It describes potential environmental impacts to a variety of resources, including fuel and energy 
use, air quality, climate, land use and development, hazardous materials and regulated wastes, 
historical and cultural resources, noise, and environmental justice. the Final EIS also describes 
how climate change resulting from global carbon emissions (including CO2 emissions 
attributable to the U.S. light duty transportation sector under the alternatives considered) could 
affect certain key natural and human resources. Resource areas are assessed qualitatively and 
quantitatively, as appropriate, in the Final EIS. 

NHTSA also perfonned a national-scale photochemical air quality modeling and health 
benefit assessment for the Final EIS; it is included as Appendix E. The purpose of this 
assessment was to use air quality modeling and health-related benefits analysis tools to examine 
the potential air quality-related consequences of the alternatives considered in its Draft EIS. In a 
comment on the Draft EIS, the South Coast Air Quality Management DiStrict stated that 
perfonning the photochemical modeling for the Final EIS "comes too late for the public to be 
able to comment on that analysis," and that the EIS must be recirculated to allow such public 
comment.2060 However, NHTSA publicly stated irs intent to conduct the analysis as part of the 
Final EIS in its scoping notice published on July 26, 2017.2061 The agency noted that this 
approach was consistent with past practice and resulted from the substantial time required to 
complete such an arialysis. NHTSA also announc'ed that, due to the substantial lead time 
required. the analysis would be based on the modeling of the alternatives presented in the Draft 
EIS, not of the alternatives as presented in the Final EIS. NHTSA received no public comments 
in response to the scoping notice addressing this analytical approach. and the agency proceeded 
accordingly. Furthennore, while photochemical modeling provides spatial and te,mporal detail 
for estimating changes in ambient levels of air po!lutants and their associated impacts on human 
health and wii!fare, the analysis affinns the estimates that appear in the EIS and does not provide 
significant new information for the decisionmaker or the public. For these reasons, NHTSA 
concludes that inclusion of the photochemical modeling and health benefit assessment in the 
Final EIS is appropriate, and recirculation of the EIS is not required. 

NHTSA has considered the infonnation contained in the Final EIS in making the final 
decision described in this final rule. Specifically, NHTSA addresses the findings of the Final 

i,,,s The guidance is available at httw:1/v.W\, .transportation.govlsitesJdot.go1//files/docs/missiom'1mnsportation
policylpermittingcenter/337371/feis-rod-,;uidance-final-043020 l 9.pdf. 
;!I>«, South Coast Air Quality Management District, Docket No. NHTSA-2018-0067-5666, at 10. 
°""' NHTSA, "Notice oflment to Prepare an Em·ironmental Impact Statement for Model Year 202::-2025 Corporate 
Average Fuel Economy Standards," 82 FR 34740, 34743 fn. 15 (Jul. 26, 2017). 
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EIS in Section 8 of this preamble. The Final EIS is available for review in the public docket for 
this action and in Docket No. NHTSA-2017-0069. 

The North Carolina Department ofEnvironmental Quality commented that the proposed 
changes to the CAFE standards could undermine the integrity of many of the assumptions in 
various NEPA documents across the United States, i'n part because EPA required the use of the 
MOVES2014 model (or a subsequent revision) for transportation confonnity determinations.:'(JU:' 
That version of MOVES incorporates CAFE and CO2 standards based on the agencies' actions in 
2012 and does not reflect the actions being finalized in this rule. The implication of the 
commenter's assertion, however, is that neither NHTSA nor EPA could take any regulatory 
action regarding CAFE or CO2 standards, regardless of whether such action were to increase or 
decrease such standards. Clearly neither agency can be paralyzed from undertaking its statutory 
obligations because of the independent NEPA obligations related to other ongoing Federal 
actions. For those actions, responsible officials may need to assess whether this final rule 
triggers the need for a supplemental NEPA document. However, it is not unique for Federal 
agencies to take actions or for new infonnation to become available that affects the underlying 
inputs in models, such as EPA's MOVES model, on which NEPA and confonnity analyses rely. 
Over time, those models wi!I be updated to reflect these actions and information. EPA is 
responsible for approving the aYailability of models for the use in State implementation plans 
and transportation conformity analyses. Confonnity analyses can continue to rely on the latest 
models approved by EP A,until more current models are developed and approved. Furthennore, 
the agencies anticipate that guidance on the application of current models will be forthcoming. 

[Text Forthcoming] 

2. Clean Air Act (CAA) as Applied to NHTSA's Action 

The CAA (42 U.S.C. 7401 et seq.) is the primary Federal legislation that addresses air 
quality. Under the authority of the CAA and subsequent amendments, EPA has established 
National Ambient Air Quality Standards (NAAQS) for six criteria pollutants, which are 
specifically identified pollutants that have recognized adverse effects on ambient air quality and 
that can accumulate in the atmosphere as a result of human activity. EPA is required to review 
each NAAQS every five years and to revise those standards as may be appropriate considering 
new scientific information. 

The air quality of a geographic region is usually assessed by comparing the levels of 
criteria air pollutants found in the ambient air to the levels established by the NAAQS (taking 
into account, as well, the other elements of a NAAQS: averaging time, form, and indicator). 
Concentrations of criteria pollutants within the air mass of a region are measured in parts of a 
pollutant per million parts (ppm) of air or in micrograms of a pollutant per cubic meter (µg/m') 
of air present in repeated air samples taken at designated monitoring locations using specified 
types of monitors. These ambient concenb·ations of each criteria pollutant are compared to the 

'°" North Carolina Department of Environmental Qua\lty, Docl;.et No. NHTSA-2018-Q067-11025, at 37. 
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levels, averaging time, and form specified by the NAAQS in order to assess whether the region's 
air quality is in attainment with the NAAQS. 

When the measured concentrations of a criteria pollutant \Vi thin a geographic region are 
be lbw those permitted by the NAAQS. EPA designates the region as an attainment area for that 
pollutant, while regions where concentrations of criteria pollutants exceed Federal standards are 
called nonattainment areas. Former nonattainment areas that are now in compliance with the 
NAAQS are designated as maintenance areas. Each State with a nonattainment area is required 
to develop and implement a State Implementation Plan (SIP) documenting how the region will 
reach attainment levels within time periods specified in the CAA. For maintenance areas, the 
SIP mu_st document how the State intends to maintain compliance with the NAAQS. When EPA 
revises a NAAQS. each State must revise its SIP to address how it plans to attain the new 
standard. 

No Federal agency may "engab,oe in, support in any way or provide financial assistance 
for, license or permit, or approve'' any activity that does not "conform" to a SIP or Federal 
Implementation Plan after EPA has approved or promulgated it.2!1°3 Further, no Federal agency 
may "approve, accept, or fund" any transportation plan, program, or project developed pursuant 
to title 23 or cliapter 53 of title 49, U.S.C., unless the plan, program, or project has been found to 
"conform" to any applicable implementation plan in effect.2064 The purpose of these confonnity 
requirements is to ensure that Federally sponsored or conducted activities do not interfere with 
meeting the emissions targets in SJPs, do not cause or contribute to new violations of the 
NAAQS, and do not impede the ability ofa State to attain or maintain the NAAQS or delay any 
interim milestones. EPA has issued two sets of regulations to implement the conformity 
requirements: 

(1) The Transportation Conformity Rule2065 applies to transportation plans, programs, and 
projects that are developed, funded, or approved under title 23 or chapter 53 of title 49, U.S.C. 

(2) The General Conformity Ru!e2°66 applies to all other federal actions not covered 
under transportation conformity. The General Conformity Rule establishes emissions thresholds, 
or de minim is levels, for use in evaluating the conformity of an action that results in emissions 
increases,2067 lfthe net increases of direct and indirect emissions are lower than these thresholds, 
then the project is presumed to conform arid ho further conformity evaluation is required. lfthe 
net increases of direct and indirect emissions exceed any of these thresholds, and the action is not 
otherwise exempt, then a confonnity determin'ation is required. The conformity determif)ation 
can entail air quality modeling s_tudies, consultation with EPA and state air quality agencies, and 
commitments to revise the SIP or to implement measures to mitigate air quality impacts. 

The CAFE standards and associated program activities are not developed, funded, or 
approved under title 23 or chapter 53 of title 49, United States Code. Accordingly, this action 

,.,., 42 U.S.C. 7506(c)(I). 
"°""'42U.S.C. 7506(c)(2). 
~ 140 CFR part 51. subpart T, and part 93, subpart A. 
'.'#66 40 CFR part 51, subpart W, and part 93, subpart B. 
1<!61 40 CFR 93.153(b). 
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-and associated program activities are not subject to_the Transportation Confonnity Rule. Under 
the General Conformity Rule, a confonnity determination is required where a Federal action 
would result in total direct and indirect emissions of a criteria pollutant or precursor originating 
in nonattainment or maintenance areas equaling or exceeding the rates specified in 40 CFR 
93.153(b)(IJ and (2). As explained below, NHTSA 's proposed action results in neither direct 
nor indirect emissions as defined in 40 CFR 93.152. 

The General C,onformity Rule defines direct emissions as "those emissions of a criteria 
pollutant or its precursors that are caused or initiated by the Federal action and originate in a 
nonattainment or maintenance area and occur at the same time and place as the action and are 
reasonably foreseeable."1068 Because NHTSA 's action would set fuel economy standards for 
light duty vehicles, it would cause no direct emissions consistent with the meaning of the 
General Conformity Ruie.:0

6'1 

Indirect emissions under the General Conformity Rule are "those emissions of a criteria 
pollutant or its precursors,(!) that are caused or initiated by the federal action and originate in the 
same nonattainment or maintenance area but occur at a different time or place as the action; (2) 
that are reasonably foreseeable; (3) that the agency can practically control; and ( 4) for which the 
agency has continuing program responsibility.":o7u Each element of the definition must be met 
to qualify as indirect emissions. NHTSA has determined that, for purposes of general 
confonnity, emissions that may result from the proposed fuel economy standards would not be 
caused by NHTSA's action, but rather would occur because of subsequent activities the agency 
cannot practically control. "[E]ven if a Federal licensing, rulemaking, or other approving action 
is a required initial step for a subsequent activity that causes emissions, such initial steps do not 
mean that a Federal agency can practically control any resulting emissions.""071 

As the CAFE program uses performance-based standards, NHTSA cannot control the 
technologies vehicle manufacturers use to improve the fuel economy of passenger cars and light 
trucks. Furthennore, NHTSA cannot control consumer purchasing (which affects average 
achieved fleetwide fuel economy) and driving behavior (i.e., operation of motor vehicles, as 
measured by VMT). ft is the combination of fuel economy technologies, consumer purchasing, 
and driving behavior that results in criteria pollutant or precursor emissions. For purposes of 
analyzing the envirom11ental impacts of the alternatives considered here and under NEPA, 
NHTSA has made assumptions regarding all of these factors. The agency's Final EIS predicts 
that increases in air toxic and criteria pollutants would occur in some nonattainment areas under 
certain alternatives. However, the standards and alternatives do not mandate specific 

lbol 40 CFR 93.152. 
'°'° Dep·1 ofTransp, v. Pub. Citizen, 541 U.S. 752, 772 (2004) ("[T]he emissions from the Mexican trucks are not 
'direct' because they will not occur at the same time or at the same place as the promulgation of the regulations.~). 
NHTSA's action is to establish fuel economy staridards for MY 1021-2026 passenger car and light trucks; any 
emissions increases would occur in a different place and well after promulgation of the final rule. 
"'"' 40 CFR 93.152. 
207' 40 CFR 93.152. 
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manufacturer dec isions, consumer purchasing, or driver behavior, and NHTSA ca1mot practically 
control any of them. lo7: 

In addition, N HTSA does not have the statutory authority to control the actual VMT by 
drivers. As the extent of emissions is directly dependent on the operation of motor vehicles, 
changes in any emissions that result from N HTSA 's CAFE standards are not changes the agency 
can practically control or for which the agency has continuing program responsibi lity. 

