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about six million member families in all fifty States and Puerto Rico, AFBF’s
members grow and raise every type of agricultural crop and commodity produced in
the United States. AFBF’s mission is to protect, promote, and represent the business,
economic, social, and educational interests of American farmers and ranchers. To
that end, AFBF regularly participates in litigation. AFBF has no parent entity, and

no publicly held corporation has a 10% or greater ownership stake in AFBF.



National Corn Growers Association (“NCGA”) is a national trade
association that represents nearly 40,000 dues-paying corn growers and the interests
of more than 300,000 farmers who contribute through corn checkoff programs in
their states. NCGA and its 50 affiliated state associations and checkoff organizations
work together to sustainably feed and fuel a growing world by creating and
increasing opportunities for corn growers. NCGA has no parent entity, and no
publicly held corporation has a 10% or greater ownership stake in NCGA.

Owner-Operator Independent Drivers Association (“OOIDA”) is an
international trade association representing the interests of independent owner-
operators and professional drivers on all issues that affect truckers, including more
than 150,000 members in all 50 states and Canada who collectively own and/or
operate more than 240,000 individual heavy-duty trucks and small truck fleets.
OOIDA has no parent entity, and no publicly held corporation has a 10% or greater

ownership stake in OOIDA.



Dated: June 18, 2024

Respectfully submitted,

s/Paul D. Clement

PAUL D. CLEMENT

Counsel of Record

C. HARKER RHODES IV

NICHOLAS A. AQUART*

CLEMENT & MURPHY, PLLC
706 Duke Street

Alexandria, VA 22314

(202) 742-8900
paul.clement@clementmurphy.com

*Supervised by principals of the firm who are
members of the Virginia bar

Counsel for Petitioners


mailto:paul.clement@clementmurphy.com

CERTIFICATE OF SERVICE

I certify that on June 18, 2024, 1 served a copy of the foregoing petition,
Exhibit A thereto, and Rule 26.1 disclosure statement by United States first-class

mail on the following:

Michael S. Regan, Administrator

United States Environmental Protection Agency
Office of the Administrator

Mail Code 1101A

1200 Pennsylvania Avenue NW

Washington, D.C. 20460

Correspondence Control Unit

Office of General Counsel

United States Environmental Protection Agency
Mail Code 2311

1200 Pennsylvania Avenue NW

Washington, D.C. 20460

The Honorable Merrick B. Garland
Attorney General of the United States
United States Department of Justice
950 Pennsylvania Avenue NW
Washington, DC 20530-0001

Todd Kim
Assistant Attorney General
United States Department of Justice

950 Pennsylvania Avenue NW
Washington, DC 20530-0001



Dated: June 18, 2024

Respectfully submitted,

s/Paul D. Clement

PAUL D. CLEMENT

Counsel of Record

CLEMENT & MURPHY, PLLC
706 Duke Street

Alexandria, VA 22314

(202) 742-8900
paul.clement@clementmurphy.com

Counsel for Petitioners


mailto:paul.clement@clementmurphy.com

Exhibit A



29440 Federal Register/Vol.

89, No. 78/Monday, April 22, 2024 /Rules and Regulations

ENVIRONMENTAL PROTECTION
AGENCY

40 CFR Parts 86, 1036, 1037, 1039,
1054, and 1065

[EPA-HQ-OAR-2022-0985; FRL-8952—02—
OAR]

RIN 2060-AV50
Greenhouse Gas Emissions Standards
for Heavy-Duty Vehicles—Phase 3

AGENCY: Environmental Protection
Agency (EPA).
ACTION: Final rule.

SUMMARY: The Environmental Protection
Agency (EPA) is promulgating new
greenhouse gas (GHG) emissions
standards for model year (MY) 2032 and
later heavy-duty highway vehicles that
phase in starting as early MY 2027 for
certain vehicle categories. The phase in
revises certain MY 2027 GHG standards
that were established previously under
EPA’s Greenhouse Gas Emissions and
Fuel Efficiency Standards for Medium-
and Heavy-Duty Engines and Vehicles—
Phase 2 rule (“HD GHG Phase 2”). This
document also updates discrete
elements of the Averaging Banking and
Trading program, including providing
additional flexibilities for manufacturers
to support the implementation of the
Phase 3 program balanced by limiting
the availability of certain advanced
technology credits initially established

under the HD GHG Phase 2 rule. EPA is
also adding warranty requirements for
batteries and other components of zero-
emission vehicles and requiring
customer-facing battery state-of-health
monitors for plug-in hybrid and battery
electric vehicles. In this action, we are
also finalizing additional revisions,
including clarifying and editorial
amendments to certain highway heavy-
duty vehicle provisions and certain test
procedures for heavy-duty engines.

DATES: This final rule is effective on
June 21, 2024. The incorporation by
reference of certain material listed in
this rule is approved by the Director of
the Federal Register beginning June 21,
2024. The incorporation by reference of
certain other material listed in this rule
was previously approved by the Director
of the Federal Register as of March 27,
2023.

ADDRESSES:

Docket: EPA has established a docket
for this action under Docket ID No.
EPA-HQ-OAR-2022—-0985. Publicly
available docket materials are available
either electronically at
www.regulations.gov or in hard copy at
Air and Radiation Docket and
Information Center, EPA Docket Center,
EPA/DC, EPA WJC West Building, 1301
Constitution Ave. NW, Room 3334,
Washington, DC. For further
information on EPA Docket Center

services and the current status, please
visit us online at www.epa.gov/dockets.

Public Participation: Docket: All
documents in the docket are listed on
the www.regulations.gov website.
Although listed in the index, some
information is not publicly available,
e.g., confidential business information
(CBI) or other information whose
disclosure is restricted by statute.
Certain other material, such as
copyrighted material, is not placed on
the internet and will be publicly
available only in hard copy form
through the EPA Docket Center at the
location listed in the ADDRESSES section
of this document.

FOR FURTHER INFORMATION CONTACT:
Brian Nelson, Assessment and
Standards Division, Office of
Transportation and Air Quality,
Environmental Protection Agency, 2000
Traverwood Drive, Ann Arbor, MI
48105; telephone number: (734) 214—
4278; email address: nelson.brian@
epa.gov.

SUPPLEMENTARY INFORMATION:
Does this action apply to me?

This action relates to companies that
manufacture, sell, or import into the
United States new heavy-duty highway
vehicles and engines. This action also
relates to state and local governments.
Potentially affected categories and
entities include the following:

Category | NAICS Codes® | NAICS Title

Industry 336110 Automobile and Light-duty Motor Vehicle Manufacturing
Industry 336120 Heavy Duty Truck Manufacturing

Industry 336211 Motor Vehicle Body Manufacturing

Industry 336213 Motor Home Manufacturing

Industry 333618 Other Engine Equipment Manufacturing

Industry 811198 All Other Automotive Repair and Maintenance

2 NAICS Association. NAICS & SIC Identification Tools. Available online:
https://www.naics.com/search

This table is not intended to be
exhaustive, but rather provides a guide
for readers regarding entities potentially
affected by this action. This table lists
the types of entities that EPA is now
aware could potentially be affected by
this action. Other types of entities not
listed in the table could also be affected.
To determine whether your entity is
regulated by this action, you should
carefully examine the applicability
criteria found in 40 CFR parts 86, 1036,
1037, 1039, 1054, and 1065.1 If you have
questions regarding the applicability of

1See 40 CFR 1036.1 through 1036.15 and 1037.1
through 1037.15.

this action to a particular entity, consult
the person listed in the FOR FURTHER
INFORMATION CONTACT section.

What action is the agency taking?

The Environmental Protection Agency
(EPA) is promulgating new GHG
standards for model year (MY) 2032 and
later heavy-duty highway vehicles that
phase in starting as early MY 2027 for
certain vehicle categories. The phase in
revises certain MY 2027 GHG standards
that were established previously under
EPA’s Greenhouse Gas Emissions and
Fuel Efficiency Standards for Medium-
and Heavy-Duty Engines and Vehicles—
Phase 2 rule. We believe these ‘“Phase

3” standards are appropriate and
feasible considering lead time, costs,
and other factors. EPA also finds that it
is appropriate (1) to limit the
availability of certain advanced
technology credits initially established
under the HD GHG Phase 2 rule, and (2)
to include additional flexibilities for
manufacturers in applying credits from
these incentives in the early model
years of this Phase 3 program. EPA is
also adding warranty requirements for
batteries and other components of zero-
emission vehicles and requiring
customer-facing battery state-of-health
monitors for plug-in hybrid and battery
electric vehicles. We are also finalizing
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revisions and clarifying and editorial
amendments to certain highway heavy-
duty vehicle provisions of 40 CFR part
1037 and certain test procedures for
heavy-duty engines in 40 CFR parts
1036 and 1065. We also note that EPA
included in this action’s notice of
proposed rulemaking (hereafter referred
to as the “HD GHG Phase 3 NPRM”’) a
proposal to revise its regulations
addressing preemption of state
regulation of new locomotives and new
engines used in locomotives; those
revisions were finalized in a separate
action on November 8, 2023.23

What is the agency’s authority for
taking this action?

Clean Air Act (CAA) section 202(a),
42 U.S.C. 7521(a), requires that EPA
establish emission standards for air
pollutants from new motor vehicles or
new motor vehicle engines, which, in
the Administrator’s judgment, cause or
contribute to air pollution that may
reasonably be anticipated to endanger
public health or welfare. The
Administrator has found that GHG
emissions from highway heavy-duty
vehicles and engines cause or contribute
to air pollution that may endanger
public health or welfare. Therefore, the
Administrator is exercising his authority
under CAA section 202(a)(1)—(2) to
establish standards for GHG emissions
from highway heavy-duty vehicles. See
section 1D of this preamble for more
information on the agency’s authority
for this action.

Did EPA conduct a peer review before
issuing this action?

This regulatory action is supported by
influential scientific information. EPA,
therefore, conducted peer review in
accordance with the Office of
Management and Budget’s (OMB) Final
Information Quality Bulletin for Peer
Review. First, we conducted a peer
review of the underlying data and
algorithms in MOVES4 that served as
the basis for MOVES4.R3 used to
estimate the emissions impacts of the
final standards. In addition, we
conducted a peer review of the Heavy-
Duty Technology Resource Use Case
Scenario (HD TRUCS) tool used to
analyze HD vehicle energy usage and
associated component costs. We also
conducted a peer review of a Heavy-
Duty Vehicle Industry Characterization,
Technology Assessment, and Costing
Report developed by FEV Consulting.

2Notice of Proposed Rulemaking for Greenhouse
Gas Emissions Standards for Heavy-Duty Vehicles—
Phase 3. 88 FR 25926, April 27, 2023.

3Final Rulemaking for Locomotives and
Locomotive Engines; Preemption of State and Local
Regulations. 88 FR 77004, November 8, 2023.

All peer review was in the form of letter
reviews conducted by a contractor. The
peer review reports for each analysis are
in the docket for this action and at
EPA’s Science Inventory (https://
cfpub.epa.gov/si/).

Table of Contents

Executive Summary
A. Purpose of This Regulatory Action
B. The Opportunity for New Standards
Based on Advancements in Heavy-Duty
Vehicle Technologies Which Prevent or
Control GHG Emissions
C. Overview of the Final Regulatory Action
D. Impacts of the Standards
E. Coordination With Federal and State
Partners
F. Stakeholder Engagement
L. Statutory Authority for the Final Rule
A. Summary of Key Clean Air Act
Provisions
B. Authority To Consider Technologies in
Setting Motor Vehicle GHG Standards
C. Response to Other Comments Raising
Legal Issues
II. Final HD Phase 3 GHG Emission
Standards
A. Public Health and Welfare Need for
GHG Emission Reductions
B. Summary of Comments and the HD GHG
Phase 3 Standards and Updates From
Proposal
C. Background on the CO2 Emission
Standards in the HD GHG Phase 2
Program
D. Vehicle Technologies and Supporting
Infrastructure
E. Technology, Charging Infrastructure,
and Operating Costs
F. Final Standards
G. EPA’s Basis for Concluding That the
Final Standards Are Feasible and
Appropriate Under the Clean Air Act
H. Alternatives Considered
I. Small Businesses
III. Compliance Provisions, Flexibilities, and
Test Procedures
A. Revisions to the ABT Program
B. Battery Durability Monitoring and
Warranty Requirements
C. Additional Revisions to the Regulations
IV. Program Costs
A. IRA Tax Credits
B. Technology Package Costs
C. Manufacturer Costs
D. Purchaser Costs
E. Social Costs
V. Estimated Emission Impacts From the
Final Standards
A. Model Inputs
B. Estimated Emission Impacts From the
Final Standards
VI. Climate, Health, Air Quality,
Environmental Justice, and Economic
Impacts
A. Climate Change Impacts
B. Health and Environmental Effects
Associated With Exposure to Non-GHG
Pollutants
C. Air Quality Impacts of Non-GHG
Pollutants
D. Environmental Justice
E. Economic Impacts
F. Oil Imports and Electricity and
Hydrogen Consumption

VII. Benefits of the Program
A. Climate Benefits
B. Non-GHG Health Benefits
C. Energy Security
VIIL. Comparison of Benefits and Costs
A. Methods
B. Results
IX. Analysis of Alternative CO, Emission
Standards
A. Comparison of Final Standards and
Alternative
B. Emission Inventory Comparison of Final
Rule and Slower Phase-In Alternative
C. Program Costs Comparison of the Final
Rule and Alternative
D. Benefits
E. How do the final standards and
alternative compare in overall benefits
and costs?
X. Statutory and Executive Order Reviews
A. Executive Order 12866: Regulatory
Planning and Review and Executive
Order 14094: Modernizing Regulatory
Review
B. Paperwork Reduction Act (PRA)
C. Regulatory Flexibility Act (RFA)
D. Unfunded Mandates Reform Act
(UMRA)
E. Executive Order 13132: Federalism
F. Executive Order 13175: Consultation
and Coordination With Indian Tribal
Governments
G. Executive Order 13045: Protection of
Children From Environmental Health
and Safety Risks
H. Executive Order 13211: Actions
Concerning Regulations That
Significantly Affect Energy Supply,
Distribution, or Use
. National Technology Transfer and
Advancement Act (NTTAA) and 1 CFR
Part 51
J. Executive Order 12898: Federal Actions
To Address Environmental Justice in
Minority Populations and Low-Income
Populations and Executive Order 14096:
Revitalizing Our Nation’s Commitment
to Environmental Justice for All
K. Congressional Review Act (CRA)
L. Judicial Review
M. Severability
XI. Statutory Authority and Legal Provisions

—

Executive Summary
A. Purpose of This Regulatory Action

The Environmental Protection Agency
(EPA) is finalizing this action to further
reduce greenhouse gas (GHG) air
pollution from highway heavy-duty
(hereafter referred to as “heavy-duty” or
HD) engines and vehicles across the
United States. This final rule establishes
new CO; emission standards for MY
2032 and later HD vehicles with more
stringent CO, standards phasing in as
early as MY 2027 for certain vehicle
categories. We have assessed and
demonstrated that these standards are
appropriate and feasible considering
cost, lead time, and other relevant
factors, as described throughout this
preamble and supporting materials in
the docket for this final rule. Under the
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Clean Air Act (CAA) “the Administrator
shall by regulation prescribe (and from
time to time revise) . . . standards
applicable to the emission of any air
pollutant from any class or classes of
new motor vehicles or new motor
vehicle engines, . . . which in his
judgment cause, or contribute to, air
pollution which may reasonably be
anticipated to endanger public health or
welfare.” The regulation “shall take
effect after such period as the
Administrator finds necessary to permit
the development and application of the
requisite technology, giving appropriate
consideration to the cost of compliance
within such period.” Despite the
significant emissions reductions
achieved by previous rulemakings, GHG
emissions from HD vehicles continue to
adversely impact public health and
welfare, and there is a critical need for
further GHG reductions. The
transportation sector is the largest U.S.
source of GHG emissions, representing
29 percent of total GHG emissions,* and
within this, heavy-duty vehicles are the
second largest contributor to GHG
emissions and are responsible for 25
percent of GHG emissions in the sector.?
At the same time, there have been
significant advances in technologies to
prevent and control GHG emissions
from heavy-duty vehicles, and we
project there will be more such
advances. These final regulations
appropriately take advantage of those
projected available and cost-reasonable
motor vehicle technologies to set more
stringent GHG standards that will
significantly reduce GHG emissions
from heavy-duty vehicles. In general,
the final standards are less stringent
than proposed for the early model years
of the program and more stringent or
equivalent to the proposed standards in
later model years (expect for heavy-
heavy vocational vehicles which are less
stringent in later model years; see
section ES.C.2.ii of this preamble for
more details).

GHG emissions have significant
adverse impacts on public health and
welfare. In 2009, the Administrator
issued an Endangerment Finding under
CAA section 202(a), concluding that
GHG emissions from new motor
vehicles and engines, including heavy-
duty vehicles and engines, cause or
contribute to air pollution that may
endanger public health or welfare.6
After making such a finding, EPA is

4EPA (2023). Inventory of U.S. Greenhouse Gas
Emissions and Sinks: 1990-2021 (EPA—430-R-23—
002, published April 2023).

5EPA (2023). Inventory of U.S. Greenhouse Gas
Emissions and Sinks: 1990-2021 (EPA—430-R-23—
002, published April 2023).

674 FR 66496, December 15, 2009.

mandated to issue GHG standards ‘““to
regulate emissions of the deleterious
pollutant from new motor vehicles.”
State of Massachusetts v. EPA, 549 U.S.
497, 533 (2007). Therefore, following
the 2009 Endangerment Finding, EPA
promulgated GHG regulations for heavy-
duty vehicles and engines in 2011 and
2016.7 We refer to the EPA-specific GHG
regulations found within the
“Greenhouse Gas Emissions and Fuel
Efficiency Standards for Medium- and
Heavy-Duty Engines and Vehicles—
Phase 1” and “Greenhouse Gas
Emissions and Fuel Efficiency
Standards for Medium- and Heavy-Duty
Engines and Vehicles—Phase 2” final
rulemakings as “HD GHG Phase 1" and
“HD GHG Phase 2” respectively
throughout this preamble (i.e., we are
not including any reference to the
Department of Transportation (DOT)
fuel efficiency standards in those
rulemakings in using these terms in this
preamble). In the HD GHG Phase 1 and
Phase 2 programs, EPA set GHG
emission standards that the Agency
found appropriate and feasible at that
time, considering cost, lead time, and
other relevant factors, in 2011 and 20186,
respectively.8 Meanwhile, major
scientific assessments continue to be
released that further advance our
understanding of the climate system and
the impacts that GHGs have on public
health and welfare both for current and
future generations, as discussed in
detail in section IL.A.

At the same time, manufacturers have
continued to find ways to further reduce
and eliminate tailpipe emissions from
new motor vehicles, resulting in a range
of technologies with the potential for
further significant reductions of GHG
emissions from HD motor vehicles.
These include but are not limited to
reductions reflecting increased use of
advanced internal combustion vehicle
and engine technologies and including
increased use of hybrid technologies.
These also include technologies with
the greatest potential HD vehicle GHG
emission reductions, such as battery
electric vehicle technologies (BEV) and
fuel cell electric vehicle technologies
(FCEV). These technologies—which are
already being adopted by the HD
industry—present an opportunity for
significant reductions in heavy-duty

776 FR 57106, September 15, 2011; 81 FR 73478,
October 25, 2016.

8See, e.g., 40 CFR 1036.101(a)(2) (engines,
overview of emission standards); 40 CFR 1036.108
(engine GHG standards, exhaust emissions of CO2,
CH4, and N20); 40 CFR 1037.101(a)(2) (vehicles,
overview of emission standards); 40 CFR 1037.105
and 1037.106 (vehicle GHG standards, exhaust
emissions of CO2 for vocational vehicles and
tractors).

GHG emissions over the long term.
While standards promulgated pursuant
to CAA section 202(a)(1)—(2) are based
on application of technology, the statute
does not specify a particular technology
or technologies that must be used to set
such standards; rather, Congress has
authorized and directed EPA to adapt its
standards to ‘‘the development and
application of the requisite technology”
as determined by the Administrator.?
Major trucking fleets, HD vehicle and
engine manufacturers, and U.S. states
have announced plans to increase the
use of these technologies in the coming
years. Tens of billions of dollars are
being invested not only in these
technologies, but also to increase the
infrastructure necessary for their
successful deployment, including
electric charging and hydrogen refueling
infrastructure, manufacturing and
production of batteries, and domestic
sources of critical minerals and other
important elements of the supply chain.
The 2021 Infrastructure Investment and
Jobs Act (commonly referred to as the
“Bipartisan Infrastructure Law” or BIL)
and the Inflation Reduction Act of 2022
(“Inflation Reduction Act” or IRA)
accelerate these ongoing trends by
together including many incentives for
the development, production, and sale
of a wide range of advanced
technologies (including BEVs, plug-in
hybrid electric vehicles (PHEVs),
FCEVs, and others), electric charging
infrastructure, and hydrogen, which are
expected to spur significant innovation
in the heavy-duty sector.10 Technical
assessments and data provided by
commenters during the public comment
period for this action’s notice of
proposed rulemaking (hereafter referred
to as the “HD GHG Phase 3 NPRM”’) as
well as comments on related rules,
which proposed strengthening existing
MY 2027 GHG standards for heavy-duty
vehicles, support that significant
adoption of technologies with the
greatest potential to reduce GHG
emissions and associated infrastructure
growth is expected to occur over the
next decade.!! 121314 We summarize

9 CAA section 202(a)(2).

10 Infrastructure Investment and Jobs Act, Public
Law 117-58, 135 Stat. 429 (2021) (“Bipartisan
Infrastructure Law” or “BIL”), available at https://
www.congress.gov/117/plaws/publ58/PLAW-
117publ58.pdf; Inflation Reduction Act of 2022,
Public Law 117-169, 136 Stat. 1818 (2022)
(“Inflation Reduction Act” or “IRA”), available at
https://www.congress.gov/117/bills/hr5376/BILLS-
117hr5376enr.pdf.

11 Notice of Proposed Rulemaking for Control of
Air Pollution from New Motor Vehicles: Heavy-
Duty Engine and Vehicle Standards. 87 FR 17414
(March 28, 2022).

127J.S. EPA, “Control of Air Pollution from New
Motor Vehicles: Heavy-Duty Engine and Vehicle
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these developments in section B of this
Executive Summary, and provide
further detail in section I of the HD GHG
Phase 3 NPRM, section II of this final
rule, and Regulatory Impact Analysis
(RIA) Chapters 1 and 2.1516

In addition, technologies for vehicles
with ICE, along with a range of
electrification, exist today and continue
to evolve to further reduce and
eliminate exhaust emissions from new
motor vehicles. For example, some of
these technologies include
improvements to the efficiency of the
engine, transmission, drivetrain,
aerodynamics, and tire rolling resistance
in HD vehicles that reduce their GHG
emissions. Another example of a
technology under development by
manufacturers that reduces vehicle GHG
emissions is HD vehicles that use
hydrogen-fueled internal combustion
engines (H2-ICE), which have zero
engine-out CO; emissions. The heavy-
duty industry has also been developing
hybrid powertrains, which consist of an
ICE as well as an electric drivetrain and
some designs also incorporate plug-in
capability. Hybrid powered vehicles
may provide CO, emission reductions
through the use of downsized engines,
recovering energy through regenerative
braking system that is normally lost
while braking, and providing additional
engine-off operation during idling and
coasting. Hybrid powertrains are
available today in a number of heavy-
duty vocational vehicles including
passenger van/shuttle bus, transit bus,
street sweeper, refuse hauler, and
delivery truck applications—and as
noted in the preceding paragraph, plug-
in hybrid technologies are included in
advanced technology incentives under
IRA. We discuss these technology
developments further in section II of
this final rule, and Regulatory Impact
Analysis (RIA) Chapters 1 and 2.

With respect to the need for GHG
reductions and after consideration of
these and other heavy-duty sector
developments, EPA is finalizing in this
action new CO; emission standards for
MY 2032 and later HD vehicles with

Standards—Response to Comments.”” Section 28.
Docket EPA-HQ-OAR-2019-0055.

13 Notice of Proposed Rulemaking for Greenhouse
Gas Emissions Standards for Heavy-Duty Vehicles—
Phase 3. 88 FR 25926, April 27, 2023.

147U.S. EPA. Response to Comments (RTC)—
Greenhouse Gas Emissions Standards for Heavy-
Duty Vehicles: Phase 3. EPA-420-R—24-007. March
2024.

15 Notice of Proposed Rulemaking for Greenhouse
Gas Emissions Standards for Heavy-Duty Vehicles—
Phase 3. 88 FR 25926, April 27, 2023.

16 U.S. EPA. Regulatory Impact Analysis—
Greenhouse Gas Emissions Standards for Heavy-
Duty Vehicles: Phase 3. EPA-420-R—24-006. March
2024.

more stringent CO; standards phasing in
as early as MY 2027 for certain vehicle
categories (i.e., more stringent than what
was finalized in HD GHG Phase 2). We
have assessed and demonstrated that
these standards are appropriate and
feasible considering cost, lead time, and
other relevant factors, as described
throughout this preamble and
supporting materials in the docket for
this final rule. EPA considers safety,
consistent with CAA section 202(a)(4),
and may consider other factors such as
the impacts of potential GHG standards
on the industry, fuel savings, oil
conservation, energy security, and other
relevant considerations. These
standards build on decades of EPA
regulation of harmful pollution from HD
vehicles. Pursuant to our section 202(a)
authority, EPA first established
standards for the heavy-duty sector in
the 1970s. Since then, the Agency has
revised the standards multiple times
based upon updated data and
information, the continued need to
mitigate air pollution, and congressional
enactments directing EPA to regulate
emissions from the heavy-duty sector
more stringently. Since 1985, HD engine
and vehicle manufacturers have been
able to comply with standards using
averaging;1” EPA also introduced
banking and trading compliance
flexibilities in the HD program in
1990;8 and EPA explained that
manufacturers could use the Averaging,
Banking and Trading (ABT) flexibilities
to meet more stringent standards at
lower cost. EPA’s HD GHG standards
and regulations have consistently
included an ABT program from the
start,19 and have relied on averaging as
the basis for standards of greater
stringency.2° Since the first CAA section
202(a) HD standards in 1972,
subsequent standards have extended to
additional pollutants (e.g., particulate
matter and GHGs), have increased in
stringency, and have spurred the
development and deployment of

1750 FR 10606, March 15, 1985; see also NRDC
v. Thomas, 805 F.2d 410, 425 (D.C. Cir. 1986)
(upholding emissions averaging in the 1985 HD
final rule).

1855 FR 30584, July 26, 1990.

1976 FR 57128, September 15, 2011 (explaining
ABT is a flexibility that provides an opportunity for
manufacturers to make necessary technological
improvements while reducing the overall cost of the
program); 81 FR 73495, October 25, 2016
(explaining that ABT plays an important role in
providing manufacturers flexibilities, including
helping reduce costs).

20 For example, in promulgating the HD GHG
Phase 2 standards, we explained that the stringency
of the HD GHG Phase 2 standards were derived on
a fleet average technology mix basis and that the
emission averaging provisions of ABT meant that
the regulations did not require all vehicles to meet
the standards. See, e.g., 81 FR 73715.

numerous new vehicle and engine
technologies to reduce pollution. For
example, the Phase 2 GHG standards for
HD vehicles (81 FR 73478, October 25,
2016) were projected to reduce CO»
emissions by approximately 1.1 billion
metric tons over the lifetime of the new
vehicles sold under the program (see,
e.g., 81 FR 73482), and the most recent
“criteria-pollutant”2? standards are
projected to reduce oxides of nitrogen
(NOx) emissions from the in-use HD
fleet by almost 50 percent by 2045
(“Control of Air Pollution from New
Motor Vehicles: Heavy-Duty Engine and
Vehicle Standards” (hereafter referred to
as “HD2027 Low NOx final rule,” 88 FR
4296, January 24, 2023)). This final rule
builds upon EPA’s multi-decadal
tradition of regulating heavy-duty
vehicles and engines, by applying the
Agency’s clear and longstanding
statutory authority to consider the
feasibility and costs of reducing harmful
pollution using new real-world data and
information, including the effects of
recent congressional action in the BIL
and IRA.

We are issuing this HD vehicle GHG
Phase 3 Final Rulemaking (“HD GHG
Phase 3 final rule”’) which finalizes
certain revised HD vehicle carbon
dioxide (CO,) standards for MY 2027
and certain new HD vehicle CO,
standards for MYs 2028, 2029, 2030,
2031, and 2032 that will achieve
significant GHG reductions for these
and later model years. (Note that the MY
2032 standards will remain in place for
MY 2033 and thereafter unless and until
new standards are promulgated.) The
final standards we are promulgating
take into account the ongoing
technological innovation in the HD
vehicle space and reflect CO, emission
standards that we have assessed and
demonstrated are appropriate and
feasible considering cost, lead time, and
other relevant factors, as described
throughout this preamble and
supporting materials in the docket for
this final rule.22

In this rulemaking, EPA did not
reopen (1) the other HD GHG standards,
including nitrous oxide (N>O), methane

21'We refer to PM, oxides of nitrogen (NOx),
Volatile Organic Compounds (VOCs), hydrocarbons
(HC), carbon monoxide (CO), sulfur dioxide (SO,),
more generally as “criteria pollutants” throughout
this preamble.

22'We note that EPA also included in the HD GHG
Phase 3 NPRM a proposal to revise its regulations
addressing preemption of state regulation of new
locomotives and new engines used in locomotives;
those revisions were finalized in a separate action
on November 8, 2023, and therefore are not
discussed further in this final rule. Final
Rulemaking for Locomotives and Locomotive
Engines; Preemption of State and Local Regulations.
88 FR 77004, November 8, 2023.
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(CHy), and CO, emission standards that
apply to heavy-duty engines and the
hydrofluorocarbon (HFC) emission
standards that apply to heavy-duty
vehicles, (2) any portion of our heavy-
duty compliance provisions,
flexibilities, and testing procedures,
including those in 40 CFR parts 1037,
1036, and 1065, other than those
specifically identified in our proposal
(e.g., EPA did not reopen the general
availability of Averaging, Banking, and
Trading), and (3) the existing approach
taken in both HD GHG Phase 1 and
Phase 2 that compliance with vehicle
emission standards is based on
emissions from the vehicle, including
that compliance with vehicle exhaust
CO- emission standards is based on CO»
emissions from the vehicle. We further
note that we did not reopen anything on
which we did not propose or solicit
comment.

B. The Opportunity for New Standards
Based on Advancements in Heavy-Duty
Vehicle Technologies Which Prevent or
Control GHG Emissions

1. Brief Overview of the Heavy-Duty
Industry

Heavy-duty highway vehicles range
from commercial pickup trucks; to
vocational vehicles that support local
and regional transportation,
construction, refuse collection, and
delivery work; to line-haul tractors
(semi-trucks) that move freight cross-
country. This diverse array of vehicles
is categorized into weight classes based
on gross vehicle weight ratings (GVWR).
These weight classes span Class 2b
pickup trucks and vans from 8,500 to
10,000 pounds GVWR through Class 8
line-haul tractors and other commercial
vehicles that exceed 33,000 pounds
GVWR. While Class 2b and 3 complete
pickups and vans are not included in
this rulemaking, Class 2b and 3
vocational vehicles are included in this
rulemaking (as discussed further in
section I1.C).23

Heavy-duty highway vehicles are
powered through an array of different
means. Currently, the HD vehicle fleet is
primarily powered by diesel-fueled,
compression-ignition (CI) engines.
However, gasoline-fueled, spark-ignition

23(Class 2b and 3 vehicles with GVWR between
8,500 and 14,000 pounds are primarily commercial
pickup trucks and vans and are sometimes referred
to as “medium-duty vehicles”. The vast majority of
Class 2b and 3 vehicles are chassis-certified
vehicles, and we included those vehicles in the
proposed combined light-duty and medium-duty
rulemaking action, consistent with E.O. 14037,
section 2a. Heavy-duty engines and vehicles are
also used in nonroad applications, such as
construction equipment; nonroad heavy-duty
engines, equipment, and vehicles are not within the
scope of this FRM.

(SI) engines are common in the lighter
weight classes, and smaller numbers of
alternative fuel engines (e.g., liquified
petroleum gas, compressed natural gas)
are found in the heavy-duty fleet. We
refer to the vehicles powered by internal
combustion engines as ICE vehicles (or
ICEV) throughout this preamble. An
increasing number of HD vehicles are
powered by technologies that do not
have any tailpipe emissions such as
battery electric vehicle (BEV)
technologies and hydrogen fuel cell
electric vehicles (FCEVs). These
technologies have seen significant
growth in recent years, for example,
EPA certified approximately 400 HD
BEVs in MY 2020, 1,200 HD BEVs in
MY 2021, and 3,400 HD BEVs in MY
2022 across several vehicle categories.
We use the term zero-emission vehicle
(ZEV) technologies throughout the
preamble to refer to technologies that
result in zero tailpipe emissions, and
vehicles that use these ZEV technologies
we refer to collectively as ZEVs in this
preamble.2¢ Hybrid vehicles (including
plug-in hybrid electric vehicles) include
energy storage features such as batteries
and also include an ICE.25 Further
background on the HD industry can be
found in section IL.D, RIA Chapter 1,
and HD GHG Phase 3 NPRM section
L.A.26

The industry that designs and
manufactures HD vehicles is composed
of three primary segments: vehicle
manufacturers, engine manufacturers
and other major component
manufacturers, and secondary
manufacturers (i.e., body builders).
Some vehicle manufacturers are
vertically integrated (designing,

24 Throughout the preamble, we use the term ZEV
technologies to refer to technologies that result in
zero tailpipe emissions. Example ZEV technologies
include battery electric vehicles and fuel cell
vehicles.

25 Furthermore, hydrogen-powered internal
combustion engines (H2-ICE) fueled with neat
hydrogen emit zero engine-out CO, emissions (as
well as zero engine-out HC, CHy4, CO emissions). We
recognize that there may be negligible, but non-
zero, CO emissions at the tailpipe of H2-ICE that
use selective catalytic reduction (SCR)
aftertreatment systems and are fueled with neat
hydrogen due to contributions from the
aftertreatment system from urea decomposition. As
further explained in preamble section III, H2-ICE
are considered to emit near zero CO, emissions
under our part 1036 regulations and are deemed
zero under out part 1037 regulations, consistent
with our treatment of CO, emissions that are
attributable to the aftertreatment systems in
compression-ignition ICEs. H2-ICE also emit
certain criteria pollutants. H2-ICE are not included
in what we refer to collectively as ZEVs throughout
this final rule. Note, NOx and PM emission testing
is required under existing 40 CFR part 1036 for
engines fueled with neat hydrogen.

26 Notice of Proposed Rulemaking for Greenhouse
Gas Emissions Standards for Heavy-Duty Vehicles—
Phase 3. 88 FR 25926, April 27, 2023.

developing, and testing their engines in-
house for use in their vehicles). Others
purchase some or all of their engines
from independent engine suppliers. At
the time of this rulemaking, only one
major independent engine manufacturer
supports the HD industry, though some
vehicle manufacturers sell their engines
or “incomplete vehicles” (i.e., a chassis
that includes the engine, the frame, and
a transmission) to body builders who
design and assemble the final vehicle.
Each of these subindustries is often
supported by common suppliers for
subsystems such as transmissions, axles,
engine controls, and emission controls.

In addition to the manufacturers and
suppliers responsible for producing HD
vehicles, an extended network of
dealerships, repair and service facilities,
and rebuilding facilities contributes to
the sale, maintenance, and extended life
of these vehicles and engines. HD
vehicle dealerships offer customers a
place to order such vehicles from a
specific manufacturer and often include
service facilities for those vehicles and
their engines. Dealership service
technicians are generally trained to
perform regular maintenance and make
repairs, which generally include repairs
under warranty and in response to
manufacturer recalls. Some trucking
fleets, businesses, and large
municipalities hire their own
technicians to service their vehicles in
their own facilities. Many refueling
centers along major trucking routes have
also expanded their facilities to include
roadside assistance and service stations
to diagnose and repair common
problems.

The end-users for HD vehicles are as
diverse as the applications for which
these vehicles are purchased. Smaller
weight class HD vehicles are commonly
purchased by delivery services,
contractors, and municipalities. The
middle weight class vehicles tend to be
used as commercial vehicles for
business purposes and municipal work
that transport people and goods locally
and regionally or provide services such
as utilities. Vehicles in the heaviest
weight classes are generally purchased
by businesses with high load demands,
such as construction, towing or refuse
collection, or freight delivery fleets and
owner-operators for regional and long-
haul goods movement. The competitive
nature of the businesses and owner-
operators that purchase and operate HD
vehicles means that any time at which
the vehicle is unable to operate due to
maintenance or repair (i.e., downtime)
can lead to a loss in income. The
customers’ need for reliability drives
much of the vehicle manufacturers’
innovation and research efforts.
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2. History of Greenhouse Gas Emission
Standards for Heavy-Duty Engines and
Vehicles

EPA has a longstanding practice of
regulating GHG emissions from the HD
sector. In 2009, EPA and the U.S.
Department of Transportation’s (DOT’s)
National Highway Traffic Safety
Administration (NHTSA) began working
on a coordinated regulatory program to
reduce GHG emissions and fuel
consumption from HD vehicles and
engines.2? The first phase of the HD
GHG and fuel efficiency program was
finalized in 2011 (76 FR 57106,
September 15, 2011) (“HD GHG Phase
1”’).28 The HD GHG Phase 1 program set
performance-based standards and
largely adopted approaches consistent
with recommendations from the
National Academy of Sciences. The HD
GHG Phase 1 program, which began in
MY 2014 and was phased in through
MY 2018, included separate standards
for HD vehicles and HD engines. The
program offered flexibility allowing
manufacturers to attain these standards
through any mix of technologies and the
option to participate in an ABT
program.

In 2016, EPA and NHTSA finalized
the HD GHG Phase 2 program.2® The HD
GHG Phase 2 program included more
stringent, performance-based emission
standards for HD vehicles and HD
engines that phase in over the long term,
with initial standards for most vehicles
and engines commencing in MY 2021,
increasing in stringency in MY 2024,
and culminating in even more stringent
MY 2027 standards. HD GHG Phase 2
built upon the Phase 1 program and set
standards based not only on then-
currently available technologies, but
also on technologies that were either
still under development or not yet
widely deployed at the time of the HD
GHG Phase 2 final rule. To ensure
adequate time for technology
development, HD GHG Phase 2
provided up to 10 years lead time to
allow for the development and phase-in
of these control technologies. EPA
recently finalized technical
amendments to the HD GHG Phase 2

27 Greenhouse gas emissions from heavy-duty
vehicles are primarily carbon dioxide (CO,), but
also include methane (CH,), nitrous oxide (N,O),
and hydrofluorocarbons (HFC).

28 National Research Gouncil; Transportation
Research Board. The National Academies’
Committee to Assess Fuel Economy Technologies
for Medium- and Heavy-Duty Vehicles;
“Technologies and Approaches to Reducing the
Fuel Consumption of Medium- and Heavy-Duty
Vehicles.” 2010. Available online: https://
www.nap.edu/catalog/12845/technologies-and-
approaches-to-reducing-the-fuel-consumption-of-
medium-and-heavy-duty-vehicles.

