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ETDS Electric traction drive system

ETW Equivalent test weight

EU European Union

EV Electric vehicle

FARS Fatal Accident Reporting System

FCA Fiat Chrysler Automobiles

FCEV Fuel cell electric vehicle

FCIV Fuel consumption improvement value

FCV Fuel cell vehicle

FCW Forward Collision Warning

FE Fuel economy

Fed. Reg. Federal Register

FFV Flexible fuel vehicle

FHWA Federal Highway Administration
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Final SEIS

Final Supplemental Environmental Impact Statement

FMVSS Federal Motor Vehicle Safety Standards

FR Fatality Rate

FRIA Final Regulatory Impact Analysis

FTP Federal Test Procedure

FWD Front-wheel drive

g/mi grams per mile

GDP Gross domestic product

GES General Estimates System

gpm Gallons per mile

GREET Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation
GVWR Gross vehicle weight rating

HCR High compression ratio

HEG High efficiency gearbox

HEV Hybrid electric vehicle

HP Horsepower

HWEFET Highway Fuel Economy Test

IACC Improved accessories

IACMI Institute for Advanced Composites Manufacturing Innovation
IAV IAV Automotive Engineering, Inc.

ICCT International Council on Clean Transportation
ICE Internal combustion engine

ICM Indirect Cost Multiplier

IMEP Indicated Mean Effective Pressure

IQR Inner quartile range

JLR Jaguar Land Rover

KABCO Scale used to represent injury severity in crash reporting
km kilometer

km/h kilometers per hour

kWh Kilowatt hour

LBNL Lawrence Berkeley National Laboratory

LCA Lane Change Alert

LDB Low Drag Brakes

LDV Light duty passenger vehicle

LDW Lane Departure Warning

LE Learning effect

LEV Low-emission vehicle

LFP Lithium iron phosphate

LIDAR Light Detection and Ranging
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LKA

Lane Keep Assist

LS Low sulfur

LT Light truck

LTVs Light trucks and vans

MAD Minimum absolute deviation

MAIS Maximum abbreviated injury scale

MCT Multi-cycle test

MDHD Medium-duty and heavy-duty

MDPCS Minimum domestic passenger car standard
MIT Massachusetts Institute of Technology
MOVES Motor Vehicle Emission Simulator

MPG Miles per gallon

MPGe Miles-per-gallon equivalent

mph Miles per hour

MRO Baseline Mass Reduction Technology

MR1 Mass Reduction - 5.0% of Glider Weight
MR2 Mass Reduction - 7.5% of Glider Weight
MR3 Mass Reduction - 10.0% of Glider Weight
MR4 Mass Reduction - 15.0% of Glider Weight
MRS5S Mass Reduction - 20.0% of Glider Weight
MR6 Mass Reduction - 28.2% of Glider Weight
MSRP Manufacturer suggested retail price

MT Manual transmissions

MY Model Year

NA Naturally Aspirated

NADA National Automotive Dealers Association
NAS National Academy of Sciences

NASEM National Academies of Sciences, Engineering, and Medicine
NASS-CDS | National Automotive Sampling System Crashworthiness Data System
NBER National Bureau of Economic Research

NCA Lithium nickel cobalt aluminum oxide

NCAP New Car Assessment Program

NCSA National Center for Statistics and Analysis
NEMS National Energy Modeling System

NEPA National Environmental Policy Act
NESCCAF Northeast States Center for a Clean Air Future
NHTS National Household Transportation Survey
NHTSA National Highway Traffic Safety Administration
NMC Nickel manganese cobalt
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NOx Nitrogen oxide

NPRM Notice of proposed rulemaking

NRC National Research Council

NVH Noise-vibration-harshness

NVPP National Vehicle Population Profile

OEM Original equipment manufacturer

OHV Over-head valve

OMB Office of Management and Budget

ORNL Oak Ridge National Laboratory

PADD Petroleum Administration for Defense District
PAEB Pedestrian Automatic Emergency Braking
PAN Polyacrylonitrile

PC Passenger car

PDO Property damage-only

PFI Port fuel injection

PHEV Plug-in hybrid electric vehicle

PHEV20 PHEV with 20-mile range

PHEV20H PHEV20 with high compression ratio engine
PHEV20T PHEV20 with turbo engine

PHEV50 PHEV with 50-mile range

PHEV50H PHEVS50 with high compression ratio engine
PHEV50T PHEVS50 with turbo engine

PIC NHTSA's CAFE Public Information Center
PMi, Particulate matter 10 microns or less in diameter
PM; 5 Particulate matter 2.5 microns or less in diameter
PRIA Preliminary Regulatory Impact Analysis

PS Power split

PV Passenger vehicle

RADAR Radio Detection and Ranging

RDPI Real disposable personal income

RIM Resin Infiltration Process

ROLLO Baseline tire rolling resistance

ROLL10 Tire rolling resistance, 10% improvement
ROLL20 Tire rolling resistance, 20% improvement
RPE Retail price equivalent

RRC Rolling resistance coefficient

RTM Resin transfer molding

RWD Rear-wheel drive

s.f. Square foot
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SAE Society of Automotive Engineers

SAX Secondary axle disconnect

SC-CH4 Social cost of methane

SC-GHG Social cost of greenhouse gases

SC-N,O Social cost of nitrous oxide

scf Standard cubic feet

SCO Synthetic crude oil

Secretary Secretary of Transportation

SGDI Stoichiometric gasoline direct injection

SHEV Strong hybrid electric vehicle

SHEVP2 Parallel strong hybrid electric vehicle

SHEVPS Power split strong hybrid electric vehicle

SIR Societal injury risk

SO, Sulfur dioxide

SOC State of charge

SOHC Single overhead cam

SPR U.S. Strategic Petroleum Reserve

SS12V 12-volt stop start

SUvV Sport utility vehicle

SWRI South-West Research Institute

TAR Technical Assessment Report

TCU Transmission control unit

TE Tailpipe Emissions

TPMS Tire Pressure Monitoring System

TRANS Transmission technologies

TS&D Transportation, Storage, and Distribution

TSD Technical Support Document

TURBO1 Turbocharged engine

TURBO2 Advanced turbocharged engine

TURBOAD | Turbocharged engine with advanced cylinder deactivation
TURBOD Turbocharged engine with cylinder deactivation
TWh Terawatt-hour

TZEV Transitional zero-emissions vehicle

U.S. United States

U.S.C. United States Code

UDDS Urban Dynamometer Driving Schedule

UMTRI University of Michigan Transportation Research Institute
US06 A high acceleration aggressive driving schedule also identified as Supplemental

Federal Test Procedures
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USITC U.S. International Trade Commission

VCR Variable compression ratio

VIN Vehicle Identification Number

VMT Vehicle miles traveled

vVOC Volatile organic compounds

VSL Value of a statistical life

VTG Variable turbo geometry engine

VTGE Variable turbo geometry engine with eBooster
VTO DOE Vehicle Technologies Office

VTTS Memo | DOT’s 2016 Value of Travel Time Savings memorandum
VVL Variable Valve Lift

VVT Variable Valve Timing

ZEV Zero emissions vehicle
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1 What is NHTSA analyzing, and why?

The National Highway Traffic Safety Administration (NHTSA) is establishing revised Corporate
Average Fuel Economy (CAFE) standards for passenger cars and light trucks produced for
model years (MYs) 2024-2026. On January 20, 2021, President Biden signed Executive Order
(E.O.) 13990, Protecting Public Health and the Environment and Restoring Science to Tackle the
Climate Crisis. E.O. 13990 directed the agency to review the 2020 final rule that previously
established CAFE standards for MY's 2021-2026, and to consider whether to suspend, revise, or
rescind that action by issuing a proposal by July 2021.! Because of President Biden’s direction,
NHTSA reexamined the 2020 final rule and proposed to revise the fuel economy standards set in
2020 so that they would instead have increased at a rate of 8 percent per year annually from MY
2024 through MY 2026 for both passenger cars and light trucks. In reviewing public comments
on that proposal and considering the available information and analysis in light of NHTSA’s
statutory mandate to insulate our nation’s economy against external factors associated with
petroleum consumption, NHTSA is issuing final standards that increase in stringency for both
passenger cars and light trucks at the rates of 8 percent, 8 percent, and 10 percent over MY's
2024, 2025, and 2026, respectively. NHTSA estimates that over the lives of vehicles produced
prior to MY 2030, the final standards will save about 60 billion gallons of gasoline and increase
electricity consumption by about 180 terawatt-hours (TWh).

Accounting for emissions from both vehicles and upstream energy sector processes (e.g.,
petroleum refining and electricity generation), NHTSA estimates that the final standards will
reduce greenhouse gas emissions by about 605 million metric tons of carbon dioxide (COz),
about 730 thousand tons metric tons of methane (CHa4), and about 17 thousand tons of nitrous
oxide (N20). For example, Figure 1-1 shows NHTSA’s estimate of future CO2 emissions under
each alternative:

186 Fed. Reg. 7037 (Jan. 25, 2021).
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Figure 1-1 — Estimated Annual CO2 Emissions Attributable to Light-Duty On-Road Fleet

Also accounting for vehicular and upstream emissions, NHTSA has estimated annual emissions
of most criteria pollutants (i.e., pollutants for which the U.S. Environmental Protection Agency
[EPA] has issued National Ambient Air Quality Standards). NHTSA estimates that under each
regulatory alternative, annual emissions of carbon monoxide (CO), volatile organic compounds
(VOCQ), nitrogen oxide (NOx), and particulate matter 2.5 microns or less in diameter (PM2.5)
attributable to the light-duty on-road fleet will decline dramatically between 2020 and 2050, and
that emissions in any given year could be very nearly the same under each regulatory alternative.
For example, Figure 1-2 shows NHTSA’s estimate of future NOx emissions under each
alternative.
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Figure 1-2 — Estimated Annual NOx Emissions Attributable to Light-Duty On-Road Fleet

On the other hand, as discussed in the Final Regulatory Impact Analysis (FRIA) and Final
Supplemental Environmental Impact Statement (Final SEIS), NHTSA projects that annual SO2
emissions attributable to the light-duty on-road fleet could increase modestly under the action
alternatives, because, as discussed above, NHTSA projects that each of the action alternatives
could lead to greater use of electricity (for plug-in hybrid electric vehicles [PHEVs] and battery
electric vehicles [BEVs]). The adoption of actions—such as actions prompted by President
Biden’s E.O. directing agencies to develop a Federal Clean Electricity and Vehicle Procurement
Strategy—to reduce electricity generation emission rates beyond projections underlying
NHTSA’s analysis (discussed in Chapter 5) could dramatically reduce SO2 emissions under all
regulatory alternatives considered in the final rule.?

For the “standard setting” analysis, the FRIA accompanying today’s notice provides additional
detail regarding projected criteria pollutant emissions and health effects, as well as the inclusion
of these impacts in the benefit-cost analysis. For the “unconstrained” or “EIS” type of analysis,
the Final SEIS accompanying the final rule presents much more information regarding projected
criteria pollutant emissions, as well as model-based estimates of corresponding impacts on
several measures of urban air quality and public health. As mentioned above, these estimates of

2 https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/27/executive-order-on-tackling-the-
climate-crisis-at-home-and-abroad/. (Accessed: February 14, 2022).
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criteria pollutant emissions are based on a complex analysis involving interacting simulation
techniques and a myriad of input estimates and assumptions. Especially extending well past
2040, the analysis involves a multitude of uncertainties. Therefore, actual criteria pollutant
emissions could ultimately be different from NHTSA’s current estimates for this final rule.

This Technical Support Document (TSD) describes the supporting technical analysis that
informed agency decision-makers in deciding to establish this rate of stringency increase for the
CAFE standards for MY's 2024-2026.

Chapter 1 of this TSD explains how NHTSA develops footprint-based curves for the regulatory

alternatives that represent different levels of possible CAFE stringency. Chapter 1 also presents
the regulatory alternatives themselves and explains how the CAFE Model uses inputs to conduct
the analysis.

Chapter 2 of this TSD describes the development of the inputs that the CAFE Model (“the
model”) uses, including the analysis fleet, the zero emissions vehicle (ZEV) Module, compliance
credits, technology effectiveness values, technology adoption and availability, technology costs,
and other inputs.

Chapter 3 of this TSD describes the technology paths within the model.

Chapter 4 of this TSD describes consumer responses to manufacturer compliance strategies,
including macroeconomic assumptions that affect and describe consumer behavior, changes in
fleet composition (including new vehicle sales and retirement or scrappage of existing vehicles),
changes in vehicle miles traveled (VMT), and changes in fuel consumption.

Chapter 5 of this TSD describes how the model simulates the environmental effects of the
different regulatory alternatives, including greenhouse gas emissions effects, criteria pollutant
emissions effects, and how health effects flow from those changes.

Chapter 6 of this TSD describes how the model simulates the economic effects of the different
regulatory alternatives, in terms of costs and benefits that accrue to consumers and to society.

Chapter 7 of this TSD describes how the model simulates the safety effects of the different
regulatory alternatives.

1.1  Why does NHTSA conduct this analysis?

When NHTSA promulgates new regulations, it generally presents an analysis that estimates the
impacts of such regulations, and the impacts of other regulatory alternatives. These analyses
derive from statutes such as the Administrative Procedure Act (APA) and National
Environmental Policy Act (NEPA), from Executive Orders (such as E.O. 12866 and E.O.
13653), and from other administrative guidance (e.g., Office of Management Budget Circular A-
4). For CAFE, the Energy Policy and Conservation Act (EPCA), as amended by the Energy
Independence and Security Act (EISA), contains a variety of provisions that require NHTSA to
consider certain compliance elements in certain ways and avoid considering other things, in
determining maximum feasible CAFE standards. Collectively, capturing all of these
requirements and guidance elements analytically means that, at least for CAFE, NHTSA presents
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an analysis that spans a meaningful range of regulatory alternatives, that quantifies a range of
technological, economic, and environmental impacts, and that does so in a manner that accounts
for EPCA’s express requirements for the CAFE program (e.g., that passenger cars and light
trucks are regulated separately, and that the standard for each fleet must be set at the maximum
feasible level in each model year).

NHTSA'’s decision regarding the final standards is thus supported by, although not dictated by,
extensive analysis of potential impacts of the regulatory alternatives under consideration. Along
with the preamble to the final rule, this TSD, a FRIA, and a Final SEIS, together provide an
extensive and detailed enumeration of related methods, estimates, assumptions, and results.
NHTSA'’s analysis has been constructed specifically to reflect various aspects of governing law
applicable to CAFE standards and has been expanded and improved in response to comments
received to the proposal, to the prior rulemaking, and based on additional work conducted over
the last several months. Further improvements, which could not be incorporated in this final rule
analysis due to timeline considerations, scope of notice, and/or complexity, may be made in the
future based on comments received to the proposal, the 2021 National Academy of Sciences
(NAS) Report? and other additional work generally previewed in these rulemaking documents.
The analysis for this final rule aided NHTSA in implementing its statutory obligations, including
the weighing of various considerations, by reasonably informing decision-makers about the
estimated effects of choosing different regulatory alternatives.

NHTSA'’s 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 United States. Two examples of estimates include (1) forecasts of future gross
domestic product (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” (i.e., the tendency that it
will cost a manufacturer less to apply a technology as the manufacturer gains more experience
doing so).

NHTSA uses the CAFE Compliance and Effects Modeling System (usually shortened to the
“CAFE Model”) to estimate manufacturers’ potential responses to new CAFE and COz standards
and to estimate various 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

3 National Academies of Sciences, Engineering, and Medicine, 2021. Assessment of Technologies for Improving
Fuel Economy of Light-Duty Vehicles — 2025-2035, Washington, DC: The National Academies Press (hereinafter,
“2021 NAS Report”). Available at https://www.nationalacademies.org/our-work/assessment-of-technologies-for-
improving-fuel-economy-of-light-duty-vehicles-phase-3, and for hard copy review at DOT headquarters.
(Accessed: February 14, 2022).
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CAFE rulemaking since 2001. The 2016 rulemaking regarding heavy-duty pickup and van fuel
consumption and CO2 emissions also used the CAFE Model for analysis.

The basic design of the CAFE 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. In a highly summarized form, the following diagram
shows the basic categories of CAFE Model procedures, and the sequential flow between
different stages of the modeling. The diagram does not present specific model inputs or outputs,
as well as many specific procedures and model interactions. The model documentation
accompanying this TSD presents these details.

31



Simulate Year-by-Year Compliance
- Apply Technology
- Use Compliance Credits
- If Applicable, Pay Fines

Simulate On-Road Fleet
- Estimate New Vehicle Sales
- Estimated Used Vehicle Scrappage
- Estimate Annual Travel (VMT)

Calculate Physical Impacts
- Energy Use
- Emissions and Health Impacts
- Crash-Related Fatalities and Injuries

Calculate Benefits and Costs
- Compliance Costs
-  Energy Costs
- Environmental Damages
- Crash-Related Losses
- Other Monetized Impacts

Figure 1-3 — CAFE Model Procedures and Logical Flow

More specifically, 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).
A regulatory scenario involves specification of the form, or shape, of the standards (e.g., flat
standards, or linear or logistic attribute-based standards), scope of passenger car and light truck
regulatory classes, and stringency of the CAFE standards for each model year to be analyzed.

For example, a regulatory scenario may define CAFE standards that increase in stringency by 8
percent per year for 3 consecutive years. Additionally, and importantly, the model does not
determine the form or stringency of the standards. Instead, the model applies inputs specifying
the form and stringency of standards to be analyzed and produces outputs showing the impacts of
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manufacturers working to meet those standards. Those outputs then become the basis for
comparing between different potential stringencies.

Manufacturer compliance simulation and the ensuing effects estimation, collectively referred to
as compliance modeling, encompass numerous subsidiary elements. Compliance simulation
begins with a detailed user-provided” initial forecast of the vehicle models offered for sale during
the simulation period. The compliance simulation then attempts to bring each manufacturer into
compliance with the standards® defined by the regulatory scenario contained within an input file
developed by the user.