Therefore, the final CAFE standards and alternative standards considered by NHTSA would not 
cause indirect emissions under the General Conformity Rule, and a general conformity 
determination is not required. 

[Text Forthcoming] 

3. National Historic Preservation Act (NHPA) 

The NHPA (54 U.S.C. 300 IOI et seq.) sets forth government pol icy and procedures 
regarding "historic properties"-that is, districts, sites, buildings, structures, and objects included 
on or e ligible for the National Register of Historic Places. Section 106 of the N HPA requires 
Federal agencies to "take into account" the effects of their actions on historic properties."°73 In 
the NPRM, the agencies concluded that the NHPA is not appl icable to this rulemaking because 
the promulgation of CAFE and CO" emissions standards for light duty vehicles is not the type of 
activity that has the potential to cause effects on historic properties. 

One commenter wrote that " [c]limate change and air pollution imperil historic properties 
throughout the count!)' via direct degradation, sea level rise, fire, flood, and other forms of 
harm." Therefore, the commenter concluded that NHTSA and EPA must consult with the 
relevant Federal and State a uthorities and fully disclose any impacts to historic properties.2074 

However, as this final rule establishes CAFE and CO2 standards that increase each year for MYs 
202 1- 2026, this action will result in reductions in climate change-related impacts and most air 
pollutants compared to the absence of regulation. Funhermore, any impacts to particular historic 
properties that could be related to emissions changes associated with this rulemaking are not 
reasonably certain to occur, would be de minimis in their level of impact if they did occur, and 
are too attenuated to be attributed directly to this action. There is no evidence that the changes in 
air pollution or COc emissions associated with this rulemaking, in and of themselves, would a lter 
the characteristics ofa historic property qua lifying it for inclusion in or eligibility for the 
National Register.~075 Nevertheless, NHTSA includes a brief, qualitative discussion of the 
impacts of the alternatives on historical and cultural resources in Section 7.3 of the Final EIS. 
for the foregoing reasons, the agencies continue to conclude that any potential impacts have 

'°" See. e.g ., Dep't ofTransp. v . Pub. Citizen. 54 1 U.S. 752, 772-73 (2004): S. Coast Air Quality Mgmt. Dist. v. 
Fed. Energy Regulatory Comm'n, 621 F.3d 1085. 1101 (9th Cir. 2010). 
'°73 Section I 06 is now codified at 54 U.S.C. 306108. Implementing regulatiqns for the Section I 06 process a re 
located at 36 CFR part 800. 
2074 CARB. Docket No. Nl-lTSA-~0 18-0067-1 1873. at 4 11. 
'°" 36 CFR 800. I 6(i). 
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been accounted for in the associated analyses of this rulemaking and that no consultation is 
required under the NHPA. 

[Text Forthcoming] 

4. Fish and Wildlife Conservation Act (FV.1CA) 

The FWCA (16 U.S.C. 2901 et seq.) provides financial and technical assistance to States 
for the development, revision. and implementation of conservation plans and programs for 
nongame fish and wildlife. In addition, the Act encourages all Federal departments and agencies 
to utilize their statutory and administrative authorities to conserve and to promote conservation 
of nongame fish and wildlife and their habitats. The agencies conclude that the F\VCA is not 
applicable to this final rule because this rulemaking does not involve the conservation of 
nongame fish and wildlife and their habitats. NHTSA has, however, conducted a qualitative, 
review in its Final EIS of the related direct, indirect, and cumulative impacts, positive or 
negative, of the alternatives on potentially affected resources, including non game fish and 
wildlife and their habitats. 

5. Coastal Zone Management Act (CZMA) 

The Coastal Zone Management Act (16 U.S.C. 1451 et seq.) provides for the 
preservation, protection, development, and (where possible) restoration and enhancement of the 
Nation's coastal zone resources. Under the statute, States are provided with funds and technical 
assistance ln developing coastal zone management programs. Each participating State must 
submit its program to the Secretary of Commerce for approval. Once the program has been 
approved, any activity of a Federal agency, either within or outside of the coastal zone, that 
affects any land or water use or natural resource of the coastal zone must be carried out in a 
manner that is consistent, to the maximum extent practicable, with the enforceable policies of the 
State's program.2076 

Jn the NPRM, 'the agencies concluded that the CZMA is not applicable to this rulemaking 
because this rulemaking does not involve an activity within, or outside of, the Nation's coastal 
zones that affects any land or water use or narural resource of the coastal zone. CARB 
commented that California's coast is vulnerable to-sea level rise from climate change and that the 
proposal would exacerbate that threat. Therefore, the commenter claimed that the proposal 
violated California's policies and obligations in its_management program to preserve, protect, 
and enhance its coastline.~077 However, in its Final EIS, NHTSA estimates that the sea-level rise 
in 2100 associated with Alternative 1 (0 percent annual average increase for both passenger cars 
and light trucks for MYs 2021-2026), the least stringent alternative considered, would be 
0.7 mm, Such a level is too Small to have any meaningful impact on land or water use or a 
natural resource of the coastal zone, Furthermore, as this fi'nal rule establishes CAFE and CO! 
standards that increase each year for MYs 2021-2026, this action will result in reductions in sea 
level rise resulting from climate change compared to the absence of regulation. Therefore, the 

20" 16 U.S.C. !456(c)(ll{A). 
'°" CARB. Docket No. NHTSA-2018-0067-l 1873. at 411. 
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agencies continue to conclude that the CZMA is not applicable to this rulemaking. NHTSA has, 
however, conducted a qualitative review in its Final EIS of the related direct, indirect, and 
cumulative impacts, positive or negatiw, of the alternatives on potentially affected resources, 
including coastal zones. 

6. Endangered Species Act(ESA) 

Under Section 7(a)(2) of the ESA. Federal agencies must ensure that actions they 
authorize, fund, or cany out are "not likely to jeopardize the continued existence" of any 
Federally listed threatened or endangered species or result in the destruction or adverse 
modification of the designated critical habitat of these species. 16 U.S.C. I 536(a)(2). If a 
Federal agency determines that an agency action may affect a listed species or designated critical 
habitat, it must initiate consultation with the appropriate Service-the U.S. Fish and Wildlife 
Sen,ice of the Department ofihe Interior and/or the National Oceanic and Atmospheric 
Administration's National Marine Fisheries Service of the Department of Commerce, depending 
on the species involved-in order1o ensure that the action is not likely to jeopardize the species 
or destroy or adversely modify designated critical habitat. See 50 CFR 402.14. Under this 
standard, the Federal agency-taking action evaluates the possible effects of its action and 
detennines whether to initiate consultation. See 51 Fed. Reg. 19926, 19949 (June 3, 1986). 

Pursuant to Section 7(a)(2) of the ESA, the -agencies have considered the effects of the 
standards and have reviewed applicable ESA regulations, case law, and guidance to determine 
what, if any, impact there might be to listed species or designated critical habitat. The agencies 
have considered issues related to emissions of C01 and other pollutants. Based on this 
assessment, the agencies have determined that the actions of setting CAFE and C01 emissions 
standards does not require consultation under Section 7(a)(2) of the ESA. Accordingly, NHTSA 
and EPA have concluded its review of this action under Section 7 of the ESA. 

[Text Forthcoming] 

7. Floodplain Management (Executive Order 11988 and DOT Order 5650.2) 

These Orders require Federal agencies to avoid the long- and short-term adverse impacts 
associated with the occupancy and modification of floodplains, and to restore and presen,e the 
natural and beneficial values served by floodplains. Executive Order 11988 also directs agencies 
to minimize the impact of floods on human safety, health, and welfare, and to restore and 
preserve the natural and beneficial values served by floodplains through evaluating the potential 
effects of any actions the agency may take in a floodplain and ensuring that its program planning 
and budget requests reflect consideration of flood hazards-and floodplain management. DOT 
Order 5650.2 sets forth DOT policies and procedures for implementing Executive Order 11988. 
The DOT Order requires that the agency determine ifa proposed action is within the limits of a 
base floodplain, meaning it is encroaching on the floodplain, and whether this encroachment is 
significant. If significant, the agency is required to conduct further analysis of the proposed 
action and any practicable alternatives. If a practicable alternative avoids floodplain 
encroachnient,,then the agency i~ required to imp_lement it. 
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ln this rulemaking, the agencies are not occupying, modif)'ing and/or encroaching on 
floodplains. The agencies, therefore, conclude that the Orders are not applicable to this action. 
NHTSA has, however, conducted a review of the alternatives on potentially affected resources, 
including floodplains, in its Final EJS. 

8. Preservation of the Nation's Wetlands (Executive Order 11990 and DOT 
Order 5660.la) 

These Orders require Federal agencies to avoid, to the extent possible, undertaking or 
providing assistance for new construction located in wetlands unless the agency head finds that 
there is no practicable alternative to such construction and that the proposed action includes all 
practicable measures to minimize harm to wetlands that may result from such use. Executive 
Order 11990 also directs agencies to take action to minimize the destruction, loss, or degradation 
of wetlands in "conducting Federal activities and programs affecting land use. including but not 
limited to water and related land resources planning, regulating, and licensing activities." DOT 
Order 5660. la sets forth DOT policy for interpreting Executive Order 11990 and requires that 
transportation projects "located in or having an impact on wetlands" should be. conducted to 
assure protection of the Nation's wetlands. If a project does have a significant impact on 
wetlands, an EIS must be prepared. 

The agencies are not undertaking or providing assistance for new construction lrn::ated in 
wetlands. The agencies, therefore, conclude that these Orders do not apply to.this rulemaking. 
NHTSA has, however, conducted a review of the alternatives on potentially affected resources, 
including wetlands, in its Final EIS. 

9. Migratory Bird Treaty Act (MBTA), Bald and Golden Eagle Protection 
Act (BGEPA), Executive Order 13186 

The MBTA (16 U.S.C. 703-712) provides for the protection of certain migratory birds by 
making it illegal for anyone to "pursue, hunt, take, capture, kill, attempt to take, capture, or kill, 
possess, offer for sale, sell, offer to barter, barter, offer to purchase, purchase, deliver for 
shipment, ship, export, import, cause to be shipped, exported, or imported, deliver for 
transportation, transport or cause 1o be transported, carry or cause to be carried, or receive for 
shipment, transportation, carriage, or export" any migratory bird covered under the statute?078 

The BGEP A (16 U.S.C. 668-668d) makes it illegal to "take, possess, sell, purchase, 
barter, offer to sell, purchase or barter, transport, export or import" any bald or golden eagles."079 

'Executive Order 13186, "Responsibilities of Federal Agencies to Protect Migratory Birds," helps 
to further the purposes of the MBTA by requiring a Federal agency to develop a Memorandum 
of Understanding (MOU) with the Fish and Wildlife Service when it is taking an action that has 
(or is likely to have) a measurable negative impact on migratory bird populations. 

'""' 16 U.S.C. 703(a). 
'""" 16 U.S.C. 668(a). 
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The agencies conclude that the MBT A, BGEP A, and Executive Order 13186 do not 
apply to this action because there is no disturbance, take, measurable negative impact, or other 
covered activity involving migratory birds or bald or golden eagles involved in this rulemaking. 

10. Department ofTransportati6n Act lSection 4(f)) 

Section 4(±) of the Department ofTransportation Act of 1966 (49 U.S.C. 303), as 
amended, is designed to preserve publicly owned park and recreation lands, waterfowl and 
wildlife refuges, and historic sites. Specifically, Section 4(f) provides that DOT agencies cannot 
approve a transportation program or project that requires the use of any publicly owned land 
from a public park, recreation area, or wildlife or waterfowl refuge of national, State, or local 
significance, or any land from a historic site of national, State, or local significance, unless a 
detem1ination is made that: 

(I) There is no feasible and prudent alternative to the use of land, and 

(2) The program or project includes all possible planning to minimize harm to the 
property resulting from the use. 