2981 FR 73478, October 25, 2016.

rulemaking (“HD Technical
Amendments”’) that included changes to
the test procedures for heavy-duty
engines and vehicles to improve
accuracy and reduce testing burden.3°
As with the previous HD GHG Phase
1 and Phase 2 rules and light-duty GHG
rules, EPA has coordinated with the
DOT and NHTSA during the
development of this final rule. This
included coordination prior to and
during the interagency review
conducted under E.O. 12866. EPA has
also consulted with the California Air
Resources Board (CARB) during the
development of this final rule, as EPA
also did during the development of the
HD GHG Phase 1 and 2 and light-duty
rules. See section ES.E of this preamble
for additional detail on EPA’s
coordination with DOT/NHTSA,
additional Federal agencies, and CARB.

3. What has changed since EPA
finalized the HD GHG Phase 2 rule?

i. Technology Advancements

When EPA promulgated the HD GHG
Phase 2 rule in 2016, the agency
established the CO; standards on the
premise of GHG-reducing technologies
for vehicles with ICE including
technologies such as hybrid
powertrains. However, in 2016 we
projected that ZEV technologies, such as
BEVs and FCEVs, would become more
widely available in the heavy-duty
market over time, but would not be
available and cost-competitive in
significant volume in the timeframe of
the Phase 2 program. EPA finalized
BEV, PHEV, and FCEV advanced
technology credit multipliers to
encourage the development and
availability of these advanced
technologies at a faster pace because of
their potential for large GHG emissions
reductions.

Several significant developments have
occurred since 2016 that point to ZEV
technologies becoming more readily
available much sooner than EPA had
previously projected for the HD sector.
These developments are summarized
here, but more detail can be found in
the section II and HD GHG NPRM
section ES.B or I.C).31 These
developments support the feasibility of
ZEV technologies and render adoption
of ZEV technologies to reduce GHG
emissions more cost-competitive than
ever before. First, the HD market has
evolved such that early ZEV models are
in use today for some applications and
are expected to expand to many more;

3086 FR 34308, June 29, 2021.

31 Notice of Proposed Rulemaking for Greenhouse
Gas Emissions Standards for Heavy-Duty Vehicles—
Phase 3. 88 FR 25926, April 27, 2023.

costs of ZEV technologies have gone
down and are projected to continue to
fall; and manufacturers have announced
and begun to implement plans to
rapidly increase their investments in
ZEV technologies over the next decade.
While some HD vehicle manufacturers
and firms that purchase HD fleets
cautioned in comments that such
announcements may change, several HD
vehicle manufacturers also commented
that their MYs 2024-2027 production
plans include ZEVs for their planned
compliance with the previously
promulgated Phase 2 standards.32 In
2022 and 2023, there were several
manufacturers producing fully electric
HD vehicles for use in a variety of
applications, and these volumes are
expected to rise (see RIA Chapter 1.5).
The cost to manufacture lithium-ion
batteries (the single most expensive
component of a BEV) has dropped
significantly in the past eight years, and
that cost is projected to continue to fall
during this decade, all while the
performance of the batteries (in terms of
energy density) improves.33 34 Many of
the manufacturers that produce HD
vehicles and major firms that purchase
HD vehicles have announced billions of
dollars’ worth of investments in ZEV
technologies and significant plans to
transition to a zero-carbon fleet over the
next ten to fifteen years.353637 See
section I.D of this preamble, RIA
Chapter 1, and HD GHG NPRM section
1.C.1 for further information.38
Furthermore, we also have seen
development of technologies such as
H2-ICE that also will significantly
reduce CO, emissions from HD vehicles.
Second, in enacting the 2021 BIL and
the 2022 IRA laws, Congress chose to
provide significant and unprecedented

32 See RTC section 10.3.1.

33Mulholland, Eamonn. “Cost of electric
commercial vans and pickup trucks in the United
States through 2040.” Page 7. January 2022.
Available at https://theicct.org/wp-content/uploads/
2022/01/cost-ev-vans-pickups-us-2040-jan22.pdf.

34 Sharpe, Ben and Hussein Basma. ““A meta-
study of purchase costs for zero-emission trucks”.
The International Council on Clean Transportation,
Working Paper 2022—09 (February 2022). Available
online: https://theicct.org/publication/purchase-
cost-ze-trucks-feb22.

35 Environmental Defense Fund (2022) September
2022 Electric Vehicle Market Update: Manufacturer
Commitments and Public Policy Initiatives
Supporting Electric Mobility in the U.S. and
Worldwide, available online at: https://
blogs.edf.org/climate411/files/2022/09/ERM-EDF-
Electric-Vehicle-Market-Report_September2022.pdf.

36 EDF Comments to the HD GHG Phase 3 NPRM.
EPA-HQ-OAR-2022-0985-1644—A1.

37 Heavy Duty Trucking Staff, ‘Autocar, GM to
Produce Fuel-Cell Electric Vocational Trucks,’
Trucking Info (December 11, 2023). https://
www.truckinginfo.com/10211875/autocar-and-gm-
announce-electric-truck-joint-venture.

3888 FR 25926, April 27, 2023.
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monetary incentives for the production
and purchase of qualified ZEVs in the
HD market, as well as certain key
components. These laws also provide
incentives for qualifying electric
charging infrastructure and for clean
hydrogen production and refueling
infrastructure, which will further
support a rapid increase in market
penetration of HD ZEVs. As a few
examples, BIL provisions include $5
billion to fund the replacement of
school buses with clean and zero- or
low-emission buses (EPA’s “Clean
School Bus Program’) and over $5.5
billion to support the purchase of zero-
or low-emission transit buses and
associated infrastructure, with up to
$7.5 billion to help build out a national
network of EV charging and hydrogen
refueling infrastructure through DOT’s
Federal Highway Administration
(FHWA), some of which can be used for
refueling of heavy-duty vehicles.3 The
IRA creates a tax credit available from
calendar year (CY) 2023 through CY
2032 of up to $40,000 per vehicle for
vehicles over 14,000 pounds (and up to
$7,500 per vehicle for vehicles under
14,000 pounds) for the purchase of
qualified commercial clean vehicles;
provides tax credits available from CY
2023 through CY 2032 (phasing down
starting in CY 2030) for the production
and sale of battery cells and modules of
up to $45 per kilowatt-hour (kWh); and
also provides tax credits for 10 percent
of the cost of producing applicable
critical minerals (including those found
in batteries and fuel cells, provided that
the minerals meet certain
specifications), when such components
or minerals are produced in the United
States. The IRA also modifies an
existing tax credit that applies to
alternative fuel refueling property (e.g.,
electric vehicle chargers and hydrogen
fueling stations) and extends the tax
credit through CY 2032; starting in CY
2023, this provision provides a tax
credit of up to 30 percent of the cost of
the qualified alternative fuel refueling
property (e.g., HD BEV charging and
hydrogen refueling equipment) and up
to $100,000 per item when located in
low-income or non-urban area census
tracts and certain other requirements are
met. Further, the IRA includes the

39'While jurisdictions are not required to build
stations specifically for heavy-duty vehicles,
FHWA’s guidance encourages states to consider
station designs and power levels that could support
heavy-duty vehicles. U.S. Department of
Transportation, Federal Highway Administration.
“National Electric Vehicle Infrastructure Formula
Program: Bipartisan Infrastructure Law—Program
Guidance (Update)”. June 2, 2023. Available online:
https://www.fhwa.dot.gov/environment/nevi/
formula_prog_guid/90d_nevi_formula_program_
guidance.pdf.

“Clean Heavy-Duty Vehicles” program,
which includes $400 million to make
awards to eligible recipients/contractors
that propose to replace eligible vehicles
to serve one or more communities
located in an air quality area designated
pursuant to CAA section 107 as
nonattainment for any air pollutant, in
fiscal year (FY) 2022 and available
through FY 2031. The IRA also includes
the “Grants to Reduce Air Pollution at
Ports” program, which appropriates $3
billion ($750 million of which is for
projects located in areas of
nonattainment for any air pollutant) in
FY 2022 and available through FY 2027,
to reduce air pollution at ports. These
are only a few examples of a wide array
of incentives in both laws that will help
to reduce the costs to manufacture,
purchase, and operate ZEVs, thereby
bolstering their adoption in the market.
See section II.E.4 of this preamble, RIA
Chapter 1, and HD GHG NPRM section
I.C.2 for further information.4°

Third, there have been multiple
actions by states to accelerate the
adoption of HD ZEV technologies. As of
February 15, 2023, the State of
California and ten other states have
adopted the Advanced Clean Trucks
(ACT) program that includes a
manufacturer requirement for zero-
emission truck sales, and CAA section
177 empowers additional states to adopt
California’s ACT program if they
wish.414243 The ACT program requires

4088 FR 25926, April 27, 2023.

41 California Air Resources Board, Final
Regulation Order—Advanced Clean Trucks
Regulation. Filed March 15, 2021. Available at:
https://ww2.arb.ca.gov/sites/default/files/barcu/
regact/2019/act2019/fro2.pdf.

42 Oregon, Washington, New York, New Jersey,
and Massachusetts adopted ACT beginning in MY
2025 while Vermont and New Mexico adopted ACT
beginning in MY 2026, and Colorado, Maryland,
and Rhode Island in MY 2027.

43 California Air Resources Board. States that have
Adopted California’s Vehicle Regulations. Available
at: https://ww2.arb.ca.gov/our-work/programs/
advanced-clean-cars-program/states-have-adopted-
californias-vehicle-regulations; See also, e.g., Final
Advanced Clean Truck Amendments, 1461 Mass.
Reg. 29 (January 21, 2022) (Massachusetts).;
Medium- and Heavy-Duty (MHD) Zero Emission
Truck Annual Sales Requirements and Large Entity
Reporting, 44 N.Y. Reg. 8 (January 19, 2022) (New
York), available at https://dos.ny.gov/system/files/
documents/2022/01/011922.pdf.; Advanced Clean
Trucks Program and Fleet Reporting Requirements,
53 N.J.R. 2148(a) (December 20, 2021) (New Jersey),
available at https://www.nj.gov/dep/rules/
adoptions/adopt_20211220a.pdf (pre-publication
version); Clean Trucks Rule 2021, DEQ-17-2021
(November 17, 2021), available at http://
records.sos.state.or.us/ORSOSWebDrawer/
Recordhtml/8581405 (Oregon); Low emission
vehicles, Wash. Admin. Code 173-423-070 (2021),
available at https://app.leg.wa.gov/wac/default.
aspx?cite=173-423-070; 2021 Wash. Reg. 587356
(December 15, 2021); Wash. Reg. 21-24-059
(November 29, 2021) (amending Wash. Admin.
Code 173-423 and 173-400), available at https://
lawfilesext.leg.wa.gov/law/wsrpdf/2021/24/21-24-

that “manufacturers who certify Class
2b-8 chassis or complete vehicles with
combustion engines would be required
to sell zero-emission or near-zero
emission such as plug-in hybrid trucks
as an increasing percentage of their
annual [state] sales from 2024 to
2035.74445 In addition, 17 states plus
the District of Columbia and Quebec (in
Canada) have signed a Memorandum of
Understanding establishing goals to
support widespread electrification of
the HD vehicle market.46 See RIA
Chapter 1 and HD GHG NPRM section
1.C.3 for further information.4” While
independent of EPA’s section 202
standards, these efforts nonetheless
indicate the interest at the state level for
increasing electrification of the HD
vehicle market.

ii. Development of a HD GHG Phase 3
Program

Recognizing the need for additional
GHG reductions from HD vehicles and
the growth of advanced HD vehicle
technologies, including ZEV
technologies, EPA believes this
increased application of technologies in
the HD sector that prevent and control
GHG emissions from HD vehicles
presents an opportunity to strengthen
GHG standards, which can result in
significant reductions in heavy-duty
vehicle emissions. Based on an in-depth
analysis of the potential for the
development and application of such
technologies in the HD sector, in April
2023 we proposed in the HD GHG Phase
3 NPRM GHG standards for MYs 2027
through 2032 and later HD vehicles
more stringent than the Phase 2 GHG
standards.48 The proposed Phase 3

059.pdf (Washington); ‘“More electric, hydrogen,
and hybrid passenger and commercial vehicles
coming to New Mexico starting in 2026” https://
www.env.nm.gov/wp-content/uploads/2023/11/
2023-11-16-COMMS-More-electric-hydrogen-and-
hybrid-passenger-and-commercial-vehicles-coming-
to-New-Mexico-starting-in-2026-Final.pdf.

44 California Air Resources Board, Advanced
Clean Trucks Fact Sheet (August 20, 2021),
available at https://ww2.arb.ca.gov/resources/fact-
sheets/advanced-clean-trucks-fact-sheet. See also
California Air Resources Board, Final Regulation
Order—Advanced Clean Trucks Regulation. Filed
March 15, 2021. Available at: https://
ww2.arb.ca.gov/sites/default/files/barcu/regact/
2019/act2019/fro2.pdf.

45 EPA granted the ACT rule waiver requested by
California under CAA section 209(b) on March 30,
2023. 88 FR 20688, April 6, 2023 (signed by the
Administrator on March 30, 2023).

46 Multi-State MOU (July 2022), available at
https://www.nescaum.org/documents/multi-state-
medium-and-heavy-duty-zev-action-plan.pdf. States
include California, Colorado, Connecticut, Hawaii,
Maine, Maryland, Massachusetts, Nevada, New
Jersey, New York, North Carolina, Oregon,
Pennsylvania, Rhode Island, Vermont, Virginia, and
Washington.

4788 FR 25926, April 27, 2003.

4888 FR 25926, April 27, 2003.
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standards included (1) revised GHG
standards for many MY 2027 HD
vehicles, with a subset of standards that
we did not propose to change, and (2)
new GHG standards starting in MYs
2028 through 2032, of which the MY
2032 standards would remain in place
for MYs 2033 and later. In the HD GHG
Phase 3 NPRM, EPA requested comment
on setting more stringent GHG standards
beyond the MYs proposed for MYs 2033
through 2035. EPA also requested
comment on an alternative set of GHG
standards for MYs 2027 through 2032
that were less stringent than those
proposed yet still more stringent than
the Phase 2 standards. We also
requested comment, including
supporting data and analysis, as to
whether there are certain market
segments, such as heavy-haul vocational
trucks or long-haul tractors which may
require significant energy content for
their intended use, for which it may be
appropriate to set standards less
stringent than the alternative for the
specific corresponding regulatory
subcategories in order to provide
additional lead time to develop and
introduce ZEV or other low emission
HD vehicle technologies for those
specific vehicle applications. In
consideration of the environmental
impacts of HD vehicles and the need for
significant emission reductions, we also
requested comment on a more stringent
set of GHG standards starting in MYs
2027 through 2032 whose values would
go beyond the proposed standards, such
as values that would be comparable to
the stringency levels in California’s ACT
program, values in between these
proposed standards and those that
would be comparable to stringency
levels in ACT, and values beyond those
that would be comparable to stringency
levels in ACT, such as stringency levels
comparable to the 50-60 percent ZEV
adoption range represented by the
publicly stated goals of several major
original equipment manufacturers
(OEMs) for 2030.4950515253 Finally, after

49 California Air Resources Board, Final
Regulation Order—Advanced Clean Trucks
Regulation. Filed March 15, 2021. Available at:
https://ww2.arb.ca.gov/sites/default/files/barcu/
regact/2019/act2019/fro2.pdyf.

50 Scania, ‘Scania’s Electrification Roadmap,’
Scania Group, November 24, 2021, https://
www.scania.com/group/en/home/newsroom/news/
2021/Scanias-electrification-roadmap.html.

51 AB Volvo, ‘Volvo Trucks Launches Electric
Truck with Longer Range,” Volvo Group, January
14, 2022, https://www.volvogroup.com/en/news-
and-media/news/2022/jan/news-4158927.html.

52Deborah Lockridge, ‘What Does Daimler Truck
Spin-off Mean for North America?,” Trucking Info
(November 11, 2021). https://www.truckinginfo.
com/10155922/what-does-daimler-truck-spin-off-
mean-for-north-america.

considering the state of the HD market,
new incentives, and comments received
on the HD2027 NPRM regarding
Advanced Technology Credit
Multipliers (“credit multipliers”) under
the HD GHG Phase 2 program, EPA
proposed to end credit multipliers for
BEVs and PHEVs one year earlier than
provided in the existing HD GHG Phase
2 program (i.e., no credit multipliers for
BEVs and PHEVs in MYs 2027 and
later).

The final standards and requirements
we are promulgating in this action are
based on further consideration of the
data and analyses included in the
proposed rule, additional supporting
data and analyses we conducted in
support of this final rule, and
consideration of the extensive public
input EPA received in response to the
proposed rule. These considerations and
analyses are described in detail
throughout this preamble, the RIA, and
the Response to Comments document
(RTC) accompanying this preamble,
found in the docket to this rule (EPA—
HQ-OAR 2022-0985). In the remainder
of this section, we summarize the final
program and key changes from the
proposal in the section immediately
following, followed by a summary of the
impacts of the standards, EPA’s
statutory authority, and coordination
with partners and stakeholders.

C. Overview of the Final Regulatory
Action

EPA carefully considered input from
stakeholders, as discussed throughout
this preamble and in our accompanying
RTC. This preamble section contains an
overview of stakeholders’ key concerns,
an overview of how EPA has adjusted
approaches in the final rule after further
consideration, and an overview of the
final standards. More detailed
discussion of the final rule and key
comments and EPA’s consideration of
them is included in the rest of the
preamble, and the RTC contains
detailed comment excerpts, comment
summaries and EPA’s responses.

1. Overview of Stakeholder Positions on
Standards’ Stringency

EPA’s HD GHG Phase 3 Proposed
Rule was signed by Administrator
Michael Regan on April 11, 2023, and
published in the Federal Register on
April 27, 2023 (88 FR 25926). EPA held
two days of public hearings on May 2
and 3, 2023, and the public comment
period ended on June 16, 2023. EPA
received over 172,000 comments in the

53 Navistar presentation at the Advanced Clean
Transportation (ACT) Expo, Long Beach, CA (May
9-11, 2022).

public docket, of which over 230 had
detailed comments. In addition, 185
people testified over the two-day public
hearing period and EPA held dozens of
follow-up meetings with a broad range
of stakeholders including environmental
justice (EJ) stakeholders, labor unions,
manufacturers, fleets, truck dealerships,
power sector-related organizations,
environmental and public health non-
governmental organizations (NGOs), and
states. Memoranda regarding these
meetings are in the rulemaking docket.

We note that very generally, in
comments on the NPRM stakeholders
demonstrated strong and opposing
views on major issues, including:
stringency of the standards, the rate of
increasing stringency of the standards
year over year from early model years to
later model years, availability and
readiness of future ZEV infrastructure,
availability of minerals critical to
battery production and assurance of
supply chain readiness for those
materials, impact of the IRA tax credits,
and key elements of EPA’s analysis such
as technical feasibility, costs of ZEV
technologies, and other elements. For
example, many commenters
representing environmental NGOs,
public health NGOs, environmental
justice organizations, front-line
communities and some state and local
governments supported standards that
would be more stringent than our
proposed standards in terms of both
stringency level and year-over-year
pacing of increased stringency, with
many supporting standards comparable
with stringency levels used in
California’s ACT program, and some
supporting even higher levels (e.g., 100
percent ZEVs by 2035). A number of
these commenters provided EPA with
technical analyses and data to support
their view that infrastructure necessary
to support ZEVs is projected to be ready
within the rule time frame, and that
there would be sufficient critical
minerals as well, such that standards
more stringent than those EPA proposed
are feasible. Generally, many of these
commenters included various technical
submissions on how EPA purportedly
underestimated ZEV feasibility and
adoption, underestimated the impacts of
the BIL and IRA in contributing to the
further development of the ZEV market,
and overestimated ZEV-related costs—
which, they argue when accounted for,
would have led EPA to consider
standards that are more stringent than
those proposed. Citing the public health
and environmental needs for pollutant
reductions that can be achieved with
ZEV technology, especially in places
such as fence-line and overburdened
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communities, many of these
commenters also suggested more
stringent or faster pacing of standards
for specific subcategories of vehicles
such as tractors, school/transit buses,
etc. These commenters generally
supported EPA’s proposed elimination
of credit multipliers for BEVs and
PHEVs one year earlier than provided in
the existing HD GHG Phase 2 program
and some asked EPA to finalize even
further limitations of the credit
multipliers. EPA requested comment on
what, if any, additional information and
data EPA should consider collecting and
monitoring during the implementation
of the Phase 3 standards, including with
respect to the important issues of
refueling and charging infrastructure for
ZEVs; on this topic, this general set of
commenters expressed strong
opposition to any action EPA would
take to create a regulatory self-adjusting
link between such monitoring and
amending standards to decrease their
stringency.

In stark contrast, commenters
representing many truck manufacturers,
owners, fleets, and dealers, along with
some labor groups and some states,
voiced support for standards less
stringent than even the lowest levels of
stringency on which we requested
comment in the proposal, i.e.,
considerably less stringent than the
alternative presented in the HD GHG
Phase 3 NPRM. A few commenters
representing certain truck
manufacturers supported the proposed
MY 2032 standards but were concerned
about the stringency of the early model
year standards. Many commenters
representing truck manufacturers,
owners, fleets, and dealers opposed any
revision to the model year 2027
standards and, even at lower overall
stringency levels, voiced support for a
much more gradual pace of increasing
stringency of the standards—with some
suggesting standards not commencing
until model years 2030 and 2033. Part
of their argument is that Phase 2
established GHG vehicle and engine
standards for MY 2027 which are
challenging, and manufacturers have
made compliance plans to meet those
standards. In their view, amending
those MY 2027 standards cuts against
these plans. These commenters also
state that, although manufacturers
intend to introduce ZEVs in larger
numbers over time (and have invested
billions of dollars already to do so),54
there is too much uncertainty regarding
availability of supporting electrification

54 See, for example, comments from the Truck
and Engine Manufactures (EMA), EPA-HQ-OAR-
2022-0985-2668—-A1.

(or hydrogen) infrastructure, critical
minerals, and supply chains to increase
the stringency of the MY 2027
standards. Some of these commenters
further asserted that the CAA mandates
four years of lead time and three years
of standard stability for revisions of
heavy-duty vehicle and engine
emissions standards for any pollutant,
including GHGs, citing CAA section
202(a)(3)(B) and (C). A number of these
commenters provided EPA with
technical analyses and data to support
their view that ZEV infrastructure
would fall far short of what would be
needed to support ZEV adoption levels
presented in the potential compliance
pathway on which the proposed
standards were predicated, and that
critical minerals would remain a
limitation to ZEV growth in the HD
sector. Generally, many of these
commenters included various technical
submissions on how EPA purportedly
overestimated ZEV adoption,
overestimated the impacts of the BIL
and IRA in contributing to the further
development of the ZEV market, and
underestimated ZEV-related costs.
Citing the concerns that unexpectedly
slow infrastructure development could
impact manufacturers’ ability to comply
with Phase 3, a number of these
commenters called for EPA to conduct
extensive monitoring of post-rule
infrastructure buildout and further
suggested that EPA establish
mechanisms for the standards to self-
adjust to become less stringent if the
infrastructure deployment was found to
be insufficient. These commenters
generally opposed EPA’s proposed
elimination of credit multipliers for
BEVs and PHEVs one year earlier than
provided in the existing HD GHG Phase
2 program and some asked for an
extension of certain technology credit
multipliers beyond MY 2027. The
commenters representing certain truck
manufacturers who supported the
proposed MY 2032 standards but
expressed concern with early model
year standards more specifically cited
the early MY standards as being too
stringent and progressing in stringency
at too steep of an increase given
uncertainties associated with
sufficiency of supportive electrical
infrastructure in the program’s initial
years.

Commenters from the petroleum
industry and others challenged EPA’s
authority to issue the proposed
standards at all.55 Terming the proposal
a “ZEV mandate,” they asserted that the

55 See, for example, comments from American
Free Enterprise Chamber of Commerce, EPA-HQ-
OAR-2022-0985-1660.

question of whether EPA has authority
to issue standards reflecting
performance of different vehicle
powertrains under the CAA implicates
the Major Questions Doctrine, and assert
that CAA section 202(a) does not
contain the correspondingly requisite
clear statement authorizing EPA to do
so. These commenters also assert that
EPA predicating the proposed standards
on averaging under the ABT program,
such that vehicles with zero tailpipe
emissions purportedly must be averaged
with emitting vehicles for
manufacturers to be able to meet the
standards, is beyond EPA’s authority.
These commenters stated they were
asserting this lack of authority both
because, in their view, such averaging
implicates the Major Questions Doctrine
and EPA lacks a clear statement of
authorization from Congress to do so,
and because, in their view, averaging
and the ABT program are inconsistent
with CAA statutory provisions for
certification, warranty, and civil
penalties, all of which they state
contemplate individualized
determinations, not determinations on
average.

EPA heard from some representatives
from the heavy-duty vehicle
manufacturing industry both optimism
regarding the heavy-duty industry’s
ability to produce ZEV applications in
future years at high volume, but also
concern that a slow deployment of
electrification infrastructure (magnitude
of potential upgrades to the electrical
distribution system necessary to support
depot charging, and public charging
infrastructure) could slow the growth of
heavy-duty ZEV adoption, and that this
may present challenges for vehicle
manufacturers’ ability to comply with
EPA HD GHG Phase 3 standards.
Concerns about uncertainties relating to
supporting infrastructure included:
limited nature of today’s HD charging
infrastructure, the magnitude of
buildout of electrical distribution
systems necessary to support (BEVs
especially in the early model years of
the program), the cost and length of time
needed for infrastructure buildout, a
chicken-egg dynamic whereby
prospective BEV purchasers will not act
until assured of adequate supporting
infrastructure, and utilities will not
build out the infrastructure without
assurance of demand, and the lack of
availability of hydrogen infrastructure.
Some commenters further noted that
fleets and owners will be reluctant to
buy, or may cancel orders for, ZEVs, if/
when ZEV infrastructure is a barrier.
Commenters raised these concerns on
top of those voiced by some



Federal Register/Vol.

89, No. 78/Monday, April 22, 2024 /Rules and Regulations

29449

manufacturers that more lead time is
needed for product development,
especially given uncertainty regarding
purchasers’ decisions, noting customer
reluctance to utilize an unfamiliar
technology, and asserted barriers
associated with limited range and cargo
penalty due to need for large batteries.
These comments are discussed in more
detail in section I and in Chapters 6, 7,
and 8 of the RTC.

2. Overview of Consideration of Key
Concerns From Stakeholders and the
Final Standards

i. Improvements to EPA’s Technical and
Infrastructure Analyses

EPA considered the wide-ranging
perspectives, data and analyses
submitted in support of stakeholder
positions, as well as new studies and
data that became available after the
proposal. As a consequence, EPA
believes that the technical analyses
supporting the final rule are improved
and more robust. For example, in our
technology analysis tool (HD TRUCS,
see section II of this preamble) we have
adjusted our battery and other
component cost assumptions, revised
vehicle efficiency values, refined the
battery sizing determination, added
public charging, increased depot
charging costs and diesel prices, added
Federal excise tax (FET) and state tax,
increased charging equipment
installation costs, included more
charger sharing, and increased hydrogen
fuel costs. Based on consideration of
feedback from commenters, in HD
TRUCS we also adjusted the technology
payback schedule using a publicly-
available model. After consideration of
comment (and as EPA signaled at
proposal), we also have adjusted our
analytical baseline by increasing the
amount of ZEV adoption in our “no-
action’ scenario (i.e., without this rule)
to reflect ZEV adoption required by
California’s ACT program, as well as
further ZEV adoption in other states.
These and many more updates
described throughout this preamble and
the RIA strengthen the analyses
supporting the final standards.

We also improved our analysis of
infrastructure readiness and cost by
including projected needed upgrades to
the electricity distribution system under
our potential compliance pathway in
our analysis. As described in section II
of this preamble, our improved analysis
of charging infrastructure needs and
costs supports the feasibility of the
future growth of ZEV technology of the
magnitude EPA is projecting in this
final rule’s potential compliance
pathway’s technology packages. EPA

further notes that we recognize that
charging and refueling infrastructure for
BEVs and FCEVs is necessary for
success in the increasing development
and adoption of those vehicle
technologies (further discussed in
section II and RIA Chapters 1 and 2).
There are significant efforts already
underway to develop and expand
heavy-duty vehicle electric charging and
hydrogen refueling infrastructure. The
U.S. government is making large
investments through the BIL and the
IRA, as discussed in more detail in RIA
Chapter 1.3 (e.g., this includes a tax
credit for charging or hydrogen refueling
infrastructure as well as billions of
additional dollars for programs that
could help fund charging infrastructure
if purchased alongside an electric
vehicle).se 57 Private investments will
also play a critical role in meeting future
infrastructure needs, as discussed in
more detail in RIA Chapter 1.6. We
expect many BEV or fleet owners to
invest in depot-based charging
infrastructure (see RIA Chapter 2.6 for
information on our analysis of charging
needs and costs). Manufacturers,
charging network providers, energy
companies and others are also investing
in high-power public or other stations
that will support public charging. For
example, Daimler Truck North America
is partnering with electric power
generation company NextEra Energy
Resources and BlackRock Renewable
Power to collectively invest $650
million to create a nationwide U.S.
charging network for commercial
vehicles with a later phase of the project
also supporting hydrogen fueling
stations.?8 Volvo Group and Pilot
announced their intent to offer public
charging for medium- and heavy-duty
BEVs at priority locations throughout
the network of 750 Pilot and Flying J
North American truck stops and travel
plazas.59 A recent assessment by Atlas
Public Policy estimated that $30 billion
in public and private investments had
been committed as of the end of 2023

56 Inflation Reduction Act, Public Law 117-169
(2022).

57 Bipartisan Infrastructure Law, Public Law 117—
58, 135 Stat. 429 (2021).

58 NextEra Energy. News Release: “Daimler Truck
North America, NextEra Energy Resources and
BlackRock Renewable Power Announce Plans to
Accelerate Public Charging Infrastructure for
Commercial Vehicles Across The U.S.” January 31,
2022. Available online: https://newsroom.
nexteraenergy.com/news-releases?item=123840.

59 Adler, Alan. “Pilot and Volvo Group add to
public electric charging projects.” FreightWaves.
November 16, 2022. Available online: https://
www.freightwaves.com/news/pilot-and-volvo-group-
add-to-public-electric-charging-projects.

specifically for charging infrastructure
for medium- and heavy-duty BEVs.60
Domestic manufacturing capacity is
also increasing. Department of Energy
(DOE) estimates over $500 million in
announced investments have been made
to support the domestic manufacturing
of BEV charging equipment, with
companies planning to produce more
than one million BEV chargers in the
U.S. each year.6! 62 Workforce
development is on the rise. For
example, the Siemens Foundation
announced they will invest $30 million
over ten years focused on the EV
charging sector.63 As of early 2023,
about 20,000 people had been certified
through a national Electric Vehicle
Infrastructure Training Program.s4 65
These important early actions and
market indicators suggest strong growth
in charging and refueling ZEV
infrastructure in the coming years. See
RIA Chapters 1.3 and 1.6 for more
information on public and private
investments in charging infrastructure.

ii. Summary of Final Standards

Our improved analyses for the final
rule continue to show that it is
appropriate and feasible to revise the
MY 2027 standards promulgated under
the HD GHG Phase 2 program for most
vehicles, and to set new standards for
MYs 2028 through 2032 with year-over-

60 Lepre, Nicole. “Estimated $30 Billion
Committed to Medium- and Heavy-Duty Charging
Infrastructure in the United States.” Atlas Public
Policy. EV Hub. January 26, 2024. Available
online:https://www.atlasevhub.com/data_story/
estimated-30-billion-committed-to-medium-and-
heavy-duty-charging-infrastructure-in-the-united-
states.

61DOE, “Building America’s Clean Energy
Future”. 2024. Available online: https://
www.energy.gov/invest.

627J.S. Department of Energy, Vehicle
Technologies Office. “FOTW #1314, October 30,
2023: Manufacturers Have Announced Investments
of Over $500 million in More Than 40 American-
Made Electric Vehicle Charger Plants”. October 30,
2023. Available online:https://www.energy.gov/
eere/vehicles/articles/fotw-1314-october-30-2023-
manufacturers-have-announced-investments-over-
500.

63 Lienert, Paul. “Siemens to invest $30 million
to train U.S. EV charger technicians”. Reuters.
September 6, 2023. Available online: https://
www.reuters.com/business/autos-transportation/
siemens-invest-30-million-train-us-ev-charger-
technicians-2023-09-06.

64]BEW. “IBEW Members Answer Call for
National Electric Vehicle Program”. April 2023.
Available online:https://www.ibew.org/articles/
23ElectricalWorker/EW2304/Politics.0423.html.

65 The White House. “FACT SHEET: Biden Harris
Administration Announces New Standards and
Major Progress for a Made-in-America National
Network of EV Chargers.” February 15, 2023.
Available online:https://www.whitehouse.gov/
briefing-room/statements-releases/2023/02/15/fact-
sheet-biden-harris-administration-announces-new-
standards-and-major-progress-for-a-made-in-
america-national-network-of-electric-vehicle-
chargers.
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year increases in stringency. In
consideration of the opposing concerns
raised by commenters, EPA believes it is
critical to balance the public health and
welfare need for GHG emissions
reductions over the long term with the
time needed for product development
and manufacturing as well as
infrastructure development in the near
term. After further consideration of the
lead times necessary to support both the
vehicle technologies’ development and
deployment and the infrastructure
needed, as applicable, under the
potential compliance pathway’s
technology packages described in
section ES.C.2.iii, EPA is finalizing GHG
emission standards for heavy-duty
vehicles that, compared to the proposed
standards, include less stringent
standards for all vehicle categories in
MYs 2027, 2028, 2029, and 2030. The
final standards increase in stringency at
a slower pace through MYs 2027 to 2030
compared to the proposal, and day cab
tractor standards start in MY 2028 and
heavy heavy-duty vocational vehicles
start in MY 2029 (we proposed Phase 3
standards for day cabs and heavy heavy-
duty vocational vehicles starting in MY
2027). As proposed, the final standards
for sleeper cabs start in MY 2030 but are
less stringent than proposed in that year
and in MY 2031, and equivalent in
stringency to the proposed standards in
MY 2032. Our updated analyses for the
final rule show that model years 2031
and 2032 GHG standards in the range of
those we requested comment on in the
HD GHG Phase 3 NPRM are feasible and
appropriate considering feasibility, lead
time, cost, and other relevant factors as
described throughout this preamble and
particularly section II. Specifically, we

are finalizing MY 2031 standards that
are on par with the proposal for light
and medium heavy-duty vocational
vehicles and day cab tractors. Heavy
heavy-duty vocational vehicle final
standards are less stringent than
proposed for all model years, including
2031 and 2032. For MY 2032, we are
finalizing more stringent standards than
proposed for light and medium heavy-
duty vocational vehicles and day cab
tractors. Our assessment is that setting
this level of standards starting in MY
2032 achieves meaningful GHG
emission reductions at reasonable cost,
and that heavy-duty vehicle
technologies, charging and refueling
infrastructure, and critical minerals and
related supply chains will be available
to support this level of stringency (as
many commenters agreed with and
provided technical information to
support). Our assessment of the final
program as a whole is that it takes a
balanced and measured approach while
still applying meaningful requirements
in MY 2027 and later to reducing GHG
emissions from the HD sector.

A summary of the final standards can
be found in this Executive Summary,
with more details on the standards
themselves and our supporting analysis
found in section II and Chapter 2 of the
RIA. The standards for MY 2027
through 2032 and later are presented in
Table ES—1 and Table ES-2 with
additional tables showing the final
custom chassis and heavy-haul tractor
standards in section IL.F.66 When
compared to the existing Phase 2
standards, the Phase 3 standards begin
in MY 2027 with a 13 percent increase

66 See regulations 40 CFR 1037.105 and 1037.106.

in the stringency of the medium heavy-
duty vocational vehicle standards and a
17 percent increase in the light heavy-
duty vocational vehicle standards, the
Phase 3 day cab tractor standards begin
in MY 2028 with an 8 percent increase
in stringency over the Phase 2
standards, the heavy heavy-duty
vocational standards begin in MY 2029
with a 13 percent increase over Phase 2,
and the sleeper cab tractor standards
begin in MY 2030 with a 6 percent
increase over Phase 2. Each vehicle
category then increases in stringency
each year, through MY 2032, at which
time compared to the Phase 2 program
the light heavy-duty vocational
standards are a 60 percent increase in
stringency of the CO, standard, the
medium heavy-duty vocational vehicle
standards are a 40 percent increase, the
day cab standards are a 40 percent
increase, the heavy heavy-duty
vocational standards are a 30 percent
increase, and the sleeper cab standards
are a 25 percent increase in the
stringency of the standards. As
described in section II of this preamble,
our analysis shows that the final Phase
3 standards, including revisions to HD
GHG Phase 2 CO; standards for MY
2027 and the new, progressively more
stringent numeric values of the CO,
standards starting in MYs 2028 through
2032, are feasible and appropriate
considering feasibility, lead time, costs,
and other relevant factors.

Table ES—1 MY 2027 through 2032
and Later Vocational Vehicle CO»
Emission Standards (grams/ton-mile) by
Regulatory Subcategory (with Phase 2
2024 through 2026 Standards for
Reference)
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Table ES-1 MY 2027 through 2032 and Later Vocational Vehicle CO2 Emission Standards (grams/ton-mile)
by Regulatory Subcategory (with Phase 2 2024 through 2026 Standards for Reference)

Compression-ignition Spark-ignition
Model Year Subcategory | Light | Medium |Heavy |Light | Medium
Heavy | Heavy Heavy |Heavy |[Heavy
Urban 385 271 283 432 310
Phase 2: 2024 through 2026 | Multi-Purpose | 344 246 242 385 279
Regional 296 221 194 324 251
Urban 305 224 269 351 263
Phase 3: 2027 Multi-Purpose | 274 204 230 316 237
Regional 242 190 189 270 219
Urban 286 217 269 332 256
Phase 3: 2028 Multi-Purpose | 257 197 230 299 230
Regional 227 183 189 255 212
Urban 268 209 234 314 248
Phase 3: 2029 Multi-Purpose | 241 190 200 283 223
Regional 212 177 164 240 206
Urban 250 201 229 296 240
Phase 3: 2030 Multi-Purpose | 224 183 196 266 216
Regional 198 170 161 226 199
Urban 198 178 207 244 217
Phase 3: 2031 Multi-Purpose | 178 162 177 220 195
Regional 157 150 146 185 179
Urban 147 155 188 193 194
Phase 3: 2032 and later Multi-Purpose | 132 141 161 174 174
Regional 116 131 132 144 160

Note: Please see section II.F of this preamble for the full set of standards, including for optional
custom chassis vehicles.