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 consumer
responses — e.g., the impact of vehicle fuel economy, operating costs, and vehicle price on
consumer demand for passenger cars and light trucks. Both basic analytical elements involve the
application of many analytical inputs. Many of these inputs are developed outside of the model
and not by the model.

NHTSA also uses EPA’s Motor Vehicle Emissions Simulator (MOVES) model to estimate
“tailpipe” (a.k.a. “vehicle” or “downstream”) emission factors for criteria pollutants,® and uses
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 agency uses the DOE
Energy Information Administration’s (EIA’s) National Energy Modeling System (NEMS) to
estimate fuel prices,’ and uses Argonne’s Greenhouse gases, Regulated Emissions, and Energy
use in Transportation (GREET) model to estimate emissions rates from fuel production and
distribution processes.® DOT also sponsored DOE/Argonne to use Argonne’s Autonomie full-
vehicle modeling and simulation system to estimate the fuel economy impacts for over a million

4 Because the CAFE Model is publicly available, anyone can develop their own initial forecast (or other inputs) for
the model to use. The DOT-developed Market Data file that contains the forecast used for this final rule is available
on NHTSA’s website at https://www.nhtsa.gov/corporate-average-fuel-economy/cafe-compliance-and-effects-
modeling-system#downloads. (Accessed: March 22, 2022).

5 With appropriate inputs, the model can also be used to estimate impacts of manufacturers’ potential responses to
new CO; standards and to California’s ZEV program.

6 See https://www.epa.gov/moves. (Accessed: February 14, 2022). Today’s final rule uses version MOVES3,
available at https://www.epa.gov/moves/latest-version-motor-vehicle-emission-simulator-moves. (Accessed:
February 14, 2022).

7 See https://www.eia.gov/outlooks/aco/info_nems_archive.php. (Accessed: February 14, 2022). Today’s final rule
uses fuel prices estimated using the AEO 2021 version of NEMS (see
https://www.eia.gov/outlooks/aco/pdf/02%20AE02021%20Petroleum.pdf). (Accessed: February 14, 2022)

8 Information regarding GREET is available at https://greet.es.anl.gov/index.php. (Accessed: February 14, 2022).
Today’s final rule uses the 2021 version of GREET.
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combinations of technologies and vehicle types.>!° Other chapters in this TSD and discussion in
the accompanying FRIA describe details of the agency’s use of these models. In addition, as
discussed in the Final SEIS accompanying today’s final rule, DOT relied on a range of climate
models to describe impacts on climate, air quality, and public health. The Final SEIS discusses
and describes the use of these models.

The CAFE Model, therefore, serves as a “hub” that connects and holds together a wide range of
inputs, processes, and other models that all inform DOT’s analysis, and that, in turn, provides
essential model results underlying the Final SEIS accompanying today’s final rule. Though not
exhaustive, the diagram on the following page shows most of the important connections between
different elements of DOT’s analysis.

9 As part of the Argonne simulation effort, individual technology combinations simulated in Autonomie were paired
with Argonne’s BatPaC model to estimate the battery cost associated with each technology combination based on
characteristics of the simulated vehicle and its level of electrification. Information regarding Argonne’s BatPaC
model is available at https://www.anl.gov/cse/batpac-model-software. (Accessed: February 14, 2022).

10 In addition, the impact of engine 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 IAV
Automotive Engineering, Inc. (IAV). The engine characterization “maps” resulting from this analysis were used as
inputs for the Autonomie full-vehicle simulation modeling. Information regarding GT-POWER is available at
https://www.gtisoft.com/gt-suite-applications/propulsion-systems/gt-power-engine-simulation-software. (Accessed:
February 14, 2022).
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To prepare for analysis supporting today’s final rule, DOT has refined and expanded the CAFE
Model through ongoing development. Examples of such changes, some informed by past
external comments, made since early 2020 include:

Inclusion of 400- and 500-mile BEVs;
Inclusion of high compression ratio (HCR) engines with cylinder deactivation;

Accounting for manufacturers’ responses to both CAFE and COz standards jointly (rather
than only separately);

Accounting for the ZEV mandates applicable in California and the Section 177 states;

Accounting for some vehicle manufacturers’ (BMW, Ford, Honda, VW, and Volvo)
voluntary adoption of the California Framework Agreements through MY 2026, with
greater rates of electrification than would have been required under the 2020 Federal final
rule; !

Including CAFE civil penalties in the “effective cost” metric used when simulating
manufacturers’ potential application of fuel-saving technologies;

Including refined procedures to estimate health effects and corresponding monetized
damages attributable to criteria pollutant emissions;

Adding new procedures to estimate the impacts and corresponding monetized damages of
highway vehicle crashes that do not result in fatalities;

Establishing procedures to ensure that modeled technology application and production
volumes are the same across all regulatory alternatives in the earliest model years; and

Revising procedures to more precisely focus application of EPCA’s “standard setting
constraints” (i.e., regarding the consideration of compliance credits and additional
dedicated alternative fueled vehicles) to only those model years for which NHTSA is
proposing or finalizing new standards.

These changes reflect DOT’s long-standing commitment to ongoing refinement of its approach
to estimating the potential impacts of new CAFE standards. Following the proposal preceding
today’s notice, NHTSA made several further changes to the CAFE Model, including:

Including new options for applying a dynamic fleet share model (of the relative shares
passenger cars and light trucks comprise of the total U.S. new vehicle market);

' For more information on the Framework Agreements for Clean Cars, including the specific agreements signed by
individual manufacturers, please see https://ww?2.arb.ca.gov/news/framework-agreements-clean-cars. (Accessed:
February 14, 2022).
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¢ Adding provisions allowing direct input of the number of miles to be included when
valuing avoided fuel outlays in the models used to estimate impacts on the total sales of
new vehicles and the scrappage of used vehicles;

e Expanding reporting to include all estimates (for today’s analysis) of the social cost of
carbon dioxide emissions (i.e., the SCC) when reporting total and net benefits to society;

e Calculating and reporting the value of miles reallocated between new and used vehicles
(when holding overall travel demand before accounting for the rebound effect constant
between regulatory alternatives);

¢ Including adjustments to reduce exclude finance costs from reported incremental costs to
consumers, and reduce reported insurance costs by 20 percent (to prevent double-
counting of the costs to replace totaled vehicles); and

e Incorporating revisions to allow direct specification of total VMT even in years for which
the CAFE Model estimates new vehicle sales (in particular, for today’s analysis, 2021, to
account for VMT recovering rapidly following the decline in the early months of the
coronavirus disease of 2019 (COVID-19) pandemic.

These changes reflect DOT’s long-standing commitment to ongoing refinement of its approach

to estimating the potential impacts of new CAFE standards and, since the early 2000s, refining
the CAFE Model DOT maintains to make such estimates, as shown in Figure 1-5.
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= Inception and early development
= Application to all manufacturers

= Accounting for redesign cadence

= Integration of compliance, effects, and benefit-cost methods
= Accountng for shared engines and fransmissions

= Eepresention of attribute-based light truck standards

= Application of social cost of carbon (SCC)

= Maximization of estimated net benefits

» Probabilistic uncertainty analysis (Monte Carlo method)

= Attribute-based passenger car standards
=« "Synergy” factors to adjust mpg estimates for technology pairings

=FFV cradits
= Accounting for manufacturers’ multiyear product planning

= Imitial nze of full vehicle simulations

= Accounting for BEV and PHEV charging

= Applying technology-specific estimates of changes in consumer value

» Estimating generation and use of CAFE credits

» Estimating potential for market-driven fuel economy increazes

» Estimating changes in highway fatalities due to changes in vehicle mass

» Wide application of fiull vehicle simulation
» Accounting for shared vehicle platforms
= Attribute-based standards for heavy-duty (class 2b and 3) pickups and vans

= Simulation of compliance with atiribute-basad CO2 standards

» Refinements to compliance credit calculations

» Estimating impacts on new vehicle sales and nsed vehicle retirement
» Estimating changes in annual mileage accumulation (VT)

= Estimating employment impacts

» Estimating health impacts of criteria polluant emiszsions

= Inclusion of 400- and 300-mile BEVs, and HCE. engines with cylmder deactivation
= Accounting for both CAFE and CO2 standards jointly (rather than only separately)
= Accounting for ZEV mandates applicable in Califomia and the “Section 1777 states
= Accountng for California "Framework" agreement with specific OEMs

= Estimating impacts and monetized damages of highway vehicle crashes that do not result in fatalities
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Figure 1-5 — CAFE Model Refinement Milestones
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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 better assess
impacts of potential future standards. Furthermore, because the CAFE Model also accounts for
regulatory compliance provisions (now including CO2 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 COz standards.

Considering the technological heterogeneity of manufacturers’ current product offerings, and the
wide range of ways in which the many fuel economy-improving 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 different potential
combinations of fuel-saving technologies. Across the range of technology classes encompassed
by the analysis fleet, today’s analysis involves more than a million such estimates. While the
CAFE Model requires no specific approach to developing these inputs, the NAS has
recommended, and stakeholders have commented, that full-vehicle 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 necessary for realistic analysis of CAFE.
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.

In addition, DOE/Argonne’s Autonomie also has a long history of development and widespread
application by a wide 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, such as estimation and consideration of performance, utility, and drivability
metrics (e.g., towing capability, shift busyness, frequency of engine on/off transitions). This
steadily increasing realism has, in turn, steadily increased confidence in the appropriateness of
using Autonomie to make significant investment decisions. Notably, DOE uses Autonomie for
analysis supporting budget priorities and plans for programs managed by its Vehicle
Technologies Office (VTO).

Like any model, both Autonomie and the CAFE Model benefit from ongoing refinement.
However, NHTSA is confident that this combination of models produces a realistic
characterization of the potential impacts of potential new standards. The majority of
stakeholders that have supported the agency’s reliance on the DOE/Argonne Autonomie tool and
DOT CAFE Model noted not only technical reasons to use these models, but also other reasons
such as efficiency, transparency, and ease with which outside parties can exercise models and
replicate the agency’s analysis.

Today’s analysis exercises the CAFE Model in a manner that explicitly accounts for the fact that
vehicle manufacturers face the combination of CAFE standards, EPA CO2 standards, and ZEV
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mandates, and five manufacturers voluntary adoption of the California Framework Agreements
(also applicable to these manufacturers’ total production for the U.S. market) through model year
2026. These regulations and contracts have important structural and other differences that affect
the strategy a manufacturer could use to comply with each of the above, and NHTSA believes, as
discussed at more length in the final rule preamble, that it is important for agency decision-
makers to be as informed as possible about the effects of the regulatory landscape in which
future CAFE compliance would be occurring.

As explained, the analysis is designed to reflect several statutory and regulatory requirements
applicable to CAFE and tailpipe COz standard setting. EPCA contains several 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 Clean Air Act (CAA), as discussed elsewhere,
provides EPA with very broad authority under Section 202(a), and does not contain
EPCA/EISA’s prescriptions. In the interest of harmonization, however, EPA has adopted some
of the EPCA/EISA requirements into its tailpipe CO2 regulations, and NHTSA, in turn, has
created some additional flexibilities by regulation not expressly included by EPCA/EISA in
order to harmonize better with some of EPA’s programmatic decisions. EPCA/EISA
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 that standards apply to the average fuel
economy levels achieved by each corporation’s fleets of vehicles produced for sale in the United
States.!> EPA has adopted a similar approach under Section 202(a) of the CAA in the interest of
harmonization. The CAFE Model calculates the CAFE and COz 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 United States.

Separate Standards for Passenger Cars and Light Trucks: 49 U.S.C. 32902 requires the Secretary
of Transportation (the Secretary) to set CAFE standards separately for passenger cars and light
trucks. EPA has adopted a similar approach under Section 202(a) of the CAA. 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 United States 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
applicable mathematical function, and the mix and attributes of vehicles in the manufacturer’s
fleet. EPA has also adopted attribute-based standards under its broad CAA Section 202(a)

12 This differs from safety standards and traditional emissions standards, which apply separately to each vehicle. For
example, every vehicle produced for sale in the United States must, on its own, meet all applicable federal motor
vehicle safety standards (FMVSS), but no vehicle produced for sale must, on its own, meet federal fuel economy
standards. Rather, each manufacturer is required to produce a mix of vehicles that, taken together, achieve an
average fuel economy level no less than the applicable minimum level.
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authority in its current GHG standards. 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) allows EPA to establish COz2 standards
separately for each model year, and EPA has chosen to do this in the previous light-duty vehicle
CO:z standard-setting rules. The CAFE Model represents each model year explicitly, and
accounts for the production relationships between model years. '

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 to improve the fuel economy of their passenger
car fleets. EPA does not face a similar requirement for COz standard compliance. The CAFE
Model accounts explicitly for this requirement when simulating manufacturers’ potential
responses to CAFE standards and combines any given manufacturer’s domestic and imported
cars into a single 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 meet a minimum standard, which is calculated as 92 percent of the
industry-wide average level required under the applicable attribute-based CAFE standard, as
projected by the Secretary at the time the standard is promulgated. EPA’s GHG program does
not contain a similar requirement. The CAFE Model accounts explicitly for this requirement for
CAFE standards and sets this requirement aside for CO: standards.

Civil Penalties for Noncompliance: 49 U.S.C. 32912 (and implementing regulations) prescribes a
rate (in dollars 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 willingness
to pay civil penalties rather than achieving full numerical compliance across all fleets. The
CAFE Model calculates civil penalties 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 civil penalties. In contrast, the CAA does not authorize the EPA
Administrator to allow manufacturers to sell noncompliant fleets and pay civil penalties;
manufacturers who have chosen to pay civil penalties for CAFE compliance instead have tended
to employ EPA’s more-extensive programmatic flexibilities to meet CO2 emissions standards.
Thus, the CAFE Model does not allow civil penalty payment as an option for CO:2 standards.

1349 U.S.C. chapter 329 uses the term “non-passenger automobiles,” while NHTSA uses the term “light trucks” in
its CAFE regulations. The terms’ meanings are identical.

14 For example, a new engine first applied to given vehicle model/configuration in model year 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 to a given vehicle model every single year. The CAFE Model is
designed to account for these real-world factors.
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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
fuel 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 economy are
governed by regulation. The CAFE Model can account for these requirements explicitly for each
vehicle model. However, 49 U.S.C. 32902 prohibits consideration of the fuel economy of
dedicated AFV models when NHTSA determines what levels of CAFE standards are maximum
feasible. The CAFE Model therefore has an option to be run in a manner that excludes the
additional application of dedicated AFV technologies in model years for which maximum
feasible 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 Section 202(a) does not similarly require EPA to avoid
consideration of dedicated AFVs when setting CO2 standards. The CAFE Model thus accounts
for dual- and AFVs when simulating manufacturers’ potential responses to CO standards. !®

ZEV Mandates: The CAFE Model can simulate manufacturers’ compliance with ZEV mandates
applicable in California and Section 177! states. The approach involves identifying specific
vehicle model/configurations that could be replaced with PHEVs or BEVs, and immediately
making these changes in each model year, before beginning to consider the potential that other
technologies could be applied toward compliance with CAFE or CO: standards.

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 short of its corresponding requirement. These provisions allow credits to be
“carried forward” and “carried back” between model years, transferred between regulated classes
(domestic passenger cars, imported passenger cars, and light trucks), and traded between
manufacturers. However, credit use is also subject to 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/EISA 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.'”

15 For today’s analysis, NHTSA has exercised the CAFE Model accounting for EPA regulatory flexibilities.

16 The term “Section 177 states” refers to states which have elected to adopt California’s standards in lieu of Federal
requirements, as allowed under Section 177 of the CAA.

17 The CAFE Model does not explicitly simulate the potential that manufacturers would carry CAFE or CO, credits
back (i.e., borrow) from future model years, or acquire and use CAFE compliance credits from other manufacturers.
At the same time, because EPA has currently elected not to limit credit trading or transferring, the CAFE Model can
be exercised in a manner that simulates unlimited (a.k.a. “perfect”) CO, compliance credit trading throughout the
industry (or, potentially, within discrete trading “blocs”). NHTSA believes there is significant uncertainty in how
manufacturers 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 subsequent years
relying on those credits rather than continuing to make technology improvements, it is harder to assume with
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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 for a given model year under
consideration for standard setting. CAA 202(a) does not preclude the EPA Administrator from
adopting analogous provisions. With some exceptions, EPA’s baseline regulations limit the
“life” of compliance credits from most model years to 5 years, and to limit borrowing to 3 years,
but has not adopted any limits on transfers (between fleets) or trades (between manufacturers) of
compliance credits. The CAFE Model accounts for the absence of limits on transfers of CO2
standards. Insofar as the CAFE Model can be exercised in a manner that simulates trading of
CO2 compliance credits, such simulations treat trading as unlimited. '®

Statutory Basis for Stringency: 49 U.S.C. 32902 requires the Secretary to set CAFE standards at
the maximum feasible levels, considering technological feasibility, economic practicability, the
need of the Nation to conserve energy, and the impact of other government standards.
EPCA/EISA 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 to account for these statutory factors. For example, the Autonomie
simulations reflect the agency’s judgment that it would not be economically practicable for a
manufacturer to “split” an engine shared among many vehicle model/configurations into myriad
versions each optimized to a single vehicle model/configuration.

National Environmental Policy Act: In addition, NEPA requires the Secretary to issue an EIS
that documents the estimated impacts of regulatory alternatives under consideration. The Final
SEIS accompanying today’s final rule 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 Final SEIS, of impacts on the global climate, on tropospheric
air quality, and on human health.