These requirements may be satisfied if the transportation use of a Section 4(f) property 
results in a de minimis impact on the area. 

NHTSA concludes that Section 4(f) is not applicable to this action because this 
rulemaking is not an approval of a transportation program or project that requires the use of any 
publicly owned land. 

11. Executive Order 12898: "Federal Actions to Address Environmental 
Justice in Minority Populations and Low-lncome Populations" 

Executive Order 12898 (59 FR 7629 (Feb. 16, 1994)) establishes Federal executive 
policy on environmental justice. Its main provision directs Federal agencies, to the greatest 
extent practicable and permitted by law, to make environmental justice part oltheir mission by 
identif'.ying and addressing, as appropriate, disproportionately high and adverse human health or 
environmental effects of their programs, policies, and activities on minority populations and low
inCome populations in the United States. DOT Order 5610.2(a)2°80 sets forth the Department's 
policy to consider environmental justice principles in all its programs, policies, and activities. 

Environmental justice is a principle asserting that al! people deserve fair treatment and 
meaningful involvement with respect to environmental laws, regulations, and policies. EPA 
seeks to provide the same degree of protection from environmental health hazards for all people. 
DOT shares this goal and is informed about the potential environmental impacts of its 
rule makings through the NEPA process. One comment on the NPRM claimed that the agencies 
"failed to recognize the benefits of the existing standards" for disadvantaged communities. 
Specifically, the commenter claimed that the agencies did not provide-an underlying analysis of 

'.!llSO Department ofTranspmtation Updated Environmental Justice Order 5610.2(a), 77 FR 27534 (May 10; 2012). 
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environmental justice issues and thereby failed to meet the requirements ofEO 12898.2037 

However, the agencies addressed their obligations under EO 12898 in the preamble to the NPRM 
and in Section 7-5 oft he DEIS. The agencies have revised the analysis based on other comments 
received and present it again here and in the FEIS. [Text Forthcoming] 

Numerous studies have found that some environmental hazards are more prevalent in 
areas where racial/ethnic minorities and people with low socioeconomic status (SES) represent a 
higher proportion of the population compared with the general population. ln addition, 
compared to non-Hispanic whites, some subpopulations defined by race and ethnicity have been 
shown to have a greater incidence of some health conditions during certain life stages. For 
example, in 2014, about 13 percent of Black, non-Hispanic and 24 percent of Puerto Rican 
children were estimated to have asthma, compared with 8 percent of white, non-Hispanic 
children.2u~2 The agencies have therefore considered areas nationwide that could contain 
minority and low-income communities who would most likely be exposed to the environmental 
and health impacts. of oil production, distribution, and consumption or the potential impacts of 
climate change. These. include areas where oil production and refining_ occur, areas near 
roadways, coastal flood-prone areas, and urban areas that are subject to the heat island effect.2083 

The following discussion addresses environmentaljustice implications related to air 
quality and to climate change and carbon emissions in the context of this final rulemaking. 
NHTSA also discusses environmental justice: in Chapter 7 .5 of its FEIS. 

a) Air Quality 

The agencies have identified two locations of focus regarding air quality emissions and 
environmental justice: areas in proximity to oil production and refining and areas in proximity to 
high traffic roadways. Emissions in these areas may be affected by this rulemaking due to 
changes in fuel use and VMT, which are described above. To the degree to which minority and 
low-income populations may be present in proximity to these locations, they may be exposed 
disproportionately to these emissions changes. In addition, this section also discusses other 
potential reasons why minority and low-income populations may be susceptible to the health 
impacts of air pollutants. 

Wtl CARB, Docket No. NHTSA-2018-0067-l I 873, at 41 J -12. 
""" http:1/www,cdc.gov/asthmalmost_recent_ data.htm, 
w,i The heat fa land effect refers to developed areas having higher temperatures than surrounding rural areas. 
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( I) Proximity to Oil Production and Re.fining 

There is e\'idence that proximity to oil refineries could be correlated with incidences of 
cancer and \eukemia.2084-2085· 21186 

Studies have found mixed evidence regarding a nationwide correlation between 
proximity to oil refineries and the prevalence of minority and low-income populations. One 
report shows that at a nationwide level, roughly 5.1 million of9 million people living near 
hazardous waste facilities are minorities, but does not specify how many of these minorities are 
living,close to refineries in particular.2087 Rather, the report highlights several case studies of 
minority populatibns affected by pollution from oil refineries, suggesting that these cases are 
likely to be indicative of O\'erall national trends. Similarly, another report provides case study 
data from Richmond, California, showing that minority and low-income populations in this 
region live close to five major oil refineries?rn~ 

Atthe national level, one study found that "56 percent of people living \>ii thin 3 miles of 
refineries in the United States are minorities," which is almost double the national average.~08

q A 
separate report found that 91 counties across America either have or are bullding refineries close 
to more than 6. 7 million African Americans, which amounts to 14 percent of the national 
average.2090 In terms of the.oil refining process as a whole, according to one study, the minority 

'°'1 Pukkala, E. Cancer incidence among Finnish oil rejine,:1' worke,w. 1971-1994. Journal of Occupational and 
Environmental Medicine. 40(8):675-6 79 ( 1998 J. doi: l 0.1023/A: 1 0184749 J 9807. 
,oi, Chan, C.-C.; Shie. R.H.; Chang. T.Y.; Tsai, D.H. Workers· expasures and potential health risks lo air toxic,· in a 
pelrochemica/ complex asses:,•ed by impro\'ed methodology. lntemational Archives of Occupational and 
Environmental Health. 79(2):135-142 (2006). doi:10.1007/s00420-005-0028-9 [Online at: 
http§:llwv,w,rs;~eMdigate.net/publicatfon. 7605242 Workers' exposures and polential health tis ks lo air toxics 
n a petrochemical complex assessed by improved methodologv]. 
,os.,; Bulka, C.; Nastoupil, LJ.; McClellan, W.; Ambinder. A.; Phillips, A.; Ward, K.; Bayakl}, A.R.; Switchenko, 
J.M.; Waller, L.; Flowers, C.R. Residence proximity to be>Lene release sites is assaciatedwfth increased incidence 
o,f11011-Hodgki11 (1·111p/10ma. Cancer. 119( 18):3309-3317 (2013). doi:10.1002/cncr.28083. [Online at: 
http;l/onlinelibrary .wilcy.comldoi/\ 0.1002/cncr.28083/pdf;jsessionid=1520A 90A 764A959853 l 60S7D7D76A362.m 
2t02}. 
wu UCC (United Church of Christ}. Toxic Was/es and Raee al Twemy; 1987- 2007. A Report Prepared {or the 
United Church of Christ Justice and Witneso Ministries. Available at: https://www.nrdc.nrglsite,/defoultlfiles/toxic
wastes-and-race-at-twenty- l 987-2007 .pdf (2007). {Accessed: April 9, 2018). 
"""' fuly . .l. and C. Kai,, Pollution. Po,crt)' and People of Color: Li,'in~ With Jnd,m,,-. Scientific American. A,·ailablo ate 

https:llwww.scientilicamerican.comlanicle/pollution-poverty-people-color-livinB-industry/ (:0\2). {Acce,..,d: Morch 4. 
2018). 

'°'0 O'Rourke. D. and S. Connolly. Jus/ Oil? The Djstribution afEm·ironmenta! and Soda/ llllfJ"<'IS of Oil 
Produc/ia11 and Consumplion. Annual Review of Environment and Resources 28(1):587-617 (2003). 
doi: l 0. I 146/annurev .enerro-· .28.050302.105617. 
:W'I(} National Association for the Advancement of Colored People and Clean Air Task Force. Fume., Across the 
Fence-line: The Health Impacts of Air PolluNonfrom Oi/ & Gas Facilities 011 Afi-icau American Com1111mities 
(2017). Available at: http;//www .catf.us/wp-contentluploads/20 l 711 1/CA TF _Pub _FumesAcrossTheFcnceLine.pdf. 
(Accessed: February 24. 2019). 
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share of the health risks amounts to 5 J .3 percent while the low income share amounts to 19.0 
percent?091 

One analysis at both the national and local levels, however, found that while "there are 
unquestionably environmental justice issues in certaiffareas surroimding refineries ... drawing 
conclusions at a national level is much murkier."zon There is evidence of proximity of minority 
and low-income populations to other types of industrial facilities at the national level.:o93

. 2ii94.:w95 

Yet, with respect to refineries, it seems that while there is clear case-study evidence, national
level data do not demonstrate a consistent correlation between oil refineries and a higher 
prevalence of minority or low-income populations. ln fact, performing a multivariate statistical 
analysis, one study found little support for the hypothesis that minority or low-income 
populations are more likely to live near oil refineries.w96 At the national level, these studies 
demonstrate no clear evidence that minority and low-income populations are overrepresented in 
the populations close to oil refineries. 

The potential increase in fuel production and consumption projected as a result of this 
rulemaking (compared to the No Action Alternative) could lead to an increase in upstream 
emissions of criteria and toxic air pollutants due to increas.ed extraction, refining. and 
transportation of fuel. [Text Forthcoming] To the extent that minority and low-income 
populations live closer to oil refining facilities, these populations may be more likely to be 
adversely affected by these emissions. However, as noted, a correlation between proximity to oil 
refineries and the prevalence of minority and low-income populations has not been established in 
the scientific literature. Therefore, disproportionate impacts on minority and low-income 
populations due to their proximity to oil refiheries are not foreseeable. In addition, the 

'°" Ash, M .• J.K. Boyce, G. Chang, M. Pastor, J. Scoggins. and J. Tran. Jus1/ce in 1/w Air: Tracking Toxic l'oul/tion 
.fromAmericaS Jnduslries and Companies to our Stales, Ci/ie.<. and Neighborhood,·. Political Economy Research 
Jnstitute at the University°ofMassachusetts, Amherst and the Program for Environmental and Regional Equity at the 
Universit)· of Southern California (20091. Available at: 
https:l/dornsife.usc.edulasset,;,'sites/242/docs/justice _in _the_ air_ web.pdf. (Accessed: February 24, 2019). 
woe Flschbeck, P.S., D. Gerard, B. McCoy. and J. Hyun. Using G!S 10 Erp/ore Environmental Jm-/ice Issues: The 
Case of US Petroleum Refineries. Ce mer ji,r the Study and lmpr0l-en1ent a/Regulation: Carnegie Mellon University. 
1 S pp (2006). Available at: 
https;/-'www.researchgate.net/publication/24229619 l _ Using_ GIS _to_ Explore_ Environmental_Justice _ Issues_ The_ 
Case of US Petroleum Refineries. (Accessed: March 1, 201 8). 
1""' Mohai, P.. P.M. Lanlz, J. Morenoff. J.S.House, and R.P. Mero. Racial and Socioeconomic Disparilies in 
Residemia{ Proximity to Pofluri11g lnd,;strial Facilities. E viden,·e from the Americans' Changing Lives S1udy, 
American Journal of Public Health 99(S3J:S649-S656 (2009). doi:l0.2105/AJPH.2007.131383. Available at 
hnp:ilwww.ncbi.nlm.nih.gov/pmc/articleslPMC2774179/pdflS649.pdf. {Ac,;essed: March 2, 2018). 
1"~4 Graham, J.D .• N.D. Beaulieu. D. Sussman, M. Sadowitz, and Y.C. Li. Who Ure.< Near Coke Plants and Oil 
Refineries? An Exploration of the £11l'iro11111enta! Inequity Hyporhesis. Risk Analysis 19(2):171-186 ( 1999). 
doi:10.1023/A:1006965325489. Green, R.S., S. Smorodinsky, JJ. Kim, R. McLaughlin; and B. Ostro. Pro.~imil)" ,!f 
California public schools to busy roads. Environmental Health Perspectives l 12 {J ):61-66 {2004). Available at: 
https://www.ncbi.nlm.nih.govlpmclarticles/PMCl24l798/. \Accessed: May 31. 2018). 
l(l9~ Jerrett, M .. R.T. Burnett P. Kanaroglou, J. Eyles, N. Finkelstein. C. Giovis, and J.R. Brook. A G!S
Enl"ironmewol Justice Ana(vsis of Parlicufale Air Po!/11/ion in Hamilton, Canada. Environmenrand Planning A 
33(6):955-973 (2001 ). doi:10. I0681a33 137. 
'"'"- Graham et aL (,1999). 
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magnitude of the change in emissions relative to the baseline is minor and would not be 
characterized as high and adverse. 