Table ES-2 MY 2027 through 2032 and Later Tractor CO: Emission Standards (grams/ton-mile) by
Regulatory Subcategory (with Phase 2 2024 through 2026 Standards for Reference)

Model Year Hlt:(i);lf ¢ Class 7 All Cab Styles | Class 8 Day Cab | Class 8 Sleeper Cab
Low Roof 99.8 76.2 68.0
fﬁfjﬁgﬁ 2924 ["Mid Roof 107.1 80.9 73.5
High Roof 106.6 80.4 70.7
Low Roof 96.2 73.4 64.1
Phase 3: 2027 | Mid Roof 103.4 78.0 69.6
High Roof 100.0 75.7 64.3
Low Roof 88.5 67.5 64.1
Phase 3: 2028 | Mid Roof 95.1 71.8 69.6
High Roof 92.0 69.6 64.3
Low Roof 84.7 64.6 64.1
Phase 3: 2029 | Mid Roof 91.0 68.6 69.6
High Roof 88.0 66.6 64.3
Low Roof 80.8 61.7 60.3
Phase 3: 2030 | Mid Roof 86.9 65.5 65.4
High Roof 84.0 63.6 60.4
Low Roof 69.3 52.8 56.4
Phase 3: 2031 | Mid Roof 74.4 56.2 61.2
High Roof 72.0 54.5 56.6
Low Roof 57.7 44.0 48.1
thifﬁéé(rm Mid Roof 62.0 46.8 522
High Roof 60.0 454 48.2

Note: Please see section II.F for the full set of standards, including for optional custom chassis
vehicles.
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iii. Updated Technology Packages for
Example Potential Compliance
Pathways

The standards do not mandate the use
of a specific technology, and EPA
anticipates that a compliant fleet under
the standards would include a diverse
range of HD motor vehicle technologies
(e.g., transmission technologies,
aerodynamic improvements, engine
technologies, hybrid technologies,
battery electric powertrains, hydrogen
fuel cell powertrains, etc.). The
technologies that have played (and that
the Phase 2 rule projected would play)
a fundamental role in meeting the Phase
2 GHG standards will continue to play
an important role going forward, as they
remain key to reducing the GHG
emissions of HD vehicles powered by
internal combustion engines. In our
assessment that supports the
appropriateness and feasibility of these
final standards, we developed projected
technology packages for potential
compliance pathways that could be
used to meet each of the final
standards.57 Because our standards are
technology neutral and there are

flexibilities built into the ABT program,
there are many variations in the exact
mix of technologies manufacturers can
use to meet the standards, and this mix
can include technologies that EPA has
not envisioned. We have projected a few
compliance pathways with technology
packages that are purposely different.
One example potential compliance
pathway’s projected technology package
includes a mix of HD motor vehicle
technologies that prevent and control
GHG emissions, including technologies
for vehicles with ICE and ZEV
technologies (Table ES-3). In Table ES—
4, we present another example
compliance pathway’s technology
package that does not include ZEVs but
does include a suite of GHG-reducing
technologies for vehicles with ICE
ranging from: ICE improvements in
engine, transmission, drivetrain,
aerodynamics, and tire rolling
resistance; the use of lower carbon fuels
(Compressed Natural Gas (CNG)/
Liquified Natural Gas (LNG)); hybrid
powertrains (Hybrid Electric Vehicles
(HEV) and Plug-in Hybrid Electric
Vehicles (PHEV)); and hydrogen-fueled

ICE (H2-ICE). Except for H2-ICE, these
technologies exist today and continue to
evolve to improve their CO, emissions
reductions. To demonstrate feasibility
and project emissions impacts, costs,
benefits, etc. in this final rule, we
present a detailed analysis of the
compliance pathway represented by the
technology packages shown in Table
ES—-3, which we believe is one
reasonable pathway. Details on several
additional example potential technology
compliance pathways we considered
can be found in section II.F.4 and RIA
Chapter 2.11, and details on our
projected technology mix in a
“reference’ scenario that represents the
United States without the final
standards can be found in section V and
RIA Chapter 4. EPA emphasizes that its
standards are performance-based, and
manufacturers are not required to use
particular technologies to meet the
standards. Tables ES—3 and ES—4 are
just two examples of potential
technology compliance pathways and
do not reflect a requirement of how
manufacturers will ultimately meet the
standards finalized in this rule.

Table ES-3 Example 1 Projected Percent Mix of Vehicle Technologies that Support the Feasibility of the

Phase 3 Standards

Regulatory MY 2027 | MY 2028 | MY 2029 | MY 2030 | MY 2031 | MY 2032
Z"rzflfﬁlgg"ry ZEV | ICEV | ZEV | ICEV | ZEV | ICEV | ZEV | ICEV | ZEV | ICEV | ZEV | ICEV
%,fgtgiaafy'mty 17% | 83% | 22% | 78% | 27% | 73% | 32% | 68% | 46% | 54% | 60% | 40%
\l\fjf;z?nzeavy")”ty 13% | 87% | 16% | 84% | 19% | 81% |22% | 78% |31% | 69% | 40% | 60%
\P,lzigl ;flz‘iwy'[) uty NJ/A, begins in MY 2029 | 13% | 87% | 15% | 85% | 23% | 77% | 30% | 70%
(SII;Z? git;lmcmrs E/ 1%?;%‘;; 8% | 92% | 12% | 88% | 16% | 84% | 28% | 72% | 40% | 60%
(Lsﬁgfp?f Elab) Tractors N/A, begins in MY 2030 6% | 94% | 12% | 88% | 25% | 75%

Note: Please see section ILF for the full set of technology packages, including for optional custom chassis

vehicles.

67 As further explained in sections I and II
(including II.G), EPA is required by law to assess
feasibility and compliance costs of standards issued
pursuant to CAA section 202(a), and thus
practically must demonstrate a potential means of

complying with the standards in order to do so (e.g.,

a potential compliance pathway’s projected

technology packages that manufacturers may, but
are not required, to utilize). Long-standing case law
regarding EPA’s CAA section 202(a) authority
supports the necessity of this approach. See NRDC
v. EPA, 655 F. 2d 321, 332 (D.C. Cir. 1981)
(indicating that EPA is to state the engineering basis
underlying a section 202 standard (i.e., the

technology package which could be utilized to meet
a standard), indicate potential impediments to that
technology package’s feasibility, and plausibly
explain how those impediments could be resolved
within the lead time afforded).



Federal Register/Vol. 89, No. 78/Monday, April 22, 2024 /Rules and Regulations 29453
Table ES-4 Example 2 Projected Percent Mix of Vehicle Technologies that Support the Feasibility of the
Phase 3 MY 2027 and 2032 Standards

Regulatory MY 2027 MY 2032
Subcategory icey | Natural | pev | pHEV | H2-ICE | 1cEV | Y22l ypv | PHEV | H2-ICE
Grouping Gas Gas
Light Heavy-Duty 3% | 5% | 52% | 0% | 0% | 1% | 5% |40% | 0% | 24%
Vocational
Medium Heavy-Duty 48% | 5% | 40% | 0% | 0% | 18% | 5% |44% | 0% | 13%
Vocational
Heavy Heavy-Duty N/A, begins in MY 2029 2% | % | 27% | 0% | 12%
Vocational
Short-Haul o 0 0 0 0 0
(Day Cab) Tractors N/A, begins in MY 2028 39% 5% 20% 0% 26%
Long-Haul . o o o o o
(Sleeper Cab) Tractors N/A, begins in MY 2030 64% 5% 10% 0% 17%

Note: The Heavy Heavy-Duty vocational vehicle, Short-Haul (Day Cab) tractor, and Long-Haul (Sleeper Cab) tractor
standards are unchanged in MY 2027.

iv. Revisions to Advanced Technology
Vehicle Credit Multipliers

Along with retaining EPA’s historical
approach to setting performance-based
standards and providing manufacturers
flexibility in meeting the standards by
allowing them to choose their own mix
of vehicle technologies, we are retaining
and did not reopen the general structure
of the Averaging, Banking and Trading
(ABT) program, which allows
manufacturers further flexibility in
meeting standards using averaging
provisions. In other words, consistent
with EPA’s practice for over fifty years
of setting emissions standards for HD
vehicles, we are retaining the existing
regulatory scheme that does not require
each vehicle to meet the standards
individually and instead allows
manufacturers to meet the standards on
average within each weight class of their
fleet.68 As described in section IIL. A of
this preamble, we are finalizing updates
to the advanced technology incentives
in the ABT program for HD GHG Phase
2 for PHEVs, BEVs, and FCEVs. As
further explained in section III, after
consideration of comments, we are
retaining the advanced technology
vehicle credit multipliers for PHEV,
BEV, and FCEV technologies through
MY 2027, consistent with the previously
promulgated HD GHG Phase 2 program.
In order to ensure meaningful vehicle
GHG emission reductions under the
Phase 3 program, we are limiting the
period over which manufacturers can
use the multiplier portion of credits

68 As further described in section III, as has been
the case since the ABT program was first
promulgated, although manufacturers choosing to
use ABT as a compliance strategy must assure that
their vehicle families comply with the standard on
average, each individual vehicle is certified to an
individual limit (called a Family Emission Limit) as
well.

earned from advanced technologies.
However, in recognition that the final
HD GHG Phase 3 standards will require
meaningful investments from
manufacturers to reduce GHG emissions
from HD vehicles, we requested
comment on and are finalizing certain
additional transitional flexibilities to
assist manufacturers in the
implementation of Phase 3. See section
III of this preamble for further details.

v. Commitment to Engagement and
Monitoring Elements of Phase 3
Compliance and Supporting Technology
and Infrastructure Development

As we noted in the HD GHG Phase 3
NPRM, EPA has a vested interest in
monitoring industry’s performance in
complying with mobile source emission
standards, including the highway
heavy-duty industry. In fact, EPA
already monitors and reports out
industry’s performance through a range
of approaches, including publishing
industry compliance reports (such as
has been done during the heavy-duty
GHG Phase 1 program).69 After
consideration of the divergent
comments received on the topic of
collecting and monitoring ZEV
infrastructure during the
implementation of the Phase 3
standards, as further described in
section II, we are committing in this
final rule to actively engage and monitor
both manufacturer compliance and the
major elements of heavy-duty
technology and supporting
infrastructure development. EPA, in
consultation with other Federal

69 See EPA Reports EPA-420-R-21-001B
covering Model Years 2014-2018, and EPA report
EPA-420-R-22-028B covering Model Years 2014—
2020, available online at https://www.epa.gov/
compliance-and-fuel-economy-data/epa-heavy-
duty-vehicle-and-engine-greenhouse-gas-emissions.

agencies, will issue periodic reports
reflecting collected information. These
reports will track HD electric charging
and hydrogen refueling infrastructure
buildout throughout Phase 3
implementation as well as an evaluation
of zero and low GHG-emitting HD
vehicle production and the evolution of
the HD battery production and material
supply, including supply of critical
minerals. Based on these reports, as
appropriate and consistent with CAA
section 202(a) authority, EPA may
decide to issue guidance documents,
initiate a rulemaking to consider
modifications to the Phase 3 rule, or
make no changes to the Phase 3 rule
program. We are not finalizing any
mechanisms for including a self-
adjusting linkage between the standards’
stringency and ZEV infrastructure as
requested by some industry
stakeholders. Further details on EPA’s
Phase 3 rule implementation
engagement, data collection and
monitoring and reporting commitments
can be found in section II.B.2 of this
preamble.

D. Impacts of the Standards

Our estimated emission impacts,
average per-vehicle costs, monetized
program costs, and monetized benefits
of the final program are summarized in
this section and detailed in sections IV
through VIII of the preamble and
Chapters 3 through 8 of the RIA. EPA
notes that, consistent with CAA section
202(a)(1) and (2), in evaluating potential
GHG standards, we carefully weigh the
statutory factors, including GHG
emissions impacts of the GHG
standards, and the feasibility of the
standards (including cost of compliance
and available lead time).

We monetize benefits of the GHG
standards and evaluate costs in part to
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better enable a comparison of costs and
benefits pursuant to E.O. 12866, but we
recognize that there are benefits that we
are currently unable to fully quantify
and monetize. EPA’s consistent practice
has been to set standards to achieve
improved air quality consistent with
CAA section 202(a), and not to rely on
cost-benefit calculations, with their
uncertainties and limitations, in
identifying the appropriate standards.
Nonetheless, our conclusion that the
estimated benefits exceed the estimated
costs of the final program reinforces our
view that the GHG standards represent
an appropriate weighing of the statutory
factors and other relevant
considerations.

Our analysis of emissions impacts
accounts for downstream emissions, i.e.,
from emission processes such as engine
combustion, engine crankcase exhaust,
vehicle evaporative emissions, vehicle
refueling emissions, and brake and tire
wear. Vehicle technologies would also
affect emissions from upstream sources,
i.e., emissions that are attributable to a
vehicle’s operation but not the vehicle
itself, for example, electricity generation
and the refining and distribution of fuel.
Our analyses include emissions impacts
from electrical generating units (EGUs)
and refinery emission impacts.”0

The estimated impacts summarized in
this section are based on our projection
of a scenario that represents the United
States with the final standards in place,
relative to our projection of a
“reference’” scenario that represents the
United States without the final
standards. For a similar estimate for the
alternative standards, please see
preamble section IX. As suggested by
many commenters, and as EPA
suggested at proposal (88 FR 25989), we
updated our reference scenario between
the proposal and this final rule to
include California’s ACT program
implementation in California and in the
states that have adopted the ACT rule

under CAA section 177, thus increasing
the amount of ZEV technology in our
projection of the United States without
the final standards in place.”? Further,
we improved our projections of the rate
of expected ZEV adoption across vehicle
categories for the reference scenario, the
result of which in the modeled
compliance pathway was increased
projected adoption in the light heavy-
duty vocational vehicle subcategory and
decreased adoption in other
subcategories compared to the reference
scenario in the proposal. These updates
to the reference scenario resulted in
changes to the estimated numeric values
of emissions and costs as shown but
reflect the same general expected
impacts of the standards as we projected
at the time of proposal, i.e., significant
reductions in downstream GHG
emissions, reductions in GHGs from
lower demand for onroad fuels and
therefore reduced emissions from fuel
refineries, and increases in GHG
emissions from EGUs (which we expect
to decline over time as the electricity
grid becomes cleaner). This same trend
is expected for non-GHG pollutants as
well, which are affected to the extent
that zero- or lower-non-GHG emitting
technologies are used to meet the GHG
standards, i.e., we project significant
reductions in downstream emissions of
non-GHG pollutants, reductions in non-
GHG pollutants resulting from lower
demand for onroad fuels and therefore
reduced emissions from fuel refineries,
and increases in non-GHG pollutant
emissions from EGUs (which we expect
to decrease over time as previously
noted).

As seen in Table ES-5, through 2055
the program will result in significant
downstream GHG emission
reductions—approximately 1.4 billion
metric tons in reduced CO;-equivalent
emissions.”2 From calendar years 2027
through 2055, we project a cumulative
increase of approximately 0.39 billion

metric tons of CO-equivalent emissions
from EGUs as a result of the increased
demand for electricity associated with
the rule. We also project reductions in
CO»-equivalent emissions from
refineries on the order of 0.013 billion
metric tons during this time period.
Considering both downstream and
upstream cumulative emissions from
calendar years 2027 through 2055 (a
year when most of the regulated fleet
will consist of HD vehicles subject to
the Phase 3 standards due to fleet
turnover), the standards will achieve
approximately 1 billion metric tons in
net COz-equivalant emission reductions
(see section V of this preamble and
Chapter 4 of the RIA for more detail).
Following improvements to our
technical analysis as described in more
detail in sections IT and V of this
preamble, we remodeled the GHG
emission reductions from the proposed
standards, and the results show the
reductions from the final rule are close
to but greater than projected reductions
from the proposed standards (e.g., net
reductions are 998 million metric ton
for the proposed standards). As
summarized in section G2.ii of the
Executive Summary and detailed in
section II of this preamble, the final
standards are less stringent and increase
in stringency at a slower pace compared
to the proposal in the early model years
of the program, but the later model year
final standards are more stringent than
proposed for light and medium heavy-
duty vocational vehicles and day cab
tractors. This final rule’s GHG emission
reductions will make an important
contribution to efforts to limit climate
change and its anticipated impacts.
These GHG reductions will benefit all
U.S. residents, including populations
such as people of color, low-income
populations, indigenous peoples, and/or
children that may be especially
vulnerable to various forms of damages
associated with climate change.

Table ES-5 Cumulative 20272055 Net GHG Emission Impacts® (in MMT) Reflecting the Final Standards

Relative to the Reference Case

Pollutant Downstream EGU Refineries Net
Carbon Dioxide (CO») -1,347 391 -13 -969
Methane (CHy) -0.127 0.018 -0.001 -0.109
Nitrous Oxide (N>O) -0.199 0.002 0.000 -0.197
CO; Equivalent (COze) -1,404 393 -13 -1,025

2 We present emissions reductions as negative numbers and emission increases as positive

numbers.

70 We are continuing and are not reopening the
existing approach taken in both HD GHG Phase 1
and Phase 2, that compliance with the vehicle
exhaust CO; emission standards is based solely on
CO; emissions from the vehicle. Indeed, all of our

vehicle emission standards are based on vehicle
emissions.

71EPA granted California’s waiver request on
March 30, 2023, which left EPA insufficient time
to develop an alternative reference case for the
proposal. 88 FR 25989.

72 Note that these reductions are lower in the final
rule than the proposal primarily due to the
increased number of ZEVs considered in the
reference case, see section V of this preamble for
details.
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In our modeled potential compliance
pathway, we project that the GHG
emission standards will lead to an
increase in HD ZEVs relative to our
reference case (i.e., without the rule),
which will also result in downstream
reductions of vehicle emissions of non-
GHG pollutants that contribute to
ambient concentrations of ozone,
particulate matter (PM, s), nitrogen
dioxide (NO,), CO, and air toxics.
Exposure to these non-GHG pollutants
is linked to adverse human health
impacts such as premature death as well
as other adverse public health and
environmental effects (see section VI).
As shown in Table ES-6, in 2055, we
estimate a decrease in emissions from
all criteria pollutants modeled (i.e.,
NOx, PM, s, VOC, and SO,) from
downstream sources. The reductions in
non-GHG emissions from vehicles will
reduce air pollution near roads. As

described in section VI of this preamble,
there is substantial evidence that people
who live or attend school near major
roadways are more likely to be of a non-
White race, Hispanic ethnicity, and/or
low socioeconomic status. In addition,
emissions from HD vehicles and engines
can significantly and adversely affect
individuals living near truck freight
routes. Based on a study EPA conducted
of people living near truck routes, an
estimated 72 million people live within
200 meters of a truck freight route.”3
Relative to the rest of the population,
people of color and those with lower
incomes are more likely to live near
truck routes.”# In addition, children
who attend school near major roads are
disproportionately more highly
represented by children of color and
children from low-income
households.?s

Table ES—6 also shows impacts on
EGU and refinery emissions. Similar to
GHG emissions, we project that non-
GHG emissions from EGUs will increase
in the near term as a result of the
increased demand for electricity
associated with the rule, and we expect
those projected impacts to decrease over
time as the electricity grid becomes
cleaner. We project reductions in non-
GHG emissions from refineries.”® We
project net reductions in NOx, VOC, and
SO; emissions in 2055. Although there
is a small net increase in direct PM, 5
emissions in 2055, ambient PM, s is
formed from emissions of direct PM: s as
well as emissions of other precursors
such as NOx and SO». We project overall
PM, s-related benefits based on the
contribution of emissions from each of
these pollutants (see Table ES-8). See
section V of this preamble and RIA
Chapter 4 for more details.

Table ES-6 Annual Net Impacts® on Non-GHG Pollutant Emissions from the Final Standards in Calendar

Years 2055, Relative to Reference Case

Downstream EGU Refinery Net Impact
Pollutant (U.S Short (U.S. Short (U.S. Short (U.S. Short

Tons) Tons) Tons) Tons)
Oxides of Nitrogen (NOx) -54,268 1,520 -304 -53,051
Primary Exhaust PM, s -331 513 -70 113
Volatile Organic Compounds (VOC) -7,242 196 -226 -7,272
Sulfur Dioxide (SO») -270 69 -94 -295

* We present emissions reductions as negative numbers and emission increases as positive numbers.

EPA believes the non-GHG emissions
reductions of this rule provide
important health benefits to the 72
million people living near truck routes
and even more broadly over the longer
term. We note that the agency has broad
authority to regulate emissions from the
power sector (e.g., the mercury and air
toxics standards, and new source
performance standards), as do the States
and EPA through cooperative federalism
programs (e.g., in response to PM
National Ambient Air Quality Standards
(NAAQS) implementation requirements,
interstate transport, emission
guidelines, and regional haze),”” and
that EPA reasonably may address air
pollution incrementally across multiple
rulemakings, particularly across
multiple industry sectors. For example,

73U.S. EPA (2021). Estimation of Population Size
and Demographic Characteristics among People
Living Near Truck Routes in the Conterminous
United States. Memorandum to the Docket EPA—
HQ-OAR-2019-0055.

74 See section VLD of this preamble for additional
discussion on our analysis of environmental justice
impacts of this final rule.

75 Kingsley, S., Eliot, M., Carlson, L. et al.
Proximity of U.S. schools to major roadways: a
nationwide assessment. ] Expo Sci Environ

EPA has separately proposed new
source performance standards and
emission guidelines for greenhouse gas
emissions from fossil fuel-fired power
plants, which would also reduce
emissions of criteria air pollutants such
as PM, s and SO, (88 FR 33240, May 23,
2023).78

In general, the final rule cost analysis
methodology mirrors the approach we
took for the proposal, but with a number
of important updates to our modeling
approach and the data used in our
modeling projections. More details on
specific updates after consideration of
comments and new data can be found
in sections II and IV of this preamble,
but we note here that our final rule
analysis was conducted using the latest
dollar value, 2022 dollars (2022$),

Epidemiol 24, 253-259 (2014). https://doi.org/
10.1038/jes.2014.5.

76 We note here that there is uncertainty
surrounding how refinery activity would change in
response to lower domestic demand for liquid
transportation fuels and in response to comments
received on the proposal, the estimates in Table ES—
6 reflect the assumption that half of the projected
drop in domestic fuel demand would be offset by
an increase in exports.

77 See also CAA section 116.

which represents an update from the
2021 dollars used in the NPRM analysis.
We also note that updates to our
reference scenario have lowered the
overall costs and benefits of the final
standards, as described briefly in this
Executive Summary and in more detail
in sections IV through VIII of this
preamble. The decrease is attributable to
the increase in the number of ZEVs in
the reference case.

We estimate that for calendar years
2027 through 2055 and at an annualized
2 percent discount rate, costs to
manufacturers will result in a cost
savings of $0.19 billion dollars before
considering the IRA battery tax credits.
With those battery tax credits, which we
estimate to be $0.063 billion, the cost to
manufacturers of compliance with the

78 New Source Performance Standards for
Greenhouse Gas Emissions From New, Modified,
and Reconstructed Fossil Fuel-Fired Electric
Generating Units; Emission Guidelines for
Greenhouse Gas Emissions From Existing Fossil
Fuel-Fired Electric Generating Units; and Repeal of
the Affordable Clean Energy Rule. 88 FR 33240,
May 23, 2023. https://www.federalregister.gov/
documents/2023/05/23/2023-10141/new-source-
performance-standards-for-greenhouse-gas-
emissions-from-new-modified-and-reconstructed.


https://doi.org/10.1038/jes.2014.5
https://doi.org/10.1038/jes.2014.5
https://www.federalregister.gov/documents/2023/05/23/2023-10141/new-source-performance-standards-for-greenhouse-gas-emissions-from-new-modified-and-reconstructed
https://www.federalregister.gov/documents/2023/05/23/2023-10141/new-source-performance-standards-for-greenhouse-gas-emissions-from-new-modified-and-reconstructed
https://www.federalregister.gov/documents/2023/05/23/2023-10141/new-source-performance-standards-for-greenhouse-gas-emissions-from-new-modified-and-reconstructed
https://www.federalregister.gov/documents/2023/05/23/2023-10141/new-source-performance-standards-for-greenhouse-gas-emissions-from-new-modified-and-reconstructed
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program will result in a cost savings of
$0.25 billion. The manufacturer cost of
compliance with the rule on a per-
vehicle basis are shown in Table ES-7.
We estimate that the MY 2032 fleet
average per-vehicle cost to
manufacturers by regulatory group will
range from a cost savings of between
$700 and $3,000 per vehicle for
vocational vehicles to costs of between
$3,200 and $10,800 per tractor. EPA

notes the projected fleet-average costs
per-vehicle for this rule are less than the
fleet average per-vehicle costs projected
for the HD GHG Phase 2 MY 2027
standards which EPA found to be
reasonable under our statutory
authority, where the tractor standards
were projected to cost between $12,750
and $17,125 (2022$) per vehicle and the
vocational vehicle standards were
projected to cost between $1,860 and

$7,090 (2022$) per vehicle.”® For this
action, EPA finds that the expected
additional vehicle costs are reasonable
considering the related GHG emissions
reductions.8? EPA emphasizes again
that manufacturers will choose their
pathway for compliance and the
pathway modeled here is just one of
many potential compliance pathways.

Table ES-7 Manufacturer Costs to Meet the Proposed MY 2032 Standards Relative to the Reference Case®

(2022%)
Mol(:]ecl:;imPeanttl;vlvay Per-ZEV Fleet-Average Per-
Regulatory Group® . Manufacturer Vehicle
ZEV Adoption Rate
. RPE on Average | Manufacturer RPE*
in Technology Package
Light Heavy-Duty Vocational Vehicles 30% -$9,800 -$3,000
Medium Heavy-Duty Vocational Vehicles 20% -$5,000 -$1,000
Heavy Heavy-Duty Vocational Vehicles 16% -$4,000 -$700
Short-Haul (Day Cab) Tractors 30% $10,800 $3,200
Long-Haul (Sleeper Cab) Tractors 20% $53,300 $10,800

2Values rounded to the nearest $100 for values above $100, and nearest $10 for values below $100.
b The average costs represent the average across the regulatory group. For example, the first row represents the
average across all light heavy-duty (LHD) vocational vehicles.

¢ RPE = Retail Price Equivalent.

The GHG standards will reduce
adverse impacts associated with climate
change and exposure to non-GHG
pollutants and thus will yield
significant benefits, including those we
can monetize and those we are unable
to quantify. Table ES—-8 summarizes
EPA’s estimates of total monetized
discounted costs, operational savings,
and benefits. In our proposal, EPA used
interim Social Cost of GHGs (SC-GHG)
values developed for use in benefit-cost
analyses until updated estimates of the
impacts of climate change could be
developed based on the best available
science and economics. In response to
recent advances in the scientific
literature on climate change and its
economic impacts, incorporating
recommendations made by the National
Academies of Science, Engineering, and
Medicine 81 (National Academies, 2017),
and to address public comments on this

79 The Phase 2 tractor MY 2027 standard cost
increments were projected to be between $10,200
and $13,700 per vehicle in 2013$ (81 FR 73621).
The Phase 2 vocational vehicle MY 2027 standards
were projected to cost between $1,486 and $5,670
per vehicle in 2013$ (81 FR 73718).

80 For illustrative purposes, these average costs
range between an approximate 0.03 percent
decrease for light-heavy vocational vehicles up to
a 6 percent increase for long-haul tractors based on
a minimum vehicle price of $100,000 for vocational
vehicles and $190,000 for long-haul tractors (see
section I1.G.2 of this preamble). We also note that
these average upfront costs are taken across the HD

topic, for this final rule we are using
updated SC-GHG values. EPA presented
these updated values in a sensitivity
analysis in the December 2022 Oil and
Gas Rule RIA which underwent public
comment on the methodology and use
of these estimates as well as external
peer review.82 After consideration of
public comment and peer review, EPA
issued a technical report signed by the
EPA Administrator on December 2,
2023, updating the estimates of SC-GHG
in light of recent information and
advances.8? This is discussed further in
preamble section VII and RIA Chapter 7.

The results presented in Table ES—8
project the monetized environmental
and economic impacts associated with
the program during each calendar year
through 2055. EPA estimates that the
annualized value of monetized net
benefits to society at a 2 percent
discount rate will be approximately $13

vehicle fleet and are not meant as an indicator of
average price increase.

81 National Academies of Sciences, Engineering,
and Medicine. 2017. Valuing Climate Damages:
Updating Estimation of the Social Cost of Carbon
Dioxide. Washington, DC: The National Academies
Press. https://doi.org/10.17226/24651.

82 Standards of Performance for New,
Reconstructed, and Modified Sources and
Emissions Guidelines for Existing Sources: Oil and
Natural Gas Sector Climate Review. 87 FR 74702.

83 Supplementary Material for the Regulatory
Impact Analysis for the Supplemental Proposed
Rulemaking, ““Standards of Performance for New,
Reconstructed, and Modified Sources and

billion through the year 2055, roughly
12 times the cost in vehicle technology
and associated electric vehicle supply
equipment (EVSE) combined. Regarding
social costs, EPA estimates that the cost
of vehicle technology (not including the
vehicle or battery tax credits) and EVSE
at depots 8¢ will be approximately $1.1
billion. The HD industry will save
approximately $3.5 billion in operating
costs (e.g., savings that come from less
liquid fuel used, lower maintenance and
repair costs for ZEV technologies as
compared to ICE technologies, etc.). The
program will result in significant social
benefits including $10 billion in climate
benefits (with the average SC-GHG at a
2 percent near-term Ramsey discount
rate) and $0.3 billion in estimated
benefits attributable to changes in
emissions of PM; 5 precursors. Finally,
the benefits due to reductions in energy
security externalities caused by U.S.

Emissions Guidelines for Existing Sources: Oil and
Natural Gas Sector Climate Review”” EPA, 2022.
Docket ID No. EPA-HQ-OAR-2021-0317.
Available at: https://www.epa.gov/system/files/
documents/2023-12/e012866_oil-and-gas-nsps-eg-
climate-review-2060-av16-ria-20231130.pdf.

84EVSE costs include hardware and installation
costs for electric vehicle supply equipment at
depots. Costs for upgrades to the distribution
system are incorporated in the operating costs
(specifically within $/kWh charging costs). We also
estimate infrastructure costs for vehicles we project
to use public charging. See RIA 2.4.4 and 2.6 for
more information.


https://www.epa.gov/system/files/documents/2023-12/eo12866_oil-and-gas-nsps-eg-climate-review-2060-av16-ria-20231130.pdf
https://www.epa.gov/system/files/documents/2023-12/eo12866_oil-and-gas-nsps-eg-climate-review-2060-av16-ria-20231130.pdf
https://www.epa.gov/system/files/documents/2023-12/eo12866_oil-and-gas-nsps-eg-climate-review-2060-av16-ria-20231130.pdf
https://doi.org/10.17226/24651
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petroleum consumption and imports

will be approximately $0.45 billion

under the program. A more detailed

Table ES-8 Monetized Discounted Costs, Benefits, and Net Benefits of the Program for Calendar Years 2027
through 2055 (Billions of 2022$)™"¢

description and breakdown of these
benefits can be found in section VIII of

the preamble and Chapters 7 and 8 of

the RIA.

CY 2055 | PV,2% | PV,3% | PV,7% | AV,2% | AV,3% | AV,7%
Vehicle Technology | g5 59 | 542 | 332 $1 $0.19 | -$0.17 | -$0.083
Costs
EVSE! Costs $1.1 $28 $25 $15 $1.3 $1.3 $1.3
Operational Savings $7.4 $76 $63 $32 $3.5 $3.3 $2.6
Energy Security $0.8 $9.8 $8.2 $4.2 $0.45 $0.43 $0.34
Benefits
Climate Benefits $22 $220 $220 $220 $10 $10 $10
Non-GHG Benefits $1.9 $6.5 $4.2 $(0.4) $0.3 $0.22 $(0.032)
Benefits $25 $240 $240 $230 $11 $11 $11
Net Benefits $32 $290 $280 $250 $13 $13 $12

4 Values rounded to two significant figures; totals may not sum due to rounding. Present and annualized values
are based on the stream of annual calendar year costs and benefits included in the analysis (2027 — 2055) and
discounted back to year 2027. Net benefits reflect the operational savings plus benefits minus costs.

b Climate benefits are based on reductions in GHG emissions and are calculated using three different SC-GHG
estimates that assume either a 1.5 percent, 2.0 percent, or 2.5 percent near-term Ramsey discount rate. See EPA’s
Report on the Social Cost of Greenhouse Gases: Estimates Incorporating Recent Scientific Advances (EPA,
2023). For presentational purposes in this table, we use the climate benefits associated with the SC-GHG under
the 2-percent near-term Ramsey discount rate. All other costs and benefits are discounted using either a 2-
percent, 3-percent, or 7-percent constant discount rate. For further discussion of the SC-GHGs and how EPA
accounted for these estimates, please refer to Chapter 7 of the RIA that accompanies this preamble.

¢ Monetized non-GHG health benefits are based on PM s-related benefit-per-ton (BPT) values. To calculate net
benefits, we use the monetized suite of total avoided PM, s-related health effects that includes avoided deaths
based on the Pope 111 et al., 2019 study, which is the larger of the two PM 5 health benefits estimates presented in
section VIL.B of this preamble. The annual PM, s health benefits estimate presented in the CY 2055 column
reflects the value of certain avoided health outcomes, such as avoided deaths, that are expected to accrue over
more than a single year discounted using a 3-percent discount rate. Depending on the discount rate used, the
present and annualized value of the stream of PM 5 benefits may either be positive or negative.

dElectric Vehicle Supply Equipment.

Regarding the costs to purchasers as
shown in Table ES—-9, for the final
program we estimated the average
upfront incremental cost to purchase a
new MY 2032 HD ZEV relative to a
comparable ICE vehicle meeting the
Phase 2 MY 2027 standards for a
vocational ZEV and EVSE, a short-haul
tractor ZEV and EVSE, and a long-haul
tractor ZEV. These incremental costs
account for the IRA tax credits,
specifically battery and vehicle tax

credits and tax credits applicable to
EVSE installation and infrastructure, as
discussed in section II.E.4 and RIA
Chapter 2. We also estimated the
operational savings each year (i.e.,
savings that come from the lower costs
to operate, maintain, and repair ZEV
technologies) and payback period (i.e.,
the year the initial cost increase would
pay back). Table ES—9 shows that for the
vocational vehicle ZEVs, short-haul
tractor ZEVs, and long-haul tractor ZEVs

the incremental upfront costs (after the
tax credits) are recovered through
operational savings such that payback
occurs between two and four years on
average for vocational vehicles, after
two years for short-haul tractors and
after five years on average for long-haul
tractors. We discuss this in more detail
in sections IT and IV of this preamble
and RIA Chapters 2 and 3.
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Table ES-9: MY 2032 Estimated Average Per-Vehicle Purchaser Upfront Cost and Annual Savings

Difference Between BEV/FCEYV and ICE Technologies for the Program (2022$) "¢

Upfront Upfront Total Annual
Incremental EVSE! Incremental Incremental Payback
Vehicle Cost | Costs on Upfront Costs . Period
Regulatory Group . Operating
Difference Average on Average Costs (year)
(Including (Including Including Taxes on Average on Average
Tax Credits) | Tax Credits) and Tax Credits &
Light Heavy-Duty Vocational | ¢, 34 $11,700 $1,500 -$3,700 2
Vehicles
Medium Heavy-Duty -$5,600 $15,300 $9,700 -$5,100 3
Vocational Vehicles
Heavy Heavy-Duty -$11,700 $46,200 $34,500 -$10,500 4
Vocational Vehicles
Short-Haul (Day Cab) -$1,500 $5,900 $4,400 -$5,500 2
Tractors
Long-Haul (Sleeper Cab) $22,400 $0 $22,400 -$8,300 5
Tractors

2 Undiscounted dollars.

bValues rounded to the nearest $100 for values above $100, and nearest $10 for values below $100.
°The average costs and payback periods represent the sales weighted average across the regulatory group, for

example the first row represents the average across all LHD vocational vehicles.

d Electric Vehicle Supply Equipment.

E. Coordination With Federal and State
Partners

EPA has coordinated and consulted
with DOT/NHTSA, both on a bilateral
level during the development of this
program as well as through the
interagency review of the action led by
the Office of Management and Budget.
EPA has set some previous heavy-duty
vehicle GHG emission standards in joint
rulemakings where NHTSA also
established heavy-duty fuel efficiency
standards. EPA notes that there is no
statutory requirement for joint
rulemaking, that the agencies have
different statutory mandates and that
their respective programs have always
reflected those differences. As the
Supreme Court has noted, “EPA has
been charged with protecting the
public’s ‘health’ and ‘welfare,” a
statutory obligation wholly independent
of DOT’s mandate to promote energy
efficiency.” 85 Although there is no
statutory requirement for EPA to consult
with NHTSA, EPA has consulted with
NHTSA in the development of this
program. For example, staff of the two
agencies met frequently to discuss
various technical issues and to share
technical information. While assessing
safety implications of this rule for the
NPRM, EPA consulted with NHTSA.
EPA further coordinated with NHTSA
regarding safety implications of this
rule, including EPA’s response to safety

85 Massachusetts v. EPA, 549 U.S. at 532.

related comments and identifying
updates, for the final rule.86

EPA also has consulted with other
Federal agencies in developing this rule
and the light-duty vehicles GHG
rulemaking, including the Federal
Energy Regulatory Commission (FERC),
the Joint Office for Energy and
Transportation, the Department of
Energy and several National Labs. EPA
consulted with FERC on this rulemaking
regarding potential impacts of these
rulemakings on bulk power system
reliability and related issues.87 EPA
collaborated with DOE and Argonne
National Laboratory on battery cost
analyses and critical minerals
forecasting. EPA, National Renewable
Energy Laboratory (NREL), and DOE
collaborated on forecasting the
development of a national charging
infrastructure and projecting regional
charging demand for input into EPA’s
power sector modeling. EPA also
coordinated with the Joint Office of
Energy and Transportation on charging
infrastructure. EPA and the Lawrence
Berkeley National Laboratory
collaborated on issues of consumer
acceptance of plug-in electric vehicles.
EPA and the Oak Ridge National
Laboratory collaborated on energy

86 Landgraf, Michael. Memorandum to docket
EPA-HQ-OAR-2022-0985. Summary of NHTSA
Safety Communication. February 2024.

87 Although not a Federal agency, EPA also
consulted with the North American Electric
Reliability Corporation (NERC). NERC is the
Electric Reliability Organization for North America,
subject to oversight by FERC.

security issues. EPA also participated in
the Federal Consortium for Advanced
Batteries led by DOE and the Joint
Office of Energy and Transportation.
EPA and DOE also have entered into a
Joint Memorandum of Understanding to
provide a framework for interagency
cooperation and consultation on electric
sector resource adequacy and
operational reliability.88 EPA consulted
with the Department of Labor (DOL) and
DOE on labor and employment
initiatives involving the battery and
vehicle electrification spaces, and DOL
provided a memorandum to EPA
containing an overview of numerous
Federal Government initiatives focused
on these areas.? EPA also consulted
with NHTSA on potential safety issues
and NHTSA provided a number of
studies to us concerning electric vehicle
safety. In addition, EPA consulted with
the Department of State on the Federal
Government’s initiatives concerning
supply chains for critical minerals.

EPA has also engaged with the
California Air Resources Board on
technical issues in developing this
program. EPA has considered certain
aspects of the CARB ACT rule, as

88 Joint Memorandum on Interagency
Communication and Consultation on Electric
Reliability, U.S. Department of Energy and U.S.
Environmental Protection Agency, March 8, 2023.