Other Aspects of Compliance: Beyond these statutory requirements applicable to DOT and/or
EPA are several specific technical characteristics of CAFE and/or CO2 regulations that are also
relevant to the construction of today’s analysis. For example, EPA has defined procedures for

confidence that manufacturers will rely on future technology investments 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 to make fuel economy improvements we should
be making’ (to paraphrase one manufacturer), although NHTSA recognizes that carry-back and trading are used
more frequently when standards increase more rapidly in stringency. Given the uncertainty just discussed, and
given also the fact that the agency has yet to resolve some of the analytical challenges associated with simulating use
of these flexibilities, the agency considers borrowing and trading to involve sufficient risk that it is prudent to
support today’s final rule 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 what is modeled
today as a result of this analytical decision, that is broadly true no matter what, and the agency does not believe that
the difference would be so great that it would change the policy outcome. Furthermore, a manufacturer employing a
trading strategy would presumably do so because it represents a lower-cost compliance option. Thus, the estimates
derived from this modeling approach are likely to be conservative in this respect, with real-world compliance costs
possibly being lower.

18 To avoid making judgments about possible future trading activity, when exercising the model in this way, the
agency combines 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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calculating average COz levels, and has revised procedures for calculating CAFE levels, to
reflect manufacturers’ application of “off-cycle” technologies that increase fuel economy.
Although too little information is available to account for these provisions explicitly in the same
way that the agency has accounted for other technologies, the CAFE Model does include and
makes use of inputs reflecting the agency’s expectations regarding the extent to which
manufacturers may earn such credits, along with estimates of corresponding costs. Similarly, the
CAFE Model includes and makes use of inputs regarding credits EPA has elected to allow
manufacturers to earn toward CO2 levels (not CAFE) based on the use of air conditioner
refrigerants with lower global warming potential, or on the application of technologies to reduce
refrigerant leakage. In addition, EPA has elected to provide that through certain model years,
manufacturers may apply “multipliers” to plug-in hybrid electric vehicles, dedicated electric
vehicles, fuel cell vehicles, and hydrogen vehicles, such that when calculating a fleet’s average
COz levels (not CAFE), the manufacturer may, for example, “count” each electric vehicle twice.
The CAFE Model accounts for these multipliers, based on current regulatory provisions or on
alternative approaches. Although these are examples of regulatory provisions that arise from the
exercise of discretion rather than specific statutory mandate, they can materially impact
outcomes.

Besides the updates to the model described above, any analysis of regulatory actions that will be
implemented several years in the future, and whose benefits and costs accrue over decades,
requires many assumptions. Over such time horizons, many, if not most, of the relevant
assumptions in such an analysis are inevitably uncertain.!” It is natural that each successive
CAFE analysis should update assumptions to reflect better the current state of the world and the
best current estimates of future conditions.

Several assumptions have been updated since the 2020 final rule for today’s final rule. While
NHTSA would have made these updates as a matter of course, we note that that the COVID-19
pandemic has been profoundly disruptive, including in ways directly material to major analytical
inputs such as fuel prices, GDP, vehicle production and sales, and highway travel. As discussed
below, for the analysis supporting the notice of proposed rulemaking (NPRM) preceding today’s
notice, NHTSA updated its “analysis fleet” from a model year 2017 reference to a model year
2020 reference, updated estimates of manufacturers’ compliance credit “holdings,” updated fuel
price projections to reflect the U.S. Energy Information Administration’s (EIA’s) 2021 Annual
Energy Outlook (AEO), updated projections of GDP and related macroeconomic measures, and
updated projections of future highway travel. Since that time, NHTSA has further updated
macroeconomic and highway travel projections, reflecting the fact that these have recovered
more rapidly than initially anticipated. However, today’s analysis continues to rely on AEO
2022 fuel price projections, as EIA did not issue AEO 2022 until after NHTSA had already
completed today’s analysis.

In addition, through E.O. 13990, President Biden has required the formation of an Interagency
Working Group (IWG) on the Social Cost of Greenhouse Gases and charged this body with
updating estimates of the social costs of carbon, nitrous oxide, and methane. As discussed
below, NHTSA has applied the IWG’s interim guidance, which contains cost estimates (per ton

19 As often stated, “It’s difficult to make predictions, especially about the future.” See, e.g.,
https://quoteinvestigator.com/2013/10/20/no-predict/. (Accessed: February 14, 2022).
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of emissions) considerably greater than those applied in the analysis supporting the 2020 SAFE
rule. These and other updated analytical inputs are discussed in detail in the remainder of this
TSD.

1.2 What is NHTSA analyzing?
1.2.1 Attribute-Based Standards

As in the CAFE and COz rulemakings in 2010, 2012, and 2020, NHTSA is setting attribute-
based CAFE standards defined by a mathematical function of vehicle footprint, which has an
observable correlation with fuel economy. 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 to fuel economy and be expressed in the form of a mathematical function.?® Thus, the
final standards (and regulatory alternatives) take the form of fuel economy targets expressed as
functions of vehicle footprint (the product of vehicle wheelbase and average track width) that are
separate for passenger cars and light trucks. Chapter 1.2.3 below discusses NHTSA’s continued
reliance on footprint as the relevant attribute in this final rule.

Under the footprint-based standards, the function defines a 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 average standard for each year that is almost certainly
unique to each of its fleets,?! 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, consistent with 49 U.S.C. 32902(b)’s direction that NHTSA
must set separate 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 mpg
targets than smaller vehicles. This is because, generally speaking, smaller vehicles are more
capable of achieving higher levels of fuel economy, mostly because they tend not to have to
work as hard (and therefore to 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 projected production volume of its vehicle fleet (and are estimated as part of EPA’s
certification process), the standards with 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 model year, will thus be
based on the production-weighted average target and performance of each model in its fleet.?

For passenger cars, consistent with prior rulemakings, NHTSA is defining fuel economy targets
as shown in Equation 1-1.

2049 U.S.C. 32902(a)(3)(A).

2l EPCA/EISA requires NHTSA and EPA to separate passenger cars into domestic and import passenger car fleets
for CAFE compliance purposes (49 U.S.C. 32904(b)), whereas EPA combines all passenger cars into one fleet.

22 As discussed in prior rulemakings, a manufacturer may have some vehicle models that exceed their target and
some that are below their target. Compliance with a fleet average standard is determined by comparing the fleet
average standard (based on the production-weighted 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
TARGETFE ==

MIN [MAX (c x FOOTPRINT + d, %) %]

Equation 1-1 — Passenger Car Fuel Economy Footprint Target Curve

Where:

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

a is a minimum fuel economy target (in mpg),
b 1s a maximum fuel economy target (in mpg),

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

d is an intercept (in gpm) of the same line.

Here, MIN and MAX are functions that take the minimum and maximum values, respectively, of
the set of included values. For example, MIN[40, 35] = 35 and MAX(40, 25) = 40, such that
MIN[MAX(40, 25), 35] = 35.

The resultant functional form is reflected below in graphs displaying the passenger car target
function in each model year for each regulatory alternative.

For light trucks, also consistent with prior rulemakings, NHTSA is defining fuel economy targets
as shown in Equation 1-2.

TARGET;

1 1

1
b

= MAX 1

MIN [MAX (c x FOOTPRINT + d, %) ] "MIN [MAX (g x FOOTPRINT + h, %) 7

Equation 1-2 — Light Truck Fuel Economy Target Curve
Where:

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

a, b, ¢, and d are as for passenger cars, but taking values specific to light trucks,
e 1s a second minimum fuel economy target (in mpg),

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

h is an intercept (in gpm) of the same second line.

As for the passenger car target function, the resultant functional form is reflected below in graphs
displaying the light truck target function in each model year for each regulatory alternative.

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 trucks.

To be clear, as has been the case since NHTSA began establishing attribute-based standards, no
vehicle needs meet the specific applicable fuel economy target, because compliance with CAFE
standards is determined, per statute, based on corporate average fuel economy. In this respect,
CAFE standards are unlike, for example, Federal Motor Vehicle Safety Standards (FMVSS) and
certain vehicle criteria pollutant emissions standards where each car must meet the requirements.
CAFE standards apply to the average fuel economy levels achieved by manufacturers’ entire
fleets of vehicles produced for sale in the United States. Safety standards apply on a vehicle-by-
vehicle basis, such that every single vehicle produced for sale in the United States must, on its
own, comply with minimum FMVSS. When first mandating CAFE standards in the 1970s,
Congress specified a more flexible averaging-based approach that allows some vehicles to
“under-comply” (i.e., fall short of the overall flat standard, or fall short 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 configurations in the fleet, as shown in Equation 1-3.

Y, PRODUCTION;

PRODUCTION,
i " TARGETsy;

CAFErequired =

Equation 1-3 — Calculation for Required CAFE Level
Where:

CAFErequired 1s 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 United
States, and

TARGETFe1 is the fuel economy target (as defined above) for model configuration i.

Chapter 1.2.2 describes the advantages of attribute-based standards, generally. Chapter 1.2.3
explains the specific decision, in past rules and for the current rule, to continue to use vehicle
footprint as the attribute over which to vary stringency. Chapter 1.2.4 discusses the
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methodologies used to develop the current attribute-based standards. Chapter 1.2.5 discusses
methodologies previously used to reconsider the mathematical function for CAFE standards,
while Chapters 1.2.6 and 1.2.7 discuss the approach used in the 2020 final rule, which has
largely been retained for this rule. Chapter 1.2.8 explains NHTSA’s decision for this final rule to
continue to set standards of similar shape for MYs 2024-2026.

1.2.2  Why attribute-based standards, and what are the benefits?

As explained above, Congress expressly requires the CAFE standards to be attribute-based.
Under attribute-based standards, every vehicle model has a fuel economy target, the levels of
which depend on the level of that vehicle’s determining attribute (for the MY 2024-2026
standards, footprint will continue to be 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 shown in Equation 1-4.

Yi € 0EM Fleet Production;

5 Production;
i € OEM Fleet
Target;

Required CAFE =

Equation 1-4 — Attribute-Based CAFE Requirement

Here, i represents a given model®® 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.

While Congress expressly requires CAFE standards to be specified as a mathematical function
dependent on one or more attributes related to fuel economy, Congress has provided NHTSA the
authority to select specific attribute(s) and mathematical functions. Before Congress amended
EPCA to introduce these requirements, CAFE standards were specified as single values (e.g.,
27.5 mpg for passenger cars and 20.7 for light trucks). Being wholly independent of fleet
composition, these requirements posed a significantly greater technical challenge for
manufacturers producing more larger vehicles for the U.S. market than for manufacturers
focused more on smaller vehicles, because all else equal, smaller vehicles achieve greater fuel
economy levels. Therefore, these single-value requirements presented an inherent incentive to
shift production toward smaller vehicles rather than increasing the application of fuel-saving
technologies across their fleets. In carrying out the Congressional requirement to adopt attribute-
based standards defined as a mathematical function, NHTSA has sought to reflect the trade-off—
i.e., the relationship—between the attribute and fuel economy, consistent with the overarching
purpose of EPCA/EISA to conserve energy. If the shape captures these trade-offs, every
manufacturer is more likely to 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.

23 If a model has more than one footprint variant, here each of those variants is treated as a unique model, i, since
each footprint variant will have a unique target.
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1.2.3 Choosing Footprint as the Attribute

49 U.S.C. 32902(b)(3)(A) states that the attribute used to set CAFE standards must be a “vehicle
attribute related to fuel economy.” While there are many vehicle attributes that are related to
fuel economy, NHTSA (and EPA) have chosen to use vehicle footprint as the attribute since MY
2011, the first year of CAFE standards set under EISA, and NHTSA is continuing this approach
for MYs 2024-2026. Footprint has an observable correlation to fuel economy. There are several
policy and technical reasons why NHTSA believes that footprint remains the most appropriate
attribute on which to base the final standards for the vehicles covered by this rulemaking, even
though some other vehicle attributes (notably, curb weight) are better correlated to fuel economy,
and even though the 2021 NAS Report suggested adding another attribute.

First, 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,?* identifying that smaller and lighter vehicles incentivized by those standards could be
less safe for their occupants. Since that report, NHTSA has sought to set CAFE standards with
an eye toward possible safety effects associated with the standards. Because vehicle size is
correlated with vehicle safety for the occupants of that vehicle, and because CAFE standards can
affect vehicle size when manufacturers are considering how to improve the fuel economy of their
vehicles, it is important to choose an attribute correlated with vehicle size (mass or some
dimensional measure).

Vehicle mass is strongly correlated with fuel economy; on a per-mile basis, a vehicle with more
mass takes more energy to move than a vehicle with less 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 are both
important safety considerations. Mass disparity in particular can affect crash outcomes.
Although mass is more strongly correlated with fuel economy than footprint, NHTSA continues
to believe that there is less risk of artificial manipulation (i.e., changing the attribute(s) to achieve
a more favorable target) by increasing footprint under footprint-based standards than there would
be by increasing vehicle mass under mass-based standards. It is relatively easy for a
manufacturer to add enough mass to a vehicle to decrease its applicable fuel economy target by a
significant amount — even infotainment systems add weight through components, wiring, etc. —
as compared to increasing vehicle footprint, which is a much more complicated change that
typically takes place only with a vehicle redesign. A mass-based attribute would be the wrong
incentive if EPCA’s objective is energy conservation. Changes in footprint can affect vehicle
dynamics, for example, requiring reevaluation of compliance with certain FMVSS and safety
system performance, among other things. Mass-based standards can also discourage
manufacturers from applying mass-efficient materials and designs, because their standards would
become more stringent as mass is reduced.

As discussed in NHTSA’s MY 2011 CAFE final rule,?® when first electing to adopt footprint-
based standards for both passenger cars and light trucks, NHTSA carefully considered other
alternatives, including vehicle mass and “shadow” (overall width multiplied by overall length).

24 See 2002 NAS Report at p. 5, finding 12.
25 See 74 Fed. Reg. 14359 (Mar. 30, 2009).
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Compared to both of these other alternatives, footprint is much less susceptible to gaming,
because while there is some potential to adjust track width, wheelbase is more difficult (and
expensive) to change, at least outside a planned vehicle redesign. 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.
NHTSA is aware of research suggesting that the footprints of vehicles in the on-road fleet have
been increasing over time. Because many American consumers value utility (size and
capability), larger vehicles are encouraged (relative to a mass-based approach). Both the current
footprint-based standards and the pre-EISA flat standards allow(ed) manufacturers to change the
sizes and shapes of individual vehicles, if average standards were met.

The question has also arisen periodically of whether NHTSA should instead consider multi-
attribute standards, such as those that also depend on weight, torque, power, towing capability,
and/or off-road capability. To date, every time NHTSA has considered options for which
attribute(s) to select, the agency has concluded that a properly-designed footprint-based approach
provides the best means of achieving the basic policy goals (i.e., by increasing the likelihood of
improved fuel economy across the entire fleet of vehicles; by reducing disparities between
manufacturers’ compliance burdens; and by reducing incentives for manufacturers to respond to
standards by reducing vehicle size in ways that could compromise overall highway safety)
involved in applying an attribute-based standard. At the same time, footprint-based standards
can be structured in a way that furthers the energy and environmental policy goals of EPCA by
not creating inappropriate incentives to increase vehicle size in ways that could increase fuel
consumption.

In the 2021 NAS Report, the committee recommended that if Congress does not act to remove
the prohibition at 49 U.S.C. 32902(h) on considering the fuel economy of dedicated AFVs (like
BEV5s) in determining maximum feasible CAFE standards, then NHTSA should account for the
fuel economy benefits of ZEVs by “setting the standard as a function of a second attribute in
addition to footprint — for example, the expected market share of ZEVs in the total U.S. fleet of
new light-duty vehicles — such that the standards increase as the share of ZEVs in the total U.S.
fleet increases.”

NHTSA considered this recommendation carefully and suggested an approach to implementing
it in the Draft TSD, which would have included the expected market share of ZEVs as an
attribute on which fuel economy could be based. In doing so, NHTSA sought comment on
whether the described approach would be consistent with the prohibition in 49 U.S.C. 32902(h)
on considering the fuel economy of dedicated AFVs in setting maximum feasible CAFE
standards. As is discussed further in the preamble, many commenters disagreed that the
described approach would be consistent with NHTSA'’s statutory authority. In considering the
question further, NHTSA agrees. While the agency appreciates the recommendation from the
NAS committee, we remain uncertain that including electrification as an attribute on which to

26 National Academies of Sciences, Engineering, and Medicine, 2021. Assessment of Technologies for Improving
Fuel Economy of Light-Duty Vehicles — 2025-2035, Washington, DC: The National Academies Press (hereinafter,
“2021 NAS Report”), at Summary Recommendation 5. Available at https://www.nationalacademies.org/our-
work/assessment-of-technologies-for-improving-fuel-economy-of-light-duty-vehicles-phase-3 and for hard copy
review at DOT headquarters. (Accessed: February 14, 2022).
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base fuel economy standards could be done in a way consistent with our authority. The
described approach was thus not pursued for the final rule.

1.2.4 Choosing the Mathematical Function 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 express each standard in the form of a mathematical function,” EPCA/EISA
provides discretion regarding not only the selection of the attribute(s), but also regarding the
nature of the function. While NHTSA is continuing to employ the curve shapes that have been
used since the 2012 final rule, which did not change under the 2020 final rule, the discussion is
reiterated for purposes of completeness.

The relationship between fuel economy and footprint, though directionally clear (i.e., fuel
economy tends to decrease 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 view 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 that NHTSA
and EPA have previously considered in selecting the details of specific past and future curve
shapes:

1. Steeper footprint-based standards may create incentives to upsize vehicles, potentially
oversupplying vehicles of certain footprints beyond what the market would naturally
demand, and thus increasing the possibility that fleetwide (or total) fuel savings benefits
will be forfeited artificially.

2. Flatter standards (i.e., curves) increase the risk that the size of vehicles will be reduced,
reducing any utility consumers would have gained from a larger vehicle.

3. Given the same industry-wide average required fuel economy standard, flatter standards
tend to place greater compliance burdens on full-line manufacturers, although this is not
necessarily true if the vehicles are ZEVs.

4. Given the same industry-wide average required fuel economy standard, dramatically
steeper standards tend to place greater compliance burdens on limited-line manufacturers
(depending, of course, on which vehicles are being produced), although this is not
necessarily true if the vehicles are ZEVs.