(2) Proximity to High-Traffic Roadways 

Concentrations of many air pollutants are elevated near high-traffic roadways. Therefore, 
proximity to high-traffic roadways could result in adverse cardiovascular and respifatory 
impacts, among other possible impacts.1097· 209s. 2099· 2100· 2101 • 

21112
· 21 °" One study demonstrated 

that students at schools in Michigan closer to major highways had a higher risk of respiratory and 
neurological disease and were more likely to fail to meet the state standard, after controlling for 
other variab!es.2104 If minority and low-income populations disproportionately live near such 
roads, then an environmental justice issue may be present. The agencies reviewed existing 
scholarly literature examining the potential for disproportionate exposure among minorities and 
people with low socioeconomic status. The agencies conducted an evaluation of two national 
datasets: the U.S. Census Bureau's American Housing Survey for calendar year 2009 and the 
U.S. Department of Education's database of school locations. 

Compared to the previous discussion regarding proximity to oil refineries, studies have 
more consistently demonstrated a disproportionate prevalence of minority and low-income 
population.s living near mobile sources of pollutants. In certain locations in the United States, for 
example, there is consistent evidence that populations or schools near roadways typically include 

'"" HE! (Health Effects Institute). 2010. Traftic-Related Air Pollution; A Critical Review of the Literature ou 
Emissions, Exposure and Health Effects. Special Report 17. Health Effects Institute: Boston, MA:. HE! Panel on the 
Health Effects ofTraffic-Related Air Pollution, 386 pp. Available at: 
hnps://www,heahheffects.org.isyslem/files/SR l 7Traffic%20Review.pdf. (Accessed: March 3, 201 SJ. 
°'"" Heinrich, J. and H.-E. Wichmann. 2004. Traffic Related Pollutants in Europe and their Effect on Allergic 
Disease. Curren/ Opinion in Allergy and Clinical Immunology 4(5):341-348. 
"'"

9 Salam, M.T .• T. Islam, and F.D. Gilliland. 2008. Recent Evidence for Adverse Effects ofRcsidential Proximity 
to Triiffic Sources on Asthma. Curren/ Qpinio1i in Pulmonary Medicine 14(1):3-8. 
doi: l 0.1097,MCP.ObO I 3e3282h 987a. 
'""' Samet, J.M. 2007. Traffic, Air Pollution, and Health. !nha/aticm Toxicology 19(12):1021-1027. 
doi: 1 0.1 OS0/0895837070 I 533541. 
2 '°1 Adar, S. and J. Kaufman. 2007. Can;liovascu1ar Disease and Air Pollutants: Evaluating ilnd Jmproying 
Epidemiological Data Implicating Traffic Ei,:posure. h,ha{alion Toxicalogr 19(SI ):135-149. 
doi; 10.1080/08958370701496012. 
~•o:: Wilker, E.R, E. Moslofsky; S.H. Lue, D. Gold, J. Schwartz, G.A. Wellenius, and M.A. Mi Uleman. 2013. 
Residential Proximity !o High-Traffic Roadways and Poststroke Mortality. Journal of Stroke and Cerebro.-ascular 
Diseases 22(8):e366-e372. doi: i 0.1016/j.jstrokecerebrovasdis.20 I 3.03.034. A vailab!e at: 
https:l/www.ncbi.nlm.nih.gov/pmc/artic1es/PMC40663S8/. (Accessed: March 6, 2018). 
"°1 Hart, J.E., E.8. Rimm, K.M. Rexrode, and F. Laden. 2013. Changes in Traffic Exposure and the Risk of Incident 
Myocardial Infarction and AH-cause Mortality. Epidemiology 24(5):734-742. 
lW• K\~eon, B-S., P. Mohai, S. Lee, and A.M. Sametshaw. 2016. Proximity of Public Schools to.Major Highways 
and Industrial Facilities, and Students' School Perfonnancc and He~lth Hazards. Em·iromnent and Planning B; 
Urba/1 Analytics 011d Ci~\' Science 45\2):312-329. doi.org/10.l I 77/0265813516673060. 
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a greater percentage-of minority or low-income residents.2W3-21116· 2rn7.:no3. 2 HJll. 2110- 2111 1n 
California, minorities and low-income populations are disproportionately likely to live near a 
major roadway compared to the general population.2112 This proximity has been attributed to 
cause or exacerbate other related health impacts, such as asthma? D. 

2114
· 

211 ~ and may be due to 
multiple factors.2116 ln general, studies such as these demonstrate trends in specific locations in 
the United Stales that may be indicative of broader national trends. 

Fewer studies have been conducted at the national level, yet those that do exist also 
demonstrate a correlation between minority and low-income status and proximity to 
roadways. 2117• 2113 For example, one study found that greater traffic volumes and densities at the 

,,o.s Green, R.S., S, Smorodinsky, J.l Kim. R, McLaughlin, and B. Ostro. Proximity of C/11/fi,rnia puh!ic sd10ul.1· to 
bu,y road.,. Environmental Health Perspectives l ].'.! (1}:61-66 (2004). Available at: 
bnps:l/www.ncbi.nlm.nih.gov/pmclartide:;JPMC1241798i. (Accessed: May 31, 2018) . 
.li(>(, Wu, Y-C.; Banennan, S.A. Proximiry ofschoof.< in Detroit, Michigan /0 au/omo/,ile and truck tr"affic. Journal of 
Exposure Science and Environmental Epidemiology 16(5): 457-470 (201}6). doi:J0.1038/sj.jes.7500484. Available 
at: ltttp;//www.nature.com/articles/75(){l484. (Accessed: May 31, 2018). 
zrn, Chakraborty, J., and P.A. Zandbergen. Children at risk; measuring rociol.etlmic dispw·itie., in poremia/ 
exposure to oirpol/111/01111/ school and lwme. Journal of Epidemiology & Community Health 61 :1074-1079 (2007). 
dol: I0.1136/jech . .'.!006.054130. 
e,o, Depro. B.. and C. Timmins. Mobility and Environmental Equity: Do Housing Choices Determine faposure to 
Air Pollulioll~North Carolina State University and RT[ International, Duke University and NBER (2008). 
Available at: )1Tip:l/citeseerx.is1.psu.edu/viewdoddownload?doi=l 0.1. 1.586, 7164&rep=:rep 1 &type=pdf. (Accessed: 
May31,2018), 
""' Marshall, J,b, Em•ironmentol inequality; air polh1lion lf_tpowres in Cal/tOmio'., Stmth Coo# Air Basin. 
Atmospheric Environment 42(21):5499-5503 (2008). 
2"° Su, J. G., T. Larson, T. Gould, M. Cohen, and M. Bunelli. Transbo,mdury air pol/uti()11 and em·ironmento/ 
juslice; l'an,·om·er and Seal/le compared. GeoJournal 75(6):595·608 (2010). doi: 10.1007ls10708·009-9269../i. 
2111 Su, J. G., M. Jarren,A. de Naze!le, and J, Walch. Doe.< exposure to air pa/1111/0,, i11 urbo11 porks hm-e 
socioeco110111ic. racial or e"tlmie gradiems? Environmental Research 11 ·1 (3):319-328 (201 ! ). doi: 
10. l0161j.envres.2011.0l .002. 
"" Carlson. A,E. The Clean Air Act's Blind Spot: Microdimates and Hotspot Pollution. 65 UCLA Law Review 
1036 (20)8). 
"" Gunier, R.B., A. Hertz., J. Von Behren, and P. Reynolds. Traffic density ill C'a/!JOrnia: .,ociaeconomic and ethnic 
differences among potentially exposed d1i/dren. Journal of Exposure Analysis and Environmental Epidemiology 
13(3):240--46 (2003). doi:10.]038/sj,jea.7500276. 
m• Meng, Y-Y., M. Wilhelm, R.P. Rull, P. English. S. Nathan, and B. Ritz. Areji-eque/11 asthma .symptoms among 
/ow-im·ome indil'id11ols related to hemJ· troffic ne"r homes. 111/nerobi/ities, or both? Annals of Epidemiology 
18:343-350 (2008). doi:10.l016i].annepidem.2008.0l.lJ06. 
"" Khreis, 1-1., C. Kelly, J. Tate. R, Parslow, K. Lucas, and M. Nieuwcnhuijsen. Exposure to trqfjic-related air 
pollution and risk of dei·elopme/11 of childhood asthma: A systematic rC\"iew and me/a.analys;s. Environment 
International J(){l:l-31 (2017). hTI_ps:/idoi.org/l0.1016/j.cnvlnt.2016.11.012. 
""' Depro, B.; Timmins, C. Mobility and environmental equity; do housing chokes determine exposure lo air 
po/1111/011? North Caroline State University Center for Environmental and Resource Economic Policy (2008). 
"" Tian, N., J. Xue, and T. M. Barzyk. El'aluating socioeconomic and racial difference!; in troflic-related metrics in 
the United States using a GJS approach. Journal of Exposure Science and Environmental Epidemiology 23 (2):215 
(2013). doi: 10.10381'.ies.2012.83. Available at: hTip://www.nature.com/articles/jes20l283. (Accessed: May 31, 
2018). 
:'I" Boehmer, TX,, S.L Foster, J.R. Henry, E.L. Woghiren-Akinnifesi, and F.Y. Yip. Residential Proximity lo 
Major Highways - UnUed State.I', 2010. Morbidity and Mortality Weekly Report 62(3):46-50 (2013). Available at: 
hTip:/lwww.cdc.gov/mmwr/previewlmmwrhtmlisu6203a8.htm. ( Accessed: February 26, 2018). 
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national level are associated with larger shares of minority and low-income populations living in 
the vicinity.2119 Another study found that schools with minority and underprivileged21 w children 
were disproportionately located within 250 meters of a major roadway.2121 

The agencies analyzed two national databases that allowed evaluation of whether homes 
and schools were located near a major road and whether disparities in exposure may be occurring 
in these wvironments. The American Housing Survey (AHS) includes descriptive statistics of 
over 70,000 housing units across the nation. The study survey is conducted every two years by 
the U.S. Census Bureau. The second database the agencies analyzed was the U.S. Department of 
Education's Common Core of Data, which includes-enrollment and location information for 
schools across the U.S. 

In analyzing the 2009 AHS, the focus was on whether or not a housing unit was located 
within 300 feet of a "4-or-more lane highway, railroad, or airport.''cm Whether there ,vere 
differences bel\'veen households in such locations compared with those in locations farther from 
these transportation facilities was analyzed.21"3 Other variables, such as land use category, 
region of country, and housing type, were included. Homes with a nonwhite householder were 
found to be 22-34 percent more likely to be located within 300 feet of these large transportation 
facilities than homes with white householders. Homes with a Hispanic householder were 17-33 
percent more likely to. be located within 300 feet of these large transportation facilities than 
homes with non-Hispanic householders. Households near large transportation facilities were, on 
average, lower in income and educational attainment, more likely 10 be a rental property, and 
more likely to be located in an urban area compared with households more distant from 
transportation facilities. 