89 See Memorandum from Employment and
Training Administration (ETA), Office of Assistant
Secretary for Policy (OASP), Office of the Solicitor
(SOL) at the U.S. Department of Labor to EPA re
Labor/Employment Initiatives in the Battery/
Vehicle Electrification Space (February 2024),
which is available in the docket for this action.
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discussed elsewhere in this document.
We also have engaged with other states,
including members of the National
Association of Clean Air Agencies, the
Association of Air Pollution Control
Agencies, the Northeast States for
Coordinated Air Use Management, and
the Ozone Transport Commission.

F. Stakeholder Engagement

EPA conducted extensive engagement
with a diverse range of interested
stakeholders in developing this final
rule, including labor unions, states,
industry, environmental justice
organizations and public health experts.
In addition, we have engaged with
environmental NGOs, vehicle
manufacturers, technology suppliers,
dealers, utilities, charging providers,
tribal governments, and other
organizations. For example, in April—-
May 2022, EPA held a series of
engagement sessions with organizations
representing all of these stakeholder
groups so that EPA could hear early
input in developing its proposal. EPA
has continued engagement with
stakeholders throughout the
development of this rule, throughout the
public comment period and into the
development of this final rule.?0

I. Statutory Authority for the Final Rule

This section summarizes the statutory
authority for the final rule. Statutory
authority for the GHG standards EPA is
finalizing is found in CAA section
202(a)(1)—=(2), 42 U.S.C. 7521(a)(1)~(2),
which requires EPA to establish
standards applicable to emissions of air
pollutants from new motor vehicles and
engines which in the Administrator’s
judgment cause or contribute to air
pollution which may reasonably be
anticipated to endanger public health or
welfare. Additional statutory authority
for the action is found in CAA sections
202-209, 216, and 301, 42 U.S.C. 7521—
7543, 7550, and 7601.

Section I.A overviews the text of the
relevant statutory provisions read in
their context. We discuss the statutory
definition of “motor vehicles” in section
216 of the Act, EPA’s authority to
establish emission standards for such
motor vehicles in section 202, and
authorities related to compliance and
testing in sections 203, 206, and 207.

Section I.B addresses comments
regarding our legal authority to consider
a wide range of technologies, including
electrified technologies that completely
prevent vehicle tailpipe emissions.
EPA’s standard-setting authority under

90 Miller, Neil. Memorandum to docket EPA-HQ—
OAR-2022-0985. Summary of Stakeholder
Meetings. March 2024.

section 202 is not limited to any specific
type of emissions control technology,
such as technologies applicable only to
ICE vehicles; rather, the Agency must
consider all technologies that reduce
emissions from motor vehicles—
including zero-emissions vehicle (ZEV)
technologies that allow for complete
prevention of emissions such as battery
electric vehicle (BEV) and fuel-cell
electric vehicle (FCEV) technologies—in
light of the lead time provided and the
costs of compliance. Many commenters,
including the main trade group
representing regulated entities under
this rule, supported EPA’s legal
authority to consider such technologies.
At the same time, the final standards do
not require the manufacturers to adopt
any specific technological pathway and
can be achieved through the use of a
variety of technologies, including
without producing additional ZEVs to
comply with this rule.

Section I.C summarizes our responses
to certain other comments relating to
our legal authority, including whether
this rule implicates the major questions
doctrine, whether EPA has authority for
its Averaging, Banking, and Trading
(ABT) program, whether EPA properly
considered ZEVs as part of the class of
vehicles for GHG regulation, and
whether the 4-year lead time and 3-year
stability requirements in CAA section
202(a)(3)(C) apply to this rule. We
discuss our legal authority and rationale
for battery durability and warranty
separately in section III.B of the
preamble. Additional discussion of legal
authority for the entire rule is found in
Chapters 2 and 10 of the RTC, and
additional background on authority to
regulate GHGs from heavy-duty motor
vehicles and engines can be found in
the HD GHG Phase 1 final rule.91 EPA’s
assessment of the statutory and other
factors in selecting the final GHG
standards is found in section II.G of this
preamble, and further discussion of our
statutory authority in support of all the
revised compliance provisions is found
throughout section III of this preamble.

A. Summary of Key Clean Air Act
Provisions

Title II of the Clean Air Act provides
for comprehensive regulation of
emissions from mobile sources,
authorizing EPA to regulate emissions of
air pollutants from all mobile source
categories, including motor vehicles
under CAA section 202(a). To
understand the scope of permissible
regulation, we first must understand the
scope of the regulated sources. CAA
section 216(2) defines ‘“motor vehicle”

9176 FR 57129-57130, September 15, 2011.

as “‘any self-propelled vehicle designed
for transporting persons or property on
a street or highway.” 92 Congress has
intentionally and consistently used the
broad term “‘any self-propelled vehicle”
since the Motor Vehicle Air Pollution
Control Act of 1965 to include vehicles
propelled by various fuels (e.g.,
gasoline, diesel, or hydrogen), or
systems of propulsion, whether they be
ICE engine, hybrid, or electric motor
powertrains.®3 The subjects of this
rulemaking all fit that definition: they
are self-propelled, via a number of
different powertrains, and they are
designed for transporting persons or
property on a street or highway. The
Act’s focus is on reducing emissions
from classes of motor vehicles and the
“requisite technologies” that could
feasibly reduce those emissions, giving
appropriate consideration to cost of
compliance and lead time.

Congress delegated to the
Administrator the authority to identify
available control technologies, and it
did not place any restrictions on the
types of emission reduction
technologies EPA could consider,
including different powertrain
technologies. By contrast, other parts of
the Act explicitly limit EPA’s authority
by powertrain type,?* so Congress’s
conscious decision not to do so when
defining “motor vehicle” in section 216
further highlights the breadth of EPA’s
standard-setting authority for such
vehicles. As we explain further below,
Congress did place some limitations on

92EPA subsequently interpreted this provision
through a 1974 rulemaking. 39 FR 32611
(September 10, 1974), codified at 40 CFR 85.1703.
The regulatory provisions establish more detailed
criteria for what qualifies as a motor vehicle,
including criteria related to speed, safety, and
practicality for use on streets and ways. The
regulation, however, does not draw any distinctions
based on whether the vehicle emits pollutants or its
powertrain.

93 The Motor Vehicle Air Pollution Act of 1965
defines “‘motor vehicle” as “any self-propelled
vehicle designed for transporting persons or
property on a street or highway.” Public Lae 89—
272, 79 Stat. 992, 995 (October 20, 1965). See also,
e.g., 116 S. Cong. Rec. at 42382 (December 18, 1970)
(Clean Air Act Amendments of 1970—Conference
Report) (“The urgency of the problems require that
the industry consider, not only the improvement of
existing technology, but also alternatives to the
internal combustion engine and new forms of
transportation.”).

94 See CAA section 213 (authorizing EPA to
regulate “non-road” engines”), 216(10) (defining
non-road engine to “mean[] an internal combustion
engine”). Elsewhere in the Act, Congress also
specified specific technological controls, further
suggesting its decision to not to limit the
technological controls EPA could consider in
section 202(a)(1)—(2) was intentional. See, e.g., CAA
section 407(d) (“‘Units subject to subsection (b)(1)
for which an alternative emission limitation is
established shall not be required to install any
additional control technology beyond low NOx
burners.”).
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EPA’s standard-setting under CAA
section 202(a),?5 but these limitations
generally did not restrict EPA’s
authority to broadly regulate motor
vehicles to any particular vehicle type
or emissions control technology.

We turn now to section 202(a)(1)—(2),
which provides the statutory authority
for the final GHG standards in this
action. Section 202(a)(1) directs the
Administrator to set “standards
applicable to the emission of any air
pollutant from any class or classes of
new motor vehicles or new motor
vehicle engines, which in his judgment
cause, or contribute to, air pollution
which may reasonably be anticipated to
endanger public health or welfare.” This
core directive has remained the same,
with only minor edits, since Congress
first enacted it in the Motor Vehicle
Pollution Control Act of 1965.96 Thus
the first step when EPA regulates
emissions from motor vehicles is a
finding (the “‘endangerment finding”),
either as part of the initial standard
setting or prior to it, that the emission
of an air pollutant from a class or classes
of new motor vehicles or new motor
engines causes or contributes to air
pollution which may reasonably be
anticipated to endanger public health or
welfare.

The statute directs EPA to define the
class or classes of new motor vehicles
for which the Administrator is making
the endangerment finding.9” EPA for
decades has defined “classes’ subject to
regulation according to their weight and
function. This is consistent with both
Congress’s functional definition of a
“motor vehicle,” as discussed
previously in this section, and
Congress’s explicit contemplation of
functional classes or categories. See

95 See, e.g., CAA section 202(a)(4)(A) (“no
emission control device, system, or element of
design shall be used in a new motor vehicle or new
motor vehicle engine for purposes of complying
with requirements prescribed under this subchapter
if such device, system, or element of design will
cause or contribute to an unreasonable risk to
public health, welfare, or safety in its operation or
function”). In addition, Congress established
particular limitations for discrete exercises of CAA
section 202(a)(1) authority which are not at issue in
this rulemaking. See, e.g., CAA section
202(a)(3)(A)(i) (articulating specific parameters for
standards for heavy-duty vehicles applicable to
emissions of certain criteria pollutants).

96 Public Law 89-272.

97 See CAA section 202(a)(1) (“The Administrator
shall by regulation prescribe . . . standards
applicable to the emission of any air pollutant from
any class or classes of new motor vehicles or new
motor vehicle engines, which in his judgment
cause, or contribute to, air pollution which may
reasonably be anticipated to endanger public health
or welfare.” (emphasis added)), 202(a)(3)(A)(ii)
(“the Administrator may base such classes or
categories on gross vehicle weight, horsepower,
type of fuel used, or other appropriate factors”
(emphasis added)).

CAA section 202(b)(3)(C) (defining
“heavy-duty vehicle” with reference to
function and weight), 202(a)(3)(A)(ii)
(“the Administrator may base such
classes or categories on gross vehicle
weight, horsepower, type of fuel used,
or other appropriate factors.”).98

In 2009, EPA made an endangerment
finding for GHG and explicitly stated
that “[t]he new motor vehicles and new
motor vehicle engines . . . addressed
are: Passenger cars, light-duty trucks,
motorcycles, buses, and medium and
heavy-duty trucks.” 74 FR 66496, 66537
(December 15 2009).99 100 Then EPA
reviewed the GHG emissions data from
“new motor vehicles” and determined
that these classes of vehicles do
contribute to air pollution that may
reasonably be anticipated to endanger
public health and welfare. The
endangerment finding was made with
regard to pollutants—in this case,
GHGs—emitted from “any class or
classes of new motor vehicles or new
motor vehicle engines.” This
approach—of identifying a class or
classes of vehicles that contribute to
endangerment—is how EPA has always
implemented the statute.

For purposes of establishing GHG
emissions standards, EPA has regarded
new heavy-duty trucks (also known as
heavy-duty vehicles) as its own class
and has then made further sub-
categorizations based on weight and
functionality in promulgating standards
for the air pollutant, as further
elaborated in section II of this
preamble.1°1 EPA’s class and
categorization framework allows the
Agency to recognize real-world
variations in the lead time and costs of
emissions control technology for
different vehicle types. It also ensures

98 Section 202(a)(3)(A)(ii) applies to standards
established under section 202(a)(3), not to standards
otherwise established under section 202(a)(1).
However, we think it nonetheless provides
guidance on what kinds of classifications and
categorizations Congress generally thought were
appropriate.

99EPA considered this list to be a comprehensive
list of the new motor vehicle classes. See id. (‘“This
contribution finding is for all of the CAA section
202(a) source categories.”); id. at 66544 (‘“‘the
Administrator is making this finding for all classes
of new motor vehicles under CAA section 202(a)”).
By contrast, in making an endangerment finding for
GHG emissions from aircraft, EPA limited the
endangerment finding to engines used in specific
classes of aircraft (such as civilian subsonic jet
aircraft with maximum take off mass greater than
5,700 kilograms). 81 FR 54421, August 15, 2016.

100EPA is not reopening the 2009 or any other
prior endangerment finding in this action. Rather,
we are discussing the 2009 endangerment finding
to provide the reader with helpful background
information relating to this action.

101 See NRDC v. EPA, 655 F.2d 318, 338 (D.C. Cir.
1981) (the Court held that “the adoption of a single
particulate standard for light-duty diesel vehicles
was within EPA’s regulatory discretion.”).

that consumers can continue to access a
wide variety of vehicles to meet their
mobility needs, while enabling
continued emissions reductions for all
vehicle types, including to the point of
completely preventing emissions where
appropriate.

In setting standards, CAA section
202(a)(1) requires that any standards
promulgated thereunder ““shall be
applicable to such vehicles and engines
for their useful life (as determined
under [CAA section 202(d)], relating to
useful life of vehicles for purposes of
certification), whether such vehicle and
engines are designed as complete
systems or incorporate devices to
prevent or control such pollution.” 102
In other words, Congress specifically
determined that EPA’s standards could
be based on a wide array of
technologies, including technologies for
the engine and for the other (non-
engine) parts of the vehicle,
technologies that “incorporate devices”
on top of an existing motor vehicle
system as well as technologies that are
“complete systems” and that may
involve a complete redesign of the
vehicle. Congress also determined that
EPA could base its standards on both
technologies that “prevent” the
pollution from occurring in the first
place—such as the zero emissions
technologies considered in this rule—as
well as technologies that “control” or
reduce the pollution once produced.103

While emission standards set by the
EPA under CAA section 202(a)(1)
generally do not mandate use of
particular technologies, they are
technology-based, as the levels chosen
must be premised on a finding of
technological feasibility. EPA must
therefore necessarily identify potential
control technologies, evaluate the rate
each technology could be introduced,

102 See also Engine Mfrs. Ass’'nv. S. Coast Air
Quality Mgmt. Dist., 541 U.S. 246, 252-53 (2004)
(As stated by the Supreme Court, a standard is
defined as that which “is established by authority,
custom, or general consent, as a model or example;
criterion; test . . . . This interpretation is
consistent with the use of ‘standard’ throughout
Title II of the CAA . . . . to denote requirements
such as numerical emission levels with which
vehicles or engines must comply . . . , or
emission-control technology with which they must
be equipped.”).

103 Pollution prevention is a cornerstone of the
Clean Air Act. The title of 42 U.S.C. Chapter 85 is
“Air Pollution Prevention and Control”; see also
CAA section 101(a)(3), (c). One of the very earliest
vehicle pollution control technologies (one which
is still in use by some vehicles) was exhaust gas
recirculation, which reduces in-cylinder
temperature and oxygen concentration, and, as a
result, engine-out NOx emissions from the vehicles.
More recent examples of pollution prevention
technologies include cylinder deactivation, and
electrification technologies such as idle start-stop or
ZEVs.
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and its cost. Standards promulgated
under CAA section 202(a) are to take
effect only “after such period as the
Administrator finds necessary to permit
the development and application of the
requisite technology, giving appropriate
consideration to the cost of compliance
within such period.” 194 This reference
to “cost of compliance” means that EPA
must consider costs to those entities
which are directly subject to the
standards,1°5 but ‘“does not mandate
consideration of costs to other entities
not directly subject to the
standards.” 106 Given the prospective
nature of standard-setting and the
inherent uncertainties in predicting the
future development of technology,
Congress entrusted to EPA the authority
to assess issues of technical feasibility
and availability of lead time to
implement new technology. Such
determinations are ‘‘subject to the
restraints of reasonableness” but “EPA
is not obliged to provide detailed
solutions to every engineering problem
posed in the perfection of [a particular
device]. In the absence of theoretical
objections to the technology, the agency
need only identify the major steps
necessary for development of the
device, and give plausible reasons for its
belief that the industry will be able to
solve those problems in the time
remaining. The EPA is not required to
rebut all speculation that unspecified
factors may hinder ‘real world’ emission
control.” 107

Although standards under CAA
section 202(a)(1) are technology-based,
they are not based exclusively on
technological capability. Pursuant to the
broad grant of authority in section 202,
when setting GHG emission standards
for HD vehicles, EPA must consider
certain factors and may also consider
other relevant factors and has done so
previously when setting such standards.
For instance, in HD GHG Phase 1 and
Phase 2, EPA explained that when
acting under this authority EPA has
considered such issues as technology
effectiveness, ability of the vehicle to
perform its work for vehicle purchasers,
its cost (including for manufacturers
and for purchasers), the lead time
necessary to implement the technology,
and, based on this, the feasibility of
potential standards; the impacts of
potential standards on emissions
reductions; the impacts of standards on
oil conservation and energy security; the

104 CAA section 202(a)(2); see also NRDC v. EPA,
655 F. 2d 318, 322 (D.C. Cir. 1981).

105 Motor & Equipment Mfrs. Ass’n Inc. v. EPA,
627 F. 2d 1095, 1118 (D.C. Cir. 1979).

106 Coal. for Responsible Regulation v. EPA, 684
F.3d 120, 128 (D.C. Cir. 2012).

107 NRDC, 655 F. 2d at 328, 333-34.

impacts of standards on fuel savings by
vehicle operators; the impacts of
standards on the heavy-duty vehicle
industry; as well as other relevant
factors such as impacts on safety.108
EPA has considered these factors in this
rulemaking as well.

Rather than specifying levels of
stringency in section 202(a)(1)—(2),
Congress directed EPA to determine the
appropriate level of stringency for the
standards taking into consideration the
statutory factors therein. EPA has clear
authority to set standards under CAA
section 202(a)(1)—(2) that are technology
forcing when EPA considers that to be
appropriate,199 but is not required to do
so. Section 202(a)(2) requires the
Agency to give appropriate
consideration to cost and lead time
necessary to allow for the development
and application of such technology. The
breadth of this delegated authority is
particularly clear when contrasted with
section 202(b), (g), (h), which identifies
specific levels of emissions reductions
on specific timetables for past model
years.110 In determining the level of the
standards, CAA section 202(a) does not
specify the degree of weight to apply to
each factor such that the Agency has
authority to choose an appropriate
balance among factors and may decide
how to balance stringency and
technology considerations with cost and
lead time. 111 112

10881 FR 73512, October 25, 2016; 76 FR 57129—
30, September 15, 2011.

109Indeed, the D.C. Circuit has repeatedly cited
NRDC v. EPA, which construes section 202(a)(1), as
support for EPA’s actions when EPA acted pursuant
to other provisions of section 202 or Title II that are
explicitly technology forcing. See, e.g., NRDC v.
Thomas, 805 F. 2d 410, 431-34 (D.C. Cir. 1986)
(section 202 (a)(3)(B), 202 (a)(3)(A)); Husqvarna AB
v. EPA, 254 F. 3d 195, 201 (D.C. Cir. 2001) (section
213(a)(3)); Nat’l Petroleum and Refiners Ass’n v.
EPA, 287 F. 3d 1130, 1136 (D.C. Cir. 2002) (section
202(a)(3)).

110 See also CAA 202(a)(3)(A).

111 See Sierra Club v. EPA, 325 F.3d 374, 378
(D.C. Cir. 2003) (even where a provision is
technology-forcing, the provision “does not resolve
how the Administrator should weigh all [the
statutory] factors”); Nat’l Petrochemical and
Refiners Ass’'n v. EPA, 287 F.3d 1130, 1135 (D.C.
Cir. 2002) (EPA decisions, under CAA provision
authorizing technology-forcing standards, based on
complex scientific or technical analysis are
accorded particularly great deference); see also
Husqvarna AB v. EPA, 254 F. 3d 195, 200 (D.C. Cir.
2001) (great discretion to balance statutory factors
in considering level of technology-based standard,
and statutory requirement ““to [give appropriate]
consideration to the cost of applying . . .
technology” does not mandate a specific method of
cost analysis); Hercules Inc. v. EPA, 598 F. 2d 91,
106 (D.C. Cir. 1978) (“In reviewing a numerical
standard we must ask whether the agency’s
numbers are within a zone of reasonableness, not
whether its numbers are precisely right.”).

112 Additionally, with respect to regulation of
vehicular GHG emissions, EPA is not “required to
treat NHTSA’s . . . regulations as establishing the
baseline for the [section 202(a) standards].” Coal.

We now turn from section 202(a) to
overview several other sections of the
Act relevant to this action. CAA section
202(d) directs EPA to prescribe
regulations under which the “useful
life” of vehicles and engines shall be
determined for the purpose of setting
standards under CAA section 202(a)(1).
For HD highway vehicles and engines,
CAA section 202(d) establishes ‘““useful
life” minimum values of 10 years or
100,000 miles, whichever occurs first,
unless EPA determines that greater
values are appropriate.113

Additional sections of the Act provide
authorities relating to compliance,
including certification, testing, and
warranty. Under section 203 of the
CAA, sales of vehicles are prohibited
unless the vehicle is covered by a
certificate of conformity, and EPA issues
certificates of conformity pursuant to
section 206 of the CAA. Compliance
with standards is required not only at
certification but throughout a vehicle’s
useful life, so that testing requirements
may continue post-certification. To
assure each engine and vehicle complies
during its useful life, EPA may apply an
adjustment factor to account for vehicle
emission control deterioration or
variability in use. EPA also establishes
the test procedures through which
compliance with the CAA emissions
standards is measured. The regulatory
provisions for demonstrating
compliance with emissions standards
have been successfully implemented for
decades, including through our
Averaging, Banking, and Trading (ABT)
program.114

for Responsible Regulation, 684 F.3d at 127 (noting
that the section 202(a) standards provide ‘‘benefits
above and beyond those resulting from NHTSA’s
fuel-economy standards”).

1131 1983, EPA adopted useful life periods to
apply for HD engines criteria pollutant standards
(48 FR 52170, November 16, 1983). The useful life
mileage for heavy HD engines criteria pollutant
standards was subsequently increased for 2004 and
later model years (62 FR 54694, October 21, 1997).
In the GHG Phase 2 rule (81 FR 73496, October 25,
2016), EPA set the same useful life periods to apply
for HD engines and vehicles greenhouse gas
emission standards, except that the spark-ignition
HD engine standards and the standards for model
year 2021 and later light HD engines apply over a
useful life of 15 years or 150,000 miles, whichever
comes first. In the Heavy Duty (HD) 2027 Low NOx
final rule (HD2027 rule) (88 FR 4359, January 24,
2023), EPA lengthened useful life periods for all
2027 and later model year HD engines criteria
pollutant standards. See also 40 CFR 1036.104(e),
1036.108(d), 1037.105(e), and 1037.106(e).

114EPA’s consideration of averaging in standard-
setting dates back to 1985. 50 FR 1060, March 15,
1985 (“Emissions averaging, of both particulate and
oxides of nitrogen emissions from heavy-duty
engines, is allowed beginning with the 1991 model
year. Averaging of NO, emissions from light-duty
trucks is allowed beginning in 1988.”). The
availability of averaging as a compliance flexibility
has an even earlier pedigree. See 48 FR 33456, July

Continued
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Under CAA section 207,
manufacturers are required to provide
emission-related warranties. The
emission-related warranty period for HD
engines and vehicles under CAA section
207(i) is “the period established by the
Administrator by regulation
(promulgated prior to November 15,
1990) for such purposes unless the
Administrator subsequently modifies
such regulation.” For HD vehicles, part
1037 currently specifies that the
emission-related warranty for Light HD
vehicles is 5 years or 50,000 miles and
for Medium HD and Heavy HD vehicles
is 5 years or 100,000 miles, and
specifies the components covered for
such vehicles.115 Section 207 of the
CAA also grants EPA broad authority to
require manufacturers to remedy
nonconformity if EPA determines there
are a substantial number of
noncomplying vehicles. These warranty
and remedy provisions have also been
applied for decades under our
regulations, including where
compliance occurs through use of ABT
provisions. Further discussion of these
sections of the Act, including as they
relate to the compliance provisions we
are finalizing, is found in section III of
the preamble.

B. Authority To Consider Technologies
in Setting Motor Vehicle GHG Standards

Having provided an overview of the
key statutory authorities for this action,
we now elaborate on the specific issue
of the types of control technology that
are to be considered in setting standards
under section 202(a)(1)—(2). EPA’s
position on this issue is consistent with
our position in the HD Phase 1 and
Phase 2 GHG rules, and with the
historical exercise of the Agency’s
section 202(a)(1)—(2) authority over the
last five decades. That is, EPA’s
standard-setting authority under section
202(a)(1)—(2) is not a priori limited to
consideration of specific types of
emissions control technology; rather, in
determining the level of the standards,
the agency must account for emissions
control technologies that are available or
will become available for the relevant

21, 1983 (EPA’s first averaging program for mobile
sources); 45 FR 79382, November 28, 1980 (advance
notice of proposed rulemaking investigating
averaging for mobile sources). We have included
banking and trading in our rules dating back to
1990. 55 FR 30584, July 26, 1990 (“This final rule
announces new programs for banking and trading
of particulate matter and oxides of nitrogen
emission credits for gasoline-, diesel- and methanol-
powered heavy-duty engines.”). See section III.A of
this preamble and RTC 10.2 for further background
on the structure and history of our ABT program’s
regulations, including consistency with CAA
section 206.

115 See 40 CFR 1037.120.

model year.116 In this rulemaking, EPA
has accounted for a wide range of
emissions control technologies,
including advanced ICE engine and
vehicle technologies (e.g., engine,
transmission, drivetrain, aerodynamics,
tire rolling resistance improvements, the
use of low carbon fuels like CNG and
LNG, and H2-ICE), hybrid technologies
(e.g., HEV and PHEV), and ZEV
technologies (e.g., BEV and FCEV).117
These include technologies applied to
motor vehicles with ICE (including
hybrid powertrains) and without ICE,
and a range of electrification across the
technologies.

In response to the proposed
rulemaking, the agency received
numerous comments on this issue,
specifically on our consideration of BEV
and FCEV technologies. Regulated
entities generally offered support for the
agency'’s legal authority to consider such
technologies, noting that they
themselves were also considering
varying levels of these technologies in
their own product plans. Their
comments relating to these technologies,
and those of most stakeholders, were
more technical and policy in nature, for
example, relating to the pace at which
manufacturers could adopt and deploy
such technologies in the real world or
the pace at which enabling
infrastructure could be deployed. We
address these comments in detail in
section II of this preamble and have
revised the standards from those
proposed after consideration of
comments.

A few commenters, however, alleged
that the agency lacked statutory
authority altogether to consider BEV
and FCEV technologies because they
believed the Act limited EPA to
considering only technologies
applicable to ICE vehicles or to
technologies that reduce, rather than
altogether prevent, pollution. EPA
disagrees. The constraints they would
impose have no foundation in the
statutory text, are contrary to the
statutory purpose, are undermined by a
substantial body of statutory and
legislative history, and are inconsistent

116 For example, in 1998, EPA published
regulations for the voluntary National Low
Emission Vehicle (NLEV) program that allowed LD
motor vehicle manufacturers to comply with
tailpipe standards for cars and light-duty trucks
more stringent than that required by EPA in
exchange for credits for such low emission and zero
emission vehicles. 63 FR 926, January 7, 1998. In
2000, EPA promulgated LD Tier 2 emission
standards which built upon “the recent technology
improvements resulting from the successful [NLEV]
program.” 65 FR 6698, February 10, 2000.

117 ZEV technologies include BEV and FCEV.
Both rely on an electric powertrain to achieve zero
tailpipe emissions. FCEVs run on hydrogen fuel,
while BEVs are plugged in for charging.

with how the agency has applied the
statute in numerous rulemakings over
five decades. The following discussion
elaborates our position on this issue;
further discussion is found in Chapter
2.1 of the RTC.

The text of the Act directly addresses
this issue and provides unambiguous
authority for EPA to consider all motor
vehicle technologies, including a range
of electrified technologies such as fully-
electrified vehicle technologies without
an ICE that achieve zero vehicle tailpipe
emissions (e.g., BEVs), fuel cell electric
vehicle technologies that run on
hydrogen and achieve zero tailpipe
emissions (e.g., FCEVs), plug-in hybrid
partially electrified technologies, and
other ICE vehicles across a range of
electrification. As described earlier in
this section, the Act directs EPA to
prescribe emission standards for ‘“‘motor
vehicles,” which are defined broadly in
CAA section 216(2) and do not exclude
any forms of vehicle propulsion. The
Act then directs EPA to promulgate
emission standards for such vehicles,
“whether such vehicles and engines are
designed as complete systems or
incorporate devices to prevent or
control such pollution,” based on the
“development and application of the
requisite technology.”” There is no
question that electrified technologies,
including various ICE, hybrid, BEV, and
FCEV technologies, meet all of these
specific statutory criteria. They apply to
“motor vehicles”, are systems and
incorporate devices that ““prevent” and
“control” emissions,118 and qualify as
“technology.”

118 The statute emphasizes that the agency must
consider emission reductions technologies
regardless of “whether such vehicles and engines
are designed as complete systems or incorporate
devices to prevent or control such pollution.” CAA
section 202(a)(1); see also CAA section 202(a)(4)(B)
(describing conditions for “any device, system, or
element of design” used for compliance with the
standards); Truck Trailer Manufacturers Ass’n, Inc
v. EPA, 17 F.4th 1198, 1202 (D.C. Cir. 2021) (the
statute “created two categories of complete motor
vehicles. Category one: motor vehicles with built-
in pollution control. Category two: motor vehicles
with add-in devices for pollution control.”). While
the statute does not define “system,” section 202
does use the word expansively, to include “vapor
recovery system[s]” (CAA section 202(a)(5)(A)),
‘“new power sources or propulsion systems” (CAA
section 202(e)), and onboard diagnostics systems
(CAA section 202(m)(1)(D)). In any event, the
intentional use of the phrase “complete systems”
shows that Congress expressly contemplated as
methods of pollution control not only add-on
devices (like catalysts that control emissions after
they are produced by the engine), but wholesale
redesigns of the motor vehicle and the motor
vehicle engine to prevent and reduce pollution.
Many technologies that reduce vehicle GHG
emissions today can be characterized as systems
that reduce or prevent GHG emissions, including
advanced engine designs in ICE and hybrid
vehicles; integration of electric drive units in
hybrids, PHEVs, BEV and FCEV designs; high
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While the statute also imposes certain
specific limitations on EPA’s
consideration of technology, none of
these statutory limitations preclude the
consideration of electrified
technologies, a subset of electrified
technologies, or any other technologies
that achieve zero vehicle tailpipe
emissions. Specifically, the statute
states that the following technologies
cannot serve as the basis for the
standards: first, technologies which
cannot be developed and applied within
the relevant time period, giving
appropriate consideration to the cost of
compliance; and second, technologies
that “cause or contribute to an
unreasonable risk to public health,
welfare, or safety in its operation or
function.” CAA section 202(a)(2), (4).119
The statute does not contain any other
exclusions or limitations relevant to the
Phase 3 model years. EPA has
undertaken a comprehensive assessment
of the statutory factors, further
discussed in section II of the preamble
and throughout the RIA and the RTC,
and has found that the CAA plainly
authorizes the consideration of these
technologies, including BEV and FCEV
technologies, at the levels that support
the modeled potential compliance
pathway to achieve the final standards.

Having discussed what the statutory
text does say, we note what the statutory
text does not say. Nothing in section
202(a)(1)—(2) distinguishes technologies
that prevent vehicle tailpipe emissions
from other technologies as being
suitable for consideration in
establishing the standards. Moreover,
nothing in the statute suggests that
certain kinds of electrified technologies
are appropriate for consideration while
other kinds of electrified technologies
are not. While some commenters suggest
that battery electric vehicles or fuel cell

voltage batteries and controls; redesigned climate
control systems improvements, and more.

119n addition, under section 202(a)(3)(A), EPA
must promulgate under section 202(a)(1) certain
criteria pollutant standards for “classes or
categories” of heavy-duty vehicles that “reflect the
greatest degree of emission reduction achievable
through the application of technology which the
Administrator determines will be available . . .
giving appropriate consideration to cost, energy,
and safety factors associated with the application of
such technology.” EPA thus lacks discretion to base
such standards on a technological pathway that
reflects less than the greatest degree of emission
reduction achievable for the class (giving
consideration to cost, energy, and safety). In other
words, where EPA has identified available control
technologies that can completely prevent pollution
and otherwise comport with the statute, the agency
lacks the discretion to rely on less effective control
technologies to set weaker standards that achieve
fewer emissions reductions. And while section
202(a)(3)(A) does not govern any GHG standards,
which are established only under section 202(a)(1)—
(2), we think it is also informative as to the breadth
of EPA’s authority under those provisions.

vehicles represent a difference in kind
from all other emissions control
technologies, that is simply untrue. As
we explain in section II and RIA
Chapter 1, electrified technologies
comprise a large range of motor vehicle
technologies. In fact, all new motor
vehicles manufactured in the United
States today have some degree of
electrification and rely on electrified
technology to control emissions.

ICE vehicles are equipped with
alternators that generate electricity and
batteries that store such electricity. The
electricity in turn is used for numerous
purposes, such as starting the ICE and
powering various vehicle electronics
and accessories. More specifically,
electrified technology is a vital part of
controlling emissions on all new motor
vehicles produced today: motor vehicles
rely on electronic control modules
(ECM) for controlling and monitoring
their operation, including the fuel
mixture (whether gasoline fuel, diesel
fuel, natural gas fuel, etc.), ignition
timing, transmission, and emissions
control system. In enacting the Clean
Air Act Amendments of 1990, Congress
itself recognized the great importance of
this particular electrified technology for
emissions control in certain vehicles.120
It would be impossible to drive any ICE
vehicle produced today or to control the
emissions of such a vehicle without
such electrified technology.

Indeed, many of the extensive suite of
technologies that manufacturers have
devised for controlling emissions rely
on electrified technology and do so in
a host of different ways. These include
technologies that improve the efficiency
of the engine and system of propulsion,
such as the ECMs, electronically-
controlled fuel injection (for all manners
of fuel, including but not limited to
gasoline, diesel, natural gas, propane,
and hydrogen), and automatic
transmission; technologies that reduce
the amount of ICE engine use such as
engine stop-start technology and other
idle reduction technologies; add-on
technologies to control pollution after it
has been generated by the engine, such
as gasoline three-way catalysts, and
diesel selective catalytic reduction and
particulate filters that rely on electrified
technology to control and monitor their
performance; non-engine technologies
that that rely on electrified systems to
improve vehicle aerodynamics;

120 See CAA 207(i)(2) (for light-duty vehicles,
statutorily designating ‘“‘specified major emission
control components” subject to extended warranty
provisions as including “an electronic emissions
control unit”). Congress also designated by statute
“onboard emissions diagnostic devices” as
“specified major emission control components’’;
OBD devices also rely on electrified technology.

technologies related to vehicle
electricity production, such as high
efficiency alternators; and engine
accessory technologies that increase the
efficiency of the vehicle, such as electric
coolant pumps, electric steering pumps,
and electric air conditioning
compressors. Because electrified
technologies reduce emissions, EPA has
long considered them relevant for
regulatory purposes under Title II. For
example, EPA has relied on various
such technologies to justify the
feasibility of the standards promulgated
under section 202(a),*2? promulgated
requirements and guidance related to
testing involving such technologies
under section 206,122 required
manufacturers to provide warranties for
them under section 207,123 and
prohibited their tampering under
section 203.124

Certain vehicles rely to a greater
extent on electrification as an emissions
control strategy. These include (1)
hybrid vehicles, which rely principally
on an ICE to power the wheels, but also
derive propulsion from an on-board
electric motor, which can charge
batteries through regenerative braking,
and feature a range of larger batteries
than non-hybrid ICE vehicles;125 (2)
plug-in hybrid vehicles (PHEV), which
have an even larger battery that can also
be charged by plugging it into an outlet
and can rely principally on electricity
for propulsion, along with an ICE; (3)
hydrogen fuel-cell vehicles (FCEV),
which are fueled by hydrogen to
produce electricity to power the wheels
and have a range of larger battery
sizes; 126 and (4) battery electric vehicles
(BEV), which rely entirely on plug-in
charging and the battery to provide the
energy for propulsion. Manufacturers
may also choose to sell different models
of the same vehicle with different levels
of electrification. In many but not all

121 See, e.g., LD 2010 rule, 88 FR 25324, May 7,
2010; HD GHG Phase 2 rule, 81 FR 73478, October
25, 2016.

122 See, e.g., HD GHG Phase 1 rule, 76 FR 57106,
September 15, 2011.

123 See, e.g., HD GHG Phase 1 rule, 76 FR 57106,
September 15, 2011.

124 See, e.g., HD GHG Phase 1 rule, 76 FR 57106,
September 15, 2011.

125 Hybrid vehicles include both mild hybrids,
which have a relatively smaller battery and can use
the electric motor to supplement the propulsion
provided by the ICE, as well as strong hybrids,
which have a relatively larger battery and can drive
for limited distances entirely on battery power.

126 Ag explained in section IL.D.3.ii, the
instantaneous power required to move a FCEV can
come from either the fuel cell, the battery, or a
combination of both. Interactions between the fuel
cells and batteries of a FCEV can be complex and
may vary based on application.
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cases,127 electrified technologies are
systems which “prevent” (partially or
completely) the emission of pollution
from the motor vehicle engine.128
Nothing in the statute indicates that
EPA is limited from considering any of
these technologies. For instance,
nothing in the statute says that EPA may
only consider emissions control
technologies with a certain kind or level
of electrification, e.g., where the battery
is smaller than a certain size, where the
energy derived from the battery is less
than a certain percentage of total vehicle
energy, where certain energy can be
recharged by plugging the vehicle into
an outlet as opposed to running the
internal combustion engine, etc. The
statute does not differentiate in terms of
such details, but simply commands EPA
to adopt emissions standards based on
the “development and application of the
requisite technology, giving appropriate
consideration to the cost of compliance
within such period.”

EPA’s interpretation also accords the
primary purpose and operation of
section 202(a), which is to reduce
emissions of air pollutants from motor
vehicles that are anticipated to endanger
public health or welfare.129 This
statutory purpose compels EPA to
consider available technologies that
reduce emissions of air pollutants most
effectively, including vehicle
technologies that result in no vehicle
tailpipe emissions of GHGs and
completely “prevent” such
emissions.13? And, given Congress’s
directive to reduce air pollution, it
would make little sense for Congress to
have authorized EPA to consider
technologies that achieve 99 percent
pollution reduction (for example, as
some PM filter technologies do to
control criteria pollutants), but not 100
percent pollution reduction. At
minimum, the statute allows EPA to
consider such technologies. Today,
many of the available technologies that
can achieve the greatest emissions
control are those that rely on greater
levels of electrification, with ZEV

127 For example, some vehicles also use
electrified technology to preheat the catalyst and
improve catalyst efficiency especially when starting
in cold temperatures.

128 CAA section 202(a)(1).

129 See also Coal. for Responsible Regulation, Inc.
v. EPA, 684 F.3d 102, 122 (D.C. Cir. 2012), aff’d in
part, rev’d in part sub nom. Util. Air Regulation.
Grp. v. EPA, 573 U.S. 302 (2014), and amended sub
nom. Coal. for Responsible Regulation, Inc. v. EPA,
606 F. App’x 6 (D.C. Cir. 2015) (the purpose of
section 202(a) is “‘utilizing emission standards to
prevent reasonably anticipated endangerment from
maturing into concrete harm”).