5. If cutpoints (i.e., locations of rapid change in slope, as with piecewise-linear functions)
are adopted, given the same industry-wide average required fuel economy, moving small-
vehicle cutpoints to the left (i.e., up in terms of fuel economy) discourages the
introduction of small vehicles, and reduces the incentive to downsize small vehicles.
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6. 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) better
accommodates the design requirements of larger vehicles — especially large pickups — and
extends the size range over which downsizing is discouraged in ways that could
compromise overall highway safety.

1.2.5 Mathematical Functions that Have Been Used Previously

Notwithstanding the aforementioned discretion under EPCA/EISA, data should inform
consideration of potential mathematical functions, but how relevant data are defined and
interpreted, and the choice of methodology for fitting a curve to those data, can and should
include some consideration of specific policy goals. This chapter 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.?” The MY 2012-2021 final standards and the MY 2022-2025
augural standards were defined by constrained linear target functions of footprint, as shown in
Equation 1-5.%8

1
Target =

min (max (c * Footprint + d, %) ,%)

Equation 1-5 — Constrained Linear Target Function

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 the
curve is instead specified in gallons per mile (gpm). The slope, ¢, 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 will first find the maximum of the fitted line at a given
footprint value and the lower asymptote from the perspective of gpm. If 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 upper asymptote, it
is between the two asymptotes and the fitted value is appropriately returned from the min

27 See 74 Fed. Reg. 14196, 14363-14370 (Mar. 30, 2009) for NHTSA discussion of curve fitting in the MY 2011
CAFE final rule.

28 The right cutpoint for the light truck curve was moved further to the right for MY's 2017-2021, so that more
possible footprints would fall on the sloped part of the curve. In order to ensure that, for all footprints, future
standards would be at least as high as MY 2016 levels, standards for light trucks for MY's 2017-2020 are the
maximum of a “floor” target curve and the target curves for the given MY standard. This is defined further in the
2012 final rule. See 77 Fed. Reg. 62624, at 62699-700 (Oct. 15, 2012), and in Table VII of 49 CFR 533.5(a).
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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 from the min function, and
the overall target in mpg is the reciprocal of the upper asymptote in gpm space, or b.

In this way, curves specified as constrained linear functions are specified by the following
parameters in Equation 1-5.

a = upper limit (mpg)
b = lower limit (mpg)
¢ = slope (gpm per 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 miles per gallon).

1.2.5.1 NHTSA in MY 2008 and MY 2011 CAFE (Constrained Logistic)

In 2009, for the MY 2011 CAFE rule, NHTSA estimated fuel economy levels by footprint from
the MY 2008 fleet after normalization for differences in technology,?’ 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 form 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 those functions vertically (i.e., on a gallons per mile basis, uniformly
downward) to produce the promulgated standards. In the preceding 2006 rule for MY 2008-
2011 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 and appropriate trend (decreasing fuel economy as footprint increases), but avoided
creating “kinks” that the agency was then concerned would provide distortionary incentives for
vehicle with neighboring footprints.3°

1.2.5.2 MY 2012-2016 Standards (Constrained Linear)

In 2010, for the MY 2012-2016 rule, potential methods for specifying mathematical functions to
define fuel economy and CO: 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 have likely contained a
steep mid-section that would have provided undue incentive to increase the footprint of midsize

2 See 74 Fed. Reg. 14196, 14363-14370 (Mar. 30, 2009) for NHTSA discussion of curve fitting in the MY 2011
CAFE final rule.

30 See 71 Fed. Reg. 17556, 17609-17613 (Apr. 6, 2006) for NHTSA discussion of “kinks” in the MYs 2008-2011
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 footprint results in a disproportionally large change in stringency.
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passenger cars.>! 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 standards extend
without limit. Finally, these constrained/piecewise linear functions were transposed vertically
(i.e., on a gpm or COz2 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.*> These transformations are typically presented as
percentage improvements over a previous MY target curve.

1.2.5.3 MY 2017 and Beyond Standards (Constrained Linear) — 2012 Final Rule

The mathematical functions finalized in 2012 for MY's 2017 and beyond changed somewhat
from the functions for the MY 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
proposing standards for model years further into the future.?> 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) cutpoint was extended only
gradually to larger footprints. To accommodate these considerations, the 2012 final rule
finalized the slope 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 2010 fleet was also considered to support this decision. As the
curve was vertically shifted (with fuel economy specified as mpg instead of gpm or CO2
emissions) upwards, the right cutpoint was progressively moved for the light truck curves with
successive model years, reaching the final endpoint for MY 2021.

1.2.6 NHTSA’s Process for Reconsidering the Mathematical Functions in the 2020 Final Rule
1.2.6.1 Why did NHTSA reconsider the mathematical functions?

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 economy 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 two vehicle characteristics. For example, if
certain technologies are more effective or more marketable for certain types of vehicles, their

3175 Fed. Reg. 25362 (May 7, 2010).

32 See generally 74 Fed. Reg. 49491-96 (Sept. 28, 2009); 75 Fed. Reg. 25357-62 (May 7, 2010).

33 The MYs 2012-2016 final standards were signed April 1st, 2010—putting 6.5 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 standards.
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application may not be uniform 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 that inform 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 vehicle types, could change the observed unweighted or production-
weighted relationship between footprint and fuel economy.

For the above reasons, the curve shapes were reconsidered in the 2018 proposal using the newest
available data (at that time, from MY 2016). With a view toward corroboration through different
techniques, a range of descriptive statistical analyses were conducted that did not require
underlying engineering models of how fuel economy and footprint might be related, and a
separate analysis that used vehicle simulation results as the basis to estimate the relationship
from a perspective more explicitly informed by engineering theory was conducted as well.
Despite changes in the new vehicle fleet both in terms of technologies applied and in market
demand, that analysis found that the underlying statistical relationship between footprint and fuel
economy had not changed significantly since the MY 2008 fleet used for the 2012 final rule;
therefore, EPA and NHTSA proposed in 2018 to continue to use the curve shapes fit in 2012.
The analysis and reasoning supporting that decision, which this final rule also relies on, follows.
Chapter 1.2.8 explains why NHTSA is continuing to employ these curve shapes for MY's 2024-
2026.

1.2.6.2 What statistical analyses were considered?

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

With a view toward isolating the relationship between fuel economy and footprint, NHTSA
excluded the few diesels in the fleet, as well as the limited number of vehicles with partial or 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.

NHTSA applied the above adjustments to all statistical analyses, regardless of the specifics of
each of the methods, weights, and technology level of the data, considered to view the
relationship of vehicle footprint and fuel economy. Table 1-1 summarizes the different
assumptions considered and the key attributes of each. NHTSA considered all possible
combinations of these assumptions, producing a total of eight footprint curves.
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Table 1-1 — Summary of Assumptions Considered in the Statistical Analysis of the Footprint-Fuel Economy

(FE) Relationship
Varying . . .

Assumptions: Regression Type Regression Weights Technology Level
Alternatives OLS MAD Production- Model- Existing Max.
Considered: weighted weighted Technology Technology

. . Points Equal weight for MY 2016 tech., | Maximum tech.
Ordinary Minimum . each model; . .
Least Absolute weighted by collapses points excluding: applied,
Details o production o HEV, PHEV, excluding:
Squares Deviation with similar:
Regression Regression I footprint, FE BEV, and HEV, PHEV,
g g each model. tprint, L FCV. BEV, and FCV.
and curb weight.
Describes Describes Deisi:grtl)es Captures
the median | Tends towards | Tends towards £ relationship
the average . . . market, X
. i relationship | higher-volume | the space of the . ) with
relationship A including
between models; may | joint distribution homogenous
between ) . : demand
) footprint systematically | of footprint and technology
. footprint ) . factors; may N
Key Attributes and fuel disadvantage FE with the . application; may
and fuel miss changes . .
) economy; | manufacturers most models; . miss varying
economy; . in curve shape
. does not who produce gives low- demand
outliers can . . due to ) .
give outliers fewer volume models considerations
skew . . advanced .
as much vehicles. equal weight. for different
results. . technology
weight. Lo segments.
application.

1.2.6.2.1 Existing Technology Level Curves

The “existing technology” level curves excluded diesels and vehicles with electric propulsion, as
discussed above, but made no other changes to each model year fleet. Comparing the MY 2016
curves to ones built under the same methodology from previous model year fleets showed
whether the observed curve shape had changed significantly over time as standards became more
stringent. Importantly, those curves included any market forces that made technology
application variable over the distribution of footprint. Those market forces were not present in
the “maximum technology” level curves: by making technology levels homogenous, this
variation was removed. The existing 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 2018 Preliminary Regulatory Impact Analysis
(PRIA), supported the curve slopes finalized in the 2012 final rule. The curves built from most
methodologies using each fleet generally shifted but remained very similar in slope. This
suggested that the relationship of footprint to fuel economy, including both technology and
market limits, did not significantly change after the 2012 final rule.

1.2.6.2.2 Maximum Technology Level Curves

As in prior rulemakings, NHTSA considered technology differences between vehicle models to
be a significant factor producing uncertainty regarding the relationship between fuel
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consumption and footprint. Because attribute-based standards are intended to encourage the
application of additional technology to improve fuel economy across the distribution of footprint
in the fleet, NHTSA considered approaches in which technology application was simulated for
purposes of the curve fitting analysis to produce fleets that are less varied in technology content.
This approach helped to reduce “noise” (i.e., dispersion) in the plot of vehicle footprints and fuel
consumption levels and to identify a more technology-neutral relationship between footprint and
fuel consumption. The results of that analysis for maximum technology level curves are also
shown in Chapter 4.4.2.2 of the 2018 PRIA. Especially if vehicles progress over time toward
more similar size-specific efficiency, further removing variation in technology application both
better isolated the relationship between fuel consumption and footprint and further supported the
curve slopes established in the 2012 final rule.

1.2.7 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 known vehicles. As such, these methods
were clearly based on actual data, answering the question of “how does fuel economy appear to
be related to footprint?”” However, being independent of explicit engineering theory, they did not
answer the question of “how might one expect fuel economy to be related to footprint?”
Therefore, in addition to the above methods, an alternative methodology was also developed and
applied, using full vehicle simulation, to come closer to answering the second question,
providing a basis either to corroborate answers to the first, or to suggest that further investigation
could be important.

As discussed in the 2012 final rule, several manufacturers have confidentially shared with
NHTSA what they describe as “physics-based” curves, with each original equipment
manufacturer (OEM) showing significantly different shapes for the footprint-fuel economy
relationships. This variation affirms that while footprint is related to fuel economy, many other
things are also related to fuel economy. In reconsidering the shapes of the curves for the 2018
NPRM, NHTSA developed a similar estimation of physics-based curves leveraging third-party
simulation work from Argonne National Laboratories (Argonne). Estimating physics-based
curves helped to ensure that technology and performance were held constant for all footprints.
This process augmented the largely-statistical analysis described above with an analysis that
more explicitly incorporated engineering theory, which helped to corroborate that the
relationship between fuel economy and footprint was in fact being characterized.

A tractive energy prediction model was also developed to support the 2018 proposal. Tractive
energy is the amount of energy it will take to move a vehicle.** Given a vehicle’s mass, frontal
area, aerodynamic drag coefficient, and rolling resistance as inputs, the model predicted the
amount of tractive energy required for the vehicle to complete the Federal test cycle. This model

34 Thomas, J. “Drive Cycle Powertrain Efficiencies and Trends Derived from EPA Vehicle Dynamometer Results,”
SAE Int. J. Passeng. Cars - Mech. Syst. 7(4):2014, doi:10.4271/2014-01-2562. Available at
https://www.sae.org/publications/technical-papers/content/2014-01-2562/ and for hard copy review at DOT
headquarters. (Accessed: February 14, 2022).
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was used to predict the tractive energy required for the average vehicle of a given footprint*> and

“body technology package” to complete the cycle. The body technology packages considered
are defined in Table 1-2.

Using the absolute tractive energy predicted and tractive energy effectiveness values spanning
possible internal combustion engines, fuel economy values were then estimated for different
body technology packages and engine tractive energy effectiveness values. Here, tractive energy
effectiveness is defined as the share of the energy content of fuel consumed, which is converted
into mechanical energy and used to move a vehicle — for internal combustion engine (ICE)
vehicles, this will vary with the relative efficiency of specific engines. Data from Argonne
simulations suggested that the limits of tractive energy effectiveness are approximately 25
percent for ICE vehicles that do not possess integrated starter generator, other hybrid, plug-in,
pure electric, or fuel cell technology.

Table 1-2 — Summary of Body Technology Packages Considered for Tractive Energy Analysis

Body Tech. | Mass Reduction | Aerodynamics | Roll Resistance
Package Level Level Level
1 0% 0% 0%
2 0% 10% 10%
3 10% 10% 10%
4 10% 15% 20%
5 15% 20% 20%

Chapter 6 of the 2018 PRIA shows the resultant CAFE levels estimated for the vehicle classes
Argonne simulated for this analysis, at different footprint levels and by vehicle “box.” Pickups
are considered 1-box, hatchbacks and minivans are 2-box, and sedans are 3-box. These
estimates were compared with the MY 2021 standards finalized in 2012. The general trend of
the simulated data points followed the pattern of the MY 2021 standards set in 2012 for all
technology packages and tractive energy effectiveness values presented in the 2018 PRIA. The
tractive energy curves were intended to validate the curve shapes against a physics-based
alternative, and the analysis suggested that the curve shapes tracked the physical relationship
between fuel economy and tractive energy for different footprint values.

The relationship between fuel economy and footprint remains directionally discernible 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 NHTSA confidence that the function we are
continuing to apply appropriately and reasonably reflects the relationship between fuel economy
and footprint.

33The mass reduction curves used elsewhere in the 2018 analysis were used to predict the mass of a vehicle with a
given footprint, body style box, and mass reduction level. The ‘Body style Box’ is 1 for hatchbacks and minivans, 2
for pickups, and 3 for sedans, and is an important predictor of acrodynamic drag. Mass is an essential input in the
tractive energy calculation.
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1.2.8 Maintaining the Existing Footprint Curves for MYs 2024-2026

Changes in the market that have occurred since NHTSA last examined the appropriateness of the
footprint curves have been, for the most part, consistent with the trends in 2018. For the most
part, vehicle manufacturers have continued over the past several years to reduce their offerings
of smaller footprint vehicles and increase their sales of larger footprint vehicles and continue to
sell many small to mid-size crossovers and sport utility vehicles (SUVs). While this trend may
not be as optimal for reducing fuel consumption and carbon dioxide emissions as compared to
manufacturers increasing their offerings of smaller footprint vehicles and reducing their sales of
larger footprint vehicles, it does not appear that the trend has changed so dramatically over the
last three years to warrant a detailed re-examination of that relationship as part of this final rule.
Moreover, changes to the footprint curves can significantly affect manufacturers’ ability to
comply. Given the available lead time between now and the beginning of MY 2024, NHTSA
believes it is unlikely any potential benefit of changing the shape of the footprint curves (when
we are already significantly changing standard stringency) would outweigh the costs of doing so.
NHTSA may explore changes to curve shapes in a future action.

1.3 What does the CAFE Model need to conduct this analysis?

To conduct the analysis described above, the CAFE Model needs a variety of inputs. At a high
level, the model needs the following regulatory alternatives: an analysis fleet (see Chapter 2.2),
technology effectiveness values (see Chapter 2.4), technology cost information, (see Chapter
2.6), and economic assumptions (see Chapter 4.1 for macroeconomic assumptions and Chapter 6
for all others). Additionally, for this final rule, NHTSA has added the specific inputs to enable
the model to simulate compliance with California’s ZEV program (see Chapter 2.3). Chapter 2
discusses the required inputs in more detail.

1.4 What are the regulatory alternatives under consideration in this final rule?

Agencies typically consider regulatory alternatives in rulemaking analyses as a way of evaluating
the comparative effects of different potential ways of accomplishing their desired goal. NEPA
requires agencies to compare the potential environmental impacts of their regulatory actions to
those of a reasonable range of alternatives. E.O. 12866 and E.O. 13563, as well as Office of
Management and Budget (OMB) 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 includes a No-Action Alternative,
described below, and three “action alternatives.” The final standards may, in places, be referred
to as the “Preferred Alternative,” which is NEPA parlance, but NHTSA intends “final standards”
and “Preferred Alternative” to be used interchangeably for purposes of this rulemaking.

Regulations regarding implementation of NEPA require 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 been eliminated.”*® This does not

3640 CFR 1502.14.
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amount to a requirement that agencies evaluate the widest conceivable spectrum of alternatives.
Rather, the range of alternatives must be reasonable and consistent with the purpose and need of
the action.

The different regulatory alternatives are defined in terms of percent-increases in CAFE
stringency from year to year. Readers should recognize that those year-over-year changes in
stringency are not measured in terms of mile per gallon differences (as in, 1 percent more
stringent than 30 miles per gallon in one year equals 30.3 miles per gallon in the following year),
but rather in terms of shifts in the footprint functions that form the basis for the actual CAFE
standards (as in, on a gallon per mile basis, the CAFE standards change by a given percentage
from one model year to the next). Under some alternatives, the rate of change is the same from
year to year, while under others, it differs, and under some alternatives, the rate of change is
different for cars and for trucks. One action alternative is more stringent than the Preferred
Alternative, while two are less stringent than the Preferred Alternative. The alternatives
considered in this final rule represent a reasonable range of possible agency actions.

The regulatory alternatives for this final rule are presented here as the percent-increases-per-year
that they represent. The sections that follow will present the alternatives as the literal
coefficients which define standards curves increasing at the given percentage rates and will also
explain the basis for the alternatives selected.