In examining schools near major roadways, the Common Core of Data (CCD) from the 
U.S. Department of Education, which includes information on all public elementary and 
secondary schools and school districts nationwide, was examined.2124 To detennine school 
proximities to major roadways, a geographic information system (G!S) to map each school and 
roadways based on the U.S. Census's TIGER roadway file was used.2115 Minority students were 

~"" Rowangould, G.M. A Cens11., of the [JS Near-roadway Popufo1io11." Public Health and E11viro11men1al J1<1·1fre 
Considerations. Transponation Research Pan D: Transport and Environment 25:59--67 (2013). 
doi: 10.1016,j.trd.2013.08.003. 
~,2u Public schools were detennined to serve predominantly underprivileged students if they were eligible for Title I 
programs (federi! programs that provide funds to school dis!ricts and schools witb high numbers or high percentages 
of children who are disadvantaged) or had a majority of students wbo were eligible for free/reduced-price meals 
under the National School Lunch and Breakfast'Programs. 
mi Kingsley, S.L., M.N, Eliot, L. Carlson, J. Finn, D.L. 1',faclntosh, H.H. Suh, and G.A. \Vellenius. ProximilyojUS 
Schools to Major Roadways: A Natiomdde A.iwssment. Journal of Exposure Science and Environmental 
Epidemiology 24(3 ):253-259 (20 ! 4). doi: JO. J 038/jes.10 14.5. 
;,m Tl1is variable primarily represents roadway proximity. According to the Central lntelllgence Agency"s World 
Factbook, in 20!0, tbe United States had 6,506,204 km of roadways, 224,792 km of railways, and 15,079 airports. 
Highways thus represent tbe'overwbelming majority of transportation facilities described by this factor in the AHS. 
"" Bailey, C. (2011) Demographic and Social Partems in Housing Units Near Large Highways and other 
Transponation Sources. Memorandum to docket. 
21:, hitp:1/nces.ed.govlccdl. 
mi Pedde, M.; Bailey,C. Identification of Schools Within 200 Meters of U.S. Prima,:,· and Secondary Roads. 
Memorandum to the docket (20\ I). 
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found to be overrepresented at schools within 200 meters of the largest roadways, and schools 
within 200 meters of the largest roadways also had higher than expected numbers of students 
eligible for free or reduced-ptice lunches. For example, Black students represent 22 percent of 
students at schools located within 200 meters ofa primary road, whereas Black students 
represent 17 percent of students in all U.S. schools. Hispanic students represent 30 percent of 
students at schools located within 200 meters of a primary road, whereas Hispanic students 
represent 22 percent of students in all U.S. schools. 

Overall, there is substantial evidence that the population who !ives or attends school near 
major roadways are more likely to be minority or low income. Total do\~'nstream (tailpipe) 
emissions of criteria and toxic air pollutants for cars and light trucks are projected to [Text 
Forthcoming]. These analyses demonstrate that to the extent minority and low-income 
populations live or attend schools near major roadways, a potential for disproportionate impacl5 
exists. However,, as emissions changes are anticipated to be minor compared to total tailpipe 
emissions for these vehicles, the impacts to minority or low-income populations are not 
considered high and adverse. 

The agencies used the standards that were discussed in the 2012 rulemaking as the 
baseline for this rulemaking. Therefore, the agencies project increases in certain air pollutants 
for purposes of this analysis. However, as discussed above, one impact of the standards finalized 
in this rulemaking is to reduce the up-front cost of new and used vehicles. Lov,• income 
populations may benefit most from the reduction in cost of acquiring newer vehicles, which 
generally are more fuel efficient and have lower air pollutant emissions than older vehicles (i.e., 
the vehicles on the road in the years preceding the effectiveness of this rulemaking rather than 
the hypothetical vehicles that would have been produced under the standards discussed in the 
2012 'rulemaking). This cost reduction may have the effect of encouraging the quicker adoption 
of cleaner vehicles in low income communities, which could result in air quality and health 
benefits for those who live or attend school in proximity to the roadways where they are 
operated. To the degree to which minority populations may also live in proximity to these 
roadways, they would also experience benefits, thereby mitigating the disparity in racial, ethnic, 
and economically based exposures. 

(3) Other Vulnerabilities to Health Impacts of Ail" Pollutants 

Independent of their proximity to pollution sources, minority and low-income 
populations could be more vulnerable to the health impacts of pollutants. Reports from the U.S. 
Department of Health and Human Services have stated that minority and low-income 
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populations tend to have less access to health care services, and the services received are more 
likely to suffer with respect to quality_21!6_2127_212s 

In a similar vein, other studies show that low income can exacerbate the health impacts of 
air pollution.2129· 2130 People with low socioeconomic status often live'in neighborhoods with 
multiple stressors and higher rates of health risk factors. including reduced health insurance 
coverage rates, higher smoking and drug use rates, limited access to fresh food, visible 
neighborhood violence, and elevated rates of obesity and some diseases such as asthma, diabetes, 
and ischemic heart disease. Although questions remain, seve_ral studies find stronger 
associations between air pollution and health in locations with such chronic neighborhood stress. 
suggesting that populations in these areas may be more susceptible to the effects of air 
pollution?131 • ::m. 2133· 21 J4 Household-level stressors such as parental smoking and relationship 
stress also may increase susceptibility to the ad\'erse effects of air pollution.2135 · ! 136 

11 '' U.S. Department of Health and Human Services \HHS). National l lealthcare Disparities Rcpon. U.S. 
DepartmenlofHeal!h and Human Service. Rockville. MD, Agency for Healthcare Research and Quality (2003). 
Available at: hnp://archive.ahrg.gov/gual/nhdr03/nhdr03.htm. (Acce,sed; March 3, 2018). 
""HHS.Minority Heal!h: Recent Findings. Agency fpr Healthcare Research Qualil)- (2013). Last revised; February 
20 J 3. A vailahle at: https://\.\'\IW.ahrq.gov/researchlfindings/factsheetslrninoritylminorfind;index.htrnl. (Accessed: 
March3,2018). 
m• HHS. 2016National Healthcare Disparities Report. U.S. Department ofl!ealth and Human Service (2017). 
Rockville, MD. Agency for Healthcare Research and Qualil)-·- Available at: 
https:/lwww.ahrg.gov/research/findings/nhqrdrlnhqdrl 6/summary .html. ( Accessed: September 20, 2017). 
" 2' O'Neill, M.S., M. Jerrett, I. Kawachi, J,I. Levy, A.J. Cohen. N. Gouveia, P. Wilkinson, T. Fletcher, L. Cifuentes, 
and J. Schwartz. Health, Wealr/,. and Air Po/!mion: Admndng Theory and Mcrhod,·. Environmental Health 
Perspectives 111(16):186!-1870 (2003), doi: 10.1289/ehp.6334. Available at: 
lmps:/lwww.nchi.nlm.nih,g:ov/pmdarticles/PMCl24t758lpdflehp0111-00!861.pdf. (Accessed: February 24, 2019). 
""' Ostro, B., R. Broad win, S. Green, W.Y. Feng, and M. Lipsett. Fine Partiw/a/e Air Pollution and Jlona/ity in 
.Vine California Coun1ies: Rcsullsfi"Om CALF/NE. Environmental Health Perspectives 114(1): 29-33 (2006). 
om Clougherty, J.E.; Kubzan.sky, L.D. A framework for examining social stress and s11sceptibi!irr to air pol!urion in 
respiratory health. Environ Health Perspecr 117: 1351-1358 (2009). Doi:10.1289/ehp.0900612 [Online at 
http://dx.doi.org]. 
,..,, Clougherty. J.E.; Levy. JJ.; Kub2ansky, L.D.; Ryan, P.B.; Franco Suglia, S.: Jacobson Canner. M.; Wi-ight, R.J. 
Svnergislic l{/fects of 1rajfic-re/a1ed air pollution and expos11re to violence on urbar, asthma e!iology. Em·iron 
Health Perspect 115: 1140-1146 (2007). doi:l0.1289/ehp.9863 [Online at http://dx.doi.org]. 
m:• Finkelstein, M.M.; Jerrett, M.; DeLuca, P.; Finkelstein, N.; Verma, D.K.; Chapman, K.; Sears, M.R. Relation 
hetween income, air pol/u1io11 and monali/_1': a cohorl sludy. Canadian Med Assn J !69: 397-402 (2003). 
~'·" Shankardass, K.; McConnell, R.; Jerrell, M.; Milam, J.; Richardson, J.: Berhane. K. Parcnlal .<tress inae,1ses th~ 
effect oftra.ffic-related ak po/111/ion on childhood asthma incidence. Proc Natl Acud Sci 106: 12406-12411 (2009). 
doi:I0.1073/pnas.081291010() [Online at http://dx.doi.org]. 
2135 Lewis, A.S.; Sax. S.N.; Wason, S.C.; Camplcman. S,L. :,'rm-d,emicaf ;·/ressors and cmuulatire risk asses.,ment: 
an oven·iew ofcurrenl inilialives andpo1enlial air pollUlant in/erac/iom;. Int J Enl'imn Res Public Health 8: 2020-
2073 (2011 ). Doi:10.3390/ije,ph8062020 [Online at http://dx.doi.org]. 
o1.1- Rosa, M.J.; Jung. K.H.; Perzanowski, M.S.; Kelvin, E.A.; Darling, K.\V.; Camann, D.E.; Chillrud, S.N.; \\'hyatt, 
R.M.; Kinney, P.L.; Perera, F.P.; Miller. R.L Prenatal exposure to pu(rcyclie aromatic hydrocarbons. 
enriro11mental lobocco smoke and a,·tl,ma. Respir Med {Jn press) (2010). doi:l 0.]016/j.nned.2010.l I .022 [Online 
at http://dx.doi.orgJ. 
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These factors would likely exacerbate the findings described above regarding,upstream 
and do'Ao11stream emissions as they impact minority and low income populations. The degree to 
which this would occur, however, cannot feasibly be quantified for purposes of this analysis. 

b) Climate Change and Carbon Emissions 

Some areas most vulnerable to climate change tend to have a higher concentration of 
minority and low-income populations, potentially putting these communities at higher risk from 
climate variability and climate-related extreme we[!ther events.207 For example, urban areas 
tend to have pronounced social inequities that could result in disproportionately larger minority 
and low-income populations than those in the surrounding nonurban areas.2138 Urban areas are 
also subject to the most substantial temperature increases from climate change because of the 
urban heat island effect.2139 •21 "0• 21 " 1 Climate change impacts on temperatures could, in turn, 
affect the number and severity of outbreaks of vector-borne illnesses.2142

· Jl 43 Taken together, 
these tendencies demonstrate a potential for disproportionate impacts on minority and low
income populations in urban areas. Low-income populations in coastal urban areas, which are 
vulnerable to increases in flooding as a result of projected sea-level rise, larger stonn _surges, and 
human settlement in floodplains, could also be disproportionately affected by climate change 
because they are less likely to have the means to evacuate quickly in the event of a natural 
disaster and, therefore, are at greater risk of injury and Joss oflife_J144

. ~
145 

Independent of their proximity to locations of potentially high impact from climate 
change, minority and !ow-income populations could be more vulnerable to the health impacts of 
climate change. Increases in heat-related morbidity and mortality because of higher overall and 
extreme temp.eratures are likely to affect minority and low-income populations 
disproportionately, partially because oflimited access to air conditioning and high.energy 

''-" U.S. Global Change Research Program {GCRP). Global Climate Change Impacts in the United States: The Third 
National Climate Assessment. U.S. Global Change Research Program. [Melillo, J.M, T.C. Richmond, and G.W. 
Yohe (Eds.)]. U.S. Government Printing Office: Washington, P.C. 841 pp (2014). doi,I 0.7930/JOZ3lWJ2. 
Available at: htlp://nca:!014.globalchange.govlreport. (Accessed: February 27, 2018). 
'"' GC'RP (2014). 
2119 GCRP (2014). 
""' Knowlton, K., B. Lynn, R.A. Goldberg, C. Rosenzweig, C. Hogrefe, J.K. Rosenthal, and P.L. Kinney. Projecting 
Hear-related Mona fir,, Impacts under a C/,anging Climate in rhe New fork City Region. American Journal qf Public 
Health 97(1 J ):2028-2034 (2007). doi:10.2!05/AJPH.2006.102947. A\·ailable in: 
http:/lajph.aphapublications.orglcgi/contentlfulll97/l l 12028. (Acce~sed: March 4. 2018). 
"" EPA. Heat Island Effect. U.S. Environmental Protection Agency (2017). Last revised: February 20, 2018. 
Available at: https://www.epa.gov/heat-islands. (Accessed: February 28, 2018.). 
"" OCRP (2014). 
"" GCRP. The Impacts of Climate Change on Human Health in the United States, A Scientific Assessment (2016). 
April 2016. Available al: https;//health2016.globakhange.gov. (Accessed: February 28, 2018). 
" 44 GCRP, Global Climate Impacts in the United States (2009). Cambridge, United Kingdom and New-York, l\'Y, 
USA. (Karl, T.R., J.M. Melillo, and T.C. Peterson (Eds.).] Cambridge University Press: Cambridge, UK. pp. 196. 
"" GCRP (2014). 
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costs.11• 6· 21 -11. 2143·
2149 Native American tribes and Alaskan Native villages are also more 

susceptible to the impacts of climate change, as these groups often disproportionately rely on 
natural resources for livelihoods, medicines, and cultural and spiritual purposes.2150 Moreover, 
coastal tribal commuriities may have to relocate because of sea-level rise_, erosion, and 
permafrost thaw.2151 Together, this infonnation indicates that the same set of potential 
environmental effects (e.g., heat increases and sea level rise) may disproportionately affect 
minority and low-income populations because of socioeconomic circumstances or histories of 

discrimination and inequity. 