130 CAA section 202(a)(1); see also CAA section
202(a)(4)(B) directing EPA to consider whether a
technology “eliminates the emission of unregulated
pollutants” in assessing its safety.

technologies capable of completely
preventing vehicle tailpipe emissions.

The surrounding statutory context
further highlights that Congress
intended section 202 to lead to
reductions to the point of complete
pollution prevention. Consistent with
section 202(a)(1), section 101(c), of the
Act states), “A primary goal of this
chapter is to encourage or otherwise
promote reasonable Federal, State, and
local governmental actions, consistent
with the provisions of this chapter, for
pollution prevention.” 131 Section
101(a)(3) further explains the term “air
pollution prevention” (as contrasted
with “air pollution control”) to mean
“the reduction or elimination, through
any measures, of the amount of
pollutants produced or created at the
source.” That is to say, EPA is not
limited to requiring small reductions,
but instead has authority to consider
technologies that may entirely prevent
the pollution from occurring in the first
place. Congress also repeatedly
amended the Act to itself impose
extremely large reductions in motor
vehicle pollution.?32 Similarly, Congress
prescribed EPA to set standards
achieving specific, numeric levels of
emissions reductions (which in many
instances cumulatively amount to
multiple orders of magnitude),133 while
explicitly stating that EPA’s 202(a)
authority allowed the agency to go still
further.134 Consistent with these
statutory authorities, prior rulemakings
have also required very large emissions
reductions, including to the point of
completely preventing certain types of
emissions.135

This reading of the statute accords
with the practical reality of
administering an effective emissions
control program, a matter in which the

131 Clean Air Act Amendments, 104 Stat. 2399,
2468, November 15, 1990; see also 42 U.S.C.
chapter 85 (“AIR POLLUTION PREVENTION AND
CONTROL").

132 See, e.g., CAA section 202(a)(3)(A)(i) (directed
EPA to promulgate standards that “reflect the
greatest decree of emission reduction achievable”
for certain pollutants).

133 CAA section 202(a), (g)-(h), (j).

134 See, e.g., CAA section 202(b)(1)(C) (“The
Administrator may promulgate regulations under
subsection (a)(1) revising any standard prescribed
or previously revised under this subsection . . . .
Any revised standard shall require a reduction of
emissions from the standard that was previously
applicable.”), (i)(3)(B)(iii) (“Nothing in this
paragraph shall prohibit the Administrator from
exercising the Administrator’s authority under
subsection (a) to promulgate more stringent
standards for light-duty vehicles and light-duty . . .
at any other time thereafter in accordance with
subsection (a).”).

135 See, e.g., 31 FR 5171, March 30, 1966 (“No
crankcase emissions shall be discharged into the
ambient atmosphere from any new motor vehicle or
new motor vehicle engine subject to this subpart.”).

Agency has developed considerable
expertise over the last five decades.
Such a program is necessarily
predicated on the continuous
development of increasingly effective
emissions control technologies. In
determining the standards, EPA
appropriately considers updated data
and analysis on pollution control
technologies, without a priori limiting
its consideration to a particular set of
technologies. Given the continuous
development of pollution control
technologies since the early days of the
CAA, this approach means that EPA has
routinely considered new and projected
technologies developed or refined since
the time of the CAA’s enactment,
including for instance, electrification
technologies.136 The innumerable
technologies on which EPA’s standards
have been premised, or which EPA has
otherwise incentivized, are presented in
summary form later in this section and
then in full in section 2 of the RTC. This
approach is inherent in the statutory
text of section 202(a)(2): in requiring
EPA to consider lead time for the
development and application of
technology before standards may take
effect, Congress directed EPA to
consider future technological
advancements and innovation rather
than limiting the Agency to only those
technologies in place at the time the
statute was enacted. In the report
accompanying the Senate bill for the
1965 legislation establishing section
202(a), the Senate Committee wrote that
it “believes that exact standards need
not be written legislatively but that the
Secretary should adjust to changing
technology.” 137 This forward-looking
regulatory approach keeps pace with
real-world technological developments
that have the potential to reduce
emissions and comports with
congressional intent and precedent.138

136 For example, when EPA issued its Tier 2
standards for light-duty and medium-duty vehicles
in 2000, the Agency established “bins’’ of standards
in addition to a fleet average requirement. 65 FR
6698, 6734—6735, February 10, 2000. One “bin”’ was
used to certify electric vehicles that have zero
criteria pollutant emissions. Id. Under the Tier 2
program, a manufacturer could designate which
bins their different models fit into, and the
weighted average across bins was required to meet
the fleet average standard. Id. at 6746.

137 S. Rep. No. 89-192, at 4 (1965). Likewise, the
report accompanying the House bill stated that “the
objective of achieving fully effective control of
motor vehicle pollution will not be accomplished
overnight. [T]he techniques now available provide
only a partial reduction in motor vehicle emissions.
For the future, better methods of control will clearly
be needed; the committee expects that [the agency]
will accelerate its efforts in this area.” H.R. Rep. No.
89-899, at 4 (1965).

138 See also NRDC, 655 F.2d at 328 (EPA is “‘to
project future advances in pollution control
capability. It was ‘expected to press for the
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For all these reasons, EPA’s
consideration of electrified technologies
and technologies that prevent vehicle
tailpipe emissions in establishing the
standards is unambiguously permitted
by the Act; indeed, given the Act’s
purpose to use technology to prevent air
pollution from motor vehicles, and the
agency’s factual finding based on
voluminous record evidence that BEV
and FCEV technologies are the most
effective and available technologies for
doing so, the Agency’s consideration of
such technologies is compelled by the
statute. Because the statutory text in its
context is plain, we could end our
interpretive inquiry here. However, we
have taken the additional step of
reviewing the extensive statutory and
legislative history regarding the kinds of
technology, including electric vehicle
technology, that Congress expected EPA
to consider in exercising its section
202(a) authority. Over six decades of
congressional enactments and
statements provide overwhelming
support for EPA’s consideration of
electrified technologies and
technologies that prevent vehicle
tailpipe emissions in establishing the
final standards.

As explained, section 202 does not
specify or expect any particular type of
motor vehicle propulsion system to
remain prevalent, and it was clear to
Congress as early as the 1960s that ICE
vehicles might be inadequate to achieve
the country’s air quality goals. In 1967,
the Senate Committees on Commerce
and Public Works held five days of
hearings on “electric vehicles and other
alternatives to the internal combustion
engine,” which Chairman Magnuson
opened by saying “The electric [car]
will help alleviate air pollution and
urban congestion. The consumer will
benefit from instant starting, reduced
maintenance, long life, and the economy
of electricity as a fuel. . . . The electric
car does not mean a new way of life, but
rather it is a new technology to help
solve the new problems of our age.” 139
In a 1970 message to Congress seeking
a stronger CAA, President Nixon stated
he was initiating a program to develop
““an unconventionally powered,
virtually pollution free automobile”
because of the possibility that “the sheer
number of cars in densely populated

development and application of improved
technology rather than be limited by that which
exists today.”;” To do otherwise would thwart
congressional intent and leave EPA ‘“‘unable to set
pollutant levels until the necessary technology is
already available.”).

139 Electric Vehicles and Other Alternatives to the
Internal Combustion Engine: Joint Hearings before
the Comm. On Commerce and the Subcomm. On
Air and Water Pollution of the Comm. On Pub.
Works, 90th Cong. (1967).

areas will begin outrunning the
technological limits of our capacity to
reduce pollution from the internal
combustion engine.” 140

Since the earliest days of the CAA,
Congress has also emphasized that the
goal of section 202 is to address air
quality hazards from motor vehicles, not
to simply reduce emissions from
internal combustion engines to the
extent feasible. In the Senate Report
accompanying the 1970 CAA
Amendments, Congress made clear the
EPA “is expected to press for the
development and application of
improved technology rather than be
limited by that which exists” and
identified several ‘“unconventional”
technologies that could successfully
meet air quality-based emissions targets
for motor vehicles.141 In the 1970
amendments, Congress further
demonstrated its recognition that
developing new technology to ensure
that pollution control keeps pace with
economic development is not merely a
matter of refining the ICE, but requires
considering new types of motor vehicle
propulsion.?#2 Congress provided EPA
with authority to fund the development
of “low emission alternatives to the
present internal combustion engine” as
well as a program to encourage Federal
purchases of “low-emission vehicles.”
See CAA section 104(a)(2) (previously
codified as CAA section 212).143
Congress also adopted section 202(e)
expressly to grant the Administrator
discretion under certain conditions
regarding the certification of vehicles
and engines based on ‘“‘new power
sources or propulsion system[s],” that is

140 Richard Nixon, Special Message to the
Congress on Environmental Quality (February 10,
1970), https://www.presidency.ucsb.edu/
documents/special-message-the-congress-
environmental-quality.

141§, Rep. No. 91-1196, at 24-27 (1970).

142]n the lead up to enactment of the CAA of
1970, Senator Edmund Muskie, Chair of the
Subcommittee on Environmental Pollution of the
Committee on Public Works (now the Committee on
Environment and Public Works), stated that “[t]he
urgency of the problems required that the industry
consider, not only the improvement of existing
technology, but also alternatives to the internal
combustion engine and new forms of
transportation.” 116 Cong. Rec. 42382, December
18, 1970.

143 A Senate report on the Federal Low-Emission
Vehicle Procurement Act of 1970, the standalone
legislation that ultimately became the low-emission
vehicle procurement provisions of the 1970 CAA,
stated that the purpose of the bill was to direct
Federal procurement to “stimulate the
development, production and distribution of motor
vehicle propulsion systems which emit few or no
pollutants” and explained that “‘the best long range
method of solving the vehicular air pollution
problem is to substitute for present propulsion
systems a new system which, during its life,
produces few pollutants and performs as well or
better than the present powerplant.” S. Rep. No.
91-745, at 1, 4 (March 20, 1970).

to say, power sources and propulsion
systems beyond the existing internal
combustion engine and fuels available
at the time of the statute’s enactment. As
the D.C. Circuit stated in 1975, “We may
also note that it is the belief of many
experts—both in and out of the
automobile industry—that air pollution
cannot be effectively checked until the
industry finds a substitute for the
conventional automotive power plant—
the reciprocating internal combustion
(i.e., ‘piston’) engine. . . . Itis clear
from the legislative history that
Congress expected the Clean Air
Amendments to force the industry to
broaden the scope of its research—to
study new types of engines and new
control systems.”” 144

Moreover, Congress believed that the
motor vehicle emissions program could
achieve enormous emissions reductions,
not merely modest ones, through the
application and development of ever-
improving emissions control
technologies. For example, the Clean
Air Act of 1970 required a 90 percent
reduction in emissions, which was to be
achieved with less lead time than this
rule provides for its final standards.145
Ultimately, although the industry was
able to meet the standard using ICE
technologies, the standard drove
development of entirely new engine and
emission control technologies such as
exhaust gas recirculation and catalytic
converters, which in turn required a
switch to unleaded fuel and the
development of massive new
infrastructure (not present at the time
the standard was finalized) to support
the distribution of this fuel.146

144 Int’l Harvester Co. v. Ruckelshaus, 478 F.2d
615, 634-35 (D.C. Cir. 1975).

145 See Clean Air Act Amendments of 1970,
Public Law 91-604, at sec. 6, 84 Stat. 1676, 1690,
December 31, 1970 (amending section 202 of the
CAA and directing EPA to issue regulations to
reduce carbon monoxide and hydrocarbons from LD
vehicles and engines by 90 percent in MY 1975
compared to MY 1970 and directing EPA to issue
regulations to reduce NOx emissions from LD
vehicles and engines by 90 percent in MY 1976
when compared with MY 1971).

146 Since the new vehicle technology required on
all model year 1975-76 vehicles would be poisoned
by the lead in the existing gasoline, it required the
rollout of an entirely new fuel to the marketplace
with new refining technology needed to produce it.
It was not possible for refiners to make the change
that quickly to all of the nation’s gasoline
production, so this in turn required installation of
a new parallel fuel distribution infrastructure to
distribute and new retail infrastructure to dispense
unleaded gasoline to the customers with MY1975
and later vehicles while still supplying leaded
gasoline to the existing fleet. In order to ensure
availability of unleaded gasoline across the nation,
all refueling stations with sales greater than 200,000
gallons per year were required to dispense the new
unleaded gasoline. In 1974, less than 10 percent of
all gasoline sold was unleaded gasoline, but by
1980 nearly 50 percent was unleaded. See generally

Continued
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Since that time, Congress has
continued to emphasize the importance
of technology development to achieving
the goals of the CAA.147 In the 1990
amendments, Congress determined that
evolving technologies could support
further order of magnitude reductions in
emissions. For example, the statutory
Tier I light-duty standards required (on
top of the existing standards) a further
30 percent reduction in nonmethane
hydrocarbons, 60 percent reduction in
NOx, and 80 percent reduction in PM
for diesel vehicles. The Tier 2 light-duty
standards in turn required passenger
vehicles to be 77 to 95 percent
cleaner.148 Congress instituted a clean
fuel vehicles program to promote further
progress in emissions reductions, which
also applied to motor vehicles as
defined under section 216, see CAA
section 241(1), and explicitly defined
motor vehicles qualifying under the
program as including vehicles running
on an alternative fuel or “power source
(including electricity),” CAA section
241(2).149

Congress also directed EPA to phase-
in certain section 202(a) standards in
CAA section 202(g)—(j).15° In doing so,

Richard G. Newell and Kristian Rogers, The U.S.
Experience with the Phasedown of Lead in
Gasoline, Resources for the Future (June 2003),
available at https://web.mit.edu/ckolstad/www/
Newell.pdf.

147 For example, in the lead up to the CAA
Amendments of 1990, the House Committee on
Energy and Commerce reported that “[t]he
Committee wants to encourage a broad range of
vehicles using electricity, improved gasoline,
natural gas, alcohols, clean diesel fuel, propane,
and other fuels.” H. Rep. No. 101-490, at 283 (May
17, 1990).

148 See 65 FR 28, February 10, 2000).

149 See also CAA section 246(f)(4) (under the
clean fuels program, directing the Administrator to
issue standards “for Ultra-Low Emission Vehicles
(ULEV’s) and Zero Emissions Vehicles (ZEV’s)” and
to conform certain such standards ‘““as closely as
possible to standards which are established by the
State of California for ULEV and ZEV vehicles in
the same class.”).

150 CAA section 202(g) required a phase in for LD
trucks up to 6,000 Ibs GVWR and LD vehicles
beginning with MY 1994 for emissions of
nonmethane hydrocarbons (NMHC), carbon
monoxide (CO), nitrogen oxides (NOx), and
particular matter (PM). These standards phased in
over several years. Similarly, CAA section 202(h)
required standards to be phased in beginning with
MY 1995 for LD trucks of more than 6,000 lbs
GVWR for the same pollutants. CAA section 202(i)
required EPA to study whether further emission
reductions should be required with respect to MYs
after January 1, 2003 for certain vehicles. CAA
section 202(j) required EPA to promulgate
regulations applicable to CO emissions from LD
vehicles and LD trucks when operated under “cold
start” conditions i.e., when the vehicle is operated
at 20 degrees Fahrenheit. Congress directed EPA to
phase in these regulations beginning with MY 1994
under Phase I, and to study the need for further
reductions of CO and the maximum reductions
achievable for MY 2001 and later LD vehicles and
LD trucks when operated in cold start conditions.
In addition, Congress specified that any ‘“‘revision

Congress recognized that certain
technologies, while extremely potent at
achieving lower emissions, would be
difficult for the entire industry to adopt
all at once. Rather, it would be more
appropriate for the industry to gradually
implement the standards over a longer
period of time. This is directly
analogous to EPA’s assessment in this
final rule, which finds that industry will
gradually shift to more effective
emissions control technologies over a
period of time. Generally speaking,
phase-ins, fleet averages, and ABT all
are means of addressing the question,
recognized by Congress in section 202,
of how to achieve emissions reductions
to protect public health when it may be
difficult (or less preferable for
manufacturers) to implement a
stringency increase across the entire
fleet simultaneously.

Similar to EPA’s ABT program, these
statutory phase-in provisions also
evaluated compliance with respect to a
manufacturers’ fleet of vehicles over the
model year. More specifically, CAA
section 202(g)—(j) each required a
specified percentage of a manufacturer’s
fleet to meet a specified standard for
each model year (e.g., 40 percent of a
manufacturer’s sales volume must meet
certain standards by MY 1994). This
made the level of a manufacturer’s
production over a model year a core
element of the standard. In other words,
the form of the standard mandated by
Congress in these sections recognized
that pre-production certification would
be based on a projection of production
for the upcoming model year, with
actual compliance with the required
percentages not demonstrated until after
the end of the model year. Compliance
was evaluated not only with respect to
individual vehicles, but with respect to
the fleet as a whole. EPA’s ABT
provisions use this same approach,
adopting a similar, flexible form, that
also makes the level of a manufacturer’s
production a core element of the
standard and evaluates compliance at
the fleet level, in addition to at the
individual vehicle level.

In enacting the Energy Independence
and Security Act of 2007, Congress also
recognized the possibility that fleet-
average standards also recognized the
possibility of fleet-average standards.
The statute barred Federal agencies from
acquiring “a light duty motor vehicle or
medium duty passenger vehicle that is
not a low greenhouse gas emitting
vehicle.”” 151 It directed the
Administrator to promulgate guidance

under this subchapter may provide for a phase-in
of the standard.” CAA 202(b)(1)(C).
15142 U.S.C. 13212(f)(2)(A).

on such “low greenhouse gas emitting
vehicles,” but explicitly prohibited
vehicles from so qualifying ““if the
vehicle emits greenhouse gases at a
higher rate than such standards allow
for the manufacturer’s fleet average
grams per mile of carbon dioxide-
equivalent emissions for that class of
vehicle, taking into account any
emissions allowances and adjustment
factors such standards provide.”” 152
Congress thus explicitly contemplated
the possibility of motor vehicle GHG
standards with a fleet average form.153
The recently-enacted IRA154
demonstrates Congress’s continued
resolve to drive down emissions from
motor vehicles through the application
of the entire range of available
technologies, and specifically highlights
the importance of ZEV technologies.
The IRA “reinforces the longstanding
authority and responsibility of [EPA] to
regulate GHGs as air pollutants under
the Clean Air Act,” 155 and ‘“‘the IRA
clearly and deliberately instructs EPA to
use” this authority by “combin[ing]
economic incentives to reduce climate
pollution with regulatory drivers to spur
greater reductions under EPA’s CAA
authorities.” 156 To assist with this, as
described in section II and RIA Chapter
1, the IRA provides a number of
economic incentives for HD ZEVs and
the infrastructure necessary to support
them, and specifically affirms
Congress’s previously articulated
statements that non-ICE technologies

15242 U.S.C. 13212(f)(3)(C) (emphasis added).

15342 U.S.C. 13212 does not specifically refer
back to CAA section 202(a). However, we think it
is plain that Congress intended for EPA in
implementing section 13212 to consider relevant
CAA section 202(a) standards as well as standards
issued by the State of California. See 42 U.S.C.
13212(f)(3)(B) (“In identifying vehicles under
subparagraph (A), the Administrator shall take into
account the most stringent standards for vehicle
greenhouse gas emissions applicable to and
enforceable against motor vehicle manufacturers for
vehicles sold anywhere in the United States.”). As
explained in the text, EPA has historically set fleet
average standards under CAA section 202(a) for
certain emissions from motor vehicles. Under
section 209(b) of the Clean Air Act, EPA may also
authorize the State of California to adopt and
enforce its own motor vehicle emissions standards
subject the statutory criteria. California has also
adopted certain fleet average motor vehicle
emissions standards. No other Federal agency or
State government has authority to establish
emissions standards for new motor vehicles,
although certain States may choose to adopt
standards identical to California’s pursuant to CAA
section 177.

154 Inflation Reduction Act, Public Law 117-169,
136 Stat. 1818, (2022), available at https://
www.congress.gov/117/bills/hr5376/BILLS-
117hr5376enr.pdf.

155168 Cong. Rec. E868—02 (daily ed. August 12,
2022) (statement of Rep. Pallone, Chairman of the
House Energy and Commerce Committee).

156 168 Cong. Rec. E879-02, at 880 (daily ed.
August 26, 2022) (statement of Rep. Pallone).
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will be a key component of achieving
emissions reductions from the mobile
source sector, including the HD
sector.157 The legislative history reflects
that “Congress recognizes EPA’s
longstanding authority under CAA
section 202 to adopt standards that rely
on zero emission technologies, and
Congress expects that future EPA
regulations will increasingly rely on and
incentivize zero-emission vehicles as
appropriate.” 158 These developments
further confirm that the focus of CAA
section 202 is on application of
innovative technologies to reduce
vehicular emissions, and not on the
means by which vehicles are powered.
This statutory and legislative history,
beginning with the 1960s and through
the recently enacted IRA, demonstrate
Congress’s historical and contemporary
commitment to reducing motor vehicle
emissions through the application of
increasingly advanced technologies.
Consistent with Congress’s intent and
this legislative history, EPA’s
rulemakings have taken the same
approach, basing standards on ever-
evolving technologies that have allowed
for enormous emissions reductions. As
required by the Act, EPA has
consistently considered the lead time
and costs of control technologies in
determining whether and how they
should be included in the technological
packages for the standards, along with
other factors that affect the real-world
adoption or impacts of the technologies
as appropriate. Over time, EPA’s motor
vehicle emission standards have been
based on and stimulated the
development of a broad set of advanced
technologies—such as electronic fuel
injection systems, gasoline catalytic
convertors, diesel particulate filters,
diesel NOx reduction catalysts, gasoline
direct injection fuel systems, and
advanced transmission technologies—
which have been the building blocks of
heavy-duty vehicle designs and have
yielded not only lower pollutant
emissions, but improved vehicle
performance, reliability, and durability.
Many of these technologies did not exist
when Congress first granted EPA’s
section 202(a) authority in 1965, but
these technologies nonetheless have
been successfully adopted and reduced
emissions by multiple orders of
magnitude.

157 See Inflation Reduction Act, Public Law 117—
169, at §§ 13204, 13403, 13404, 13501, 13502,
50142-50145, 50151-50153, 60101-60104, 70002
136 Stat. 1818, (2022), available at https://
www.congress.gov/117/bills/hr5376/BILLS-
117hr5376enr.pdf.

158 168 Cong. Rec. E879-02, at 880 (daily ed.
August 26, 2022) (statement of Rep. Pallone).

As previously discussed, beginning in
2011, EPA has set HD vehicle and
engine standards under section
202(a)(1)—(2) for GHGs.159
Manufacturers have responded to these
standards over the past decade by
continuing to develop and deploy a
wide range of technologies, including
more efficient engine designs,
transmissions, aerodynamics, tires, and
air conditioning systems that contribute
to lower GHG emissions, as well as
vehicles based on methods of
propulsion beyond diesel- and gasoline-
fueled ICE vehicles, including ICE
running on alternative fuels, as well as
various levels of electrified vehicle
technologies from mild hybrids, to
strong hybrids, and up through battery
electric vehicles and fuel-cell vehicles.

EPA has long established
performance-based emission standards
that anticipate the use of new and
emerging technologies.?60 In both the
HD Phase 1161 and Phase 2 standards,162
as in this rule, EPA specifically
considered the availability of electrified
technologies, including ZEV
technologies. At the time of the HD
Phase 1 and 2 rules, EPA determined
based on the record before it that certain
technologies, namely more electrified
technologies like PHEV and BEV as well
as FCEV, should not be part of the
technology packages to support the
feasibility of the standards given that
they were not expected to be sufficiently
available during the model years for
those rules, giving consideration to lead
time and costs of compliance. Instead,
recognizing the possible future use of
those technologies and their potential to
achieve very large emissions reductions,
EPA incentivized their development
and deployment through advanced
technology credit multipliers, which
give manufacturers additional ABT

15976 FR 57106, September 15, 2011 (establishing
first ever GHG standards for heavy-duty vehicles).

160 For example, in EPA’s 2016 HD Phase 2
regulations, the Agency explained that the emission
standards were “predicated on use of both off-the-
shelf technologies and emerging technologies that
are not yet in widespread use” and which we
projected would “require manufacturers to make
extensive use of these technologies.” 81 FR 73478,
October 25, 2016. See also, e.g., NRDC v. Thomas,
805 F. 2d 410, 431 (D.C. Cir. 1986) (upholding EPA
rule where EPA identified trap oxidizers technology
as the basis for compliance with numerical PM
standard); Nat’l Petroleum and Refiners Ass’n v.
EPA, 287 F. 3d 1130, 1136 (D.C. Cir. 2002) (NOx
absorbers and catalyzed particulate filters as basis
for complying with numerical NOs and PM
standards.).

161 The Phase 1 GHG program set standards for
MY 2014 through 2018 and later. See 76 FR 57106
(September 15, 2011).

162 The Phase 2 GHG program set standards for
MY 2021 through 2027 and later for combination
tractors, vocational vehicles, HD pickup trucks and
vans, and engines.

credits for producing such vehicles. In
this rule, EPA continues to consider
these technologies, and based on the
updated record, finds that such
technologies will be available at a
reasonable cost during the timeframe for
this rule, and therefore has included
them in the technology packages to
support the level of the standards under
the modeled potential compliance
pathway.

The analysis of the statutory text,
purpose and history, as well as EPA’s
history of implementing the statute,
demonstrate that the agency must, or at
a minimum may, appropriately consider
available electrified technologies that
completely prevent emissions in
determining the final standards. In this
rulemaking, EPA has done so. The
agency has made the necessary
predictive judgments as to potential
technological developments that can
support the feasibility of the final
standards and also as to the availability
of supporting charging and refueling
infrastructure and critical minerals
necessary to support those technological
developments, as applicable. In making
these judgments, EPA has adhered to
the long-standing approach established
by the D.C. Circuit, identifying a
reasonable sequence of future
developments, noting potential
difficulties, and explaining how they
may be obviated within the lead time
afforded for compliance. EPA has also
consulted with other organizations with
relevant expertise such as the
Departments of Energy and
Transportation, including through
careful consideration of their reports
and related analytic work reflected in
the administrative record for this
rulemaking.

Although the standards are supported
by the Administrator’s predictive
judgments regarding pollution control
technologies and the modeled potential
compliance pathway, we emphasize that
the final standards are not a mandate for
a specific type of technology. They do
not legally or de facto require a
manufacturer to follow a specific
technological pathway to comply.
Consistent with our historical practice,
EPA is finalizing performance-based
standards that provide compliance
flexibility to manufacturers. While EPA
projects that manufacturers may comply
with the standards through the use of
certain technologies, including a mix of
advanced ICE vehicles, BEVs, and
FCEVs, manufacturers may select any
technology or mix of technologies that
would enable them to meet the final
standards.

These choices are real and valuable to
manufacturers, as attested to by the
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historical record. The real-world results
of our prior rulemakings make clear that
industry sometimes chooses to comply
with our standards in ways that the
Agency did not anticipate, presumably
because it is more cost-effective for
them to do so. In other words, while
EPA sets standards that are feasible
based on our modeling of potential
compliance pathways, manufacturers
may find what they consider to be better
pathways to meet the standards and
may opt to follow those pathways
instead.

For example, in promulgating the
2010 LD GHG rule, EPA modeled a
technology pathway for compliance
with the MY 2016 standards. In
actuality, manufacturers diverged from
EPA’s projections across a wide range of
technologies, instead choosing their
own technology pathways best suited
for their fleets.!63 164 For example, EPA
projected greater penetration of dual-
clutch transmissions than ultimately
occurred in the MY 2016 fleet; by
contrast, use of 6-speed automatic
transmissions was twice what EPA had
predicted. Both transmission
technologies represented substantial
improvements over the existing
transmission technologies, with the
manufacturers choosing which specific
technology was best suited for their
products and customers. Looking
specifically at electrification
technologies, start-stop systems were
projected at 45 percent and were used
in 10 percent of vehicles, while strong
hybrids were projected to be 6.5 percent
of the MY 2016 fleet and were actually
only 2 percent.165 Notwithstanding

163 See EPA Memorandum to the docket for this
rulemaking, “Comparison of EPA CO2 Reducing
Technology Projections between 2010 Light-duty
Vehicle Rulemaking and Actual Technology
Production for Model Year 2016”.

164 Similarly, in our 2001 final rule promulgating
heavy-duty nitrogen oxide (NOx) and particulate
matter (PM) standards, for example, we predicted
that manufacturers would comply with the new
nitrogen oxide (NOx) standards through the
addition of NOx absorbers or ““traps.” 66 FR 5002,
5036 (January 18, 2001) (“[T]he new NOx standard
is projected to require the addition of a highly
efficient NOx emission control system to diesel
engines.”). We stated that we were not basing the
feasibility of the standards on selective catalytic
reduction (SCR) noting that SCR “‘was first
developed for stationary applications and is
currently being refined for the transient operation
found in mobile applications.” Id. at 5053.
However, industry’s approach to complying with
the 2001 standards ultimately included the use of
SCR for diesel engines. We also projected that
manufacturers would comply with the final PM
standards through the addition of PM traps to diesel
engines; however, industry was able to meet the PM
standards without the use of PM traps or any other
PM aftertreatment systems.

165 Although in 2010, EPA overestimated
technology penetrations for strong hybrids, in 2012,
we underestimated technology penetrations for
PEVs, projecting on 1 percent penetration by MY

these differences between EPA’s
projections and actual manufacturer
decisions, the industry as a whole was
not only able to comply with the
standards during the period of those
standards (2012—-2016), but to generate
substantial additional credits for
overcompliance.166

In support of the final standards, EPA
has also performed additional modeling
demonstrating that the standards can be
met in multiple ways. As discussed in
section ILF.4 of the final rule preamble,
while our modeled potential
compliance pathway includes a mix of
ICE vehicles, BEV, and FCEV
technologies, we also evaluated
additional examples of potential
technology packages and potential
compliance pathways that include only
additional vehicles with ICE across a
range of electrification. These additional
examples of technology pathways also
support the feasibility of the final
standards and show that the final
standards may be met without
producing additional ZEVs to comply
with this rule.167

C. Response to Other Comments Raising
Legal Issues

In this section, EPA summarizes our
responses to certain other comments
relating to our legal authority. These
include three comments relating to our
legal authority to consider certain
technologies discussed in section I.B:
whether this rule implicates the major
questions doctrine, whether EPA has
authority for its Averaging, Banking,
and Trading (ABT) program, and
whether EPA erred in considering
heavy-duty ZEVs as part of the same

2021, while actual sales exceeded 4 percent.
Compare 2012 Rule RIA, Table 3.5-22 with 2022
Automotive Trends Report, Table 4.1.

166 See 2022 Automotive Trends Report, Fig. ES—
8 (industry generated credits each year from 2012—
2015 and generated net credits for the years 2012—
2016).

167 We stress, however, that these additional
pathways are not necessary to justify this
rulemaking; the statute requires EPA to demonstrate
that the standards can be met by the development
and application of technology, but it does not
require the agency to identify multiple
technological solutions to the pollution control
problem before mandating more stringent
standards. That EPA has done so in this
rulemaking, identifying a wide array of technologies
capable of further reducing emissions, only
highlights the feasibility of the standards and the
significant practical flexibilities manufacturers have
to attain compliance. We observe that some past
standards have been premised on the application of
a single known technology at the time, such as the
catalytic converter. See Int’l Harvester v.
Ruckelshaus, 478 F.2d 615, 625 (D.C. Cir. 1973) (in
setting standards for light duty vehicles, the Court
upheld EPA’s reliance on a single kind of
technology); see also 36 FR 12657 (1971)
(promulgating regulations for light duty vehicles
based on the catalytic converter).

class as other heavy-duty vehicles for
GHG regulation. These comments were
raised only by entities not regulated by
this rule. This section also addresses a
comment regarding whether the 4-year
lead time and 3-year stability
requirements in CAA section
202(a)(3)(C) apply to this rule. We
separately discuss our legal authority
and rationale for battery durability and
warranty in section III.B of the
preamble.

Major questions doctrine. While many
commenters recognized EPA’s legal
authority to adopt the final GHG
standards, certain commenters claimed
that this rule asserts a novel and
transformative exercise of regulatory
power that implicates the major
questions doctrine and exceeds EPA’s
legal authority. These arguments were
intertwined with arguments challenging
EPA’s consideration of electrified
technologies. Some commenters
claimed that the agency’s decision to do
so and the resulting GHG standards
would mandate a large increase in
electric vehicles. According to these
commenters, this in turn would cause
indirect impacts, including relating to
issues allegedly outside EPA’s
traditional areas of expertise, such as to
the petroleum refining industry,
electricity transmission and distribution
infrastructure, grid reliability, and US
national security.

EPA does not agree that this rule
implicates the major questions doctrine
as that doctrine has been elucidated by
the Supreme Court in West Virginia v.
EPA and related cases.168 The Court has
made clear that the doctrine is reserved
for extraordinary cases involving
assertions of highly consequential
power beyond what Congress could
reasonably be understood to have
granted. This is not such an
extraordinary case in which
congressional intent is unclear. Here,
EPA is acting within the heartland of its
statutory authority and faithfully
implementing Congress’s precise
direction and intent.

First, as we explain in section . A-B
of the preamble, the statute provides
clear congressional authorization for
EPA to consider updated data on
pollution control technologies—
including BEV and FCEV technologies—
and to determine the emission standards
accordingly. In section 202(a), Congress
made the major policy decision to
regulate air pollution from motor
vehicles. Congress also prescribed that
EPA should accomplish this mandate
through a technology-based approach,

168 W, Virginia v. EPA, 142 S. Ct. 2587, 2605,
2610 (2022).
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and it plainly entrusted to the
Administrator’s judgment the evaluation
of pollution control technologies that
are or will become available given the
available lead-time and the consequent
determination of the emission
standards. In the final rule, the
Administrator determined that a wide
variety of technologies exist to further
control GHGs from HD vehicles—
including various ICE, hybrid, and ZEV
technologies such as BEVs and FCEVs—
and that such technologies could be
applied at a reasonable cost to achieve
significant reductions of GHG emissions
that contribute to the ongoing climate
crisis. These subsidiary technical and
policy judgments were clearly within
the Administrator’s delegated authority.

Second, the agency is not invoking a
novel authority. As described
previously in this section, EPA has been
regulating emissions from motor
vehicles based upon the availability of
feasible technologies to reduce vehicle
emissions for over five decades. EPA
has specifically regulated GHG
emissions from heavy-duty vehicles
since 2011. Our rules, including this
rule and the HD Phase 1 and HD Phase
2 rules, have consistently considered
available technology to reduce or
prevent emissions of the relevant
pollutant, including technologies to
reduce or completely prevent GHGs.
Our consideration of ZEV technologies
specifically has a long pedigree,
beginning with the 1998 National Low
Emission Vehicle (NLEV) program.
Further, the administrative record here
indicates the industry will likely choose
to deploy an increasing number of
vehicles with emissions control
technologies such as BEV and FCEV, in
light of new technological advances, the
IRA and other government programs, as
well as this rule. That the industry will
continue to apply the latest technologies
to reduce pollution is no different than
how the industry has responded to
EPA’s rules for half a century. The
agency’s factual findings and resulting
determination of the degree of
stringency do not represent the exercise
of a newfound power. Iterative increases
to the stringency of an existing program
based on new factual developments
hardly reflect an unprecedented
expansion of agency authority.

Not only does this rule not invoke any
new authority, it also falls well within
EPA’s traditionally delegated powers.
Through five decades of regulating
vehicle emissions under the CAA, EPA
has developed great expertise in the
regulation of motor vehicle emissions,
including specifically GHG emissions
(see RIA Chapter 2.1). The agency’s
expertise is reflected in the

comprehensive analyses present in the
administrative record. The courts have
recognized the agency’s authority in this
area.169 The agency’s analysis includes
our assessment of available pollution
control technologies; the design and
application of a quantitative model (HD
TRUCS) for assessing feasible rates of
technology adoption; the economic
costs of developing, applying, and using
pollution control technologies; the
context for deploying such technologies
(e.g., the supply of raw materials and
components, and the availability of
supporting charging and refueling
infrastructure); the impacts of using
pollution control technologies on
emissions, and consequent impacts on
public health, welfare, and the
economy. While each rule necessarily
deals with different facts, such as
advances in new pollution control
technologies at the time of that rule, the
above factors are among the kinds of
considerations that EPA regularly
evaluates in its motor vehicle rules,
including all our prior GHG rules.
Third, this rule does not involve
decisions of vast economic and political
importance exceeding EPA’s delegated
authority. To begin with, commenters
err in characterizing this rule as an “EV
mandate.” That is false as a legal matter
and a practical matter. As a legal matter,
this rule does not mandate that any
manufacturer use any specific
technology to meet the standards in this
rule. And as a practical matter, as
explained in section II.F.3 of the
preamble and Chapter 1.4 of the RIA,
manufacturers can adopt a wide array of
technologies, including various ICE,
hybrid, electric, and fuel-cell
technologies, to comply with this rule.
Specifically, EPA has identified several
additional potential compliance
pathways, including pathways without
producing additional ZEVs to comply
with this rule, that can be achieved in
the lead-time provided and at a
reasonable cost. Moreover, the adoption
of additional control technologies,
including ZEVs, are complementary to
what the manufacturers are already
doing regardless of this rule. As major
HD vehicle manufacturers told EPA in
their comments, they have already made
considerable investments and shifted
future product plans to focus on ZEV
technologies, including in response to
the significant incentives for ZEVs that
Congress provided in the IRA, and they
support EPA establishing the standards

169 See, e.g., Massachusetts v. EPA, 549 U.S. 497,
532 (2007) (“Because greenhouse gases fit well
within the Clean Air Act’s capacious definition of
“air pollutant,” we hold that EPA has the statutory
authority to regulate the emission of such gases
from new motor vehicles.”).

based on the increasing availability of
ZEV technologies. Looking to the future
under the No Action scenario, as shown
in RIA Table 4-8, we project that by
2032 ZEVs will account for between 4.7
percent (long-haul tractors) and 30.1
percent (LHD vocational) of new HD
vehicles, depending on regulatory
group. The final rule builds on these
industry trends. It will likely cause
some heavy-duty manufacturers to
adopt control technologies more rapidly
than they otherwise would, and this
will result in significant pollution
reductions and large public health and
welfare benefits. However, that is the
entire point of section 202(a); that EPA
and the regulated industry may be
successful in achieving Congress’s
purposes does not mean the agency has
exceeded its delegated authority.

The regulatory burdens of this rule are
also reasonable and not different in kind
from prior exercises of EPA’s authority
under section 202. The regulated
community of heavy-duty vehicle
manufacturers in this rule was also
regulated by the earlier Phase 1 and
Phase 2 rules. In terms of costs of
compliance for regulated entities, EPA
anticipates that the rule will result in
aggregate cost savings for
manufacturers, both in light of
technological advances in ZEV
technologies and the significant
incentives provided by the IRA. When
we assess the fleet average costs of
compliance per HD vehicle during the
year in which the program is fully
phased-in, we also find relatively lower
costs compared to Phase 2.170 These
costs, moreover, are a small fraction of
the costs of new HD vehicles and small
relative to what Congress itself accepted
in enacting section 202.171 The rule also
does not create any other excessive
regulatory burdens on regulated entities;
for example, the rule does not require
any manufacturer to shut down, or to
curtail or delay production.