Table 1-3 — Regulatory Alternatives Considered in this Final Rule

Year-Over-Year Stringency Year-Over-Year Stringency Increases
Regulatory Increases (Passenger Cars) (Light Trucks)
Alternative g g
2024 2025 2026 2024 2025 2026
‘aggrga;‘;‘;;) 1.5% 1.5% 1.5% 1.5% 1.5% 1.5%
Alternative 1 9.14% 3.26% 3.26% 11.02% 3.26% 3.26%
Alternative 2 8% 8% 8% 8% 8% 8%
Alternative
2.5 8% 8% 10% 8% 8% 10%
(Preferred)
Alternative 3 10% 10% 10% 10% 10% 10%

As for past rulemaking analyses, NHTSA has analyzed each of the regulatory alternatives in a
manner that estimates manufacturers’ potential application of technology in response to the
corresponding CAFE requirements and the estimated market demand for fuel economy,
considering estimated fuel prices, estimated product development cadence, and the estimated
availability, applicability, cost, and effectiveness of fuel-saving technologies. The analysis
sometimes shows that specific manufacturers could increase CAFE levels beyond requirements
in ways estimated to, through avoided fuel outlays, “pay buyers back™ very quickly (i.e., within
30 months) for the corresponding additional costs to purchase new vehicles. Consistent with the
analysis published with the 2020 final rule, today’s analysis shows that if battery costs decline as
projected while fuel prices increase as projected, BEVs should become increasingly attractive on
this basis, such that the modeled application of BEVs (and some other technologies) clearly
outstrips regulatory requirements after the mid-2030s.
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Our No-Action Alternative is more nuanced than in any prior rulemaking. In this analysis,
Alternative 0 includes the national standards finalized in 2020 for both CAFE and GHG, as well
as the voluntary California Framework Agreements (which affects five manufacturers - BMW,
Ford, Honda, Volkswagen, and Volvo, together about 30 percent of the market) and the ZEV
mandate that California and the Section 177 states have adopted. NHTSA continues to believe
that to properly estimate fuel economies (and achieved GHG emissions) in the No-Action
Alternative, it is necessary to simulate all of these legal requirements affecting automakers and
vehicle design simultaneously. Consequently, the CAFE Model evaluates each requirement in
each model year, for each manufacturer/fleet. Differences among fleets and compliance
provisions often creates over-compliance in one program, even if a manufacturer is able to
exactly comply (or under-comply) in the other program. This is similar to how manufacturers
approach the question of concurrent compliance in the real world — when faced with multiple
regulatory programs, the most cost-effective path may be to focus efforts on meeting one or two
sets of requirements, even if that results in “more effort” than would be necessary for another set
of requirements, in order to ensure that all regulatory obligations are met. We elaborate on these
new model capabilities below. Generally speaking, the model treats each manufacturer as
applying the following logic when making technology decisions:

1. What do I need to carry over from last year?

2. What should I apply more widely in order to continue sharing (of, e.g., engines) across
different vehicle models?

3. What new PHEVs or BEVs do I need to build in order to satisfy the ZEV mandates?

4. What further technology, if any, could I apply that would enable buyers to recoup
additional costs within 30 months after buying new vehicles?

5. What additional technology, if any, should I apply in order to respond to CAFE and CO2
standards?

All the regulatory alternatives considered here include, for passenger cars, the following
coefficients defining the combination of baseline federal COz standards and the California
Framework Agreements.
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Table 1-4 — Passenger Car CO: Target Function Coefficients

2021 2022 2023 2024 2025 2026
a (g/mi) 162 159 156 154 151 149
b (g/mi) 221 217 214 210 207 203
¢ (g/mi per s.f.) 3.94 3.88 3.82 3.77 3.71 3.65
d (g/mi) 0.2 -0.1 -0.4 -0.6 -0.9 -1.2
e (s.f.) 41 41 41 41 41 41
f(s.f) 56 56 56 56 56 56
g (g/mi) 157 151 146 140 135 130
h (g/mi) 215 207 199 192 185 178
i (g/mi per s.f.) 3.84 3.70 3.56 3.43 3.30 3.18
J (g/mi) -0.4 -0.4 -0.4 -0.4 -0.3 -0.3

Coefficients a, b, ¢, d, e, and f define the current federal CO:z standards for passenger cars.
Analogous to coefficients defining CAFE standards, coefficients a and b specify minimum and
maximum passenger car COz targets in each model year. Coefficients ¢ and d specify the slope
and intercept of the linear portion of the COx target function, and coefficients e and f'bound the
region within which COz targets are defined by this linear form. Coefficients g, 4, 7, and j define
the CO: targets applicable to BMW, Ford, Honda, Volkswagen, and Volvo, pursuant to the
agreements these manufacturers have reached with California. Beyond 2026, the MY 2026
federal standards apply to all manufacturers, including these five manufacturers. The
coefficients shown in Table 1-5 define the corresponding CO: standards for light trucks.
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Table 1-5 — Light Truck CO: Target Function Coefficients

2021 | 2022 | 2023 | 2024 | 2025 | 2026
a (g/mi) 207 203 200 | 196 | 193 190
b (g/mi) 329 324 319 | 314 | 309 | 304
¢ (g/mi per s.f.) 4.51 444 | 437 | 431 | 423 | 4.17
d (g/mi) 21.5 20.6 | 202 | 19.6 | 19.6 | 19.0
e (s.f) 41 41 41 41 41 41
f(s.f) 68 74 74 74 74 74
g (g/mi) 195 188 181 | 174 | 168 | 162
h (g/mi) 335 324 312 | 300 | 289 | 278
i (g/mi per s.f.) 4.28 412 | 397 | 3.82 | 3.68 | 3.54
J (g/mi) 19.8 19.1 184 | 17.7 | 17.0 | 164

All of the regulatory alternatives considered here also include NHTSA’s estimates of ways each
manufacturer could introduce new PHEVs and BEVs in response to ZEV mandates.?” As
discussed in greater detail below, these estimates force the model to convert specific vehicle
model/configurations to either a BEV200, BEV300, or BEV400 at the earliest estimated
redesign. These “ZEV Candidates” define an incremental response to ZEV mandates (i.e.,
beyond PHEV and BEV production through MY 2020) comprise the following shares of
manufacturers’ MY 2020 production for the U.S. market as shown in Table 1-6.

37 NHTSA interprets EPCA/EISA as allowing consideration of already-built fully electric vehicles in its analytical
baseline because (1) 49 U.S.C. 32902(h) clearly applies to the “maximum feasible” determination, which NHTSA
has long held is informed by analytical results but not dictated by them; and (2) it would be arbitrary for NHTSA to
interpret 32902(h) as requiring it to ignore already-built fully electric vehicles, because doing so would be
unrealistic, would make the analysis less informative by biasing the cost-benefit results, and would be inconsistent
with OMB guidance in Circular A-4.
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Table 1-6 — ZEV “Candidates” as Share of MY 2020 Production

Manufacturer BEV200 | BEV300 | BEV400
BMW 1.9%
Daimler 2.6% 0.8%
FCA 1.1%
Ford 0.1% 1.1%
GM 1.0%
Honda 1.8%
Hyundai 1.3%
Kia 1.7% 0.5%
Jaguar — Land Rover 0.2% 1.4%
Mazda 3.1%
Mitsubishi 0.6% 1.2%
Nissan 0.5%
Subaru 2.2%
Tesla
Toyota 1.2% 0.7%
Volvo 2.3% 0.7%
VWA 1.5%

For example, while Tesla obviously need not introduce additional BEVs to comply with ZEV
mandates, our analysis indicates Nissan could need to increase BEV offerings modestly to do so,
and Mazda and some other manufacturers may need to do considerably more than Nissan to
introduce new BEV offerings.

This representation of the Framework Agreements, CO2 standards and ZEV mandates applies
equally to all regulatory alternatives, and NHTSA’s analysis applies the CAFE Model to
examine each alternative treating each manufacturer as responding jointly to the entire set of
requirements.

1.4.1 “No-Action” Alternative

The No-Action Alternative (also sometimes referred to as “Alternative 0”) applies the CAFE
target curves set in 2020 for MY's 2024-2026, which raised stringency by 1.5 percent per year for
both passenger cars and light trucks.

Table 1-7 — Characteristics of No-Action Alternative — Passenger Cars

2024 2025 2026

a (mpg) 51.78 52.57 53.37

b (mpg) 38.74 39.33 39.93
¢ (gpm per s.f) | 0.000433 | 0.000427 | 0.000420
d (gpm) 0.00155 | 0.00152 | 0.00150

64



Table 1-8 — Characteristics of No-Action Alternative — Light Trucks

2024 2025 2026

a (mpg) 41.55 42.18 42.82

b (mpg) 26.82 27.23 27.64
¢ (gpm per s.f.) | 0.000484 | 0.000477 | 0.000469
d (gpm) 0.00423 0.00417 0.00410

These equations are presented graphically in Figure 1-6 and Figure 1-7, where the x-axis
represents vehicle footprint and the y-axis represents fuel economy, showing that in “CAFE
space,” targets are higher in fuel economy for smaller footprint vehicles and lower for larger
footprint vehicles.
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EPCA, as amended by EISA, requires 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 United States by all manufacturers in
the model year. The 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).3® Any time NHTSA
establishes or changes a passenger car standard for a model year, the minimum domestic
passenger car standard (MDPCS) must also be evaluated or re-evaluated and established
accordingly, but for purposes of the No-Action Alternative, the MDPCS is as it was established
in the 2020 final rule, as shown in Table 1-9.

Table 1-9 — No-Action Alternative — Minimum Domestic Passenger Car Standard

2024 2025 2026

41.8 mpg | 42.4 mpg | 43.1 mpg

38 49 U.S.C. 32902(b)(4).
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As the baseline against which the Action Alternatives are measured, the No-Action Alternative
also includes several other actions that NHTSA believes will occur in the absence of further
regulatory action, as discussed above.

NHTSA accomplished much of this through expansion of the CAFE Model after the 2020 final
rule. The previous version of the model had been extended to apply to GHG standards as well as
CAFE standards but had not been published in a form that simulated simultaneous compliance
with both sets of standards. As discussed at greater length in the current CAFE Model
documentation, the updated version of the model simulates all the following simultaneously:

1. Compliance with CAFE standards.
2. Compliance with GHG standards applicable to all manufacturers.

3. Compliance with alternative GHG emission reduction commitments applicable to a
subset of manufacturers.

4. Compliance with ZEV mandates.
5. Further fuel economy improvements applied if sufficiently cost-effective for buyers.

Inclusion of these actions in the No-Action Alternative means that they are necessarily included
in each of the Action Alternatives. That is, the impacts of all the alternatives evaluated in the
final rule are against the backdrop of these State and voluntary actions by automakers. This is
important to remember, because it means that automakers will be taking actions that affect the
technology mix on vehicles—which in some situations will alter fuel economy and the
assessment of what is technological feasible to improve fuel economy even in the absence of
new CAFE standards, and that costs and benefits attributable to those actions are therefore not
attributable to possible future CAFE standards.

One of the effects of the costs and benefits attributable to those actions not being attributable to
possible future CAFE standards is that the effects of the final rule appear less cost-beneficial
than they would otherwise. The apparent “over-compliance” with the No-Action Alternative
alluded to above, in particular, reduces the benefits attributable to the final standards. There are
several causes for this apparent over-compliance, as also listed above. The following text
explores one of them in more detail.

Among the realities that face manufacturers is consumer demand for fuel economy. While this
topic creates much debate, for purposes of compliance simulations, the final rule analysis
assumes that market demand for fuel economy can be represented by a 30-month payback
(meaning that the value of future fuel savings (undiscounted) fully offsets the cost of the
technology). However, the benefit cost analysis accounts for the full lifetime fuel savings that
accrue to vehicles affected by the final standards.
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NHTSA staff believe that manufacturers do improve fuel economy even in the absence of
standards, because:

1) The last 15 years’ worth of CAFE compliance data show that they do.

From 2004 — 2017 (the last year for which NHTSA has final compliance data and certified
compliance positions), Figure 1-8 illustrates the extent of certified over-compliance by each
manufacturer and fleet (as a percentage of the standard). While some manufacturers’ compliance
history, Jaguar Land Rover (JLR) for example, support the theory that manufacturers do not
exceed their standards, some of these manufacturers serve a portion of the market (e.g., Jaguar
buyers) almost certainly less concerned with fuel outlays than the bulk of the U.S. market, and
the majority of the data tell a different story. Some manufacturers have even exceeded their
standards in certain fleets by 20 percent or more over many consecutive years (Honda passenger
cars, or Subaru trucks, for example). Others have similarly observed the auto industry’s secular
march toward higher fuel economy over time, even in the absence of standards.”*

Domestic Car Imported Car Light Truck

BMW 4
Daimler - BR B B B B
Chrysler 4
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| [ ]
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I I

Fleet MPG Relative to Standard
Figure 1-8 — Percent Over-Compliance with CAFE Over Time

2) Manufacturers have consistently told NHTSA that they make any fuel economy
improvements for which the cost can be fully recovered within the first 2-3 years of
ownership. They have said that consumers typically shift toward improvements in other
attributes after that point.

39 https://www.theatlantic.com/science/archive/2020/04/trumps-auto-rollback-will-eliminate-13500-jobs-
cafe/609748/. (Accessed: February 14, 2022).
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The 2015 NAS report discussed this assumption explicitly, stating: “There is also empirical
evidence supporting loss aversion as a possible cause of the energy paradox. Greene (2011)
showed that if consumers accurately perceived the upfront cost of fuel economy improvements
and the uncertainty of fuel economy estimates, the future price of fuel, and other factors affecting
the present value of fuel savings, the loss-averse consumers among them would appear to act as
if they had very high discount rates or required payback periods of about 3 years.”*’ Naturally,
there are heterogeneous preferences for vehicle attributes in the marketplace, only one of which
is the focus of this program. At the same time that we are observing record sales of battery
electric vehicles, we are also seeing sustained demand for pickup trucks with higher payloads
and towing capacity. This analysis, like all the CAFE analyses preceding it, uses an average
value to represent these preferences across the market.

3) As in previous CAFE analyses, our fuel price projections assume sustained increases in
real fuel prices over the course of the rule (and beyond).

As readers are certainly aware, fuel prices have changed over time — sometimes quickly,
sometimes slowly, generally upward (see Figure 1-9).
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Figure 1-9 — Real Fuel Prices over Time

In the 1990s, when fuel prices were historically low (as shown in Figure 1-9), manufacturers did
not tend to improve their fuel economy, likely because there simply was very little consumer
demand for improved fuel economy. In subsequent decades, when fuel prices were higher, many

40 National Research Council 2015, Cost, Effectiveness, and Deployment of Fuel Economy Technologies for Light-
Duty Vehicles, at p. 317. Washington, DC: The National Academies Press. https://doi.org/10.17226/21744.
(Accessed: February 14, 2022). Available for review in hard copy at DOT headquarters.
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of them have exceeded their standards in multiple fleets, and for multiple years (see Figure 1-8).
Our current fuel price projections look more like the last two decades, where prices have been
more volatile, but also closer to $3/gallon on average.

In general, during periods of either less stringent standards or consistently higher fuel prices,
manufacturers across the industry have over-complied by varying amounts across regulatory
classes. In recent years, as fuel prices have steadily declined on average and CAFE standards
have continued to increase (since 2008 for light trucks and since 2011 for passenger cars), fewer
manufacturers have exceeded their standards. However, our compliance data shows that that at
least some manufacturers do improve their fuel economy if fuel prices are high enough, even if
they are not able to respond perfectly to fluctuations precisely when they happen. In many cases,
specific manufacturers have exceeded their standards by significantly larger margins than we
simulate in the rulemaking analysis, as the graphs above illustrate. This highlights the
importance of fuel price assumptions both in the analysis and in the real world on the future of
fuel economy improvements.

4) Rulemaking analysis attempts to isolate the impact of the action being considered, which
means that we need to capture accurately what else is happening besides the action.

Given that fuel prices influence the degree to which manufacturers will increase fuel economy in
the absence of regulation, the characterization of that behavior must be sufficiently flexible to
accommodate multiple fuel price projections. If, instead of our central analysis assumptions
about fuel prices, we assumed fuel prices more like the historically low prices of the 1990s, this
analysis would show little, if any, over-compliance. Similarly, a multi-year spike in prices like
the one that occurred from 2012 — 2014 should result in additional consumer demand for fuel
economy — which we observed during that period.

While the assumption in this analysis does result in some manufacturers continuing to improve
fuel economy beyond the levels required in the baseline, the amount of this that occurs is
generally small.

Who is over-complying in the analysis, and by how much?

Manufacturers separate into three distinct groups: the manufacturers in the Framework
Agreements; manufacturers projected to be bound by the baseline GHG and/or CAFE standards;
and manufacturers projected to exceed baseline requirements through the additional application
of cost-effective technology (i.e., the 30-month payback assumption).
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Table 1-10 — Simulated (and Recent) Compliance for CA Agreement Companies

CAFE CcO2
Manufacturer Regulatory Class 2020 2026 2029 2020 2026 2029
Domestic Car
-17¢ 39 89
BMW Imported Car -14% 16% 17% o o %
Light Truck -1% 13% 13% 0% -3% 12%
TOTAL -9% 15% 16% -9% 1% 10%
Domestic Car -12% 10% 12%
-169 -39 69
Ford Imported Car -19% 51% 51% o /o /o
Light Truck 2% 17% 17% 3% 1% 15%
TOTAL -1% 15% 16% -1% 0% 13%
Domestic Car 3% 12% 12%
20 -39 99,
Honda Imported Car 2% 15% 16% o /o /o
Light Truck 5% 20% 20% 6% 4% 17%
TOTAL 4% 16% 16% 4% 0% 12%
Domestic Car -11% -4% 0%
-169 -149 19
Volvo Imported Car -14% 10% 15% o o o
Light Truck -1% 21% 25% 2% 6% 19%
TOTAL -3% 15% 20% 2% 1% 14%
Domestic Car -17% 1% 3%
-149 49 139
VWA Imported Car -12% 23% 26% o o o
Light Truck -8% 13% 14% -8% -3% 12%
TOTAL -10% 15% 17% -10% 0% 12%

Table 1-10 shows that, for the Framework companies, the CA requirement is the binding
constraint under the No-Action Alternative. For example, in MY 2026, BMW over-complies
with its passenger car (PC) GHG requirement but slightly under-complies with its light truck
(LT) GHG requirement. (Within the context of the simulation, under or over-complying by one
percent is the equivalent of a gram or two per mile. This is well within the precision of these
simulations.) Also in MY 2026, other Framework manufacturers achieve average CO: levels
generally closer to average CO2 requirements than in the past. However, in every case,
compliance with the Framework Agreements leads to significant over-compliance in the CAFE
program.