With respect to tailpipe carbon emissions, such emissions do not have direct impacts on 
minority and low income populations, but rather may have potential indirect impacts through 
global climate change. The increases in CO; and related gases associated with the standards will 
affect climate change projections, and the agencies have estimated marginal increases in 
prctiected global mean surface temperatures and sea-level rise in this preamble, the 
accompanying RIA, and NHTSA 's FEIS. Within settlements experiencing climate change, 
certain parts of the population may be especially vulnerable; these include the poor, the elderly, 
those already in poor health, the disabled, those living alone, andlor indigenous populations 
dependent on one or a few resources. However, the potential increases in climate change 
impacts resulting from this rule are so small and incremental that the impacts are not considered 
high and adverse on these populations. 

c) Conclusion 

Based on the foregoing, the agencies have determined that this rulemaking (and 
alternatives considered) wou!d not result in disproportionately high and adverse human health or 
environmental effects on minority or low-income populritions. This rulemaking would set 
standards nationwide, and although minority and low-income populations may experience some 

21 ' 6 EPA. 2009. Technical SupportDocumenl for End'angenncntand Cause or Contribute Findings for Greenhouse 
Gases under Section 202(a} of the Clean Air Act December 7, 2009. U.S. Em•ironmental Protection Agency, Office 
of Atmospheric Programs, Climate Change Division: Washington. D.C, Available at: 
https://www.epa.gov/siles/productionifi!es/2016-08/documenls/endongennenusd.pdf. (Ac~essed: February 28, 
2018). 
:i,7 O'Neill, M.S., A. Zanobetti, and J. Schwartl. Disparitie., ii)• Race in Heal-Related Morlaliry in Four L'S Cities: 
The Role of Air Condirfrming Prevalence. Journal of Urban Health 82(2):191-197 (2005). doi:10.1093,jurbarujti043. 
Available at: http://www.ncbi.nlm.nih.gov/pmcJarticles/PMC3456567lpdf/11524 2006 Article 375.pdf. {Accessed: 
March4,2018). 
214'OCRP(2014J. 
214? Harlan, S.L. and D.M. Ruddell. Climate Change and Health in Cities: lmpac/s of Heal andAir-Pollmion and 
Potential Co-Ben~litsfrom Mirigarfrm and Adapla/ion. Current Opinion in Environmental Su.stainability 3(3):126-
134 (2011). doi: !0,J016/j.cosust.20l l .01.00\. 
"'"National Tribal AirAssocialion. 2009. lmpacls of climate change on Tribes in the United States. Submined 
December \ I, 2009 to Assistant Administrator Gina McCarthy. LISEPA, Office of Air and Radiation. Available at: 
http:!/www.epa.gov/airllribal/pdfs/lmpacts%20of%20Climate%20Change%20on 
%20Tribes%20in%20lhe%20United%20Sla!es.pdf. (Accessed; February J4, 2019). 
"" Maldo!]ado, J., C. Shearer, R. Bronen, K. Peterson, and H. Lamts. The Impact a/Climate Change on Tribal 
Communities in the US: Displacement, Rducatian, and Human mg/us. Climatic Change l20(3):6o'l--614 (2013), 
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disproportionate effects, in particular locations, the overall impacts on human health and the 
environment would not be "highand ad,-erse" under EO 12898. 

Furthermore, the agencies note that there are no mitigation measures or alternatives 
available as part of this action that could fulfill the respective statutory missions of the agencies 
and that would address the issues discussed in Section VIII (e.g., technological feasibility and 
economic practicability) or avoid or reduce any disproportionate effects in particular locations 
experienced by minority and low-income populations. The impacts described in this analysis 
would result from air pollutant and CO; emissions that are the direct effect of the levels of 
stringency selected by the agencies. However, for the reasons described in Section Vlll, the 
agencies cannot select a higher level of stringency. While the agencies have considered the 
potential impacts described in this analysis, there is a substantial need, based on the·overall 
public interest, to address the costs associated with the standards discussed in the 2012 
rulemaking. More stringent alternatives would have severe adverse social and economic costs, 
as described in Section VIII, and necessitate the level of standards finalized in this rulemaking. 

12. Executive Order I 3045: "Protection of Children from Environmental 
Health Risks and Safety Risks" 

This action is subject to EO 13045 (62 FR 19885, April 23, J 997) because it is !).n 
economically significant regulatory action as defined by EO 12866, and the agencies have reason 
to believe that the environmental health or safety risks. related to this action may have a 
disproportionate effect on children. Specifically, children are more vulnerable to adverse health 
effects related to mobile source emissions, as well as to the potential long-term impacts of 
climate change. Pursuant to EO 13045, NHTSA and EPA must prepare an evaluation of the 
environmental health or safety effects of the planned regulation on children and an explanation 
of why the planned regulation is preferable to other potentially effective and reasonably feasible 
alternatives considered by the agencies. Further, this analysis may be included as part of any 
othet required analysis. 

This preamble and NHTSA 's Final EIS discuss air quality, climate change, and their 
related environmental and health effects, noting where these would disproportionately affect 
children. The EPA Administrator has also discussed the impact of climate-related health effects 
on children in the Endangerment and Cause or Contribute Findings for Greenhouse Gases Under 
Section 202(a) of the Clean Air Act (74 FR 66496, December 15, 2009). In addition, this 
preamble explains why the agencies' final standards are preferable to other alternatives 
considered. Together, this preamble and NHTSA's Final EIS satisf)' the agencies' 
responsibilities under EO 13045. 

F. Regulatory Flexibility Act 

Pursuant to the Regulatory Flexibility Act (5 U.S.C, 601 et seq., as amended by the Small 
Business Regulatory Enforcement Fairness Act (SBREF A) of 1996), whe'never an agency is 
required to publish a notice of proposed rulemaking or final rule, it must prepare and make 
available for public comment a regulatory flexibility analysis that describes the effect of the rule 
on small entities (i.e., small businesses, small organizations, and small governmental 
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jurisdictions). No regulatory flexibility analysis is required if the head ofan agency certifies the 
rule will not have a significant economic impact on a substantial number of small entities. 
SB REF A amended the Regulatory Flexibility Act to require Federal agencies, to provide a 
statement of the factual basis for ce1tif):ing that a rule will not have a significant economic 
impact on a substantial number of small entities. 

Two comments argued that the agencies should prepare a regulatory flexibility analysis 
and convene a small business review panel to assess the impacts in accordance with the 
Regulatory Flexibility Act, 5 U.S.C. 601 et seq., as amended by SB REF A.::15:: The agencies 
considered these comments and the impacts of this rule under the 'RegulatOI)' Flexibility Act and 
certify that this rule will not have a significant economic impact on a substantial number of small 
entities. The following is the agencies' statement providing the factual basis for this certification 
pursuant to 5 U.S.C. 605(b). 

Small businesses are defined based on the North American Industry Classification 
System (NAICS) code.cm One oft he criteria for determining size is the number of employees 
in the firm. For establishments primarily engaged iil manufacturing or assembling automobiles, 
as well as light duty trucks, the fom must have less than 1,500 employees to be classified as a 
small business. This rule would affect motor vehicle manufacturers. As shown in Table 
X- I Table X-1, the·agencies have identified 15 small manufacturers of passenger cars, light 
trucks, and SU Vs of electric, hybrid. and internal combustion engines."154 The agencies 
acknowledge that some newer manufacturers may not be listed. However, those new 
manufacturers tend to have transportation products that are not part of the light-duty vehicle tleet 
and have yet to start production of light-duty vehicles. Moreover, NHTSA does not ~!ieve that 
there are a "substantial number" of these newer companies.2155 

Table X-1 - Small Domestic Vehicle Manufacturers 

Manufacturers Founded Employees"1
'
6 Estimated Annual Sale Price per Unit 

Production1157 

Karma Automotive 2014 625 900 $130,000 

BXRMotors 2008 < 10 < JOO $155,000 to $185,000 

"" See National Coalition for Adnnced Transportation tNCAT) Comment, Docket No. NHTSA-2018-0067-1 l 969, 
at 64-65; Workhorse Group, lnc. Comment, Docket No. NHTSA-2018-0067-122]5, at 1-2. 
~111 Classified in NAICS under Subsector 336--Transportation Equipment Manufacturing for Automobile 
Manufacturing (336! l l ), Light Truck (336112), and Heavy Duty Truck Manufacturing {336120). 
hrtps:/lwww.sba.gov/document/support-table--size-standards. 
~,,. Two comment~ pointed out that Workhorse Group Inc. was not listed as a small domestic vehicle manufacturer 
in Table Xll-l of the proposal. See National Coalition for Advanced Transportation (NCAT) Comment, Docket No. 
NHTSA-2018-0067-11969. at 64-65; \Vorkhorse Group, [nc. Comment, Dock.et No. NHTSA-2018-0067-12215, at 
1-2, Workhorse Group has been added to the table here, but neither its addition nor the existence ofa small number 
of other new small manufacturers does not alter the conclusion that this rule will not have a significant economic 
impact on a substantial number of small entities. 
1" 5 5 U.S.C. 605(b). 
zis• Estimated number of employees as of'.!018, source: Linkedin.com. 
1117 Rough estimate of light duty ~ehicle production for model year 2017. 
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falcon Motorsports 2009 5 < !00 $300.000 to $400.000 
Luera Cars 2005 8 < 100 $100.000 
Lyons Motor Car 2012 < 10 < 100 $iA00.ooo 
Rezvani Motors 2014 6 < JOO $95.000 to,$270.000 
Rossion Automotive 2007 6 < 100 $90,000 

Saleen 1984 51 < 100 $100,000 

Shelby American 1962 61 < JOO $60,000 to $250,000 

Panoz 1988 20 < 100 $155,000 to $175,000 
Faraday Future 2014 790 0 $200,000 to $300,000 
Lucid Motor Car 2007 269 0 $60,000 

Rivian Automotive 2009 208 0 NIA 

SF Motors 2016 204 0 NIA 
Workhorse Group 2007 125 0 552,000 

NHTSA believes that the rulemaking would not have a significant economic impact on 
the small vehicle manufacturers because under 49 CFR part 525. passenger car manufacturers 
making less than 10,000 vehicles per year can petition NHTSA to have alternative statidards set 
for those manufacturers. These manufacturers do not currently meet the 27.5 mpg standard and 
must already petition the agency for relief. If the standard is raised, it has no meaningful impact 
on these manufacturers-they still must go through the same process and petition for relief. 
Given there already is a mechanism for relieving burden 0;n small businesses, which is the 
purpose of the Regulatory Flexibility Act, a regulatory flexibility analysis was not prepared. 