While section 202 does not require
EPA to consider consumer costs, the
agency recognizes that such costs, and
consumer acceptance of new pollution
control technologies more broadly, can
affect the application of such
technologies. As such, EPA carefully
evaluated these issues. For purchasers
of HD vehicles, we project a range of

170 We further discuss costs in preamble sections
IV and II.G, and we provide numerical comparisons
of costs to the Phase 1 and 2 rules in section 2 of
the RTC.

171 See Motor & Equip. Mfrs. Ass’n, Inc. v. EPA,
627 F.2d 1095, 1118 (DC Cir. 1979) (“Congress
wanted to avoid undue economic disruption in the
automotive manufacturing industry and also sought
to avoid doubling or tripling the cost of motor
vehicles to purchasers.”).
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upfront costs, including savings for
certain vehicle types. For all vehicle
types, we expect that the final standards
will be economically beneficial for
purchasers because the lower operating
costs during the operational life of the
vehicle will offset the increase in
upfront vehicle technology costs within
the usual period of first ownership of
the vehicle. Furthermore, purchasers
will benefit from annual operating cost
savings for each year after the payback
occurs. EPA also carefully designed the
final rule to avoid any other kinds of
disruptions to purchasers. For example,
we recognize that HD vehicles represent
a diverse array of vehicles and use
cases, and we carefully tailored the
standards for each regulatory
subcategory to ensure that purchasers
could obtain the kinds of HD vehicles
they need. We also recognized that HD
vehicles require supporting
infrastructure (e.g., fueling and charging
stations) to operate, and we accounted
for sufficient lead-time for the
development of that infrastructure,
including private depot charging, public
charging, and hydrogen refueling
infrastructure. We also identified
numerous industry standards and safety
protocols to ensure the safety of HD
vehicles, including BEVs and FCEVs.

We acknowledge the rule may have
other impacts beyond those on regulated
entities and their customers (for
purposes of discussion here, referred to
as “indirect impacts”). But indirect
impacts are inherent in section 202
rulemakings, including past
rulemakings going back half a century.
As the DC Circuit has observed, in the
specific context of EPA’s Clean Air Act
Title IT authority to regulate motor
vehicles, “[e]very effort at pollution
control exacts social costs. Congress

. . made the decision to accept those
costs.” 172 In EPA’s long experience of
promulgating environmental
regulations, the presence of indirect
impacts does not reflect the
extraordinary nature of agency action,
but rather the ordinary state of the
highly interconnected and global supply
chain for motor vehicles. In any event,
EPA has considerable expertise in

172 Motor & Equip. Mfrs. Ass’n, Inc. v. EPA, 627
F.2d 1095, 1118 (DC Cir. 1979); see also id. (“There
is no indication that Congress intended section
202’s cost of compliance consideration to embody
social costs of the type petitioners advance,” and
holding that the statute does not require EPA to
consider antitrust concerns); Coal. for Responsible
Begu]. Inc. v. EPA, 684 F.3d 102, 128 (DC Cir. 2012)
(holding that the statute “‘does not mandate
consideration of costs to other entities not directly
subject to the proposed standards’’); Massachusetts
v. EPA, 549 U.S. 497, 534 (2007) (impacts on
“foreign affairs” are not sufficient reason for EPA
to decline making the endangerment finding under
section 202(a)(1)).

evaluating the broader social impacts of
the agency’s regulations, for example on
public health and welfare, safety,
energy, employment, and national
security. Congress has recognized the
agency’s expertise in many of these
areas,'”3 and EPA has regularly
considered such indirect impacts in our
prior rules.

EPA carefully analyzed indirect
impacts and coordinated with numerous
Federal and other partners with relevant
expertise, as described in sections ES.E
and II of the preamble.7# The
consideration of many indirect impacts
is included in our assessment of the
rule’s costs and-benefits. We estimate
annualized net benefits of $13 billion
through the year 2055 when assessed at
a 2 percent discount rate (2022$). This
number is actually smaller than the net
benefits of the Phase 2 rule; it is also a
small fraction when compared to the
size of the heavy-duty industry itself,
which is rapidly expanding.175 and a

173 See, e.g., CAA section 202(a)(1) (requiring EPA
Administrator to promulgate standards for
emissions from motor vehicles “which in his
judgment cause, or contribute to, air pollution
which may reasonably be anticipated to endanger
public health or welfare”), 202(a)(3)(A) (requiring
the agency to promulgate certain motor vehicle
emission standards ‘“‘giving appropriate
consideration to cost, energy, and safety factors
associated with the application of such
technology”), 203(b)(1) (authorizing the
Administrator to “‘exempt any new motor vehicle or
new motor vehicle engine” from certain statutory
requirements ‘“‘upon such terms and conditions as
he may find necessary . . . for reasons of national
security”), 312(a) (directing EPA to conduct a
“comprehensive analysis of the impact of this
chapter on the public health, economy, and
environment of the United States”).

174 For example, we consulted with the following
Federal agencies and workgroups on their relevant
areas of expertise: National Highway Traffic Safety
Administration (NHTSA) at the Department of
Transportation (DOT), Department of Energy (DOE)
including several national laboratories (Argonne
National Laboratory (ANL), National Renewable
Energy Laboratory (NREL), and Oak Ridge National
Laboratory (ORNL)), United States Geological
Survey (USGS) at the Department of Interior (DOI),
Joint Office of Energy and Transportation (JOET),
Federal Energy Regulatory Commission (FERC),
Department of Commerce (DOC), Department of
Defense (DOD), Department of State, Federal
Consortium for Advanced Batteries (FCAB), and
Office of Management and Budget (OMB). We also
consulted with State and regional agencies, and we
engaged extensively with a diverse set of
stakeholders, including vehicle manufacturers,
labor unions, technology suppliers, dealers,
utilities, charging providers, environmental justice
organizations, environmental organizations, public
health experts, tribal governments, and other
organizations.

175 See Precedence Research, Heavy Duty Trucks
Market, https://www.precedenceresearch.com/
heavy-duty-trucks-market (“The U.S. heavy duty
trucks market size was valued at USD 52.23 billion
in 2023 and is expected to reach USD 105.29 billion
by 2032, growing at a CAGR of 8.10% from 2023
to 2032.”).

tiny fraction of the size of the US
economy.176

EPA also carefully evaluated many
indirect impacts outside of the net
benefits assessment, and we identified
no significant indirect harms and the
potential for indirect benefits. Based on
our analysis, EPA projects that this
rulemaking will not cause significant
adverse impacts on electric grid
reliability or resource adequacy, that
there will be sufficient battery
production and critical minerals
available to support increasing ZEV
production including due to large
anticipated increases in domestic
battery and critical mineral production,
that there will be sufficient lead-time to
develop charging and hydrogen
refueling infrastructure, and that the
rule will have significant positive
national security benefits. We also
identified significant initiatives by the
Federal government (such as the BIL
and IRA), State and local government,
and private firms, that complement
EPA’s final rule, including initiatives to
reduce the costs to purchase ZEVs;
support the development of domestic
critical mineral, battery, and ZEV
production; improve the electric grid;
and accelerate the establishment of
charging and hydrogen refueling
infrastructure.

These and other kinds of indirect
impacts, moreover, are similar in kind
to the impacts of past EPA motor
vehicle rules. For example, this rule
may reduce the demand for gasoline and
diesel for HD vehicles domestically and
affect the petroleum refining industry,
but that has been the case for all of
EPA’s past GHG vehicle rules, which
also reduced demand for liquid fuels
through advances in ICE engine and
vehicle technologies and corresponding
fuel efficiency. And while production of
ZEVs does rely on a global supply
chain, that is true for all motor vehicles,
which rely extensively on imports, from
raw materials like aluminum to
components like semiconductors;
addressing supply chain vulnerabilities
is a key component of managing any
significant manufacturing operation in
today’s global world. Further, while
ZEVs may require supporting
infrastructure to operate, the same is
true for ICE vehicles; indeed, supporting
infrastructure for ICE vehicles has
changed considerably over time in
response to environmental regulation,

176 US GDP reached $25.46 trillion dollars in
2022. See Bureau of Economic Analysis, Gross
Domestic Product, Fourth Quarter and Year 2022
(Second Estimate) (February 23, 2023), available at
https://www.bea.gov/news/2023/gross-domestic-
product-fourth-quarter-and-year-2022-third-
estimate-gdp-industry-and.
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for example, with the elimination of
lead from gasoline, the provisioning of
diesel exhaust fluid (DEF) at truck stops
to support selective catalytic reduction
(SCR) technologies, and the
introduction of low sulfur diesel fuel to
support diesel particulate filter (DPF)
technologies.

As with prior GHG vehicle rules,
many indirect impacts are positive: 177
foremost, the significant benefits of
mitigating climate change, which poses
catastrophic risks for human health and
the environment, water supply and
quality, storm surge and flooding,
electricity infrastructure, agricultural
disruptions and crop failures, human
rights, international trade, and national
security. Other positive indirect impacts
include reduced dependence on foreign
oil and increased energy security and
independence; increased regulatory
certainty for domestic production of
pollution control technologies and their
components (including ZEVs, batteries,
fuels cells, battery components, and
critical minerals) and for the
development of electric charging and
hydrogen refueling infrastructure, with
attendant benefits for employment and
US global competitiveness in these
sectors; and increased use of electric
charging and potential for vehicle-to-
grid technologies that can benefit
electric grid reliability.

Moreover, many of the indirect
impacts find close analogs in the
impacts Congress itself recognized and
accepted. For instance, in 1970 Congress
debated whether to adopt standards that
would depend heavily on platinum-
based catalysts in light of a world-wide
shortage of platinum,?78 and in the
leadup to the 1977 and 1990
Amendments, Congress recognized that
increasing use of three-way catalysts to
control motor vehicle pollution risked
relying on foreign sources of the critical
mineral rhodium.79 In each case,

177 As noted, our use of “indirect impacts” in this
section refers to impacts beyond those on regulated
entities.

178 See, e.g., Environmental Policy Division of the
Congressional Research Service Volume 1, 93d
Cong., 2d Sess., A Legislative History of the Clean
Air Amendments of 1970 at 307 (Comm. Print 1974)
(Senator Griffin opposed the vehicle emissions
standards because the vehicle that had been shown
capable of meeting the standards used platinum-
based catalytic converters and “‘[a]side from the
very high cost of the platinum in the exhaust
system, the fact is that there is now a worldwide
shortage of platinum and it is totally impractical to
contemplate use in production line cars of large
quantities of this precious material. . . .”).

179 See, e.g., 136 Cong. Rec. 5102—04 (1990) and
123 Cong. Rec. 18173-74 (1977) (In debate over
both the 1977 and 1990 amendments to the Clean
Air Act, some members of Congress supported
relaxing NOx controls from motor vehicles due to
concerns over foreign control of rhodium supplies);
see also EPA, Tier 2 Report to Congress, EPA420-

Congress nonetheless enacted statutory
standards premised on this technology.
Similarly, Congress recognized and
accepted the potential for employment
impacts caused by the Clean Air Act; it
then chose to address such impacts not
by limiting EPA’s authority to
promulgate motor vehicle rules, but by
other measures, such as funding training
and employment services for affected
workers.180

In sum, the final rule is a continuation
of what the Administrator has been
doing for over fifty years: evaluate
updated data on pollution control
technologies and set emissions
standards accordingly. The rule
maintains the fundamental regulatory
structure of the existing program and
iteratively strengthens the GHG
standards from its predecessor Phase 2
rule. The consequences of the rule are
not different in kind, and in many key
aspects, are smaller than those of Phase
2. And while the rule is associated with
indirect impacts, EPA comprehensively
assessed such impacts and found that
the final rule does not cause significant
indirect harms as alleged by
commenters and on balance creates net
benefits for society. We further discuss
our response to the major questions
doctrine comments in section 2.1 of the
RTC.

ABT. Some commenters claim that the
ABT program, or fleetwide averaging, or
both, exceed EPA’s statutory authority.
As further explained in section III.A of
the preamble, EPA has long employed
fleetwide averaging and ABT
compliance provisions. In upholding
the first HD final rule that included an
averaging provision, the D.C. Circuit
rejected a petitioner’s challenge to
EPA’s statutory authority for averaging.
NRDC v. Thomas, 805 F.2d 410, 425
(D.C. Cir. 1986).181 In the subsequent
1990 amendments, Congress, noting
NRDC v. Thomas and EPA’s ABT
program, ‘‘chose not to amend the Clean
Air Act to specifically prohibit
averaging, banking and trading
authority.” 182 ““The intention was to
retain the status quo,” i.e., EPA’s
existing authority to allow ABT and

R-98-008, July 1998, p. E-13 (describing concerns
about potential shortages in palladium that could
result from the Tier 2 standards).

180 Public Law 101-549, at sec. 1101, amending
the Job Training Partnership Act, 29 U.S.C. 1501 et
seq. (since repealed).

181 The court explained that “[lJacking any clear
congressional prohibition of averaging, the EPA’s
argument that averaging will allow manufacturers
more flexibility in cost allocation while ensuring
that a manufacturer’s overall fleet still meets the
emissions reduction standards makes sense.” NRDC
v. Thomas, 805 F.2d at 425.

182136 Cong. Rec. 35,367, 1990 WL 1222469, at
*1.

establish fleet average standards.183
Since then, the agency has routinely
used ABT in its motor vehicle programs,
including in all of our motor vehicle
GHG rules, and repeatedly considered
the availability of ABT in determining
the level of stringency of fleet average
standards. Manufacturers have come to
rely on ABT in developing their
compliance plans. The agency did not
reopen the ABT regulations in this
rulemaking, except to make certain
discrete changes discussed in section
III.A of the preamble. Comments
challenging the agency’s authority for
ABT regulations and use of fleet
averaging are therefore beyond the
scope of the rulemaking.

In any event, the CAA authorizes EPA
to establish an ABT program and fleet
average standards.184 Section 202(a)(1)
directs EPA to set standards “applicable
to the emission of any air pollutant from
any class or classes of new motor
vehicles” that cause or contribute to
harmful air pollution. The term “class
or classes” refers expressly to groups of
vehicles, indicating that EPA may set
standards based on the emissions
performance of the class as a whole,
which is precisely what ABT enables.
Moreover, as we detail in section II.G.2
of the preamble, consideration of ABT
in standard setting relates directly to
considerations of technical feasibility,
cost, and lead time, the factors EPA is
required to consider under CAA section
202(a)(2) in setting standards. For
decades, EPA has found that
considering ABT, particularly the
averaging provisions, is consistent with
the statute and affords regulated entities
more flexibility in phasing in
technologies in a way that is
economically efficient, promotes the
goals of the Act, supports vehicle
redesign cycles, and responds to market
fluctuations, allowing for successful
deployment of new technologies and
achieving emissions reductions at lower
cost and with less lead time.185

ABT and fleet average standards are
also consistent with other provisions in
Title II, including those related to
compliance and enforcement in CAA

183136 Cong. Rec. 35,367, 1990 WL 1222469, at
*1; see also 136 Cong. Rec. 36,713, 1990 WL
1222468 at *1.

184 As we explain in section II.G of this preamble,
EPA relied on averaging, but not banking or trading,
in supporting the feasibility of the standards.

185 Beyond the statute’s general provisions
regarding cost and lead time, Congress has also
repeatedly endorsed the specific concept of phase-
in of advanced emissions control technologies
throughout section 202, which is analogous to ABT
in that it considers a manufacturer’s production
volume and the performance of vehicles across the
fleet in determining compliance. See discussion in
section I.A of this preamble citing provisions
including section 202(g)-(j), 202(b)(1)(C).
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sections 203, 206, and 207. Commenters
who alleged inconsistency with the
compliance and enforcement provisions
fundamentally misapprehend the nature
of EPA’s HD GHG program and its ABT
regulations, where compliance and
enforcement do in fact apply to
individual vehicles consistent with the
statute. It is true that ABT allows
manufacturers to meet emissions
standards by offsetting emissions credits
and debits for individual vehicles.
However, individual vehicles must also
continue to themselves comply with
their own emissions limit, known as the
Family Emission Limit (FEL).186 Both
the emission standard and FEL are
specified in each vehicle’s individual
certificate of conformity, and apply both
at certification and throughout that
vehicle’s useful life. As appropriate,
EPA can suspend, revoke, or void
certificates for individual vehicles.
Manufacturers’ warranties apply to
individual vehicles. EPA and
manufacturers perform testing on
individual vehicles, and recalls can be
implemented based on evidence of non-
conformance by a substantial number of
individual vehicles within the class. We
further discuss our response to this
comment, including detailed exposition
of each of the relevant statutory
provisions, in RTC 10.2.

ZEVs as part of the regulated class.
We now address related comments that
EPA cannot consider averaging,
especially of ZEVs, in supporting the
feasibility of the standards. Some
commenters allege that because ZEVs,
in theory, do not emit GHGs, they
cannot be part of the “class” of vehicles
regulated by EPA under section
202(a)(1), and therefore EPA should not
establish standards that consider
manufacturers’ ability to produce them.
We disagree with these commenters’
reading of the statute, and moreover, as
we explain further below, their
underlying factual premise—that ZEVs
do not emit GHGs—is incorrect.

As discussed in section I.A of the
preamble, Congress required EPA to
prescribe standards applicable to the
emission of any air pollutant from any
class or classes of new motor vehicles,
which in his judgment cause, or
contribute to, air pollution which
endangers public health and welfare.
Congress defined “motor vehicles” by
their function: “any self-propelled
vehicle designed for transporting
persons or property on a street or
highway.” 187 Likewise, with regard to

186 See 40 CFR 1037.801 (adoption of FEL);
1037.105, 1037.106 (FEL appears on certificate of
compliance). See generally RTC 10.2.1.d.

187 CAA section 216(2).

classes, Congress explicitly
contemplated functional categories: “the
Administrator may base such classes or
categories on gross vehicle weight,
horsepower, type of fuel used, or other
appropriate factors.” 188 It is
indisputable that ZEVs are “new motor
vehicles” as defined by the statute and
that they fall into the weight-based
“classes” that EPA established with
Congress’s explicit support.

In making the GHG Endangerment
Finding in 2009, EPA defined the
“classes” of motor vehicles and engines
as “‘Passenger cars, light-duty trucks,
motorcycles, buses, and medium and
heavy-duty trucks.” 189 Heavy-duty
ZEVs fall within the class of heavy-duty
trucks. EPA did not reopen the 2009
GHG Endangerment Finding in this
rulemaking, and therefore comments on
whether ZEVs are part of the “class”
subject to GHG regulation are beyond
the scope of this rulemaking.

Some commenters contend that ZEVs
fall outside of EPA’s regulatory reach
under this provision because they do
not cause, or contribute to, air pollution
which endangers human health and
welfare. That misreads the statutory
text. As we explained previously in
regard to ABT, section 202(a)(1)’s focus
on regulating emissions from “class or
classes” indicates that Congress was
concerned with the air pollution
generated by a class of vehicles, as
opposed to from individual vehicles.
Accordingly, Congress authorized EPA
to regulate classes of vehicles, and EPA
has concluded that the class of heavy-
duty vehicles, as a whole causes or
contributes to dangerous pollution. As
noted, the class of heavy-duty vehicles
includes ZEVs, along with ICE and
hybrid vehicles. EPA has consistently
viewed heavy-duty motor vehicles as a
class of motor vehicles for regulatory
purposes, including in the HD GHG
Phase 1 and Phase 2 rules. As discussed
in section I.A of the preamble, EPA has
reasonably further subcategorized
vehicles within the class based on
weight and functionality to recognize
real-world variations in emission
control technology, ensure consumer
access to a wide variety of vehicles to
meet their mobility needs, and secure
continued emissions reductions for all
vehicle types.

These commenters also
misunderstand the broader statutory
scheme. Congress directed EPA to apply

188 CAA section 202(a)(3)(A)(ii). This section
applies to standards established under section
202(a)(3), not to standards otherwise established
under section 202(a)(1). But it nonetheless provides
guidance on what kinds of classifications and
categorizations Congress thought were appropriate.

18974 FR 66496, 66537, December 15, 2009.

the standards to vehicles whether they
are designed as complete systems or
incorporate devices to prevent or
control pollution. Thus, Congress
understood that the standards may be
premised on and lead to technologies
that prevent pollution in the first place.
It would be perverse to conclude that in
a scheme intended to control the
emissions of dangerous pollution,
Congress would have prohibited EPA
from premising its standards on controls
that completely prevent pollution, while
also permitting the agency to premise
them on a technology that reduces 99
percent of pollution. Such a nonsensical
reading of the statute would mean that
the availability of technology that can
reduce 99 percent of pollution could
serve as the basis for highly protective
standards, while the availability of a
technology that completely prevents the
pollution could not be relied on to set
emission standards at all. Such a
reading would also create a perverse
safe harbor allowing polluting vehicles
to be perpetually produced, resulting in
harmful emissions and adverse impacts
on public health, even where available
technology permits the complete
prevention of such emissions and
adverse impacts at a reasonable cost.
That result cannot be squared with
section 202(a)(1)’s purpose to reduce
emissions that “cause or contribute to
air pollution which may reasonably be
anticipated to endanger public health or
welfare,” 190 or with the statutory
directive to not only “control” but also
“prevent”” pollution.

Commenters’ suggestion that EPA
define the class to exclude ZEVs would
also be unreasonable and unworkable.
Ex ante, EPA does not know which
vehicles a manufacturer may produce
and, without technological controls
including add-on devices and complete
systems, all of the vehicles have the
potential to emit dangerous
pollution.191 Therefore, EPA establishes
standards for the entire class of vehicles,
based upon its consideration of all
available technologies. It is only after
the manufacturers have applied those
technologies to vehicles in actual
production that the pollution is
prevented or controlled. To put it
differently, even hypothetically
assuming EPA could not set standards

190 See also Coal. for Responsible Regul., 684 F.
3d at 122 (explaining that the statutory purpose is
to “prevent reasonably anticipated endangerment
from maturing into concrete harm”).

191 As noted, manufacturers in some cases choose
to offer different models of the same vehicle with
different levels of electrification. And it is the
manufacturer who decides whether a given vehicle
will be manufactured to produce no emissions, low
emissions, or higher aggregate emissions controlled
by add-on technology.
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for vehicles that manufacturers intend
to build as electric vehicles—a
proposition which we do not agree
with—EPA could still regulate vehicles
manufacturers intend not to build as
electric vehicles and that would emit
dangerous pollution in the absence of
EPA regulation.192 When regulating
those vehicles, Congress explicitly
authorized EPA to premise its standards
for those vehicles on a “complete
system” technology that prevents
pollution entirely, like ZEV
technologies.

Finally, the commenters’ argument is
factually flawed. All vehicles, including
ZEVs,193 do in fact produce vehicle
emissions. For example, all ZEVs
produce emissions from brake and tire
wear, as discussed in RIA Chapter 4.
Furthermore, ZEVs have air
conditioning units, which may produce
GHG emissions from leakages, and these
emissions are subject to regulation
under the Act. Thus, even under the
commenter’s reading of the statute,
ZEVs would be part of the class for GHG
regulation.194 We further address this
issue in RTC 10.2.1.f, where we also
discuss the related contention that ZEVs
cannot be part of the same class because
electric and ICE powertrains are
fundamentally different.

202(a)(3)(B) and 202(a)(3)(C) lead
time and stability. Finally, we address
the comments regarding the
applicability of the 4-year lead time and
3-year stability provisions in CAA
section 202(a)(3)(C). As we noted in the
HD Phase 1 final rule, the provision is
not applicable here.195 Section
202(a)(3)(C) only applies to emission

192In other words, the additional ZEVs EPA
projects in the modeled potential compliance
pathway exist in the baseline case as pollutant-
emitting vehicles with ICE. We further note that it
would be odd for EPA to have authority to regulate
a given class of motor vehicles—in this case heavy-
duty motor vehicles—so long as those vehicles emit
air pollution at the tailpipe, but to lose its authority
to regulate those very same vehicles should they
install emission control devices to limit such
pollution or be designed to prevent the endangering
pollution in the first place.

193 As discussed in the Executive Summary, we
use the term ZEVs to refer to vehicles that result
in zero tailpipe emissions, such as battery electric
vehicles and fuel cell electric vehicles. While
vehicles equipped with H2-ICE engines emit zero
engine-out CO, emissions, H2-ICE vehicles emit
criteria pollutants and are therefore not included in
our references to ZEVs.

194 Moreover, as already explained, manufacturers
do not have to produce ZEVs to comply with the
final standards. EPA’s modeling of the alternate
compliance pathway in section ILF.3 demonstrates
that manufacturers could meet the standard using
solely advanced technologies with ICEs.

195 Greenhouse Gas Emissions Standards and Fuel
Efficiency Standards for Medium- and Heavy-Duty
Engines and Vehicles EPA Response to Comments
Document for Joint Rulemaking, at 5-19 (“Phase 1
RTC”).

standards for heavy-duty vehicles for
the listed pollutants in section
202(a)(3)(A) or to revisions of such
standards under 202(a)(3)(B). Section
202(a)(3) applies only to standards for
enumerated pollutants, none of which
are GHGs, namely, “hydrocarbons,
carbon monoxide, oxides of nitrogen,
and particulate matter.” Because this
rule does not establish standards for any
pollutant listed in section 202(a)(3)(A),
that section clearly does not apply.
Neither does section 202(a)(3)(B), which
is limited to revisions of heavy-duty
standards ‘‘promulgated under, or
before the date of, the enactment of the
Clean Air Act Amendments of 1990.”
EPA’s heavy-duty GHG standards,
however, have consistently been
promulgated under sections 202(a)(1)—
(2), statutory provisions which were not
enacted or revised by the 1990
amendments. Nor does the final rule
revise any standard promulgated
“before” the enactment of the 1990
amendments. Consequently, the four
year lead time and three year stability
requirements of section 202(a)(3)(C) are
inapplicable. We further address this
issue in RTC 2.3.3 and 2.11.

I1. Final HD Phase 3 GHG Emission
Standards

Under our CAA section 202(a)(1) and
(2) authority, we are finalizing new
Phase 3 GHG standards for MYs 2027
through 2032 and later HD vehicles. In
this section II, we describe our
assessment that the new Phase 3 GHG
standards are appropriate and feasible
considering lead time, costs, and other
relevant factors. These final Phase 3
standards include (1) revised GHG
standards for many MY 2027 HD
vehicles, and (2) new GHG standards
starting in MYs 2028 through 2032. Our
development of the final standards
considered all of the substantive
comments received, including those that
advocated stringency levels ranging
from less stringent than the lower
stringency alternative presented in the
NPRM to values that would be
comparable with stringency levels in the
California Advanced Clean Truck (ACT)
rule such as stringency levels
comparable to 50- to 60-percent
utilization of ZEV technologies range
and beyond.

The final standards’ feasibility is
supported through our analysis
reflecting one modeled potential
compliance pathway, but the final
standards do not mandate the use of any
specific technology. EPA anticipates
that a compliant fleet under the final
standards will include a diverse range of
technologies, including ZEV and ICE
vehicle technologies, and we have also

included additional example potential
compliance pathways that meet and
support the feasibility of the final
standards including without producing
additional ZEVs to comply with this
rule. In developing the modeled
potential compliance pathway on which
the feasibility of the final standards is
supported, EPA has considered the key
issues associated with growth in
penetration of zero-emission vehicles,
including charging and refueling
infrastructure and critical mineral
availability. In this section, we describe
our assessment of the appropriateness
and feasibility of these final standards
and support that assessment with a
potential technology pathway for
achieving each of those standards
through increased utilization of ZEV
and vehicles with ICE technologies, as
well as additional technology pathways
to meet the final standards using
technologies for vehicles with ICE. In
this section, we also present an
alternative set of standards (‘“the
alternative”) that we additionally
developed and analyzed but are not
adopting, that reflects an even more
gradual phase-in and lower final
stringency level than the final
standards. Furthermore, we also
developed but did not analyze
alternative standards reflecting levels of
stringency more stringent than the final
standards that would be achieved from
extrapolating the California ACT rule to
the national level, that we are also not
adopting.

In the beginning of this section, we
first describe the public health and
welfare need for GHG emission
reductions (section II.A). In section IL.B,
we provide an overview of the
comments the Agency received on the
NPRM regarding the proposed Phase 3
GHG emission standards, an overview of
the final standards, and updates to the
analyses that support these standards. In
section II.C, we provide a brief overview
of the existing CO, emission standards
that we promulgated in HD GHG Phase
2. Section II.D contains our technology
assessment for the projected potential
compliance pathway that supports the
feasibility of the standards and section
IL.E includes our assessment of
technology costs, EVSE costs, operating
costs, and payback for that modeled
potential compliance pathway. Section
ILF sets out the final standards and the
analysis demonstrating their feasibility,
including additional example potential
compliance pathways that meet and
support the feasibility of the final
including without producing additional
ZEVs to comply with this rule. Section
I1.G discusses the appropriateness of the
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final emission standards under the
Clean Air Act. Section II.H presents the
alternative set of standards to the final
standards that we considered but are not
adopting. Finally, section IL.I
summarizes our consideration of small
businesses.

The HD Phase 3 GHG standards are
COs vehicle exhaust standards; other
GHG standards under the existing
regulations for HD engines and vehicles
remain applicable. As we explained in
the proposal, we did not reopen and are
not amending the other GHG standards,
including nitrous oxide (N>O), methane
(CH4), and CO» emission standards that
apply to heavy-duty engines and the
HFC emission standards that apply to
heavy-duty vehicles, or the general
compliance structure of existing 40 CFR
part 1037 except for some revisions
described in sections I and II1.196 As
also explained in the proposal, we did
not reopen and are continuing the
existing approach taken in both HD
GHG Phase 1 and Phase 2, that
compliance with the vehicle exhaust
CO- emission standards is based on CO»
emissions from the vehicle. Indeed, all
of our vehicle emission standards are
based on vehicle emissions. See 76 FR
57123 (September 15, 2011); see also 77
FR 51705 (August 24, 2012), 77 FR
51500 (August 27, 2012), and 81 FR
75300 (October 25, 2016). We respond
to the comments we received on life
cycle emissions in relation to standard
setting in RTC section 17.1.
Additionally, as proposed in the
combined light-duty and medium-duty
rulemaking, in a separate rulemaking we
intend to finalize more stringent
standards for complete and incomplete
vehicles at or below 14,000 pounds
GVWR that are certified under 40 CFR
part 86, subpart S. This Phase 3 final
rule does not alter manufacturers of
incomplete vehicles at or below 14,000
pounds GVWR continuing to have the
option of either meeting the greenhouse
gas standards under 40 CFR parts 1036
and 1037, or instead meeting the
greenhouse gas standards with chassis-
based measurement procedures under
40 CFR part 86, subpart S.

196 See the HD GHG Phase 2 rule (81 FR 73478,
October 25, 2016), the Heavy-Duty Engine and
Vehicle Technical Amendment rule (86 FR 34308,
June 29, 2021), and the HD2027 rule (88 FR 4296,
January 24, 2023). In this rulemaking, EPA did not
reopen any portion of our heavy-duty compliance
provisions, flexibilities, and testing procedures,
including those in 40 CFR parts 1037, 1036, and
1065, other than those specifically identified in our
proposal. For example, while EPA is revising
discrete elements of the HD ABT program, EPA did
not reopen the general availability of ABT.

A. Public Health and Welfare Need for
GHG Emission Reductions

The transportation sector is the largest
U.S. source of GHG emissions,
representing 29 percent of total GHG
emissions and, within the transportation
sector, heavy-duty vehicles are the
second largest contributor at 25
percent.197 GHG emissions have
significant impacts on public health and
welfare as set forth in EPA’s 2009
Endangerment and Cause or Contribute
Findings under CAA section 202(a) and
as evidenced by the well-documented
scientific record.198

Elevated concentrations of GHGs have
been warming the planet, leading to
changes in the Earth’s climate including
changes in the frequency and intensity
of heat waves, precipitation, and
extreme weather events; rising seas; and
retreating snow and ice. The changes
taking place in the atmosphere as a
result of the well-documented buildup
of GHGs due to human activities are
altering the climate at a pace and in a
way that threatens human health,
society, and the natural environment.
While EPA is not making any new
scientific or factual findings with regard
to the well-documented impact of GHG
emissions on public health and welfare
in support of this rule, EPA is providing
some scientific background on climate
change to offer additional context for
this rulemaking and to increase the
public’s understanding of the
environmental impacts of GHGs.

Extensive additional information on
climate change is available in the
scientific assessments and the EPA
documents that are briefly described in
this section, as well as in the technical
and scientific information supporting
them. One of those documents is EPA’s
2009 Endangerment and Cause or
Contribute Findings for Greenhouse
Gases Under section 202(a) of the CAA
(74 FR 66496, December 15, 2009). In
the 2009 Endangerment Finding, the
Administrator found under section
202(a) of the CAA that elevated
atmospheric concentrations of six key
well-mixed GHGs—CO,, methane (CH.),
nitrous oxide (N>0), hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs), and
sulfur hexafluoride (SFe¢)—‘‘may
reasonably be anticipated to endanger
the public health and welfare of current

197 EPA (2023). Inventory of U.S. Greenhouse Gas
Emissions and Sinks: 1990-2021 (EPA-430-R—23—
002, published April 2023).

198 See 74 FR 66496, December 15, 2009; see also
EPA’s Denial of Petitions Relating to the
Endangerment and Cause or Contribute Findings for
Greenhouse Gases Under Section 202(a) of the
Clean Air Act, available at https://www.epa.gov/
system/files/documents/2022-04/decision_
document.pdf.

and future generations” (74 FR 66523).
The 2009 Endangerment Finding,
together with the extensive scientific
and technical evidence in the
supporting record, documented that
climate change caused by human
emissions of GHGs (including HFCs)
threatens the public health of the U.S.
population. It explained that by raising
average temperatures, climate change
increases the likelihood of heat waves,
which are associated with increased
deaths and illnesses (74 FR 66497).
While climate change also increases the
likelihood of reductions in cold-related
mortality, evidence indicates that the
increases in heat mortality will be larger
than the decreases in cold mortality in
the United States (74 FR 66525). The
2009 Endangerment Finding further
explained that compared with a future
without climate change, climate change
is expected to increase tropospheric
ozone pollution over broad areas of the
United States., including in the largest
metropolitan areas with the worst
tropospheric ozone problems, and
thereby increase the risk of adverse
effects on public health (74 FR 66525).
Climate change is also expected to cause
more intense hurricanes and more
frequent and intense storms of other
types and heavy precipitation, with
impacts on other areas of public health,
such as the potential for increased
deaths, injuries, infectious and
waterborne diseases, and stress-related
disorders (74 FR 66525). Children, the
elderly, and the poor are among the
most vulnerable to these climate-related
health effects (74 FR 66498).

The 2009 Endangerment Finding also
documented, together with the
extensive scientific and technical
evidence in the supporting record, that
climate change touches nearly every
aspect of public welfare 199 in the
United States., including the following:
changes in water supply and quality due
to changes in drought and extreme
rainfall events; increased risk of storm
surge and flooding in coastal areas and
land loss due to inundation; increases in
peak electricity demand and risks to
electricity infrastructure; and the
potential for significant agricultural
disruptions and crop failures (though
offset to a lesser extent by carbon
fertilization). These impacts are also

199 The CAA states in section 302(h) that “[a]ll
language referring to effects on welfare includes,
but is not limited to, effects on soils, water, crops,
vegetation, manmade materials, animals, wildlife,
weather, visibility, and climate, damage to and
deterioration of property, and hazards to
transportation, as well as effects on economic
values and on personal comfort and well-being,
whether caused by transformation, conversion, or
combination with other air pollutants.” 42 U.S.C.
7602(h).
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global and may exacerbate problems
outside the United States that raise
humanitarian, trade, and national
security issues for the U.S. (74 FR
66530).

The most recent information
demonstrates that the climate is
continuing to change in response to the
human-induced buildup of GHGs in the
atmosphere. Recent scientific
assessments show that atmospheric
concentrations of GHGs have risen to a
level that has no precedent in human
history and that they continue to climb,
primarily because of both historic and
current anthropogenic emissions, and
that these elevated concentrations
endanger our health by affecting our
food and water sources, the air we
breathe, the weather we experience, and
our interactions with the natural and
built environments.

Global average temperature has
increased by about 1.1 degrees Celsius
(°C) (2.0 degrees Fahrenheit (°F)) in the
2011-2020 decade relative to 1850—
1900. The IPCC determined with
medium confidence that this past
decade was warmer than any multi-
century period in at least the past
100,000 years. Global average sea level
has risen by about 8 inches (about 21
centimeters (cm)) from 1901 to 2018,
with the rate from 2006 to 2018 (0.15
inches/year or 3.7 millimeters (mm)/
year) almost twice the rate over the 1971
to 2006 period, and three times the rate
of the 1901 to 2018 period. The rate of
sea level rise during the 20th Century
was higher than in any other century in
at least the last 2,800 years. The CO,
being absorbed by the ocean has
resulted in changes in ocean chemistry
due to acidification of a magnitude not
seen in 65 million years 290 putting
many marine species—particularly
calcifying species—at risk. Human-
induced climate change has led to
heatwaves and heavy precipitation
becoming more frequent and more
intense, along with increases in
agricultural and ecological droughts 201
in many regions.292 The 4th National

200 PCC (2018): Global Warming of 1.5 °C. An
IPCC Special Report on the impacts of global
warming of 1.5 °C above pre-industrial levels and
related global greenhouse gas emission pathways, in
the context of strengthening the global response to
the threat of climate change, sustainable
development, and efforts to eradicate poverty
[Masson-Delmotte, V., P. Zhai, H.-O. Portner, D.
Roberts, J. Skea, P.R. Shukla, A. Pirani, W.
Moufouma-Okia, C. Pe“an, R. Pidcock, S. Connors,
J.B.R. Matthews, Y. Chen, X. Zhou, M.I. Gomis, E.
Lonnoy, T. Maycock, M. Tignor, and T. Waterfield
(eds.)].

201 These are drought measures based on soil
moisture.

202PCC (2021): Summary for Policymakers. In:
Climate Change 2021: The Physical Science Basis.
Contribution of Working Group I to the Sixth

Climate Assessment (NCA4) found that
it is very likely (greater than 90 percent
likelihood) that by mid-century, the
Arctic Ocean will be almost entirely free
of sea ice by late summer for the first
time in about 2 million years.203 Coral
reefs will be at risk for almost complete
(99 percent) losses with 1°C (1.8 °F) of
additional warming from today (2 °C or
3.6 °F since preindustrial). At this
temperature, between 8 and 18 percent
of animal, plant, and insect species
could lose over half of the geographic
area with suitable climate for their
survival, and 7 to 10 percent of
rangeland livestock would be projected
to be lost. The IPCC similarly found that
climate change has caused substantial
damages and increasingly irreversible
losses in terrestrial, freshwater, and
coastal and open ocean marine
ecosystems.204

In 2016, the Administrator issued a
similar finding for GHG emissions from
aircraft under section 231(a)(2)(A) of the
CAA.205 In the 2016 Endangerment
Finding, the Administrator found that
the body of scientific evidence amassed
in the record for the 2009 Endangerment
Finding compellingly supported a
similar endangerment finding under
CAA section 231(a)(2)(A), and also
found that the science assessments
released between the 2009 and 2016
Findings “strengthen and further
support the judgment that GHGs in the
atmosphere may reasonably be
anticipated to endanger the public
health and welfare of current and future
generations” (81 FR 54424). Pursuant to
the 2009 Endangerment Finding, CAA

Assessment Report of the Intergovernmental Panel
on Climate Change [Masson-Delmotte, V., P. Zhai,
A. Pirani, S.L. Connors, C. Pe‘an, S. Berger, N.
Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang,
K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K.
Maycock, T. Waterfield, O. Yelekgi, R. Yu and B.
Zhou (eds.)]. Cambridge University Press.