Also under the No-Action Alternative, some other manufacturers are generally bound by the
baseline standards, as Table 1-11 shows. However, while the Framework Agreements makes
baseline GHG requirements unambiguously more challenging than baseline CAFE standards for
participating manufacturers, results for these other manufacturers are less definitively one-sided.
For example, while results suggest baseline GHG requirements could be more challenging for
Hyundai than baseline CAFE requirements, MY 2026 results for some other manufacturers show
similar degrees of overcompliance with CAFE and GHG requirements.
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Table 1-11 — Simulated (and Recent) Compliance for Companies Bound by National GHG

Manufacturer Regulatory Class 2020 2026 2029 2020 2026 2029
Domestic Car
29% 39 1%
Daimey  Imported Car _18% 5% 7% ° ’ ’
Light Truck 6% 4% 6% 9% 4% 5%
TOTAL 1% 4% 7% -17% 4% 3%
Domestic Car 27% 4% 7%
-39% 4% 2%
pcp  Imported Car 3% 13% 14% ’ ’ ’
Light Truck 7% 2% 5% 7% 2% 4%
TOTAL 9% 2% 5% -10% 2% 3%
Domestic Car -7% 3% 2%
-8% 1% 2%
Gy Imported Car _13% 0% 2% ) ’ ’
Light Truck 4% 1% 4% -5% 0% 3%
TOTAL -5% 1% 4% -6% 0% 1%
Domestic Car 12% 26% 27%
-13% 0% 1%
Hvundai  Imported Car -10% 2% 3% ° ’ ’
Y Light Truck 6% 4% 4% -10% 1% 2%
TOTAL 9% 3% 4% -13% 0% 1%
Domestic Car
21% 2% 2%
g Imported Car -15% 0% 2% ° ° ’
Light Truck 1% 1% 3% -10% 2% 1%
TOTAL 1% 1% 3% -11% 2% 1%
Domestic Car
9% 1% 3%
Mitsubiepi Imported Car -8% 2% 3% ° ° ’
Light Truck 0% 3% 3% 0% 3% 3%
TOTAL 3% 3% 3% -3% 2% 1%

For some OEMs, over-compliance is instead the result of technology application. For example,
while Mazda PC over-complies with both CAFE and GHG, the GHG over-compliance (the
binding standard here) is less than Mazda’s historical compliance. However, Mazda’s LT fleet is
over-complying through the application of cost-effective technology. The same is generally true
of Toyota’s PC fleet, though the LT fleet over-complies more than in recent years.

Looking at the actual technologies that the CAFE Model is applying voluntarily, we see that in
general, the model applies technologies that increase fuel economy for less than $40 per percent
improvement — this is the amount that will pay back within the defined period. An important
exception is Subaru, which barely complies with its PC standard (in both programs), but
significantly exceeds its LT standard in both programs. While Subaru has historically exceeded
its LT CAFE standard by comparable degrees, the over-compliance here is not driven by
technology application, but rather by the assumed application of off-cycle (and air conditioning
[AC]) credits. As the figures below demonstrate, Subaru is not actually applying much on-cycle
technology, but simply making the economic decision to maximize AC/OC, as some companies
do. Reliance on AC leakage and off-cycle credits has little impact on estimated real-world fuel
savings (at least in the CAFE Model). In fact, all of the companies in Table 1-12 are
characterized by rapid increases in deployment of AC/OC credits toward compliance, which
leaves many cost-effective technologies available.

72



Table 1-12 — Simulated Over-Compliance through Cost-Effective Technology Application

CAFE CcO2
Manufacturer Regulatory Class| 2020 2026 2029| 2020 2026 2029
Domestic Car

T% 2% 2%
Kiq  Jmported Car 5% 4% 5% 0
Light Truck 7% 5% 8%| 8% 5% 7%
TOTAL -6% 4% 6%| -7% 4% 4%

Domestic Car -14%  21% 21%

-239 3% 19

Mazda Imported Car -11% 4% 4% Vo o 1%
Light Truck 0% 9% 9%| -4% 6% 8%
TOTAL -5% 7% 8%| -12% 5% 5%

Domestic Car 1% 5% 5%
S% 2% 1%
Nissan Imported Car -12% 0% 0% ° ’ °
Light Truck -5% 8% 10%| 9% 7% 9%
TOTAL -3% 5% 6%| -7% 4% 4%

Domestic Car

24% 4% 2%
Subaru Imported Car -15% 6% 6% ’ ’ °
Light Truck 12%  29%  30%| 11% 25% 24%
TOTAL 6% 23% 23%| 5% 20% 19%

Domestic Car 4% 3% 7%
3% 6% 10%
Tovorg  Jmported Car 6% 11% 18%| ~° ~° 7
Y Light Truck 6% 10% 12%| 9% 10% 11%
TOTAL -1% 9% 13%| -4% 8% 10%




The following tables show the technologies that the CAFE Model actually applies for a subset of
manufacturers, showing the model year in which the technology is applied, the technology
applied, and the ratio of the incremental costs to apply the technology to the affected vehicles
divided by the fuel savings estimated to be realized during the first 30 months of vehicle
operation. For example, in the following table, the first voluntary application of improved
accessories (IACC) incurs $0.70 of technology cost for every $1.00 of fuel savings (counting
only fuel savings during the first 30 months of vehicle operation), and the first voluntary
application of AERO15 reduces technology costs by $5.50 for every $1.00 of fuel savings.

Table 1-13 — Kia Voluntary Technology Application

Model Year | Technology | Costs/Savings
2022 IACC 0.7
2024 AERO15 -5.5
2024 AERO15 -5.3
2024 AERO20 -5.0
2024 AERO20 -4.9
2024 AEROL15 -3.5
2024 AERO15 -2.8
2024 AERO20 -1.9
2024 AERO20 -1.5
2024 ROLL10 0.1
2024 HCR1 0.4
2024 ROLL20 0.4
2024 IACC 0.5
2024 ROLL20 0.5
2024 IACC 0.6
2024 ROLL20 0.7
2024 HCRI1 0.8
2024 ROLL20 0.9
2024 ATI0L2 0.9
2024 MR1 1.0
2024 AERO15 1.0
2025 HCRI1 1.0
2027 TURBOI 0.9
2029 BEV200 -3.3
2029 AERO20 0.2

In theory, the technologies whose cost of application is negative should be applied regardless of
regulatory pressure (or even fuel prices), because it would literally save manufacturers money to
apply them. Kia’s table illustrates a common theme—that a number of technologies appear to
have attractive cost-effectiveness — notably aerodynamic improvements and low rolling
resistance tires. Given that Hyundai-Kia is targeting its share of HEV/PHEV/BEV to be closer
to 25 percent by 2025 (and we simulate less than 3 percent in the baseline), our estimated over-
compliance in the baseline is almost certainly too low, rather than too igh.*! (We do show one

41 https://hyundainews.com/en-us/releases/2982. (Accessed: January 18, 2022).

74


https://hyundainews.com/en-us/releases/2982

application of BEV being cost-effective enough to occur without a regulatory prompt as soon as
MY 2029 for Kia.)

Table 1-14 — Mazda Voluntary Technology Application

Model Year | Technology | Costs/Savings
2023 ROLL20 0.8
2023 AT8 0.9
2025 AEROI10 -4.2
2025 AERO15 -3.5
2025 AERO20 -14
2026 MRI1 0.6
2026 AERO15 0.8
2026 AERO15 0.9

Mazda’s table tells a similar story — minor technologies that are either cost-saving, or very cost-
effective.

Table 1-15 — Nissan Voluntary Technology Application

Model Year | Technology | Costs/Savings
2023 MR3 0.7
2023 ROLLI10 0.1
2023 IACC 0.2
2023 ROLL20 0.3
2023 ATS8L2 0.7
2023 ATI0L2 0.7
2023 AERO15 0.9
2023 TURBOD 0.9
2024 AEROI15 -5.0
2024 AERO20 -4.6
2024 AEROI5 4.8
2024 AERO20 4.4
2024 IACC 0.6
2024 IACC 0.7
2024 ROLL20 0.7
2024 HCRI 0.9
2024 AERO15 1.0
2025 MR1 -2.0
2025 AERO20 -14
2026 ROLLI10 0.1
2026 IACC 0.2
2026 ROLL20 0.3
2027 SAX 1.6
2028 MRI1 0.6
2028 AEROI5 0.8
2028 AERO15 1.0
2029 AEROI10 1.2
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| 2029 | AEROI15 | 1.0 |

Nissan’s technology application is broader than the first two, but features many of the same
technologies — aero, tires, certain cost-effective transmissions, certain cost-effective engines.

As stated above, Subaru’s over-compliance is not a function of technology application, although
we show this overcompliance leaves opportunities for Subaru to apply some additional
technology not necessitated by baseline standards.

Table 1-16 — Subaru Voluntary Technology Application

Model Year | Technology | Costs/Savings
2023 AERO15 -5.3
2023 AERO15 4.3
2023 TURBOI -0.4
2023 ROLLI10 0.1
2023 IACC 0.4
2023 ROLL20 0.5
2023 IACC 0.6
2023 ROLL20 0.6
2023 ROLL20 0.7
2023 ROLL20 0.6
2023 IACC 0.6
2024 HCR1 0.8
2024 AEROLIS5 1.0
2029 AEROLIS 0.9

Rather, Subaru exceeds both standards because we assume (a priori) that most manufacturers
will make increasing use of AC/OC credits toward compliance in both programs. Subaru’s OC
credits are assumed to nearly triple during the rulemaking timeframe, and AC leakage credits to
nearly double. While CAFE does not account for AC leakage credits, manufacturers who opt to
comply with GHG standards through their application leave cost-effective fuel economy
technology on the table. If instead, they opt to pursue compliance only through on-cycle fuel
economy improvements, our analysis will still show some over-compliance in the LT fleet, but
less than Subaru has typically exhibited.

Table 1-17 — Toyota Voluntary Technology Application

Model Year | Technology | Costs/Savings | Model Year | Technology | Costs/Savings
2022 HCRO 0.8 2024 HCRI1 0.8
2022 ROLL20 0.8 2025 AEROI15 -5.8
2022 ATS 0.8 2025 AERO20 -5.4
2022 ROLL20 0.8 2026 ROLL10 0.1
2022 AERO15 1.0 2026 IACC 0.2
2022 AEROL15 2.1 2026 ROLL20 0.4
2022 HCRI1 1.0 2026 ATS 0.4
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2023 ROLLI10 0.1 2026 ROLL20 0.4
2023 IACC 0.4 2026 ATS 0.4
2023 ROLL20 0.5 2026 ROLL20 0.4
2023 ROLLI10 0.1 2026 MRI1 0.7
2023 IACC 0.4 2026 AERO10 0.7
2023 IACC 0.3 2026 AERO10 0.8
2023 IACC 0.3 2026 AEROI10 0.9
2023 IACC 0.4 2026 TURBO1 1.0
2023 ROLL20 0.4 2026 MR1 1.0
2023 IACC 0.4 2026 EFR 1.0
2023 ATS8 0.4 2027 BEV200 -2.8
2023 ROLL20 0.5 2027 MR1 0.9
2023 IACC 0.5 2028 IACC 0.9
2023 ROLL20 0.5 2028 AERO15 0.9
2023 ATI10L2 0.8 2028 AERO15 1.0
2023 AEROI15 1.0 2029 HCRI1 0.1
2024 AERO15 -3.8 2029 BEV200 0.3
2024 AEROIS5 -3.4 2029 AERO10 -1.9
2024 AERO15 -3.2 2029 AEROI15 -14
2024 AERO20 -1.6 2029 AERO20 0.1
2024 AERO20 -1.5 2029 AEROI5 0.9
2024 AERO20 -14 2029 TURBO1 0.9
2024 DEAC 0.6 2029 AERO15 0.9
2024 IACC 0.8 2029 MRI1 1.0

We show Toyota applying more technology than the other manufacturers in this set. Toyota has
old truck engines that are infrequently redesigned (in the pickup segment), and the model takes
advantage of cost-effective opportunities to upgrade them, as seems reasonable to expect that
they will.** The same technologies that appear cost-effective for other manufacturers, also
appear cost-effective for Toyota (including several whose cost is negative). And, similar to
Subaru, we show Toyota nearly doubling their application of both OC and AC leakage credits
during the rulemaking period. If instead, they choose to comply through the application of fuel
economy technology, many of these cost-effective technologies would be applied in service of
compliance, rather than in excess of it.

What does this over-compliance mean for costs and benefits attributable to the final rule?

4 As discussed below, technology-related inputs to the agency’s analysis—in particular, inputs providing the basis
for estimates of the fuel economy benefit achieved by applying a given combination of technologies—are based on
applying technologies in a manner that holds vehicle performance and utility nominally constant. Manufacturers
could instead apply technologies in a manner that balances changes in fuel economy with changes in vehicle
performance, utility, and cost, instead of using all of a given technology’s potential to improve fuel economy.
However, the agency is unaware of any practicable means to simulate such tradeoffs and optimization for different
categories of vehicles, or any practicable means to estimate how buyers’ valuation of different categories of vehicles
could change in response to simultaneous changes in fuel economy, different measures of vehicle performance, and
different measures of vehicle utility.
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Today’s analysis treats manufacturers’ decisions as being informed by fuel prices, applying the
same functional approach for all regulatory alternatives and all fuel prices—that is, offsetting
technology costs by fuel savings estimated to accrue over the first 30 months of vehicle
operation. Because less stringent standards tend to leave more technology “on the table” than
more stringent standards, this approach attributes some costs and benefits to the No-Action
Alternative, rather than to the incremental impact of more stringent action alternative.
Notwithstanding uncertainties regarding manufacturers’ and buyers’ future decision making,
NHTSA considers this the best practicable approach available at this time.

NHTSA could have instead treated manufacturers’ decisions as being uninformed by fuel
prices.*® With other inputs (including fuel prices) left at reference case value, doing so would
have increased the agency’s estimates of additional costs and benefits attributable to the final
rule by about 7.5 billion dollars (6 percent) and 6 billion dollars (4 percent), respectively, thus
reducing the agencies estimates of net benefits by about 1.5 billion dollars (9 percent).**

1.4.2 Action Alternatives

In addition to the aforementioned No-Action Alternative, NHTSA has considered four “action”
alternatives, each of which is more stringent than the No-Action Alternative during MY's 2024-
2026. These action alternatives are as specified below, with Alternative 1 being the least
stringent in MY 2026, Alternative 3 being the most stringent, and Alternative 2.5 (the Preferred
Alternative) falling between Alternatives 2 and 3 in terms of MY 2026 stringency.

1.4.2.1 Alternative 1

Alternative 1 would increase CAFE stringency for MY 2024 by 9.14 percent for passenger cars
and 11.02 percent for light trucks and increase stringency in MYs 2025 and 2026 by 3.26 percent
per year for both passenger cars and light trucks.

43 Such an approach would, for example, produce the same fuel economy changes when gasoline costs $4.00 per
gallon (the 2030 price, in 2018 dollars, in the high oil price case considered in today’s sensitivity analysis) as when
gasoline costs $2.00 per gallon (the corresponding low oil price value).

4 These estimates reflect a 3 percent discount rate for climate-related damages, and a 3 percent discount rate for all
other benefits and costs.
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These equations are represented graphically below:
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2024 2025 2026

a (mpg) 56.15 58.04 60.00

b (mpg) 42.00 43.41 44.88
¢ (gpm per s.f.) | 0.000400 | 0.000387 | 0.000374
d (gpm) 0.00141 | 0.00136 | 0.00132

Table 1-19 — Characteristics of Alternative 1 — Light Trucks

2024 2025 2026
a (mpg) 46.17 47.73 49.34
b (mpg) 27.73 28.67 29.63

¢ (gpm per s.f.) | 0.000436 | 0.000422 | 0.000408
d (gpm) 0.00377 | 0.00365 | 0.00353
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Table 1-18 — Characteristics of Alternative 1 — Passenger Cars
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Figure 1-10 — Alternative 1, Passenger Car Fuel Economy, Target Curves
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Figure 1-11 — Alternative 1, Light Truck Fuel Economy, Target Curves

Under this alternative, the MDPCS is as follows:

Table 1-20 — Alternative 1 - Minimum Domestic Passenger Car Standard

2024

2025

2026

44.9 mpg

46.4 mpg

47.9 mpg

1.4.2.2 Alternative 2

Alternative 2 would increase CAFE stringency at 8 percent per year.
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These equations are represented graphically below:
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Table 1-21 — Characteristics of Alternative 2 — Passenger Cars

2024 2025 2026

a (mpg) 55.44 60.26 65.50

b (mpg) 41.48 45.08 49.00
¢ (gpm per s.f.) | 0.000405 | 0.000372 | 0.000343
d (gpm) 0.00144 | 0.00133 | 0.00122

Table 1-22 — Characteristics of Alternative 2 — Light Trucks

2024 2025 2026

a (mpg) 44.48 48.35 52.56

b (mpg) 26.74 29.07 31.60
¢ (gpm per s.£.) | 0.000452 | 0.000416 | 0.000382
d (gpm) 0.00395 | 0.00364 | 0.00334
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Figure 1-12 — Alternative 2, Passenger Car Fuel Economy, Target Curves
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Figure 1-13 — Alternative 2, Light Truck Fuel Economy, Target Curves
Under this alternative, the MDPCS is as follows:

Table 1-23 — Alternative 2 — Minimum Domestic Passenger Car Standard

2024 2025 2026

444 mpg | 48.1 mpg | 52.3 mpg

1.4.2.3 Alternative 2.5 — Preferred Alternative

In the proposal preceding this final rule, NHTSA sought comment on a possible modification to
Alternative 2, which would have increased the stringency of CAFE standards by 10 percent
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between model years 2025 and 2026, rather than by 8 percent. Shown graphically, this
possibility appears as shown below:
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Figure 1-14 — Graphic Representation of Possible Other Alternative

The coefficients associated with this alternative have been determined as follows:

Table 1-24 — Characteristics of Alternative 2.5 — Passenger Cars

2024 2025 2026
a (mpg) 55.44 60.26 66.95
b (mpg) 41.48 45.08 50.09
¢ (gpm per s.f.) 0.000405 | 0.000372 | 0.000335
d (gpm) 0.00144 0.00133 0.00120

Table 1-25 — Characteristics of Alternative 2.5 — Light Trucks

2024 2025 2026
a (mpg) 44.48 48.35 53.73
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b (mpg) 26.74 29.07 32.30
c (gpmpers.f) | 0.000452 | 0.000416 | 0.000374
d (gpm) 0.00395 | 0.00364 | 0.00327

These equations are represented graphically below:
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Figure 1-15 — Alternative 2.5, Passenger Car Fuel Economy, Target Curves
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Figure 1-16 — Alternative 2.5, Light Truck Fuel Economy, Target Curves

Under this alternative, the MDPCS is as follows:

Table 1-26 — Alternative 2.5 — Minimum Domestic Passenger Car Standard

2024

2025

2026

44.3 mpg

48.2 mpg

53.5 mpg

~
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NHTSA considered this alternative as a way to evaluate the effects of CAFE standards could be
considered a middle ground between Alternative 2 and Alternative 3 allowing for a slower ramp
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in stringency than Alternative 3 but providing additional lead time to return to a fuel
consumption trajectory exemplified by the standards announced in 2012.