Two comments argued that small manufacturers of electric vehicles would face a 
significant economic impact because their ability to earn credits would be ''.substantially 
diminished."215 g The method for earning credits applies equally across manufacturers and does 
not place small entities at a significant competitive disadvantage. In any event, even if the rule 
had a "significant economic impact" on these small EV manufacturers, the amount of these 
companies is not "a substantial number."21 ' 9 For these reasons, their existence does not alter the 
agencies' analysis of the applicability of the Regulatory Flexibility Act. EPA believes this 
rulemaking would not have a significant economic impact on a substantial number of small 
entities under the Regulatory Flexibility Act, as amended by the Small Business Regulatory 
Enforcement Fairness Act. EPA is exempting from the CO:i standards any manufacturer, 
domestic or foreign, meeting SBNs size definitions of small business as described in 13 CFR 
121.201. EPA adopted the same type of exemption for small businesses in the 2017 and later 
rulemaking. EPA estimates that small entities comprise less than 0.1 percent of total annual 
vehicle sales and exempting them will have a negligible impact on the CO2 emissions reductions 
from the standards. Because EPA is exempting small businesses from the CO2 standards, the 
agency certifies that the rule will not have a significant economic impact on a substantial number 

~11' National Coalition for Adl'anced Transportation {NCAT) Comment, Docket No, NHTSA-2018-0067-11969, a1 
65; Workl1onse Group, Inc. Comment, Docke1 No. NHTSA-2018-0067-12215, at 2. 
"" 5 U,S.C. 605. 
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of small entities. Therefore, EPA has not conducted a Regulatory Flexibility Analysis or a 
SB REF A SBAR Pane! for the rule. 

EPA regulations allow small businesses voluntarily to waive their small business 
exemption and optionally to certify to the CO2 standards. This option allows small entity 
manufacturers to earn CO.:i credits under the CO2 program, if their actual fleetwide CO2 
performance is better than their fleetwide CO2 target standard. However, the exemption waiver 
is optional for small entities and thus the agency believes that manufacturers opt into the COi 
program ifit is ecortomically advantageous for them to do so, for example in order to generate 
and sell CO2 credits. Therefore, EPA believes this voluntary option does not affect EPA 's 
determination that the standards will impose no significant adverse impact on small entities. 

G. Executive Order 13132 (Federalism) 

Executive Order 13132 requires Federal agencies to develop an accountable process to 
ensure "meaningful and timely input by State and local officials in the development of regulatory 
policies that have federalism implications." The Order defines the term "[p)olicies that have 
federalism implications" to include regulations that have ''substantial direct effects on the States, 
011 the relationship between the national-government and the States. or on the distribution of 
power and responsibilities among the various levels of government." Under the Order, agencies 
may not issue a regulation that has federalism implications, that imposes substantial direct 
compliance costs, unless the Federal government provides the funds necessary to pay the direct 
compliance costs incurred by State and local governments, or the agencies consult with State and 
local officials early in the process of developing the proposed regulation. The agencies complied 
with the Order's requirements. 

See Section [xxxJ above for further detail on the agencies' assessment of the federalism 
implications ofthis proposal. 

H. Executive Order 12988 (Civil Justice Refonn) 

Pursuant to Executive Order 12988, "Civil Justice Reform, "2160 NHTSA has considered 
whether-this rulemaking would have any retroactive effect. This proposed rule does not have 
any retroactive effect. 

l. Executive Order 13175 (Consultation and Coordination With lndian Tribal 
Governments) 

This final rule does not have tribal implications, as specified in Executive Order 13175 
(65 FR 67249, November 9, 2000). This rule will be implemented at the Federal level and 
impose compliance costs only on vehicle manufacturers. Thus, Executive Order 13175 does not 
apply to this rule. Some comments complained that the agencies ha\·e not consulted or 

l161l6J FR4729(Feb. 7, 1996). 
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coordinated with Native American communities and ll)dian Tribes in promulgating this rule.2101 

Executive Order 13175 requires consultation with Tribal officials when agencies are developing 
policies that have "substantial direct effects" On Tribes and Tribal interests.!!62. Even accepting 
the comments' description of the effects of the rule, they have identifie\i only indirect effects of 
the standards on Tribal interests.1163 

J. Unfunded Mandates Reform Act 

Section 202 of the Unfunded Mandates Reform Act of 1995 (UMRA) requires Federal 
agencies to prepare a written assessment of the costs, benefits, and other effects of a proposed or 
final rule that includes a Federal mandate likely to result in the expenditure by State, local, or 
Tribal governments, in the aggregate, or by the private sector, of more than $100 million in any 
one year (adjusted for inflation with base year of 1995). Adjusting this amount by the implicit 
gross domestic product price deflator for 2016 results in $148 million ( 111.416/75.324 = 
1.48).m,-1 Before promulgating a rule for which a written statement is needed, section 205 of 
UMRA generally requires NHTSA and EPA to identify and consider a reasonable number of 
regulatory alternatives and adopt the least costly, most cost-effective, or least burdensome 
alternative that achieves the objective of the rule. The provisions of section 205 do not apply 
when they are inconsistent with applicable law. Moreover. section 205 allows NHTSA and EPA 
to adopt an alternative other than the least costly, most cost-etfec,tive, or least burdensome 
alternative if the agency publishes with the 1ule an explanation of why that alternative was not 
adopted. 

This rule will not result in the expenditure by State, local, or Tribal governments, in the 
aggregate, of more than $148 ffiillion annually, but it will result in the expenditure Of that 
magnitude by vehicle manufacturers and/or their suppliers. In developing this rule, NHTSA and 
EPA considered a variety of alternative average fuel economy standards lower and higher than 
those previously proposed. The fuel economy standards for MYs 2021-2026 are the least costly, 
most cost-effective, and least burdensome alternative that achieve the objectives of the rule. 

K. Regulation Identifier Nµmber 

The Department ofTransportation assigns a regulation identifier number (RJN) to each 
regulatory action listed in the Unified Agenda of Federal Regulations. The Regulatory 
Information Service Center publishes the Unified Agenda in April and October of each year. 

""1 See. e.g., CARB Comment, Docket No, NHTSA-2018-0067-l 1873, at 412; National Tribal Air Association 
Comment, Docket No. }lHTSA-2018-0067-11948, at 4; Keweenaw Bay Indian Community Comment, Docket No. 
EPA-HQ-OAR-2018-0283-3325, at 1-2; Fond du Lac Band ofLake Superior Chippewa Comment, Docket No. 
EPA-HQ-OAR-2018-0283-4030, at 3: Sac and Fox Nation, Docket No. EPA-HQ-OAR-2018-0283-4159, at 4-5; 
The Leech Lake Band ofOjibweComment. Docket No. EPA-HQ-OAR-2018-0283-593!, at 4-5. 
:161 65 FR 67249, 67249 (Nov. 6, 2000), 
!Ml See, e.g., National Tribal Air Association Comment, De>c:ket No. NHTSA-2018-{1067-11948, at 4. 
~164 Bureau of Economic Analysis, National Income and Product Accoun~ (NIPA), Table 1.1.9 Implicit Price 
Deflators for Gross Domestic Product. https:1/bea.govliTable/index_nipa.cfm. 
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The RI N contained in the heading at the beginning of this document may be used to find this 
action in the Unified Agenda. 

L. National Technology Transfer and Advancement Act 

Section I 2(d) of the National Technology Transfer and Advancement Act (NTT AA) 
requires HTSA and EPA to evaluate and use existing voluntary consensus standards in its 
regulatory activities unless doing so would be inconsistent with applicable law (e.g., the statutory 
provisions regarding NHTSA 's vehicle safety authority, or EPA ' s resting authority) or other-vise 
impractical.2165 

Voluntary consensus standards are technical standards developed or adopted by volunta1y 
consensus standards bodies. Technical standards are defined by the NTT AA as "performance
based or design-specific technical specification and related management systems practices." 
They pertain to ''products and processes, such as size, strength, or technical performance of a 
product, process or material." 

Examples of organizations generally regarded as voluntary consensus standards bodies 
include the American Society for Testing and Materia ls (ASTM), the Society of Automotive 
Engineers (SAE), a nd the American National Standards Institute (ANSI). If the agencies do not 
use avai lable and potentially applicable voluntary consensus standards, they are required by the 
Act to provide Congress, through 0MB, an explanation of the reasons for not us ing such 
standards. 

For CO2 emissions, EPA wil l collect data over the same tests that are used for the MY 
20 12~ te1 pr.:s-11\ CO2 standards and for the CAFE program. T his unified data collection 
will minimize the amount of testing done by manufacturers because manufacturers are a lready 
required to run these tests. I (1F \ l credi1... bP \ \1111 u ,e u eAn -.,11,1:1•, 111t'tlrntlnl0g~ tlt!'< dupc>tl 
h~ !he Sfh,ic'l~ (1f ,\l:IIOAlnli•, c' [A_,!iAt't'F, 1S \I, land di ,ll t! 111?1' \ ( It' ,l Fil\ 1,n,m .. r.,,, 
t2.in·,c'11.1:1•, ,1a111:ldrtl di ailuhle lttr 1!w \ C lt''il. 

There are currently no voluntary consensus standards that NHTSA administers relevant 
to today's CAFE standards. 

M. Department of Energy Review 

In accordance with 49 U.S.C. 329020)(2), NHTSA submitted this rule to the Department 
of Energy for review. 

N. Paperwork Reduction Act 

The Paperwork Reduction Act (PRA) of 1995, Public Law I 04- 13,2166 gives 0MB 
authority to regulate matters regarding the collection, management, storage, and dissemination of 
certain information by and for the Federal government. It seeks to reduce the total amount of 

2165 I 5 U.S.C. :.72. 
2166 Codified at 44 U.S.C. 3501 et seq. 
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paperwork handled by the government and the public. NHTSA strives to reduce the public's 
infonnation collection burden hours each fiscal year by streamlining external and internal 
processes. 

To this end, NHTSA will continue·to collect information to ensure compliance ·with its 
CAFE program. NHTSA wiil reinstate its previously-approved collection of information for 
Corporate Average Fuel Economy (CAFE) reports specified in 49 CFRpart 537 (0MB control 
number 2127-0019), add the additional burden for reporting changes adopted in the October 15, 
2012 final rule that recently came into effect (see 77 FR 62623), and account for the change in 
burden in this rule as well as for other CAFE reporting provisions required by Congress and 
NHTSA. NHTSA is also changing the name of this collection to represent more accurately the 
breadth of all CAFE regulatory reporting. Although NHTSA is adding additional burden hours 
to its CAFE report requirement in 49 CFR 537, the agency believes there will be a reduction in 
the overall paperwork burden due to the standardization of data and the streamlined process. 

In compliance with the PRA, the information collection request (!CR) abstracted below 
was forwarded to 0MB for review and comment. The !CR describes the nature of the 
infonnation collection and its expected burden, 

Title: Corporate Average Fuel Economy. 

Type q(Request: Reinstatement and amendment of a previously approved collection. 

0MB Control Number: 2127-0019. 

Form Numbers: NHTSA Fonn 1474 (CAFE Projections Reporting Template) and 
NHTSA Form 1475 (CAFE Credit Template). 

Requested ExpirationDate of Approval: Three years from date of approval. 

Summary of the collection of/11/0rmation: As part of this rulemaking, NHTSA is 
reinstating and modifying its previously-approved collection for CAFE-related collections of 
information. NHTSA and EPA have coordinated their compliance and reporting requirements in 
an effort not to impose duplicative burdens on regulated entities. This information collection 
contains three different components: burden related to NHTSA's CAFE reporting requirements; 
burd~n related to CAFE compliance, but not via reporting requirements; and information 
gathered by NHTSA to help inform CAFE analyses. All templates referenced in this section will 
be available in the rulemaking docket. 