203 JSGCRP (2018): Impacts, Risks, and
Adaptation in the United States: Fourth National
Climate Assessment, Volume II [Reidmiller, D.R.,
C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M.
Lewis, T.K. Maycock, and B.C. Stewart (eds.)]. U.S.
Global Change Research Program, Washington, DC,
USA, 1515 pp. doi: 10.7930/NCA4.2018.

204 TPCC (2022): Summary for Policymakers [H.-O.
Portner, D.C. Roberts, E.S. Poloczanska, K.
Mintenbeck, M. Tignor, A. Alegria, M. Craig, S.
Langsdorf, S. Loschke, V. Méller, A. Okem (eds.)].
In: Climate Change 2022: Impacts, Adaptation and
Vulnerability. Contribution of Working Group II to
the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change [H.-O.
Pértner, DC Roberts, M. Tignor, E.S. Poloczanska,
K. Mintenbeck, A. Alegria, M. Craig, S. Langsdorf,
S. Loschke, V. Moller, A. Okem, B. Rama (eds.)].
Cambridge University Press, Cambridge, UK and
New York, NY, USA, pp. 3-33, d0i:10.1017/
9781009325844.001.

205 “Finding that Greenhouse Gas Emissions from
Aircraft Cause or Contribute to Air Pollution That
May Reasonably Be Anticipated To Endanger Public
Health and Welfare.” 81 FR 54422, August 15, 2016.
(“2016 Endangerment Finding”).

section 202(a) requires EPA to issue
standards applicable to emissions of
those pollutants from new motor
vehicles. See Coalition for Responsible
Regulation, 684 F.3d at 116-125, 126—
27; Massachusetts, 549 U.S. at 533. See
also Coalition for Responsible
Regulation, 684 F.3d at 127-29
(upholding EPA’s light-duty GHG
emission standards for MYs 2012-2016
in their entirety).206 Since the 2016
Endangerment Finding, the climate has
continued to change, with new
observational records being set for
several climate indicators such as global
average surface temperatures, GHG
concentrations, and sea level rise.
Additionally, major scientific
assessments continue to be released that
further advance our understanding of
the climate system and the impacts that
GHGs have on public health and welfare
both for current and future generations.
These updated observations and
projections document the rapid rate of
current and future climate change both

globally and in the United
StateS.207 208 209 210

B. Summary of Comments and the HD
GHG Phase 3 Standards and Updates
From Proposal

EPA proposed this third phase of
GHG standards for heavy-duty vehicles

206 See also EPA’s Denial of Petitions Relating to
the Endangerment and Cause or Contribute
Findings for Greenhouse Gases Under Section
202(a) of the Clean Air Act (April 2022), available
at https://www.epa.gov/system/files/documents/
2022-04/decision_document.pdf.

207 USGCRP, 2018: Impacts, Risks, and
Adaptation in the United States: Fourth National
Climate Assessment, Volume II [Reidmiller, D.R.,
C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M.
Lewis, T.K. Maycock, and B.C. Stewart (eds.)]. U.S.
Global Change Research Program, Washington, DC,
USA, 1515 pp. doi: 10.7930/NCA4.2018. https://
nca2018.globalchange.gov.

208 Roy, J., P. Tschakert, H. Waisman, S. Abdul
Halim, P. Antwi-Agyei, P. Dasgupta, B. Hayward,
M. Kanninen, D. Liverman, C. Okereke, P.F. Pinho,
K. Riahi, and A.G. Suarez Rodriguez, 2018:
Sustainable Development, Poverty Eradication and
Reducing Inequalities. In: Global Warming of 1.5 °C.
An IPCC Special Report on the impacts of global
warming of 1.5 °C above pre-industrial levels and
related global greenhouse gas emission pathways, in
the context of strengthening the global response to
the threat of climate change, sustainable
development, and efforts to eradicate poverty
[Masson-Delmotte, V., P. Zhai, H.-O. Portner, D.
Roberts, J. Skea, P.R. Shukla, A. Pirani, W.
Moufouma-Okia, C. Péan, R. Pidcock, S. Connors,
J.B.R. Matthews, Y. Chen, X. Zhou, M.I. Gomis, E.
Lonnoy, T. Maycock, M. Tignor, and T. Waterfield
(eds.)]. In Press. https://www.ipcc.ch/sr15/Chapter/
Chapter-5.

209 National Academies of Sciences, Engineering,
and Medicine. 2019. Climate Change and
Ecosystems. Washington, DC: The National
Academies Press. https://doi.org/10.17226/25504.

210 NOAA National Centers for Environmental
Information, State of the Climate: Global Climate
Report for Annual 2020, published online January
2021, retrieved on February 10, 2021, from https://
www.ncdc.noaa.gov/sotc/global/202013.
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and supported the feasibility of those
proposed standards based on our
assessment of a projected compliance
pathway using ZEV technologies and
ICE vehicle technologies. As described
further in the NPRM, the proposed
standards commenced in MY 2027 for
most of the HDV subcategories, and in
MY 2030 for sleeper cab (long-haul)
tractors. The proposed standards would
increase in stringency through MY 2032,
after which they would remain in place
unless and until EPA set new standards
(e.g., Phase 4 standards).

The proposed vehicle standards were
performance-based standards and did
not specify or require use of any
particular technology. The technology
packages developed to support the
feasibility of the proposed HD GHG
Phase 3 vehicle standards included
those improvements to ICE vehicle
performance reflected in the HD GHG
Phase 2 standards’ technology packages.
EPA did not reopen and did not propose
any revisions to the HD Phase 2 engine
GHG standards.

1. Summary of Comments

There were many comments on EPA’s
proposal. Certain commenters
supported the proposed stringency
levels and the proposed MY
implementation schedule. Regarding the
proposed implementation schedule, for
example, one commenter supported
EPA’s proposal to amend many of the
MY 2027 Phase 2 vehicle standards on
the grounds advanced by EPA at
proposal: facts have changed from 2016
when the agency promulgated its Phase
2 rule. Specifically, ZEVs are being
actively deployed, there are plans to
increase their adoption rate, and
massive Federal and state efforts are
underway to provide financial
incentives and otherwise encourage
heavy-duty ZEV implementation. The
bulk of comments, however, supported
standards of either greater or lesser
stringency than proposed.

This preamble section summarizes
these comments at a high level and
highlights certain changes we have
made in the final standards from those
proposed after consideration of these
comments. Detailed summaries and
responses are found in section 2 of the
RTC.211

i. Comments Urging Standards More
Stringent Than Proposed

A number of commenters maintained
that the proposed standards were

211 For the complete set of comments, please see
U.S. EPA, “Greenhouse Gas Emissions Standards
for Heavy-Duty Vehicles—Phase 3— Response to
Comments.” RTC sections 2 and 3. Docket EPA—
HQ-OAR-2022-0985.

insufficiently stringent. Many of these
commenters centered their arguments
on general legal and policy grounds,
maintaining that the overriding public
health and welfare protection goals of
the Act and of section 202(a)(1) should
be reflected in standard stringency.
They pointed to the on-going climate
crisis and indicated that emission
reduction levels should be
commensurate with the degree of harm
posed by that endangerment. A number
of these commenters also stressed the
need for reductions in criteria pollutant
emissions including via further
improvements to ICE vehicles (both
through vehicle and engine standards),
stressing especially the benefits to
disadvantaged communities that would
be afforded by more stringent standards.

This group of commenters
recommended standards at least as
stringent as those in the California ACT
rules. Other commenters suggested
standards stricter still, including a
standard of zero emission by MY 2035,
basing the standard on the combined
stringencies of the California ACT and
Advanced Clean Fleets (ACF) programs
(citing the record developed by
California in support of each of these
programs), and including the ACT sales
mandates as part of a Federal standard.
One commenter indicated that the
baseline should account for both
California programs, these programs’
adoption by the CAA section 177 states,
their presumed adoption by the
NESCAUM MOU states, effects of the
IRA and BIL, state and local initiatives,
and manufacturer and fleet
commitments.

As further support for more stringent
standards, commenters cited a number
of factors, including asserting the
following, which we summarize and
respond to in RTC section 2.4 or
elsewhere as noted:

e Introduction into the market of HD
ZEVs, numerous both in volume and
types of applications. More specifically,
CARSB staff found (in the administrative
record for the California ACF program)
that ZEVs are available in every weight
class of trucks, and each weight class
includes a wide range of vehicle
applications and configurations. CARB
staff also found that there are currently
148 models in North American where
manufacturers are accepting orders or
pre-orders, and there are 135 models
that are actively being supported and
delivered. These commenters pointed to
manufacturer sales announcements and
publicly announced production plans as
corroboration.

o Adoption of ACT by other states,
plus commitments of other states to do
so, indicates standards reflecting that

level of ZEV acceptance can be
replicated on a national basis.

e Massive Federal, state and local
financial incentives in the BIL, IRA and
elsewhere. See also RTC section 2.7.

e Federal standards themselves will
provide needed certainty for investment
in both ZEVs, including metals and
minerals critical to battery production,
and charging infrastructure.

e Tens of billions of dollars of
announced investments from the private
sector and utilities into charging
infrastructure for heavy-duty ZEVs, as
well as supporting state and local
actions designed to ensure that the rate,
scale, and distribution of infrastructure
buildout supports rapid and diverse
adoption of heavy-duty ZEVs.

Another commenter (to which we
respond in RTC section 2.4) asserted a
number of points, for which they
provided empirical support, related to
cost of BEVs in relation to comparable
ICE-powered HDVs:

e Powertrain costs of most BEVs will
be at par or cheaper than diesel ICE
vehicles due to the battery tax credits
under the IRA.

e The Total Cost of Ownership (TCO)
of BEVs is significantly lower than
diesel ICE vehicles across all segments.
The payback period is less than three
years for all vehicles.

¢ The cargo capacity of most BEVs
will be at par with ICEVs due to a
posited increase in battery energy
density.

e 15 minutes of enroute charging
from a megawatt charging system can
add more than 80 percent of the full
range of battery electric tractors,
enabling them to meet the requirements
of more demanding use cases.

e BEVs have a lower TCO per mile,
even assuming significant public
charging. With 30 percent of all
charging required conducted en route
(recharging 20—80 percent of a full
charge on half of the operating days),
the payback period of all HDVs is still
less than five years.

A number of commenters urged
adoption of more stringent standards
predicated on further improvements to
engine and vehicle GHG performance of
ICE vehicles. The thrust of these
comments is that there are various
available technologies which either
have not been utilized, or are
underutilized, in the HDV fleet, and that
significant incremental improvements
in GHG performance are therefore
available, and at reasonable cost.
According to these commenters, these
technologies include lightweighting,
advanced aerodynamics, tire
improvements, idle reduction including
stop-start systems, hybrid technologies
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of all types, and predictive cruise
control. Commenters stated that some of
these technologies would even improve
ZEV performance by increasing vehicle
efficiency thereby enabling longer range
for a given battery size. We summarize
and address comments relating to
vehicles with ICE technologies in
section 9 of the RTC to this rule.

With regard to specific applications,
proponents of more stringent standards
stated that:

e Tesla alone intends to produce
50,000 BEV Class 8 day cabs for MY
2024, which on its own would exceed
the percentage of ZEVs in the
technology package on which EPA
supported the proposed MY 2027
standard;

e The proposed standard for tractors
could be at ACT levels if predicated on
reduced battery size and opportunity
(public) charging;

e There are many programs that
support zero emission urban and school
buses, which should be reflected in the
standards;

e Drayage trucks should be subject to
a more stringent standard, given their
suitability for ZEV technologies (limited
range, overnight charging in depots)
plus the environmental benefits of
reducing emissions given their use in
heavily polluted areas like ports and
railway yards.

We respond to these comments
throughout section II of this preamble
and in sections 2 and 3 of the RTC.

ii. Comments Urging Standards Less
Stringent Than Proposed

Many commenters opposed the
proposed standards as being too
stringent. Some urged the agency to
simply leave the MY 2027 Phase 2
standards in place, maintaining on
general grounds that further
technological improvements are too
nascent to form the basis for more
stringent standards. Other comments
were more specific on the subject of
implausibility. One commenter stated
that the number of BEV buses would
need to increase by a factor of 12, and
that thousands of BEV drayage, day-cab
tractors, sleeper tractors, and step vans
would need to be sold to achieve the
proposed standards. Another
commenter asserted that the proposal
was predicated on a ZEV sale growth
rate of 63,000 percent from 2021-2032.
One commenter stated that a predicated
introduction of more than two orders of
magnitude for some subcategories (0.2
percent to approximately 40 percent) in
a few model years was inherently
implausible.

Two vehicle manufacturer
commenters, on the other hand,

supported the MY 2032 standards but
found the early model year standards
inappropriate, citing among other things
the large increase in stringency between
MYs 2026 and 2027 and the
uncertainties associated with
sufficiency of supportive recharging
infrastructure in the program’s initial
years.

A number of commenters opposed to
the proposed standards offered
alternative perspectives to some of the
points made by commenters supporting
more stringent standards. With regard to
a nationalized version of the California
ACT standards, these commenters
asserted that certain assumptions and
circumstances reflected in the ACT
program would not be replicated
nationally, including assumptions of
high diesel prices, high ACT vehicle
availability, and high demand from
California’s ACF program, plus local
climate conditions which did not
require BEVs designed for more extreme
weather conditions. A commenter
further asserted that not all states that
have adopted California’s ACT
provisions have the same supporting
regulations and therefore it is not clear
how many ZEVs will be sold as a result
of ACT. Others stated that
manufacturers’ aspirational goals did
not translate to actual production,
especially given uncertainties regarding
supporting electric charging
infrastructure, customer reactions to a
new, unfamiliar product, and potential
critical material shortages.

With respect to further improvements
to ICE vehicles and engines suggested
by commenters supporting more
stringent standards, some manufacturer
commenters asserted that some of the
technologies on which the Phase 2 rule
was predicated had proved
unmarketable, others (like the Rankine
engine and certain advanced
aerodynamic features) had never been
commercialized, and some had proved
less efficient than projected, and as a
result, some manufacturers had
included ZEVs within their production
plans as a Phase 2 compliance strategy.
These commenters stated that non-
utilization of various engine and vehicle
technologies thus should not be viewed
as either showing opportunity for
further ICEV improvements, or as
demand for BEV vehicles.

Uncertainties relating to key elements
of the program which commenters
stated are out of the control of the
regulated entities formed the basis of
many of the comments questioning the
feasibility of the proposed program.
These include:

o The availability of distribution
electrical infrastructure necessary to

support BEVs. Commenters cited the
chicken-egg dynamic of ZEV purchasers
needing assurance of supporting
infrastructure before committing to
purchases, but electric utilities needing
(and, in many cases, legally requiring)
assurance of demand before building
out. These difficulties are compounded
by issues of timing: it can take 40 weeks
for utilities to acquire transformer parts,
and 70 to acquire switchgear parts.
Installation delays can be 1-3 years for
smaller installations (cable, conductor
systems), 3—5 years for medium (feeders
and substation capacity), and 4-6 for
large installations (subtransmission
requiring licensing). Moreover,
infrastructure buildout schedules rarely
correlate with purchasers’ resale
schedules, or with BIL/IRA subsidy
timings. These comments are
summarized in more detail and
addressed in section II.D.2.iii of this
preamble and in RTC section 7
(Distribution).

¢ Uncertainty regarding availability of
critical minerals and associated supply
chain issues. These comments are
summarized in more detail and
addressed in section II.D.2.ii and in RTC
section 17.2.

¢ Uncertainty regarding purchasers’
decisions, noting customer reluctance to
utilize an unfamiliar technology and
unsuitability given limited range and
cargo penalty due to need for large
batteries. These comments are
summarized in more detail and
addressed in section IL.F.1 of this
preamble and in RTC sections 4.2 and
19.5.

e Assertions that estimating
availability of hydrogen infrastructure is
nearly futile at present because this
technology is barely commercialized;
commenters suggested that EPA has also
mistakenly assumed availability of clean
hydrogen, failed to consider costs of
hydrogen infrastructure, ignored
potential issues of permitting and
interfaces with electric utilities with
regard to hydrogen infrastructure, and
failed to discuss physical requirements
of hydrogen charging stations; and that
EPA also did not consider issues
relating to hydrogen handling or high
initial costs of hydrogen infrastructure.
These comments are summarized in
more detail and addressed in section
I1.D.3.v and RTC section 8.

Regarding availability of Federal and
state funding, these commenters made
the following points:

¢ These subsidies may not be
available in many instances, due to
insufficient taxable revenue to qualify,
or lack of domestic production required
to be eligible for the tax subsidy;
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e Purchase incentives for tractors are
being offset, almost to the dollar, by
Federal excise taxes;

o States are using National Electric
Vehicle Infrastructure Formula program
funds almost exclusively for light duty
infrastructure, which will not be
suitable for HDVs;

Given all of these uncertainties and
issues, this group of commenters
questioned the disproportionate weight
EPA gave to payback in developing a
ZEV-based compliance pathway. One
commenter indicated that EPA should
accord equal analytical weight to
purchase price, limited range, excess
weight, lack of electrification
infrastructure, durability concerns, and
unpromising state support. Commenters
also noted the reality of the energy
efficiency gap noted by EPA, whereby
purchasers refrain from making
seemingly economically rational
decisions for various reasons.

EPA’s proposed approach to
quantifying when payback periods of
given duration would support
utilization of ZEV technologies as a
potential compliance option was
criticized by these commenters (and
also by commenters urging standards of
greater stringency). With regard to the
payback metric generally, a number of
commenters maintained that payback is
not a guarantee of technology adoption,
pointing to various technologies with
rapid payback (like drive wheel fairings)
which nonetheless proved
unmarketable. These commenters also
maintain that TCO is the proper, or
superior, metric, better reflecting how
purchase decisions are actually made. In
any case, these commenters said that a
2-year payback period is more
appropriate for HDVs, since initial
purchasers typically have a 3- to 5-year
resale schedule.

One commenter noted that the
projected results based on the modified
equation were highly conservative, and
inconsistent with the technical
literature. Other commenters suggested
EPA utilize instead other of the
methodologies discussed in the Draft
Regulatory Impact Analysis (DRIA) that
were not based on a proprietary
equation, notably the TEMPO equation
and methodology.

One commenter submitted an
attachment from ACT Research (who
developed the proprietary payback
equation EPA had modified in the
proposed approach) maintaining that
EPA had misapplied the equation. EPA
addresses this issue and summarizes in
more detail and addresses these
comments in section IL.F.1 and RTC
section 2.4.

With regard to standard stringency,
one commenter submitted detailed
comments urging that EPA adopt
standards roughly 50 percent less
stringent than proposed for each
subcategory, commencing in MY 2030,
with standards for HHD vocational
vehicle and sleeper cab tractor
applications commencing in MY 2033.
Their recommended standards would
also include three initial years of
stability. This commenter derived these
standards using EPA’s HD TRUCS tool
with different inputs. Reasons supplied
by the commenter for the different
inputs included omitted costs,
underestimated costs, certain errors
regarding various of the 101 models
included in HD TRUCS, misapplication
of the ACT Research payback algorithm,
and the following purportedly
unrealistic assumptions:

o Timing of infrastructure availability
(including issues associated with supply
chains for distribution infrastructure
equipment, especially in light of
overlapping demands from the LDV
sector);

¢ Need to get pro-active involvement
of electric utilities, and EPA’s seeming
lack of effort in encouraging such
actions;

e Fuel cell efficiency;

o Lack of consideration of resale
value;

e Assumption of domestic battery
production, given the absence of any
domestic lithium mining;

o The sheer magnitude of
infrastructure buildout needed to
support the levels of BEVs on which the
proposal was predicated (estimated as a
need for 15,000 new chargers each week
for the next 8 years);

¢ Unrealistic estimates of cost of
hydrogen infrastructure;

o Lack of accounting for land
availability; and

e A cargo penalty of 30 percent is a
significant deterrent.

This commenter further maintained
that its suggested standards be adjusted
automatically downwards if any of the
assumptions on which a standard is
predicated prove unfounded. They
specifically suggest that these triggers
include a linkage to infrastructure
availability, with the standard being
automatically reduced based on the
percentage of infrastructure less than
predicted. This commenter further
suggested this linkage trigger could be
based on infrastructure buildout in
counties known to be freight corridors.
In subsequent meetings with the agency,
this commenter suggested a further
trigger based on monitoring ZEV sales
both within states which have adopted
the California ACT program, and within

states which have not done so0.212 These
comments are summarized in more
detail and addressed in section II.B.2.iii
and RTC section 2.

Several commenters opposed
amendment of the Phase 2 MY 2027
GHG vehicle standards. Some
commenters alleged equitability
arguments opposing amending the
Phase 2 standards. They noted that the
Phase 2 standards exhibited a rare
consensus, reflecting a common
understanding that the standard would
remain unaltered through its final
model year of phase-in (MY 2027).
Some commenters stated that
manufacturers have relied on those
standards in devising compliance
strategies. Moreover, some commenters
stated that early adoption of ZEVs is
part of the manufacturers’ Phase 2
compliance strategies and is not a valid
harbinger for a Phase 3 rule. That is,
rather than adopt a number of
technologies on which the Phase 2 rule
was predicated (such as high adoption
rates for advanced aerodynamics, stop
start, electric steering accessories and
others), these commenters stated that
some companies instead have
introduced ZEVs. These commenters
stated that if the MY 2027 standards are
amended, these companies are
effectively punished for their adoption
of an innovative technology, because
they will need to seek unanticipated
reductions from other vehicles. Some
manufacturer commenters stated that if
EPA is considering changed
circumstances as a basis for amending
MY 2027 standards, there are changed
circumstances that cut in the other
direction: under-utilization of GHG-
reducing technologies in ICE vehicles,
pandemic altered supply chains,
inflationary prices, fewer qualified
technicians, and parts shortages.

iii. Other Comments Related to the
Standards

A final group of commenters urged
EPA to predicate standards based on use
of biofuels or other alternative fuels.
They noted that such fuels, including
varying degrees of biodiesel, not only
provide emission reduction benefits, but
can do so immediately, can do so at less
cost, and are the subject of various
Federal incentive programs, including
those administered by the Department
of Agriculture. These comments are
summarized in more detail and
addressed in section II.D.1 and in RTC
section 9.1.

212 Miller, Neil. Memorandum to Docket EPA—
HQ-0OAR-2022-0985. Summary of Stakeholder
Meetings. March 2024.
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2. Summary of the Final Rule Standards
and Updates From Proposal

This section briefly summarizes the
Phase 3 final rule standards and
includes discussion of key changes and
updates from the proposed standards.
This final rule updates the proposal in
a number of ways, reflecting
consideration of additional data
received in comments, other new
research that became available since the
proposal, and considerations voiced in
the public comments. This preamble
subsection highlights many of these
changes, while the following
subsections provide additional detail of
the changes.

i. Final Standards

As further described in the following
subsections, the final Phase 3 GHG
standards include new CO, emission
standards for MY 2032 and later HD
vehicles with more stringent CO»
standards phasing in as early as MY
2027 for certain vehicle categories. The
final standards for the vocational
vehicles are shown in Table II-1 and for
tractors in Table II-2. The final
standards are discussed in detail in
section ILF. Compared to the proposed
Phase 3 standards, in general, after
further consideration of the lead times
necessary for the standards (including
both the vehicle development and the
projected infrastructure needed to
support the modeled potential
compliance pathway that demonstrates
the feasibility of the standards), we are
finalizing CO, emission standards for
heavy-duty vehicles that, compared to
the proposed standards, include less
stringent standards for all vehicle
categories in MYs 2027, 2028, 2029 and
2030. The final standards increase in
stringency at a slower pace through MYs
2027 to 2030 compared to the proposal,
and day cab tractor standards start in

MY 2028 and heavy heavy-duty
vocational vehicles start in MY 2029
(we proposed Phase 3 standards for day
cabs and heavy-heavy vocational
vehicles starting in MY 2027). As
proposed, the final standards for sleeper
cabs start in MY 2030 but are less
stringent than proposed in that year and
in MY 2031, and equivalent to the
proposed standards in MY 2032. Our
updated analyses for the final rule show
that model years 2031 and 2032 GHG
standards in the range of those we
requested comment on in the HD GHG
Phase 3 NPRM are feasible and
appropriate considering feasibility, lead
time, cost, and other relevant factors as
described throughout this section.
Specifically, we are finalizing MY 2031
standards that are on par with the
proposal for light- and medium-duty

vocational vehicles and day cab tractors.

Heavy heavy-duty vocational vehicle
final standards are less stringent than
proposed for all model years, including
2031 and 2032. For MY 2032, we are
finalizing more stringent standards than
proposed for light and medium heavy-
duty vocational vehicles and day cab
tractors. EPA also revised various of the
optional custom chassis standards from
those proposed. Our assessment of the
final program as a whole is that it takes
a balanced and measured approach
while still applying meaningful
requirements in MY 2027 and later to
reducing GHG emissions from the HD
sector.

EPA emphasizes that its standards are
performance-based, such that
manufacturers are not required to use
particular technologies to meet the
standards. In this rulemaking, EPA has
accounted for a wide range of emissions
control technologies, including
advanced ICE vehicle technologies (e.g.,
engine, transmission, drivetrain,
aerodynamics, tire rolling resistance
improvements, the use of low carbon

fuels like CNG and LNG, and H2-ICE),
hybrid technologies (e.g., HEV and
PHEV), and ZEV technologies (e.g., BEV
and FCEV). These include technologies
applied to motor vehicles with ICE
(including hybrid powertrains) and
without ICE. Electrification across the
technologies ranges from fully
electrified vehicle technologies without
an ICE that achieve zero vehicle tailpipe
emissions (e.g., BEVs), fuel cell electric
vehicle technologies that run on
hydrogen and achieve zero tailpipe
emissions (e.g., FCEVs), as well as plug-
in hybrid partially electrified
technologies and ICEs with electrified
accessories. There are many potential
pathways to compliance with the final
standards manufacturers may choose
that involve different mixtures of HD
vehicle technologies. Our potential
compliance pathway that includes a
projected mix across the range of HD
vehicle technologies, including certain
vehicle with ICE, BEV, and FCEV
technologies, supports the feasibility of
the final standards and was used in our
modeling for rulemaking purposes
(“modeled potential compliance
pathway”’). In addition, for the final
rule, to further assess the feasibility of
the standards under different potential
scenarios and to further illustrate that
there are many potential pathways to
compliance with the final standards that
include a wide range of potential
technology mixes, we evaluated
additional examples of other potential
compliance pathway’s technology
packages that also support the feasibility
of the final standards (‘‘additional
example potential compliance
pathways”). These additional example
potential compliance pathways only
include vehicles with ICE technologies
and include examples without
producing additional ZEVs to comply
with this rule.



29480 Federal Register/Vol. 89, No. 78/Monday, April 22, 2024 /Rules and Regulations

Table I1-1 Final MY 2027 through 2032+ Vocational Vehicle CO; Emission Standards (grams/ton-mile)

CI Light | CI Medium CI Heav SI Light | SI Medium
Model Year Subcategory Heagy Heavy Heavy ' Hea%y Heavy
Urban 305 224 269 351 263
2027 Multi-Purpose 274 204 230 316 237
Regional 242 190 189 270 219
Urban 286 217 269 332 256
2028 Multi-Purpose 257 197 230 299 230
Regional 227 183 189 255 212
Urban 268 209 234 314 248
2029 Multi-Purpose 241 190 200 283 223
Regional 212 177 164 240 206
Urban 250 201 229 296 240
2030 Multi-Purpose 224 183 196 266 216
Regional 198 170 161 226 199
Urban 198 178 207 244 217
2031 Multi-Purpose 178 162 177 220 195
Regional 157 150 146 185 179
Urban 147 155 188 193 194
2032 and later Multi-Purpose 132 141 161 174 174
Regional 116 131 132 144 160
Table I1-2 Final MY 2027 through MY 2032+ Tractor CO; Emission Standards (grams/ton-mile)
Model Year | Roof Height | Class 7 All Cab Styles | Class 8 Day Cab | Class 8 Sleeper Cab
Low Roof 96.2 73.4 64.1
2027 Mid Roof 103.4 78.0 69.6
High Roof 100.0 75.7 64.3
Low Roof 88.5 67.5 64.1
2028 Mid Roof 95.1 71.8 69.6
High Roof 92.0 69.6 64.3
Low Roof 84.7 64.6 64.1
2029 Mid Roof 91.0 68.6 69.6
High Roof 88.0 66.6 64.3
Low Roof 80.8 61.7 60.3
2030 Mid Roof 86.9 65.5 654
High Roof 84.0 63.6 60.4
Low Roof 69.3 52.8 56.4
2031 Mid Roof 74.4 56.2 61.2
High Roof 72.0 54.5 56.6
Low Roof 57.7 44.0 48.1
2032 and later Mid Roof 62.0 46.8 52.2
High Roof 60.0 454 48.2

We also are finalizing updates to and
new flexibilities that support these final
standards, as discussed in section III;
however, we did not rely on those other
aspects in justifying the feasibility of the
final standards.

iii. Commitment to Post-Rule
Engagement and Monitoring

and requests for comment in the NPRM.
Some of the key updates in our analyses
include updates to our assessment of
BEV and FCEV component costs,
efficiencies, and sizing; consideration of
certain additional costs to purchasers,

Some representatives from the heavy-
duty vehicle manufacturing industry
have expressed not only optimism

ii. Updates to Analyses

We have made a number of updates
to our analyses from proposal,
especially related to inputs to HD
TRUCS, as detailed in section I.D.5,
after consideration of comments
submitted in response to our proposal

including taxes and insurance; refined
dwell times for charging infrastructure
sizing; EVSE costs; consideration of
public charging (and associated costs)
for certain BEVs; and a more detailed

evaluation of the impact of HD charging

on the U.S. electricity system.

regarding the heavy-duty industry’s
ability to produce ZEV technologies in
future years at high volume, but also
concern that a slow growth in ZEV
charging and refueling infrastructure
could slow the growth of heavy-duty
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ZEV adoption.213 On the other hand,
some representatives from state and
local air pollution control agencies
point to ongoing and planned activities
as evidence that infrastructure for
heavy-duty ZEVs can and will be built
out at the pace, scale, and locations
needed to support such technologies
used to meet strong EPA GHG standards
for heavy-duty vehicles.22¢ Comments
from advocacy organizations point to
analyses from the International Council
on Clean Transportation,215 as well as
announced investments in charging
infrastructure from truck manufacturers,
fleet owners, retailers, other private
companies, and utilities as additional
evidence to support this point.216 Lack
of such infrastructure may present
challenges for vehicle manufacturers’
ability to comply with future EPA GHG
standards for manufacturers who
pursues a ZEV-focused compliance
pathway similar to the example
projected potential compliance pathway
EPA analyzed in this final rule, while
good availability of such infrastructure
would support the sale of HD ZEVs and
support such a manufacturer’s
compliance strategy.

EPA has a vested interest in
monitoring industry’s performance in
complying with mobile source emission
standards, including the highway
heavy-duty industry. EPA currently
monitors industry’s performance
through a range of approaches,
including regular meetings with
individual companies, regulatory
requirements for data submission as part
of the annual certification process, and
performance under various EPA grant
and rebate programs. EPA also provides
transparency to the public through
actions such as publishing industry
compliance reports (such as has been
done during the HD GHG Phase 1
program 217),

We requested comment on the pace of
ZEV infrastructure development, and
potential implications for compliance

213 See, e.g., Comments of the Truck and Engine
Manufacturers Association. Docket EPA-HQ-OAR-
2022-0985-2668.

214 See, e.g., Comment submitted by the National
Association of Clean Air Agencies. Docket EPA—
HQ-OAR-2022-0985-1499.

215Ragon, P.-L., et al. (2023). Near-term
infrastructure deployment to support zero-emission
medium- and heavy-duty vehicles in the United
States. International Council on Clean
Transportation.

216 See, e.g., Comment submitted by International
Council on Clean Transportation. Docket EPA-HQ-
OAR-2022-0985-1423.

217 See EPA Reports EPA-420-R-21-001B
covering Model Years 2014—2018, and EPA report
EPA-420-R-22-028B covering Model Years 2014—
2020, available online at https://www.epa.gov/
compliance-and-fuel-economy-data/epa-heavy-
duty-vehicle-and-engine-greenhouse-gas-emissions.

with the Phase 3 standards in the
NPRM. 88 FR 25934. In comments,
manufacturers suggest that we establish
mechanisms for the CO, standards to
self-adjust (become less stringent) if
infrastructure deployment falls short of
the amount necessary to support the
rule. We heard similar comments from
some Senators suggesting that the
compliance deadline be delayed if the
infrastructure is not there by a certain
date. However, many other stakeholders
opposed EPA including in the final rule
a self-adjusting linkage between the
standards and ZEV infrastructure. Many
stakeholders also argued that heavy-
duty ZEV infrastructure will be
sufficient during the regulatory
timeframe to support stronger GHG
standards than those proposed by EPA
in the NPRM.

We have carefully assessed
infrastructure needed for the modeled
potential compliance pathway as
described in section ILF that supports
the feasibility of the final standards, and
as described in section II.G we conclude
that the Phase 3 standards are feasible
and appropriate within the meaning of
section 202(a) of the Act. However, EPA
also commits in this final rule to
actively engage with stakeholders and
monitor both OEM compliance and the
major elements relating to heavy-duty
ZEV infrastructure. EPA, in consultation
with other agencies, will issue periodic
reports reflecting this collected
information throughout the lead up to
the Phase 3 standards in MYs 2027
through 2032. These periodic status
reports would begin as early as calendar
year 2026 with a review of MY 2024 HD
vehicle certification data and HD
infrastructure growth that occurs over
the next two years. As discussed below,
these reports will be informed by
comprehensive information collected by
EPA as part of its certification and
compliance programs. The Phase 3
standards are performance-based
standards and the projected potential
compliance pathway is not the only way
that manufacturers may comply with
the standards, and thus these reports
will include but not be limited to
assessing HD ZEV infrastructure. Based
on these reports, as appropriate and
consistent with CAA section 202(a)
authority, EPA may decide to issue
guidance documents, initiate a future
rulemaking to consider modifications to
the Phase 3 rule (including giving
appropriate consideration to lead time
as required by section 202(a)), or make
no changes to the Phase 3 rule program.

EPA has taken similar actions in past
rulemakings. For example, in 2000, EPA
finalized stringent highway heavy-duty
engine emission standards as well as

national ultra-low diesel fuel sulfur
standards, with implementation
beginning in 2006 (for the fuel) and
2007 for the heavy-duty engines. These
standards were premised on significant
investments in both diesel fuel sulfur
removal technology and heavy-duty
engine and vehicle emission control
technologies. Because of the significant
scope of the regulations and the
importance to public health and
welfare, EPA published two major
progress reports prior to the
implementation dates of the standards,
with one report published in 2002, and
a second report in 2004.218219 These
public reports allowed EPA to
communicate what challenges and
progress was being made by the
regulated industry and other
stakeholders in achieving the goals of
the 2000 final rule. EPA believes this
previous process for highway heavy-
duty emission standards and ultra-low
fuel sulfur standards can serve as a
broad template for ensuring on-going
engagement and monitoring of the
Heavy-Duty Phase 3 GHG final
standards (though we note for the 2000
rule, EPA established standards for the
engine emission requirements and the
highway diesel fuel sulfur levels,
whereas in this rule EPA is establishing
emission standard for heavy-duty
vehicles).

As part of the Agency’s on-going
certification and compliance program,
EPA receives data from every OEM to
ensure compliance with heavy-duty
emission standards, including the
existing Phase 2 GHG standards (and, in
the future, Phase 3 GHG standards as
well). EPA will monitor the on-going
implementation of the Phase 2 program
as well as the Phase 3 program, to
understand how each OEM’s
compliance with the GHG standards is
occurring, including by vehicle class,
and to understand the use of the CO»
emissions averaging, banking, and
trading program. This will include
evaluating manufacturers’ use of Phase
2 advanced technology multipliers,
quantifying any banked credits
generated from the use of multipliers,
and considering the potential for those
credits to undermine the overall goals of
the Phase 3 program in the MY 2027
and later time frame.

218 “Hjghway Diesel Progress Review” EPA
Report 420-R-02-016, June 2002. See Docket Entry
EPA-HQ-OAR-2022-0985.

219 “Highway Diesel Progress Review Report 2,”
EPA-420-R-04-004. March 2004. See Docket Entry
EPA-HQ-OAR-2022-0985-77806.
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This includes GHG-reducing
technologies on HD ICEVs, BEVs,
FCEVs, plug-in hybrid electric vehicles
(PHEVs), hybrid electric vehicles, and
vehicles with H2-ICE. Also consistent
with commenters’ suggestions, EPA
intends to monitor data on HDV sales in
California and other states that have
adopted ACT. Such sales provide an
early indication of ZEV technology
adoption.

EPA agrees with commenters that
information on battery production, and
the related issue of availability of
materials critical to that production
(including viability of supply chains), is
important to gauging pace and success
of implementation of the Phase 3
standards. EPA intends to discuss any
issues with HD vehicle manufacturers
and consult other sources of information
regarding these issues, including the
United States Geological Survey (USGS)
and DOE’s tracking of critical minerals.

EPA will monitor the deployment of
heavy-duty vehicle charging and
hydrogen refueling infrastructure. EPA
will begin to collect data in CY 2025 in
coordination with DOE and DOT, to
monitor the implementation of electric
vehicle charging infrastructure designed
to serve HD vehicles potentially
including but not limited to the
following:

¢ Depot charging infrastructure—
number of EVSE ports, size, location,
growth rate

¢ Public charging infrastructure—
number of EVSE ports, size, location,
growth rate

e EVSE sales—number, size, location,
growth rate

¢ A sample of charging station
installation timelines and distribution
system upgrades (e.g., covering small,
mid-size, and large depots and public
stations.) Samples could be selected to
reflect different regions and utility
types, among other factors.

Additionally, relevant data from each
organization’s relevant infrastructure
funding programs will be assessed.

EPA will also collect data, in
coordination with DOE and DOT, on the
implementation of hydrogen fueling
infrastructure, including data such as
the number, capacity, location, and type
of hydrogen production plants and
hydrogen refueling stations available for
HD vehicles.

During the development of the reports
reflecting this information, EPA will
consult with a wide range of
stakeholders regarding the
implementation of HD vehicle
infrastructure on an on-going basis, to
learn from their experiences and to
gather relevant information and data

from them. The stakeholders would
likely include at a minimum trucking
fleets and trucking trade associations;
heavy-duty vehicle owner-operators; HD
vehicle manufacturers; utilities
including investor owned, publicly
owned, and cooperatives; infrastructure
providers and installers; state & local
governments, E] communities; and
NGOs. As noted, we will also be in
regular contact with DOE and DOT.