1.4.2.4 Alternative 3

Alternative 3 would increase CAFE stringency at 10 percent per year. When developing
regulatory alternatives for consideration in the published NPRM, NHTSA calculated this would
result in total fuel economy savings from vehicles produced during MYs 2021-2029 similar to
total lifetime fuel economy savings that would have occurred if NHTSA had promulgated final
CAFE standards for MY's 2021-2025 at the augural levels announced in 2012 and, in addition, if
NHTSA had also promulgated MY 2026 standards that reflected a continuation of that average
rate of stringency increase (4.48 percent for passenger cars and 4.54 percent for light trucks).

Table 1-27 — Characteristics of Alternative 3 — Passenger Cars

2024 2025 2026

a (mpg) 56.67 62.97 69.96

b (mpg) 42.40 47.11 52.34
¢ (gpm per s.f) | 0.000396 | 0.000356 | 0.000321
d (gpm) 0.00141 | 0.00127 | 0.00114

Table 1-28 — Characteristics of Alternative 3 — Light Trucks

2024 2025 2026

a (mpg) 45.47 50.53 56.14

b (mpg) 27.34 30.38 33.75
¢ (gpm pers.f.) | 0.000442 | 0.000398 | 0.000358
d (gpm) 0.00387 | 0.00348 | 0.00313

These equations are represented graphically below:
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Figure 1-17 — Alternative 3, Passenger Car Fuel Economy, Target Curves
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Figure 1-18 — Alternative 3, Light Truck Fuel Economy, Target Curves

Under this alternative, the MDPCS is as follows:

NHTSA considered this alternative as a way to evaluate the effects of CAFE standards that

Table 1-29 — Alternative 3 — Minimum Domestic Passenger Car Standard

2024

2025

2026

45.2 mpg

50.3 mpg

55.9 mpg

would return to a fuel consumption trajectory exemplified by the standards announced in 2012.

88



2 What inputs does the compliance analysis require?

The CAFE Model applies various technologies to different vehicle models in each
manufacturer’s product line to simulate how each manufacturer might make progress toward
compliance with the specified standard. Subject to a variety of user-controlled constraints, the
model applies technologies based on their relative cost-effectiveness, as determined by several
input assumptions regarding the cost and effectiveness of each technology, the cost of
compliance (determined by the change in CAFE or COz credits, CAFE-related civil penalties, or
value of COz2 credits, depending on the compliance program being evaluated), 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 a// available technologies, or, if the manufacturer is assumed to be willing
to pay civil penalties or acquire credits from another manufacturer, until paying civil penalties or
purchasing credits becomes 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/credits purchased by each manufacturer. This
compliance simulation process is repeated for each model year included in the study period
(through model year 2050 in this analysis).

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
produces a full representation of the registered light-duty vehicle population in the United States.
The CAFE Model then uses this fleet to generate estimates of the following (for each model year
and calendar year included in the analysis): lifetime travel, fuel consumption, carbon dioxide and
criteria pollutant emissions, the magnitude of various economic externalities related to vehicular
travel (e.g., congestion and noise), and energy consumption (e.g., the economic costs of short-
term increases in petroleum prices, or social damages associated with GHG emissions). The
system then uses these estimates to measure the benefits and costs associated with each
regulatory alternative (relative to the No-Action Alternative).

To perform this analysis, the CAFE Model uses millions of data points contained in several input
files that have been populated by engineers, economists, and safety and environmental program
analysts at both NHTSA and the DOT’s Volpe National Transportations Systems Center
(Volpe). In addition, some of the input data comes from modeling and simulation analysis
performed by experts at Argonne National Laboratory using their Autonomie full vehicle
simulation model and BatPaC battery cost model. Other inputs are derived from other models,
such as the U.S. Energy Information Administration’s (EIA’s) National Energy Modeling
System (NEMS), Argonne’s “GREET” fuel-cycle emissions analysis model, and U.S. EPA’s
“MOVES” vehicle emissions analysis model. As NHTSA and Volpe are both organizations
within DOT, we use DOT throughout these chapters to refer to the collaborative work performed
for this analysis.

4 Generally, the model considers a technology cost-effective if it pays for itself in fuel savings within 30 months.
Depending on the settings applied, the model can continue to apply technologies that are not cost-effective rather
than choosing other compliance options; if it does so, it will apply those additional technologies in order of cost-
effectiveness (i.e., most cost-effective first).
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This Chapter 2 and the following Chapter 3 describe the inputs that the compliance simulation
requires, including an in-depth discussion of the technologies used in the analysis, how they are
defined in the CAFE Model, how they are characterized on vehicles that already exist in the
market, how they can be applied to realistically simulate manufacturer’s decisions, their
effectiveness, and their cost. The inputs and analyses for the effects calculations, including
economic, safety, and environmental effects, are discussed later in Chapters 4 through 7,
although the overview of inputs below provides a brief description of the information contained
in the input files that supports those calculations.

2.1 Overview of Inputs to the Analysis

The CAFE Model input files defining the analysis fleet and the fuel-saving technologies to be
included in the analysis span more than a million records, but deal with a relatively discrete
range of subjects (e.g., what vehicles are in the fleet, what are the key characteristics of those
vehicles, what fuel-saving technologies are expected to be available, and how might adding those
technologies impact vehicles’ fuel economy levels and costs). The CAFE Model makes use of a
considerably wider range of other types of inputs, and most of these are contained in other model
input files. The nature and function of many of these inputs remains unchanged relative to 2020
versions, although DOT staff have updated the values of many of these same inputs. The CAFE
Model documentation accompanying today’s final rule lists and describes all model inputs and
explains how inputs are used by the model. Most input values are discussed below, in
subsections discussing specific technical, economic, energy, safety, and environmental factors.
The remainder of this subsection provides an overview of the scope of different model input
files. The overview is organized based on CAFE Model file types, as in the model
documentation.

2.1.1 Market Data File

The “Market Data” file contains the detailed description—discussed above—of the vehicle
models and model configurations each manufacturer produces for sale in the United States. The
file also contains a range of other inputs that, though not specific to individual vehicle models,
may be specific to individual manufacturers.

The file contains a set of specific worksheets, as follows:

e “Manufacturers” worksheet: Lists specific manufacturers, indicates whether
manufacturers are expected to prefer paying CAFE fines to applying technologies that
would not be cost-effective, indicates what “payback period” defines buyers’ willingness
to pay for fuel economy improvements, enumerates CAFE and COz credits banked from
model years prior to those represented explicitly, and indicates how sales “multipliers”
are to be applied when simulating compliance with CO2 standards. DOT staff have
updated this worksheet to include inputs used to account for aspects of each
manufacturer’s production relevant to compliance with ZEV mandates, as discussed
further in Chapter 2.3, Simulating the Zero Emissions Vehicle Program.

e “Credits and Adjustments” worksheet: Enumerates estimates—specific to each
manufacturer and fleet—of expected CO2 and CAFE adjustments reflecting improved AC
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2.1.2

efficiency, reduced AC refrigerant leakage, improvements to “off cycle” efficiency, and
production of flexible fuel vehicles (FFVs). The model applies AC refrigerant leakage
adjustments only to COz levels, and applies FFV adjustments only to CAFE levels.

“Vehicles” worksheet: Lists vehicle models and model configurations each
manufacturer produces for sale in the United States; identifies shared vehicle platforms;
indicates which engine and transmission is present in each vehicle model configuration;
specifies each vehicle model configuration’s fuel economy level, production volume, and
average price; specifies several engineering characteristics (e.g., curb weight, footprint,
and fuel tank volume); assigns each vehicle model configuration to a regulatory class,
technology class, engine class, and safety class; specifies schedules on which specific
vehicle models are expected to be redesigned and freshened; specifies how much U.S.
labor is involved in producing each vehicle model/configuration; and indicates whether
specific technologies are already present on specific vehicle model configurations, or,
due to engineering or product planning considerations, should be skipped. DOT staff
have updated this worksheet to include inputs used to indicate which models might
reasonably treated as candidates to be replaces with vehicles earning credit toward
compliance with ZEV mandates, as discussed in Chapter 2.3, Simulating the Zero
Emissions Vehicle Program. DOT staff have also updated this worksheet to include
inputs used to indicate which manufacturers are subject to the CARB’s “Framework
Agreements,” as discussed in Chapter 1.

“Engines” worksheet: Identifies specific engines used by each manufacturer and for
each engine, lists a unique code (referenced by the engine code specified for each vehicle
model configuration and identifies the fuel(s) with which the engine is compatible, the
valvetrain design (e.g., dual overhead cam [DOHCY]), the engine’s displacement, cylinder
configuration and count, and the engine’s aspiration type (e.g., naturally aspirated,
turbocharged). The worksheet also indicates whether specific technologies are already
present on specific engines or, due to engineering or product planning considerations,
should be skipped.

“Transmissions” worksheet: Similar to the Engines worksheet, identifies specific
transmissions used by each manufacturer and for each transmission, lists a unique code
(referenced by the transmission code specified for each vehicle model configuration and
identifies the type (e.g., automatic or CVT) and number of forward gears. Also, indicates
whether specific technologies are already present or, due to engineering or product
planning considerations, should be skipped.

Technologies File

The Technologies file identifies approximately six dozen technologies to be included in the

analysis, indicates when and how widely each technology can be applied to specific types of
vehicles, provides most of the inputs involved in estimating what costs will be incurred, and
provides some of the inputs involved in estimating impacts on vehicle fuel consumption and

weight.

The file contains the following types of worksheets:
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2.13

“Parameters” worksheet: Not to be confused with the “Parameters” file discussed
below, this worksheet in the Technologies file indicates, for each technology class, the
share of the vehicle’s curb weight represented by the “glider” (the vehicle without the
powertrain).

“Technologies” worksheet: For each named technology, specifies the share of the
entire fleet to which the technology may be additionally applied in each model year.

“Technology Class” worksheets: In a separate worksheet for each of the 10 technology
classes discussed above (and an additional 2—not used for this analysis—for heavy-duty
pickup trucks and vans), identifies whether and how soon the technology is expected to
be available for wide commercialization, specifies the percentage of miles a vehicle is
expected to travel on a secondary fuel (if applicable, as for PHEVs), indicates a vehicle’s
expected electric power and all-electric range (AER) (if applicable), specifies expected
impacts on vehicle weight, specifies estimates of costs for technologies in each model
year (and factors by which electric battery costs are expected to be reduced in each model
year), specifies any estimates of maintenance and repair cost impacts, and specifies any
estimates of consumers’ willingness to pay for the technology.

“Engine Type” worksheets: In a separate worksheet for each of 28 initial engine types
identified by cylinder count, number of cylinder banks, and configuration (DOHC, unless
identified as OHV or single overhead cam [SOHC]), specifies estimates of costs in each
model year, as well as any estimates of impacts on maintenance and repair costs.

Parameters File

The “Parameters” file contains inputs spanning a range of considerations, such as economic and
labor utilization impacts, vehicle fleet characteristics, fuel prices, scrappage and safety model
coefficients, fuel properties, and emission rates.

The file contains a set of specific worksheets, as follows:

“Economic Values” worksheet: Specifies a variety of inputs, including social and
consumer discount rates to be applied, the “base year” to which to discount social
benefits and costs (i.e., the reference years for present value analysis), discount rates to be
applied to the social cost of CO2 emissions, the elasticity of highway travel with respect
to per-mile fuel costs (also referred to as the rebound effect), the gap between test (for
certification) and on-road (i.e., real world) fuel economy, the fixed amount of time
involved in each refuel event, the share of the tank refueled during an average refueling
event, the value of travel time (in dollars per hour per vehicle), the estimated average
number of miles between mid-trip electric vehicle (EV) recharging events (separately for
each BEV considered in the analysis), the rate (in miles of capacity per hour of charging)
at which EV batteries are recharged during such events, the values (in dollars per vehicle-
mile) of congestion and noise costs, costs of vehicle ownership and operation (e.g., sales
tax), economic costs of oil imports, estimates of future macroeconomic measures (e.g.,
GDP), and rates of growth in overall highway travel (separately for low, reference, and
high oil prices).
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“Vehicle Age Data” worksheet: Specifies nominal average survival rates and annual
mileage accumulation for cars, vans and SUVs, and pickup trucks. These inputs are used
only for displaying estimates of avoided fuel savings and CO2 emissions while the model
is operating. Calculations reported in model output files reflect, among other things,
application of the scrappage model.

“Fuel Prices” worksheet: Separately for gasoline, E85, diesel, electricity, hydrogen,
and compressed natural gas (CNG), specifies historical and estimated future fuel prices
(and average rates of taxation). Includes values reflecting low, reference, and high
estimates of oil prices.

“DFS Model Values” worksheet: Specifies coefficients used by the dynamic fleet share
model, which estimates the relative proportions of passengers and light trucks in the total
U.S. market for new vehicles.

“Scrappage Model Values” worksheet: Specifies coefficients applied by the scrappage
model, which the CAFE Model uses to estimate rates at which vehicles will be scrapped
(removed from service) during the period covered by the analysis.

“Historic Fleet Data” worksheet: For model years not simulated explicitly (here,
model years through 2016), and separately for cars, vans and SUVs, and pickup trucks,
specifies the initial size (i.e., number new vehicles produced for sale in the United States)
of the fleet, the number still in service in the indicated calendar year (here, 2016), the
relative shares of different fuel types, and the average fuel economy achieved by vehicles
with different fuel types, and the averages of horsepower, curb weight, fuel capacity, and
price (when new).

“Safety Values” worksheet: Specifies coefficients used to estimate the extent to which
changes in vehicle mass impact highway safety. Also, specifies statistical value of
highway fatalities, the share of incremental risk (of any additional driving) internalized
by drivers, rates relating the cost of damages from non-fatal losses to the cost of fatalities,
and rates relating the occurrence of non-fatal injuries to the occurrence of fatalities. DOT
staff have updated this worksheet to include inputs used to estimate the occurrence and
monetized damages from crashes resulting in injuries or property damage, but not
fatalities. Chapter 7 discusses these new estimation procedures.

“Fatality Rates” worksheet: Separately for each model year from 1975-2050, and
separately for each vehicle age (through 39 years) specifies the estimated nominal
number of fatalities incurred per billion miles of travel by which to offset fatalities.

“Credit Trading Values” worksheet: Specifies whether various provisions related to
compliance credits are to be simulated (currently limited to credit carry-forward and
transfers), and specifies the maximum number of years’ credits may be carried forward to
future model years. Also, specifies statutory (for CAFE only) limits on the quantity of
credits that may be transferred between fleets, and specifies amounts of lifetime mileage
accumulation to be assumed when adjusting the value of transferred credits. Also,
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accommodates a setting indicating the maximum number of model years to consider
when using expiring credits.

“Employment Values” worksheet: Specifies the estimated average revenue OEMs and
suppliers earn per employee, the RPE factor applied in developing technology costs, the
average quantity of annual labor (in hours) per employee, a multiplier to apply to U.S.
final assembly labor utilization in order to obtain estimated direct automotive
manufacturing labor, and a multiplier to be applied to all labor hours.

“Fuel Properties” worksheet: Separately for gasoline, E85, diesel, electricity,
hydrogen, and CNG, specifies energy density, mass density, carbon content, and tailpipe
SO2 emissions (grams per unit of energy).

“Fuel Import Assumptions” worksheet: Separately for gasoline, E85, diesel,
electricity, hydrogen, and CNG, specifies the extent to which (a) changes in fuel
consumption lead to changes in net imports of finished fuel, (b) changes in fuel
consumption lead to changes in domestic refining output, (c) changes in domestic
refining output lead to changes in domestic crude oil production, and (d) changes in
domestic refining output lead to changes in net imports of crude oil.

“Emissions Health Impacts” worksheet: Separately for NOx, SO2 and PM2 s
emissions, separately for upstream and vehicular emissions, and for each of calendar
years 2020, 2025, and 2030, specifies estimates of various health impacts, such as
premature deaths, acute bronchitis, and respiratory hospital admissions. Consulting with
technical staff at EPA and Argonne National Laboratory, DOT staff have refined the
structure of these inputs to account separately for refining, petroleum extraction, finished
fuel distribution (i.e., transportation, storage, and distribution), and electricity generation,
and to differentiate between gasoline and diesel vehicle emissions.