1. CAFE Compliance Reports 

NHTSA is reinstating2167 its collection related to the reporting requirements in 49 U.S.C. 
32907, "Reports and tests of manufacturers." In that section, manufacturers are statutorily 

ii.;- This collection expired on April 30, 20!6. 
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required to submit CAFE compliance reports to the Secretary ofTransportation." 1M The reports 
must state ifa manufacturer will comply with its applicable fuel economy standard(s), describe 
what actions the- manufacturer intends to take to comply with the standard(s), and include other 
information as required by NHTSA. Manufacturers are required to submit two CAFE 
compliance reports-a pre-model year report (PMY) and a mid-model year (MMY) report
each year. In the event a manufacturer needs to correct prevfously-submitted information, a 
manufacturer may need to file additional reports.1169 

To implementthis statute, NHTSA issued 49 CFRpart 537, "Automotive Fuel Economy 
Reports," which adds additional definition to the terms of section 32907. The first report, the 
PMY report must be submitted to NHTSA before December 31 of the calendar year prior to the 
corresponding model year and contain manufacturers' projected information for that upcoming 
model year. The second report, the MMY report must be submitted,by July 31 of the given 
model year and contain updated information from manufacturers based on actual and projected 
information known midway through the model year. Finally, the last report, a supplementary 
report. is required to be submitted anytime a manufacturer needs to correct infonnation 
previously submitted to NHTSA. 

Compliance reports must include information on passenger and non-passenger 
automobiles (trucks) describing the projected and actual fuel economy standards, fuel economy 
performance values, production sales volumes and information on vehicle design features (e.g., 
engine displacement and transmission class) and other vehicle attribute characteristics (e.g., track 
width, wheel base, and other !ight truck off-road features). Manufacturers submit confidential 
and non-confidential versions ofthe_se reports to NHTSA. ConfiPential reports differ by 
including estimated or actual production sales information, which is withheld from public 
disclosure to protect each manufacturer's competitive sales strategies. NHTSA uses the reports 
as the basis for vehicle auditing and testing, which helps manufacturers correct reporting errors 
prior to the end of the model year and facilitate acceptance of their final CAFE report by the 
Environmental Protection Agency (EPA). The reports also help the agency, as well as the 
manufacturers who prepare them, anticipate potential compliance issues as early as possible, and 
l1elp manufacturers plan their compliance strategies. 

Further, NHTSA is modi:f)·ing this collection to account for additional information 
manufacturers are required to include in their reports. ln the CAFE standards previously 
promulgated for MY 2017 and beyond,mo NHTSA allowed for manufacturers to gain additional 
fuel economy benefits by installing certain technologies on their vehicles beginning with MY 

01 •• ./9 U.S.C. 32907 (delegated to the Nl-lTSA Administrator at 49 CFR l .95). Because of this delegation, for 
purposes of discussion, statutory references to the Secretary of Transportation in this section will be discussed in 
tenns of't\1-ITSA or the NHTSA Administrator. 
~, 09 Specifically, a manufacturer shall submit a report containing the information during the 30 days before the 
beginning of each model year, and during the 30 days beginning the 180th day of the model year. "\\/hen a 
manufacturer decides that actions reported are not sufficient to ensure compliance with that standard, the 
manufacturer sha!I report additional actions it intends lo take to comply with the standard and include a statement 
about whether those actions are sufficient to ensure compliance. 
mo 77 FR 62623 (Oct. J 5, 2012). 
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2017.2171 These technologies include air-conditioning systems with increased efficiency, off
cycle technologies whose benefits are not adequately captured on the Federal Test Procedure 
and/or the Highway Fuel Economy Test,m~ and hybrid electric technologies installed on full
size pickup trucks. Prior to MY 2017, manufacturers were unable to earn a fuel economy benefit 
for these technologies, so NHTSA 's reporting requirements did not include an opportunity to 
report them. Now, manufacturers must provide information on these technologies in their CAFE 
reports. NHTSA requires manufacturers to provide detailed information on the model types 
using these technologies to gain fuel economy benefits. These details are necessary to facilitate 
NHTSA 's technical analyses and to ensure the agency can perfonn random enforcement audits 
when necessruy. 

ln addition to a list of all fuel consumption improvement technologies utilized in their 
fleet, 49 CFR 537 requires manufacturers to report the make, model type, compliance category, 
and production volume of each vehicle equipped with each technology and the associated fuel 
consumption improvement value (FCIV). NHTSA is adding the reporting and enforcement 
burden hours and cost for these new incentives to this collection. Manufacturers can also 
petition the EPA and NHTSA, in accordance with 40 CFR 86.1868-12 or 40 C'FR 86.!869-12, to 
gain additional credits based upon the improved perfonnance of any ofthe·ne\.v incentivized 
technologies allowed for model year 2017. EPA approves these petitions in collaboration with 
NHTSA and any adjustments are taken into account for both programs. As a part the agencies' 
coordination, NHTSA provides EPA with an evaluation of each new technology to ensure its 
direct impact on fuel economy and an assessment on the suitability of each technology for use in 
increasing a manufacturer's fuel economy performance. Furthermore, at times, NHTSA may 
independently request additional information from a manufacturer to support its evaluations. 
This information along with any research conclusions shared with EPA and NHTSA in the 
petitions is required to be submitted in manufacturer's CAFE reports. 

NHTSA is changing the burden hours for its CAFE reporting requirements in 49 CFR 
part 537. NHTSA is reducing the total amount of time spent collecting the required reporting 
information by standardizing the required data and streamlining the collection process using a 
standardized reporting template. The standardized template will be used by manufacturers to 
collect all the required CAFE information under 49 CFR 537. 7(b) and (c) and provides a format 
which ensures accuracy, completeness, and better alignment with the final data provided to EPA. 

2. Other CAFE Compliance Collections 

NHTSA is adopting a new standardized template for manufacturers buying CAFE credits 
and for manufacturers submitting credit transactions in accordance with 49 CFR part 536. ln 49 
CFR part 536.S(d), NHTSA is required to assess compliance with fuel economy standards each 
year, utilizing the certified and reported CAFE data provided by the EPA for enforcement of the 
CAFE program pursuant to 49 U.S.C. 32904{e). Credit values are calculated based on the CAFE 
data from the EPA. If a manufacturer's vehicles in a particular compliance category performs 

"" These technologies were not included in the burden for part 537 at the time as the additional reporting 
requirements would not take effect until years later. 
,m· E.g .• engine idle stop-start systems, active tmnsmission warmup systems, etc. 
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better than its required fuel economy standard, NHTSA adds credits to the manufacturer's 
account for that compliance category. !fa manufacturer's vehicles in a particular compliance 
category pfrfonn worse than the required fuel economy standard, NHTSA will add a credit 
deficit to the manufacturer's account and will provide written notification to the manufacturer 
concerning its failure to comply. The manufacturer will be required to confirm the shortfall and 
must either: submit a plan indicating how it will allocate existing credits or earn, transfer. and/or 
acquire credits or pay the equivalent civil penalty. The manufacturer must submit a plan or 
payment within 60 days of receiving notification from NHTSA. 

Manufacturers should use the credit transaction template any time a credit transaction 
request is sent to NHTSA. For example, manufacturers that purchase credits and want to apply 
them to their credit accounts will use the credit transaction template. The template NHTSA is 
adopting is a simple spreadsheet that trading parties fill out. When completed, parties will be 
able to-click a button on the spreadsheet to generate a joint transaction letter for the parties to 
sign and submit to NHTSA, along with the spreadsheet. NHTSA believes these changes will 
significantly reduce the burden on manufacturers in managing their CAFE credit accounts. 

Finally, NHTSA is accounting for the,additional burden due to existing CAFE program 
elements. 1n 49 CFR part 5,25, small volume manufacturers submit petitions to NHTSA for 
exemption from an applicable average fuel economy standard and to request to comply with a 
less stringent alternative average fuel economy standard. In 49 CFR part 534, manufacturers are 
required to submit infonnation to NHTSA when establishing a corporate controlled relationship 
with another manufacturer. A controlled relationship exists between manufacturers that control, 
are controlled by, or are und,er common control with, one or more other manufacturers. 
Accordingly, manufacturers that have entered into written contracts transferring rights and 
responsibilities to other manufacturers in controlled relationships for CAFE purposes are 
required to provide reports to NHTSA. There are additional reporting requirements for 
manufacturers submitting carry back plans and when manufacturers split apart from controlled 
relationships and must designate how credits are to be allocated between the parties.2173 

Manufacturers with credit deficits at the end of the m_odel year, can cany ba_ck future-earned 
credits up to three model years in advance of the deficit to resolve a current shortfall. The 
canyback plan proving the existence of a manufacturer's future earned credits must be submitted 
and approved by NHTSA, pursuant to 49 U.S.C. 32903(b). 

3. Analysis Fleet Composition 

As discussed in Section [xxx], in setting CAFE standards, NHTSA c_reates an anqlysis 
fleet from which to model potential future economy improvements. To compose this fleet, the 
agency uses a mixture of compliance data and information from other sources to replicate more 
closely the fleet from a recent model year. While refining the analysis fleet, NHTSA 
occasiona11y asks manufacturers for information that is similar to infonnation submitted as part 
ofEPA's final model year report (e.g .. final model year vehicle volumes). Periodically, NHTSA 
may-ask manufacturers for more deW.iled information than what is required for compliance (e.g., 
what engines are shared across vehicle models). Often, NHTSA requests this information from 

m., &e 49 CFR part 536. 
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manufacturers after manufacturers have submitted their final model year reports to EPA, but 
before EPA processes and releases final model year reports. 

Information like this, which is used to verify and supplement the data used to create the 
analysis fleet, is tremendously valuable to generating an accurate analysis fleet, and setting 
maximum feasible standards. The more accurate1he analysis fleet is, the more accurate the 
modeling of what technologies could be applied will be. Therefore, NHTSA is accounting for 
the burden on manufacturers to provide the agency with this additional information. In almost 
all instances, manufacturers already have the infonnation NHTSA seeks, but it might need to be 
refonnatted or recompiled. Because of this, NHTSA believes the burden to provide this 
information will often be minimal. 

.{ffecred Public: Respondents are manufacturers of engines and vehicles within the North 
American Industry Classification System (NAICS) and use the coding structure as defined by 
NAICS including cocjes 3361 J, 336111, 336112, 33631, 33631, 33632, 336320, 33635, and 
336350 for motor vehicle and parts manufacturing. 

Respondent's obligation to respond: Regulated entities are required to respond 10 

inquiries covered by this collection. 49 U.S.C. 32907. 49 CFR part 525,534,536, and 537. 

Frequency of response: Variable._ based on compliance obligation. Please see PRA 
supporting documentation in the docket for more detailed infonnation. 

Average burden time per response: Variable, based on compliance obligation. Please see 
PRA supporting documentation in the docket for more detailed information. 

Numberofrespondents: 23. 

4. Estimated Total Annual Burden Hours and Costs: 

Table X-2 - Estimated Burden for Reporting Requirements 

Manufacturers Government 

Hours Cost Hours Cost 

Prior Collectitin 3,189.00 $24,573.50 975.00 $31,529.00 

Current Collection 5,337.50 $266,326.83 3,038.,00 $141,246.78 

Difference 2,148.50 $241,753.33 2,023.00 $\09;717.78 

0. Privacy Act 

In accordance with 5 U.S.C. 553{c), the agencies solicited comments from the public to 
inform the rulemaking process better. These comments are posted, without edit, to 
www.regulations.gov, as described in DOT's system ofrecordsno1ice, DOT/ALL-14 FDMS, 
accessible through www.transportation.gov/privacy. In order to facilitate comment tracking and 
response, the agencies encouraged comm enters to provide their names, or the names of their 
organizations: howe"Ver, submission ofnames is completely optional. 
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[Text Forthcoming] 
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