“Greenhouse Emission Costs” worksheet: For each calendar year through 2080,
specifies low, average, and high estimates of the social cost of CO2 emissions, in dollars
per metric ton. Accommodates analogous estimates for CHs and N20.

“Criteria Pollutant Emission Costs” worksheet: Separately for NOx, SO2 and PMa.s
emissions, separately for upstream and vehicular emissions, and for each of calendar
years 2016, 2020, 2025, and 2030, specifies social costs on a per-ton basis.

“Upstream Emissions (UE)” worksheets: Separately for gasoline, E85, diesel,
electricity, hydrogen, and CNG, and separately for calendar years 2020, 2025, 2030,
2035, 2040, 2045, and 2050, and separately for various upstream processes (e.g.,
petroleum refining), specifies emission factors (in grams per million British thermal unit
[BTU)) for each included criteria pollutant (e.g., NOx) and toxic air contaminant (e.g.,
benzene).

“Tailpipe Emissions (TE)” worksheets: Separately for gasoline and diesel, for each of

model years 1975-2050, for each vehicle vintage through age 39, specifies vehicle
tailpipe emission factors (in grams per mile) for CO, VOC, NOx, PMz.s, CHa4, N20,
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acetaldehyde, acrolein, benzene, butadiene, formaldehyde, and diesel particulate matter
10 microns or less in diameter (PMio).

2.1.4 Scenarios File

The CAFE Model represents each regulatory alternative as a discrete scenario, identifying the
first-listed scenario as the baseline relative to which impacts are calculated. Each scenario is
described in a worksheet in the Scenarios input file, with standards and related provisions
specified separately for each regulatory class (passenger car or light truck) and each model year.
Inputs specify the standards’ functional forms and defining coefficients in each model year.
Multiplicative factors and additive offsets are used to convert fuel economy targets to CO2
targets, the two being directly mathematically related by a linear transformation. Additional
inputs specify minimum CAFE standards for domestic passenger car fleets, determine whether
upstream emissions from electricity and hydrogen are to be included in CO2 compliance
calculations, specify the governing rates for CAFE civil penalties, specify estimates of the value
of CAFE credits (for CAFE Model operating modes applying these values), specify how flexible
fuel vehicles (FFVs) and PHEVs are to be accounted for in CAFE compliance calculations,
specific caps on adjustments reflecting improvements to off-cycle and AC efficiency and
emissions, specify any estimated amounts of average Federal tax credits earned by HEVs,
PHEVs, BEVs, and FCVs. Consulting with CARB technical staff, DOT staff have added inputs
to account for some manufacturers’ commitment to CARB’s “Framework Agreements,” as
discussed above in Chapters 1 and 2. DOT staff have also added inputs to identify specific
model years for which new standards are being proposed or finalized. The worksheets also
accommodate some other inputs, such those as involved in analyzing standards for heavy-duty
pickups and vans, not used in today’s analysis.

2.1.5 Run Time Settings

In addition to inputs contained in the above-mentioned files, the CAFE Model makes use of
some settings selected when operating the model. These include which standards (CAFE or
CO») are to be evaluated; what model years the analysis is to span; when technology application
is to begin; whether use of compliance credits is to be simulated and, if so, until what model
year; whether dynamic economic models are to be exercised and, if so, how many sales model
iterations are to be undertaken and using what price elasticity; whether low, average, or high
estimates are to be applied for fuel prices, SCC, and fatality rates; by how much to scale benefits
to consumers; and whether to report an implicit opportunity cost. DOT staff have also added
inputs that can be used to require technology application and vehicle sales under each regulatory
alternative to remain unchanged from the No-Action Alternative (i.e., the baseline) until some
future model year. For today’s analysis, DOT staff have introduced new settings to the model,
supporting the selection of alternative dynamic fleet share models to be applied, and supporting
the direct specification of the portion of accumulated driving (in miles) to be included when
calculating avoided fuel savings offsetting purchase costs when estimating impacts on new
vehicle sales and used vehicle scrappage.
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2.1.6  Simulation Inputs

As mentioned above, the CAFE Model makes use of databases of estimates of fuel consumption
impacts and, as applicable, battery costs for different combinations of fuel saving technologies.
For today’s analysis, DOT developed these databases using a large set of full vehicle and
accompanying battery cost model simulations developed by Argonne National Laboratory. To
be used as files provided separately from the model and loaded every time the model is executed,
these databases are prohibitively large, spanning more than a million records and more than half
a gigabyte. To conserve memory and speed model operation, DOT has integrated the databases
into the CAFE Model executable file. When the model is run, however, the databases are
extracted and placed in an accessible location on the user’s disk drive.

The databases, each of which is in the form of a simple (if large) text file, are as follows:

e “FE1_Adjustments.csv”: This is the main database of fuel consumption estimates.
Each record contains such estimates for a specific indexed (using a multidimensional
“key””) combination of technologies for each of the technology classes in the Market Data
and Technologies files. Each estimate is specified as a percentage of the “base”
technology combination for the indicated technology class.

e “FE2_Adjustments.csv”: Specific to PHEVs, this is a database of fuel consumption
estimates applicable to operation on electricity, specified in the same manner as those in
the main database.

o “Battery_Costs.csv”: Specific to technology combinations involving vehicle
electrification (including 12V stop-start systems), this is a database of estimates of
corresponding base costs (before learning effects) for batteries in these systems. As
discussed below, for today’s analysis, DOT staff have adjusted some of the estimates in
this file in order to better represent batteries used in 12V stop-start systems.

2.1.7 Argonne National Laboratory Autonomie Simulation Databases

As discussed above, the technology effectiveness values used in the CAFE Model come from a
set of full vehicle simulations developed by Argonne National Laboratory using the Autonomie
model. While DOT adapts these prohibitively large simulation databases into the CAFE Model
executable file, DOT provides a summary of simulation outputs for each vehicle technology
class. Argonne also provides assumptions summary files to describe the assumptions used in
building vehicle models and for the BatPaC battery cost modeling.

The workbooks Argonne provides for the full vehicle simulations are, as follows:

o “CompactNonPerfo 2101.csv; CompactPerfo 2101.csv; MidsizeNonPerfo 2101.csv;
MidsizePerfo 2101.csv; MidsizeSUVNonPerfo 2101.csv; MidsizeSUVPerfo 2101.csv;
PickupNonPerfo 2101.csv; PickupPerfo 2101.csv; SmallSUVNonPerfo 2101.csv;
SmallSUVPerfo 2101.csv”: These are the ten databases that contain the outputs of the
Autonomie full vehicle simulations. These ten vehicle classes account for over one
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million simulations that have been considered for this analysis. These results are in raw
absolute mpg form and then are converted to the appropriate incremental effectiveness
value for use in the CAFE Model.

e “ANL - All Assumptions_Summary NPRM_022021.xIsx”: This summary workbook
provides broad summaries of assumptions used for the Autonomie full vehicle
simulations, such as component weights, cold start penalties, component specifications,
etc.

e “ANL - Data Dictionary_January 2021.xIsx”: This workbook contains descriptions of
inputs and units for the Autonomie simulation results.

e “ANL - Summary of Main Component Performance
Assumptions NPRM 022021.xIsx”: This workbook contains another set of
characteristics data for transmission efficiencies, engine fueling rates, and electric motor
efficiencies.

e “ANL BatPac Lookup tables Feb2021v2.xlsx”: This contains the inputs,
assumptions, and outputs of the battery pack modeling performed by Argonne for this
analysis.

2.2  The Market Data File

The starting point for the evaluation of different stringency levels for future fuel economy
standards is the analysis fleet, which is a snapshot of the recent light duty vehicle market. The
analysis fleet provides a reference from which to project how manufacturers could apply
additional technologies to vehicles to cost-effectively improve vehicle fuel economy, in response
to regulatory action and market conditions.*® As the scope of CAFE analysis has widened over
successive rulemakings, the range of data that must be included for each vehicle in the analysis
fleet has, in turn, widened, currently including nearly half a million pieces of information used
and referenced in the CAFE Model analysis.

The Market Data file contains information about manufacturer credit banks, fine payment
preferences, and whether a manufacturer has voluntary adopted the California Framework
Agreements, committed to exceed the standards set in the 2020 final rule. Additionally, the
Market Data file includes some information about the distribution of vehicle sales within the
United States, recognizing the proportion of vehicles sold in California and Section 177 states,
and in the rest of the United States. This information supports the representation of ZEV
mandates, discussed in detail. Credit banks, fine payment preferences, and other information
described in this paragraph appear on the “Manufacturers” tab of the Market Data file.

The “Credits and Adjustments” tab of the Market Data file summarizes additional credits
previously claimed by manufacturer, by regulatory class. On this tab, the Market Data file
includes historical data about claimed AC efficiency, AC leakage, off-cycle credits, and flex fuel

46 The CAFE Model does not generate compliance paths a manufacturer should, must, or will deploy. It is intended
as a tool to demonstrate a compliance pathway a manufacturer could choose. It is almost certain all manufacturers
will make compliance choices differing from those projected by the CAFE Model.
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vehicle (FFV) credits, as well as forward looking projections about credits that DOT believes
may be claimed in the future.*’

The “Vehicles” tab of the Market Data file includes information about the vehicles sold in the
United States in a given model year. In this tab, DOT staff catalogue the types of vehicles sold
(including the number sold, the regulatory class, the footprint, and the fuel economy), and
information about those vehicles that informs the baseline for the analysis (for instance, which
fuel saving technologies already appear on production vehicles). The vehicles tab includes
information necessary to link observed vehicles to effectiveness estimates for additional fuel
saving technologies (with “technology class” assignments), and technology costs (with
“technology class,” and “engine class” assignments, needed to point to relevant cost information
in the technologies input file). The Market Data file contains additional information about
projected refresh and redesign cycles, and current part sharing of structural parts, engines, and
transmissions (with “platforms,” “engine code,” and “transmission code”) that the CAFE Model
takes into account when applying additional fuel saving technologies. Estimates of manufacturer
suggested retail price (MSRP), labor hours per vehicle, and percent U.S. content provide
reference information used in other CAFE Model calculations.

The Market Data file “Engines” and “Transmissions” tabs characterize technology content of
engine and transmission systems in use in the observed fleet and link these systems back to
observed vehicles via the “engine code” and “transmission code.”

A reasonable characterization of the analysis fleet is key to estimating costs and benefits
resulting from the rulemaking action. The baseline sales volumes, fuel economies, and
manufacturer fleet fuel economies when compared to future standards help DOT (via CAFE
Model compliance simulations) evaluate how manufacturers may respond to any projected future
standards (as future standards are outlined in the scenarios input file), in light of each
manufacturer’s product portfolio and projected market conditions (with market conditions
including cost of fuel saving technologies as outlined in the technologies input file, and projected
fuel prices as outlined in the parameters input file). The analysis fleet inputs, as characterized in
the Market Data file, help DOT assess how and when technologies may be adopted in the future
(considering refresh and redesign cycles and part sharing), help DOT account for technologies
already applied to vehicles (reducing the likelihood of “double-counting” the effectiveness of
technologies, which can occur if the analysis assumes already applied technologies are still
available to improve a vehicle’s fuel economy), and help DOT account for the idea that some
fuel saving technologies may not meet functional requirements for all vehicle types, or
performance applications. The Market Data file, and information outlined in this TSD,
endeavors to make clear the baseline assumptions with respect to the fleet used in a rulemaking
analysis.

The market for light-duty automotive equipment in the United States is highly heterogeneous,
and even half a million data points may not be enough to characterize every potentially relevant
nuance of the automotive marketplace. As for every CAFE rulemaking, today’s analysis fleet

47 DOT discusses the flexibilities and credits, as well as the basis for these projections, in Chapter 3.8 and preamble
Section VII.
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reflects a balance between the exigencies of the rulemaking and the availability of supporting
data.

The following sections discuss the inputs included in the Market Data file, including vehicles
and their technology content built in MY 2020 (i.e., the analysis fleet or baseline fleet), and
baseline safety, economic, and manufacturer compliance positions.

2.2.1 Characterizing Vehicles and their Technology Content

Most of the information in the Market Data file is about specific vehicles, including sales, fuel
economies, regulatory class, and the vehicle specifications (based on best information available
at the time DOT staff assemble the Market Data file). Beyond specifications, information in the
Market Data file links parts of the analysis. For instance, while the analysis fleet sets the
baseline for fuel saving technology content already in use, by vehicle, the Market Data file also
includes information linking individual vehicles to technology effectiveness estimates and
technology costs (both of which may vary by the type of vehicle, and the configuration of
equipment on the vehicle).

In the Market Data file, DOT staff assign each vehicle a “technology class.” The technology
class is used to link the observed vehicle to effectiveness estimates and technology costs. The
CAFE Model references the Argonne National Laboratory (Argonne) Autonomie simulations for
many effectiveness estimates used in the compliance simulation. In these simulations, Argonne
projects the fuel economies for ten different types of vehicles for many combinations of fuel
saving technologies. The technology class in the Market Data file points the CAFE Model to the
most relevant reference set of effectiveness estimates for each vehicle. Similarly, some costs for
fuel saving technologies vary by the type of vehicle (for instance, a pound of weight saved on a
small car may not cost the same as the cost of a pound of weight on a pickup truck, even if the
two have adopted very little of the mass reduction technology considered in the analysis). The
technology class in the Market Data file also points the CAFE Model to the most relevant
reference costs in the “Technologies File,” with costs for vehicle technologies being listed on the
technology class tab.

Just as some vehicle technology costs vary by type of vehicle (or technology class, as listed in
the Market Data file and Technologies file), the cost of fuel saving engine technologies and some
electrification systems vary by the engine architecture, or peak power output most closely
associated with an engine architecture. For instance, the cost of adding cylinder deactivation to a
naturally aspirated dual overhead cam (DOHC) inline four-cylinder engine is not projected to be
the same as adding cylinder deactivation to a naturally aspirated overhead valve (OHV) V eight-
cylinder engine. Similarly, some naturally aspirated inline four cylinder engines may retain four
cylinders when turbocharged (“4C1B” engine technology class, meaning an engine with four
cylinders and one bank), but lower power variants might go to three cylinders when
turbocharged (“4C1B_L” engine technology class), and thereby have lower projected costs in
comparison for the step to turbocharging. For a more detailed discussion of the mechanics of
engine technology classes and engine costs, see Chapter 3.1.8. The engine technology class in
the Market Data file points the CAFE Model to the most relevant engine technology costs.
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For each type of vehicle (or row), the Market Data file lists a certification fuel economy, sales
volume, regulatory class, and footprint. These are the bare minimum pieces of information
needed to understand if a manufacturer is under or over complying with standards. The Market
Data file often includes a few rows for vehicles that may have identical certification fuel
economies, regulatory classes, and footprints (with compliance sales volumes divided out among
rows), because other pieces of information used in the CAFE Model may be dissimilar.

For instance, in the reference materials used to create the Market Data file, for a nameplate curb
weight may vary by trim level (with premium trim levels often weighing more on account of
additional equipment on the vehicle), or a manufacturer may provide consumers the option to
purchase a larger fuel tank size for their vehicle. These pieces of information may not impact the
observed compliance position directly, but curb weight (in relation to other vehicle attributes) is
important to assess mass reduction technology already used on the vehicle, and fuel tank size is
directly relevant to saving time at the gas pump, which the CAFE Model uses when calculating
the value of avoided time spent refueling.

The Market Data file also provides an inventory of fuel saving technologies already equipped on
the observed vehicles. A reasonable characterization is important: underestimating the amount
of fuel saving technology content on a vehicle would allow the CAFE Model to apply that
technology again in the compliance simulation (likely at a low cost) and create a “phantom”
projection of potential fuel economy savings. On the other hand, overestimating the amount of
fuel saving technology content already on a vehicle would also remove the misapplied
technologies from consideration, and confuse the cost accounting if that technology is replaced
with another (for instance, if the assigned amount of engine technology content is higher than
actually used, the projected incremental cost to switch to electrified technologies may be
underestimated). The assignment process for each technology is described in detail in Chapter
3.1.5.

For some fuel saving technologies, manufacturers share parts or systems to get the most from
economies of scale. The CAFE Model accounts for some relationships between vehicles that are
important to consider. For instance, similar engines and transmissions often appear on many
types of vehicles. Manufacturers often use platforms (with shared mass reduction technologies)
on a family of vehicles. The CAFE Model includes measures to maintain complexity in
compliance simulations as it evaluates cost-effective compliance pathways. DOT staff assign
each vehicle in the Market Data file an “engine code,” and “transmission code,” and a
“platform.” With few exceptions, vehicles that share engine codes will adopt engine
technologies together, and vehicles that share transmission codes will adopt transmission
technologies together. Vehicles that share platforms will adopt mass reduction technologies
together. Redesign cycles for all of the vehicles with shared components may not always be in
sync, but vehicles in the family (with laggard redesigns and refreshes) inherit these shared
systems at the first available opportunity.

In limited cases, the Market Data file includes information about technologies that the CAFE
Model may not apply. For the row on the vehicle, engine, or transmission, and for the
technology column listed in the Market Data file, “SKIP” appears in the spreadsheet cell.
Generally, DOT staff have used data and logic to come up with these rules. For instance,
secondary axle disconnect (SAX) may not be applied to vehicles that drive power through two
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wheels (because the SAX technology has a prerequisite of the vehicle driving all four wheels to
be applied), so SKIP would appear in the Market Data file for vehicles to which the technology
could not be applied (therefore acknowledging that manufacturers could not apply this particular
fuel saving technology to achieve fuel economy improvements for a particular vehicle).
Instances of SKIP logic includes SKIPs to high levels of aerodynamic improvements (taking into
account form drag of some vehicle body styles), SKIPs to high levels of rolling resistance for
performanc