C. Background on the CO- Emission
Standards in the HD GHG Phase 2
Program

In the HD GHG Phase 2 rule, we
finalized GHG emission standards
tailored to three regulatory categories of
HD vehicles—heavy-duty pickups and
vans, vocational vehicles, and
combination tractors.220 In addition, we
set separate standards for the engines
that power combination tractors and for
the engines that power vocational
vehicles. The heavy-duty vehicle CO»
emission standards are in grams per ton-
mile, which represents the grams of CO,
emitted to move one ton of payload a
distance of one mile. In addition, the
Phase 2 program established certain
subcategories of vehicles (i.e., custom
chassis vocational vehicles and heavy-
haul tractors) that were specifically
designed to recognize the limitations of
certain vehicle applications to adopt
some technologies due to specialized
operating characteristics or generally
low sales volumes with prohibitively
long payback periods. The vehicles
certified to the custom chassis
vocational vehicle standards are not
permitted to bank or trade credits and
some have limited averaging provisions
under the HD GHG Phase 2 ABT
program.221

1. Vocational Vehicles

Vocational vehicles include a wide
variety of vehicle types, spanning Class
2b—8, and serve a wide range of
functions. The regulations define
vocational vehicles as all heavy-duty
vehicles greater than 8,500 pounds
GVWR that are not certified under 40
CFR part 86, subpart S, or a combination
tractor under 40 CFR 1037.106.222 Some
examples of vocational vehicles include

220 We also set standards for certain types of
trailers used in combination with tractors (see 81
FR 73639, October 25, 2016). As described in
section III of this preamble, in this final rule we
removed the regulatory provisions related to trailers
in 40 CFR part 1037 to carry out the mandate of the
U.S. Court of Appeals for the D.C. Circuit, which
vacated the portions of the HD GHG Phase 2 final
rule that apply to trailers. Truck Trailer
Manufacturers Association v. EPA, 17 F.4th 1198
(D.C. Cir. 2021).

221 See 40 CFR 1037.105(h)(2).

222 See 40 CFR 1037.105(a).

urban delivery trucks, refuse haulers,
utility service trucks, dump trucks,
concrete mixers, transit buses, shuttle
buses, school buses, emergency
vehicles, motor homes, and tow trucks.
The HD GHG Phase 2 vocational vehicle
program also includes a special
regulatory subcategory called vocational
tractors, which covers vehicles that are
technically tractors but generally
operate more like vocational vehicles
than line-haul tractors. These vocational
tractors include those designed to
operate off-road and in certain intra-city
delivery routes.

The existing HD GHG Phase 2 CO,
standards for vocational vehicles are
based on the performance of a wide
array of control technologies. In
particular, the HD GHG Phase 2
vocational vehicle standards recognize
detailed characteristics of vehicle
powertrains and drivelines. Driveline
improvements present a significant
opportunity for reducing fuel
consumption and CO, emissions from
vocational vehicles. However, there is
no single package of driveline
technologies that will be equally
suitable for all vocational vehicles,
because there is an extremely broad
range of driveline configurations
available in the market. This is due in
part to the variety of final vehicle build
configurations, ranging from a purpose-
built custom chassis to a commercial
chassis that may be intended as a multi-
purpose stock vehicle. Furthermore, the
wide range of applications and driving
patterns of these vocational vehicles
leads manufacturers to offer a variety of
drivelines, as each performs differently
in use.

In the final HD GHG Phase 2 rule, we
recognized the diversity of vocational
vehicle applications by setting unique
vehicle CO, emission standards
evaluated over composite drive cycles
for 23 different regulatory subcategories.
The program includes vocational
vehicle standards that allow the
technologies that perform best at
highway speeds and those that perform
best in urban driving to each be
properly recognized over appropriate
drive cycles, while avoiding potential
unintended results of forcing vocational
vehicles that are designed to serve in
different applications to be measured
against a single drive cycle. The vehicle
CO, emissions are evaluated using
EPA’s Greenhouse Gas Emissions Model
(GEM) over three drive cycles, where
the composite weightings vary by
subcategory, with the intent of
balancing the competing pressures to
recognize the varying performance of
technologies, serve the wide range of
customer needs, and maintain a
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workable regulatory program.223 The HD
GHG Phase 2 primary vocational
standards, therefore, contain
subcategories for Regional, Multi-
purpose, and Urban drive cycles in each
of the three weight classes (Light Heavy-
Duty (Class 2b—5), Medium Heavy-Duty
(Class 6-7) and Heavy Heavy-Duty
(Class 8)), for a total of nine unique
subcategories.224 These nine
subcategories apply for compression-
ignition (CI) vehicles. We separately, but
similarly, established six subcategories
of spark-ignition (SI) vehicles. In other
words, there are 15 separate numerical
performance-based emission standards
for each model year.

EPA also established optional custom
chassis categories in the Phase 2 rule in
recognition of the unique technical
characteristics of these applications.
These categories also recognize that
many manufacturers of these custom
chassis are not full-line heavy-duty
vehicle companies and thus do not have
the same flexibilities as other firms in
the use of the Phase 2 program
emissions averaging program which
could lead to challenges in meeting the
standards EPA established for the
overall vocational vehicle and
combination tractor program. We
therefore established optional custom
chassis CO, emission standards for
Motorhomes, Refuse Haulers, Coach
Buses, School Buses, Transit Buses,
Concrete Mixers, Mixed Use Vehicles,
and Emergency Vehicles.225 In total,
EPA set CO; emission standards for 15
subcategories of vocational vehicles and
eight subcategories of specialty vehicle
types for a total of 23 vocational vehicle
subcategories.

The HD GHG Phase 2 standards phase
in over a period of seven years,
beginning with MY 2021. The HD GHG
Phase 2 program progresses in three-
year stages with an intermediate set of
standards in MY 2024 and final
standards in MY 2027 and later. In the
HD GHG Phase 2 final rule, we
identified a potential technology path
for complying with each of the three
increasingly stringent stages of the HD
GHG Phase 2 program standards. These

223 GEM is an EPA vehicle simulation tool used
to certify HD vehicles. A detailed description of
GEM can be found in the Phase 2 Regulatory
Impacts Analysis or at https://www.epa.gov/
regulations-emissions-vehicles-and-engines/
greenhouse-gas-emissions-model-gem-medium-and-
heavy-duty.

224 See 40 CFR 1037.140(g) and (h).

225 The numeric values of the optional custom
chassis standards are not directly comparable to the
primary vocational vehicle standards. As explained
in the HD GHG Phase 2 rule, there are
simplifications in GEM that produce higher or
lower CO, emissions. 81 FR 73686—73688, October
25, 2016.

standards’ feasibility are demonstrated
through a potential technology path that
is based on the performance of more
efficient engines, workday idle
reduction technologies, improved
transmissions including mild hybrid
powertrains, axle technologies, weight
reduction, electrified accessories, tire
pressure systems, and tire rolling
resistance improvements. We developed
the Phase 2 vocational vehicle standards
using the methodology where we
applied fleet average technology mixes
to fleet average baseline vehicle
configurations, and each average
baseline and technology mix was
unique for each vehicle subcategory.226
When the HD GHG Phase 2 final rule
was promulgated in 2016, we
established CO; standards on the
premise that electrification of the heavy-
duty market would occur in the future
but was unlikely to occur at significant
sales volumes of electric vehicles in the
timeframe of the program. As a result,
the Phase 2 vocational vehicle CO,
standards were not premised on the
application of ZEV technologies, though
such technologies could be used by
manufacturers to comply with the
standards. We finalized BEV, PHEV, and
FCEV advanced technology credit
multipliers within the HD GHG ABT
program to incentivize increased
application of these technologies that
had the potential for large GHG
emission reductions (see section III of
this preamble for further discussion on
this program and the targeted ways we
are amending it). Details regarding the
HD GHG Phase 2 standards can be
found in the HD GHG Phase 2 final rule
preamble and record, and the HD GHG
Phase 2 vocational vehicle standards are
codified at 40 CFR part 1037.227

2. Combination Tractors

The tractor regulatory structure is
attribute-based in terms of dividing the
tractor category into ten subcategories
based on the tractor’s weight rating, cab
configuration, and roof height. The
tractors are subdivided into three weight
ratings—Class 7 with a gross vehicle
weight rating (GVWR) of 26,001 to
35,000 pounds; Class 8 with a GVWR
over 33,000 pounds; and Heavy-haul
with a gross combined weight rating of
greater than or equal to 120,000
pounds.228 The Class 7 and 8 tractor cab
configurations are either day cab or
sleeper cab. Day cab tractors are
typically used for shorter haul
operations, whereas sleeper cabs are
often used in long haul operations. EPA

226 81 FR 73715, October 25, 2016.
22781 FR 73677-73725, October 25, 2016.
228 See 40 CFR 1037.801.

set CO, emission standards for 10
tractor subcategories.

Similar to the vocational program,
implementation of the HD GHG Phase 2
tractor standards began in MY 2021 and
will be fully phased in for MY 2027. In
the HD GHG Phase 2 final rule, EPA
analyzed the feasibility of achieving the
CO; standards and identified technology
pathways for achieving the standards.
The existing HD GHG Phase 2 CO,
emission standards for combination
tractors reflect reductions that can be
achieved through improvements in the
tractor’s powertrain, aerodynamics,
tires, idle reduction, and other vehicle
systems as demonstrated using GEM. As
we did for vocational vehicles, we
developed a potential technology
package for each of the tractor
subcategories that represented a fleet
average application of a mix of
technologies to demonstrate the
feasibility of the standard for each
MY.229 EPA did not premise the HD
GHG Phase 2 CO, tractor emission
standards on application of hybrid
powertrains or ZEV technologies.
However, we predicted some limited
use of these technologies in MY 2021
and beyond and we finalized BEV,
PHEV, and FCEV advanced technology
credit multipliers within the HD GHG
ABT program to incentivize a transition
to these technologies (see section III of
this preamble for further discussion on
this program and the targeted ways we
are amending it). More details can be
found in the HD GHG Phase 2 final rule
preamble, and the HD GHG Phase 2
tractor standards are codified at 40 CFR
part 1037.230

3. Heavy-Duty Engines

In HD GHG Phase 1, we developed a
regulatory structure for CO», nitrous
oxide (N-O), and methane (CHy)
emission standards that apply to the
engine, separate from the HD vocational
vehicle and tractor. The regulatory
structure includes separate standards for
spark-ignition engines (such as gasoline
engines) and compression-ignition
engines (such as diesel engines), and for
heavy heavy-duty (HHD), medium
heavy-duty (MHD) and light heavy-duty
(LHD) engines, that also apply to
alternative fuel engines. We also used
this regulatory structure for HD engines
in HD GHG Phase 2. More details can be
found in the HD GHG Phase 2 final rule
preamble, and the HD GHG Phase 2
engine standards are codified at 40 CFR
part 1036.231

22981 FR 73602-73611, October 25, 2016.
23081 FR 73571, October 25, 2016.
23181 FR 73553-73571, October 25, 2016.
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4. Heavy-Duty Vehicle Averaging,
Banking, and Trading Program

Beginning with the HD GHG Phase 1
for HD GHG standards, EPA adopted an
ABT program for CO, emission credits
that allows ABT within a vehicle weight
class, meaning that the regulations did
not require all vehicles to meet the
standard.232 In promulgating the Phase
2 standards, we explained that the
stringency of the Phase 2 standards was
derived on a fleet average technology
mix basis. For example, we projected
that diversified manufacturers would
continue to use the averaging provisions
in the ABT program to meet the
standards on average for each of their
vehicle families. For the HD GHG Phase
2 ABT program, we created three weight
class-based credit averaging sets for HD
vehicles: LHD Vehicles, MHD Vehicles,
and HHD Vehicles. This approach
allowed ABT between all vehicles in the
same weight class, including CI-
powered vehicles, SI-powered vehicles,
BEVs, FCEVs, and hybrid vehicles,
which have the same regulatory useful
life. Although the vocational vehicle
emission standards are subdivided by
Urban, Multi-purpose, and Regional
regulatory subcategories, credit
exchanges are currently allowed
between them within the same weight
class. However, these averaging sets
currently exclude vehicles certified to
the separate optional custom chassis
standards. Finally, the ABT program
currently allows credits to exchange
between vocational vehicles and tractors
within a weight class.

ABT is commonly used by vehicle
manufacturers to comply with the
standards of the HD GHG Phase 2
program. In MY 2022, 93 percent of the
certified vehicle families (256 out of 276
families) used ABT.233 Similarly, 29 out
of 40 manufacturers in MY 2022 used
ABT to certify some or all of their
vehicle families. Most of the
manufacturers that did not use ABT
produced vehicles that were certified to
the optional custom chassis standards
where the banking and trading
components of ABT are not allowed,
and averaging is limited.234

D. Vehicle Technologies and Supporting
Infrastructure

For this final rule, as we did for HD
Phase 1 and Phase 2, we are finalizing

23240 CFR 1037.701 through 1037.750.

233 U.S. EPA Heavy-Duty Vehicle Certification
Data. Last accessed on January 25, 2023, at https://
www.epa.gov/compliance-and-fuel-economy-data/
annual-certification-data-vehicles-engines-and-
equipment.

234 See 40 CFR 1037.105(h)(2) for details. See also
40 CFR 1037.241(a) providing for individual
certification of heavy-duty vehicles.

more stringent CO, emissions standards
for many of the regulatory subcategories
and demonstrating the feasibility of
those final standards based on the
performance of a potential compliance
pathway comprising of a package of
technologies that reduce CO, emissions.
And in this rule, we developed
technology packages that include both
vehicles with ICE and ZEV technologies.
In determining which technologies to
model, EPA initially considered the
entire suite of technologies that we
expected would be technologically
feasible and commercially available to
achieve significant emissions
reductions, including the GHG-reducing
technologies considered in the Phase 2
standards—including BEVs, FCEVs, H2—
ICE vehicles, hybrid powertrains, plug-
in hybrid vehicles (PHEVs), and
alternative fueled-ICEVs. Because the
statute requires EPA to consider lead
time and costs in establishing standards,
and because manufacturers (and
purchasers) of HD vehicles are profit-
generating enterprises that are seeking
to reduce costs, EPA then identified the
technologies that the record showed
would be most effective at reducing CO»
emissions and are cost-effective at doing
so in the MYs 2027-2032 time frame, as
discussed in this section II.D. As a
result, EPA chose to model certain ICE
vehicle technologies, BEV technologies,
and FCEV technologies to support the
feasibility of the final standards and for
analyses for regulatory purposes, not
because we have an a priori interest in
promoting certain HD vehicle
technologies over other technologies,
but rather because our analysis of lead
time and costs showed these are
effective technologies at reducing CO»
emissions and are cost-effective. The
record also shows that the modeled
potential compliance pathway is the
lowest cost one that we assessed for
manufacturers overall and would be
beneficial for purchasers because the
lower operating costs during the
operational life of the vehicle will offset
the increase in vehicle technology costs
within the usual period of first
ownership of the vehicle. At the same
time, EPA modeled other technologies
(examples of other potential compliance
pathways with different mixes of
technologies, as discussed in section
I1.F.6) recognizing that manufacturers
can choose many different ways to
achieve CO, emissions reductions to
comply with the final performance-
based standards. These additional
example potential compliance pathways
also support the feasibility of the final
standards.

More specifically, as explained in
section II.B.2, this final rule establishes
new CO; emission standards for MY
2032 and later HD vehicles with more
stringent CO, emission standards
phasing in as early as MY 2027 for
certain vehicle categories. We found
that these final Phase 3 vehicle
standards are appropriate and feasible,
including consideration of cost of
compliance and other factors, for their
respective MYs and vehicle
subcategories through technology
improvements in several areas. To
support the feasibility and
appropriateness of the final standards,
we evaluated each technology and
estimated potential technology adoption
rates of a mix of projected available
technologies in each vehicle
subcategory per MY (our technology
packages) that EPA projects are
achievable based on nationwide
production volumes, considering lead
time, technical feasibility, cost, and
other factors. At the same time, the final
standards are performance-based and do
not mandate any specific technology for
any manufacturer or any vehicle
subcategory. In identifying the CO,
standards and demonstrating the
technological feasibility of such
standards, we considered the statutory
purpose of reducing emissions and the
need for such emissions reductions,
technological feasibility, costs, lead time
and related factors (including safety). To
evaluate and balance these statutory
factors and other relevant
considerations, EPA must necessarily
estimate a means of compliance: what
technologies can be used, what do they
cost, what is appropriate lead time for
their deployment, and the like. Thus, to
support the feasibility of the final
standards, EPA identified a modeled
potential compliance pathway. Having
identified one means of compliance,
EPA’s task is to “answelr] any
theoretical objections” to that means of
compliance, “identif[y] the major steps
necessary,” and to “offe[r] plausible
reasons for believing that each of those
steps can be completed in the time
available.” NRDC v. EPA, 655 F. 2d at
332. That is what EPA has done here in
this final rule, and indeed what it has
done in all the motor vehicle emission
standard rules implementing section
202(a) of the Act. As we stated earlier
in this preamble, manufacturers remain
free to comply by any means they
choose, including through strategies that
may resemble the additional example
potential compliance pathways. Based
on our experience to date, it is the norm
that manufacturers devise means other
than those projected by EPA as a
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potential technology path in support of
the feasibility of the standards to
achieve compliance.

For each regulatory subcategory, we
modeled various ICE vehicles with CO»-
reducing technologies to represent the
average MY 2027 vehicle that meets the
MY 2027 Phase 2 standards. These
vehicles are used as baselines from
which to evaluate costs and
effectiveness of additional technologies
for each of these vehicle types and
ultimately for each regulatory
subcategory. The following subsections
describe the GHG emission-reducing
technologies for HD vehicles which EPA
considered in this final rulemaking,
including those for HD vehicles with
ICE (section I1.D.1), HD BEVs (section
I1.D.2), and HD FCEVs (section I1.D.3),
as well as a summary of the technology
assessment that supports the feasibility
of the final Phase 3 standards (section
11.D.4) and the primary inputs we used
in our technology assessment tool,
Heavy-Duty Technology Resource Use
Case Scenario (HD TRUCS), that we
developed to evaluate the design
features needed to meet the power and
energy demands of various HD vehicles
when using ZEV technologies, as well as
costs related to manufacturing,
purchasing and operating ICE vehicle
and ZEV technologies used under the
modeled potential compliance pathway
(section II.D.5).

As previously noted, we did not
propose and are not adopting changes to
the existing Phase 2 GHG emission
standards for HD engines. As noted in
the following section and RIA Chapter
1.4, there are technologies available that
can reduce GHG emissions from HD
engines, and we anticipate that many of
them will be used to meet the MY 2024
and MY 2027 and later Phase 2 CO»
engine emission standards, while
developments are underway to meet the
new low NOx standards for MY 2027.235
This final rule remains focused on GHG
reductions through more stringent
vehicle-level CO, emission standards,
which will continue to account for
engine CO, emissions, instead of also
finalizing new CO; emission standards
that apply to heavy-duty engines.

1. Technologies To Reduce GHG
Emissions From HD ICE Vehicles

The CO; emissions of HD vehicles
vary depending on the configuration of
the vehicle. Many aspects of the vehicle
impact its emissions performance,
including the engine, transmission,
drive axle, aerodynamics, and rolling
resistance.

The technologies we considered for
tractors include technologies that we
analyzed in Phase 2 such as improved
aerodynamics; low rolling resistance
tires; tire inflation systems; efficient
engines, engines fueled with natural gas,

23540 CFR 1036.104.

transmissions, drivetrains, and
accessories; and extended idle reduction
for sleeper cabs. We analyzed the
overall effectiveness of the technology
packages using EPA’s Greenhouse Gas
Emissions Model (GEM), which was
used for analyzing the technology
packages that support the Phase 2
vehicle CO, emission standards and is
used by manufacturers to demonstrate
compliance with the Phase 2 standards.
EPA’s GEM model simulates road load
power requirements over various duty
cycles to estimate the energy required
per mile for HD vehicles. The inputs for
the individual technologies that make
up the fleet average technology package
that meets the Phase 2 MY 2027 CO,
tractor emission standards are shown in
Table 1I-3.236 The comparable table for
vocational vehicles is shown in Table
11-4.237 The technology package for
vocational vehicles include technologies
such as low rolling resistance tires; tire
inflation systems; efficient engines,
transmissions, and drivetrains; weight
reduction; and idle reduction
technologies. Note that the HD GHG
Phase 2 standards (like the Phase 1 and
3 standards) are performance-based;
EPA does not require this specific
technology mix, rather the technologies
shown in Table II-3 and Table II-4 are
potential pathways for compliance.

236 81 FR 73616, October 25, 2016.
23781 FR 73714, October 25, 2016.
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Table 11-3 GEM Inputs for Vehicles Meeting the Phase 2 MY 2027 Tractor CO: Emission Standards
Class 7 Class 8
Day Cab Day Cab Sleeper Cab
Low Roof | Mid Roof | High Roof | Low Roof | Mid Roof | High Roof | Low Roof | Mid Roof ;I:)gol}
Engine Fuel Map
2027MY | 2027MY | 2027MY | 2027MY | 2027MY | 2027MY | 2027MY | 2027MY | 2027MY

11L 11L 11L 151 15L 15L 15L 15L 15L
Engine Engine Engine Engine Engine Engine Engine Engine Engine
350 HP 350 HP 350 HP 455 HP 455 HP 455 HP 455 HP 455 HP 455 HP

Aerodynamics (C4A in m?)
502 | 621 5.67 502 | 6.21 567 | 508 | 621 | 526
Steer Tire Rolling Resistance (CRR in kg/metric ton)
58 | 5.8 5.6 58 | 58 56 | 58 | 58 | 56
Drive Tire Rolling Resistance (CRR in kg/metric ton)
62 | 62 5.8 6.2 6.2 5.8 62 | 62 | 58
Extended Idle Reduction Weighted Effectiveness
NA | NA N/A NA | NA NA | 3% | 3% | 3%
Transmission = 10 speed Manual Transmission
Gear Ratios = 12.8, 9.25, 6.76, 4.90, 3.58, 2.61, 1.89, 1.38, 1.00, 0.73
Drive Axle Ratio = 3.21 for day cabs, 3.16 for sleeper cabs
6x2 Axle Weighted Effectiveness
NA | NA | NA | 06% | 06% | 06% | 06% | 06% | 06%
Transmission Type Weighted Effectiveness = 1.6%
Neutral Idle Weighted Effectiveness

02% | 02% | 02% | 02% | 02% | 02% | 003% | 0.03% | 003%

Direct Drive Weighted Effectiveness = 1.0%

Transmission Efficiency Weighted Effectiveness = 0.7%

Axle Efficiency Improvement = 1.6%

Air Conditioner Efficiency Improvements = 0.3%

Accessory Improvements = 0.2%

Predictive Cruise Control =0.8%

Automatic Tire Inflation Systems = 0.4%

Tire Pressure Monitoring System = 0.7%
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Table 11-4 GEM Inputs for Vehicles Meeting the Phase 2 MY 2027 Vocational Vehicle CO2 Emission

Standards
LHD (Class 2b-5) MHD (Class 6-7) HHD (Class 8)
Urban PMultl- Regional | Urban Multi- Regional Urban Multi- Regional
urpose Purpose Purpose
SI Engine Fuel Map
2018 MY 6.8L, 300 hp engine
CI Engine Fuel Map

2027 MY 11L,

2027 MY 7L, 2027 MY 7L, 2027 MY 11L, 350 hp Engine and

200 hp Engine 270 hp Engine 350 hp Engine 2027 MY 1I5L
455hp Engine

Torque Converter Lockup in 1% Gear (adoption rate)

50% | 50% | 50% | 50% | 50% | 50% 30% 30% | 0%
6x2 Disconnect Axle (adoption rate)
0% | 0% | 0% | 0% | 0% | 0% | 0% | 25% |  30%
Automatic Engine Shutdown (adoption rate)
70% | 70% | 90% | 70% | 70% | 90% | 70% | 70% | 90%
Stop-Start (adoption rate)
30% | 30% | 0% | 30% | 30% 0% 20% [ 20% | 0%
Neutral Idle (adoption rate)
60% | 60% | 0% | 60% | 60% | 0% | 70% | 70% | 0%
Steer Tire Rolling Resistance (CRR kg/metric ton)
68 | 62 | 62 | 67 | 62 | 62 6.2 | 62 | 6.2
Drive Tire Rolling Resistance (CRR kg/metric ton)
69 | 69 | 69 | 75 6.9 6.9 7.5 | 69 | 6.9
Weight Reduction (pounds)
75 | 75 ] 75 | 75 | 15 | 75 | 125 | 125 ] 125

Technologies exist today and
continue to evolve to improve the
efficiency of the engine, transmission,
drivetrain, aerodynamics, and tire
rolling resistance in HD vehicles and
therefore reduce their CO, emissions. As
discussed in the preamble to the HD
GHG Phase 2 program and shown here
in Table II-3 and Table II-4, there are
a variety of such technologies. In
developing the Phase 2 CO, emission
standards, we developed technology
packages that were premised on a mix
of projected technologies and potential
technology adoption rates of less than
100 percent. As discussed in section
ILF.4 under the additional example
potential compliance pathways, there is
an opportunity for further
improvements and increased adoption
through MY 2032 for many of these
technologies. Furthermore, as discussed
in section ILF.4 under the additional
example potential compliance
pathways, we also considered
additional technologies than those in
the Phase 2 MY 2027 technology
packages such as H2-ICE, hybrids, and
natural gas engines. Each of these
technologies is discussed in this section
and RIA Chapter 1.4.

i. Aerodynamics

For example, we evaluated the
potential for additional GHG
performance gains from aerodynamic
improvements. Up to 25 percent of the
fuel consumed by a sleeper cab tractor
traveling at highway speeds is used to
overcome aerodynamic drag forces,
making aerodynamic drag a significant
contributor to a Class 7 or 8 tractor’s
GHG emissions and fuel
consumption.238 Because aerodynamic
drag varies by the square of the vehicle
speed, small changes in the tractor
aerodynamics can have a large impact
on the GHG emissions of a tractor. With
much of their driving at highway speed,
the GHG emission reductions of reduced
aerodynamic drag for Class 7 or 8
tractors can be significant.239

Improving the vehicle shape may
include revising the fore components of
the vehicle such as rearward canting/
raking or smoothing/rounding the edges
of the front-end components (e.g.,

238 Assumes travel on level road at 65 miles per
hour. (21st Century Truck Partnership Roadmap
and Technical White Papers, December 2006. U.S.
Department of Energy, Energy Efficiency and
Renewable Energy Program. 21CTP-003. p.36.

239 Reducing Heavy-Duty Long Haul Combination
Truck Fuel Consumption and CO2 Emissions, ICCT,
October 2009.

bumper, headlights, windshield, hood,
cab, mirrors) or integrating the
components at key interfaces (e.g.,
windshield/glass to sheet metal) to
alleviate fore vehicle drag. Finally,
improvements may include redirecting
the air to prevent areas of low pressure
and slow-moving air (thus, eliminating
areas where air builds creating turbulent
vortices and increasing drag).
Techniques such as blocking gaps in the
sheet metal, ducting of components,
shaping or extending sheet metal to
reduce flow separation and turbulence
are methods being considered by
manufacturers to direct air from areas of
high drag (e.g., underbody and tractor-
trailer gap).

As discussed in the Phase 2 RIA, the
National Research Council of Canada
performed an assessment of the
aerodynamic drag effect of various
tractor components.240 Based on the
results, there is the potential to improve
tractor aerodynamics by 0.206 wind
averaged coefficient of drag area (CdA)
with the addition of wheel covers, drive

240Jason Leuschen and Kevin R. Gooper (National
Research Council of Canada), Society of Automotive
Engineer. (SAE) Paper #2006—01-3456: “Full-Scale
Wind Tunnel Tests of Production and Prototype,
Second-Generation Aerodynamic Drag-Reducing
Devices for Tractor-Trailers.” November 2, 2006.
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axle wrap around splash guards, and
roof fairing rear edge filler. Up to 0.460
CdA improvement is possible if the side
and fender mirrors are replaced with a
camera system, as suggested by the
study, and combined with the wheel
covers, drive axle wrap around splash
guards, and roof fairing rear edge filler.

In our Phase 2 analysis, considering the
wind average drag performance of
heavy-duty tractors at the time, this
study demonstrated the possibility to
improve tractors an additional ~1
percent with some simple changes.

In Phase 2, the tractor aerodynamic
performance was evaluated using the
wind averaged coefficient of drag area

results measured during aerodynamic
testing as prescribed in 40 CFR
1037.525. The results of the
aerodynamic testing are used to
determine the aerodynamic bin and
CdA input value for GEM, as prescribed
in 40 CFR 1037.520 and shown in Table
II-5.

Table 11-5 GEM Inputs for Tractor Aerodynamic Bins (C4A in m?)

Class 7 Class 8

Day Cab Day Cab Sleeper Cab

Low Mid High Low Mid High Low Mid | High

Roof Roof Roof Roof Roof Roof Roof [ Roof | Roof
Bin I 6.00 7.00 7.45 6.00 7.00 7.45 6.00 7.00 |7.15
Bin II 5.60 6.65 6.85 5.60 6.65 6.85 5.60 6.65 |6.55
Bin III 5.15 6.25 6.25 5.15 6.25 6.25 5.15 6.25 [5.95
Bin IV 4.75 5.85 5.70 4.75 5.85 5.70 4.75 5.85 |5.40
Bin V 4.40 5.50 5.20 4.40 5.50 5.20 4.40 5.50 14.90
Bin VI 4.10 5.20 4.70 4.10 5.20 4.70 4.10 5.20 |14.40
Bin VII 3.80 4.90 4.20 3.80 4.90 4.20 3.80 4,90 |3.90

EPA conducted aerodynamic testing
for the Phase 2 final rule.241 As shown
in Phase 2 RIA Chapter 3.2.1.2, the most
aerodynamic high roof sleeper cabs
tested had a CdA of approximately 5.4
m2, which is a Bin IV tractor. Therefore,
we concluded that prior to 2016
manufacturers were producing high roof
sleeper cabs that range in aerodynamic
performance between Bins I and IV. Bin
V is achievable through the addition of
aerodynamic features that improve the
aerodynamics on the best pre-2016
sleeper cabs tested by at least 0.3 m2
CdA. The features that could be added
include technologies such as wheel
covers, drive axle wrap around splash
guards, and roof fairing rear edge filler,
and active grill shutters. In addition,
manufacturers continue to improve the
aerodynamic designs of the front
bumper, grill, hood, and windshield.

Our analysis of high roof day cabs is
similar to our assessment of high roof
sleeper cabs. Also, as shown in Phase 2
RIA Chapter 3.2.1.2, the most
aerodynamic high roof day cab tested by
EPA achieved Bin IV. Our assessment is
that the same types of additional
technologies that could be applied to
high roof sleeper cabs could also be
applied to high roof day cabs to achieve
Bin V aerodynamic performance.
Finally, because the manufacturers have
the ability to determine the

2417J.S. EPA. Regulatory Impact Analysis
Greenhouse Gas Emissions and Fuel Efficiency
Standards for Medium- and Heavy-Duty Engines
and Vehicles—Phase 2. Chapter 3. EPA-420-R-16—
900. August 2016.

aerodynamic bin of low and mid roof

tractors from the equivalent high roof

tractor, this assessment also applies to
low and mid roof tractors.

For our modeled potential compliance
pathway in Phase 3 tractors’ technology
packages, the vehicles with ICE portion
of the technology package for the MY
2027 high roof sleeper cab tractor
includes 20 percent Bin III, 30 percent
Bin IV, and 50 percent Bin V reflecting
our assessment of the fraction of high
roof sleeper cab tractors. We continue to
project, as we projected in the Phase 2
rulemaking, that manufacturers could
successfully apply these aerodynamic
packages by MY 2027. The weighted
average for tractors of this set of
adoption rates is equivalent to a tractor
aerodynamic performance near the
border between Bin IV and Bin V.

The Phase 2 standards for vocational
vehicles were not projected to be met
with the use of aerodynamic
improvements.

ii. Tire Rolling Resistance

Energy loss associated with tires is
mainly due to deformation of the tires
under the load of the vehicle, known as
hysteresis, but smaller losses result from
aerodynamic drag, and other friction
forces between the tire and road surface
and the tire and wheel rim. Collectively
the forces that result in energy loss from
the tires are referred to as rolling
resistance. Tires with higher rolling
resistance lose more energy, thus using
more fuel and producing more CO»
emissions in operation, while tires with

lower rolling resistance lose less energy,
and use less fuel, producing less CO,
emissions in operation.

A tire’s rolling resistance is a factor
considered in the design of the tire and
is affected by the tread and casing
compound materials, the architecture of
the casing, tread design, and the tire
manufacturing process. It is estimated
that 35 to 50 percent of a tire’s rolling
resistance is from the tread and the
other 50 to 65 percent is from the
casing.242 Tire inflation can also impact
rolling resistance in that under-inflated
tires can result in increased deformation
and contact with the road surface.

In Phase 2, we developed four levels
of tire rolling resistance, as shown in
Table II-6. The levels included the
baseline (average) from 2010, Level I
and Level 2 from Phase 1, and Level 3
that achieves an additional 25 percent
improvement over Level 2. The Level 2
threshold represents an incremental
step for improvements beyond today’s
SmartWay level and represents the best
in class rolling resistance of the tires we
tested for Phase 1.243 The Level 3 values
represented the long-term rolling
resistance value that EPA projected
could be achieved in the MY 2025
timeframe. Given the multiple year
phase-in of the Phase 2 standards, EPA

242 “Tijres & Truck Fuel Economy,” A New
Perspective. Bridgestone Firestone, North American
Tire, LLC, Special Edition Four, 2008. EPA-HQ-
OAR-2010-0162-0373.

2437J.S. EPA. SmartWay Verified Low Rolling
Resistance Tires Performance Requirements.
Available online: https://www.epa.gov/sites/
default/files/2016-02/documents/420f12024.pdf.
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expected that tire manufacturers will
continue to respond to demand for more
efficient tires and will offer increasing

numbers of tire models with rolling
resistance values significantly better

than the typical low rolling resistance
tires offered in 2016.

Table 11-6 Phase 2 Tire Rolling Resistance Technologies

Class 7 Class 8

Day Cab Day Cab Sleeper Cab

Low Mid High Low Mid High Low Mid High

Roof Roof Roof Roof Roof Roof Roof Roof | Roof
Steer Tires (CRR in kg/metric ton)
Base 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8
Level 1 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6
Level 2 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7
Level 3 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9
Drive Tires (CRR in kg/metric ton)
Base 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1
Level 1 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9
Level 2 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
Level 3 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

In the modeled compliance pathway
for the Phase 3 tractors’ technology
packages, the vehicles with ICE portion
of the technology package for the MY
2027 included steer and drive tires that
on average performed at a Level 2
rolling resistance. We continue to
project, as we projected in the Phase 2
rulemaking, that manufacturers could
successfully apply tires that on average
perform at this level by MY 2027.

iii. Natural Gas Engines

Natural-gas powered heavy-duty
vehicles are very similar to gasoline and
diesel fueled ICE-powered vehicles. The
engine functions the same as a gasoline
or diesel fueled ICE. Two key
differences are the fuel storage and
delivery systems. The fuel delivery
system delivers high-pressure natural
gas from the fuel tank to the fuel
injectors located on the engine. Similar
to gasoline or diesel fuel, natural gas is
stored in a fuel tank, or cylinder, but
requires the ability to store the fuel
under high pressure.

There are different ways that heavy-
duty engines can be configured to use
natural gas as a fuel. The first is a spark-
ignition natural gas engine. An Otto
cycle SI heavy-duty engine uses a spark
plug for ignition and burns the fuel
stoichiometrically. Due to this, the
engine-out emissions require use of a
three-way catalyst to control criteria
pollutant emissions. The second is a
direct injection natural gas that utilizes
a compression-ignition (CI) cycle. The
CI engine uses a small quantity of diesel
fuel (pilot injection) as an ignition
source along with a high compression

ratio engine design. The engine operates
lean of stoichiometric operation, which
leads to engine-out emissions that
require aftertreatment systems similar to
diesel ICEs, such as diesel oxidation
catalysts, selective catalytic reduction
systems, and diesel particulate filters.
The CNG CI engine is more costly than
a diesel CI engine because of the special
natural gas/diesel fuel injection system.
The NG SI engine and aftertreatment
system is less costly than a NG CI
engine and aftertreatment system but is
less fuel efficient than a NG CI engine
because of the lower compression ratio.

In addition to differences in engine
architecture, the natural gas fuel can be
stored two ways—compressed (CNG) or
liquified (LNG). A CNG tank stores
pressurized gaseous natural gas and the
system includes a pressure regulator. An
LNG tank stores liquified natural gas
that is cryogenically cooled but stored at
a lower pressure than CNG. The LNG
tanks often are double walled to help
maintain the temperature of the fuel,
and include a gasification system to turn
the fuel from a liquid to a gas before
injecting the fuel into the engine. An
important advantage of LNG is the
increased energy density compared to
CNG. Because of its higher energy
density, LNG can be more suitable for
applications such as long-haul
applications.

Natural gas engines are a mature
technology. Cummins manufactures
natural gas engines that cover the
complete range of heavy-duty vehicle
applications, with engine displacements
ranging from 6.7L to 12L. Heavy-duty
CNG and LNG vehicles are available

today in the fleet. EIA estimates that
approximately 4,400 CNG and LNG
heavy-duty vehicles were sold in 2022
and approximately 50,000 CNG and
LNG vehicles are in the U.S. heavy-duty
fleet.244 Manufacturers are producing
CNG and LNG vehicles in all of the
vocational and tractor categories,
especially buses, refuse hauler, street
sweeper, and tractor applications, as
discussed further in RIA Chapter
1.4.1.2.245

iv. Hydrogen-Fueled Internal
Combustion Engines

Currently, hydrogen fueled internal
combustion engines (H2—ICE) are in the
demonstration stage. H2-ICE is a
technology that provides nearly zero
tailpipe emissions for hydrocarbons,
carbon monoxide, and carbon dioxide.
H2-ICE require less exhaust
aftertreatment. These systems may not
require the diesel particulate filter
(DPF). However, NOx emissions are still
formed during the H2—-ICE combustion
process and therefore a selective
catalytic reduction (SCR) system would
be required, as well a diesel oxidation
catalyst, though it may be smaller in
size than that used in a comparable
diesel-fueled ICE. The use of lean air-

244 EJA. Annual Energy Outlook 2023. Table 49.
Available Online: https://www.eia.gov/outlooks/
aeo/data/browser/#/?7id=58-AEO2023&cases=
ref2023&sourcekey=0.

245 Department of Energy Alternative Fuels Data
Center. Available Online: https://afdc.energy.gov/
vehicles/search/results?manufacturer
id=67,205,117,394,415,201,113,5,408,481,9,13,
11,458,81,435,474,57,416,141,197,417,
121,475,563,397,418,85,414,17,21,143,476,
492,23,484,398,27,477,399,31,207,396,489,107,
465,487,193,460,35,459,115,37,147,480,199.
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https://afdc.energy.gov/vehicles/search/results?manufacturer_id=67,205,117,394,415,201,113,5,408,481,9,13,11,458,81,435,474,57,416,141,197,417,121,475,53,397,418,85,414,17,21,143,476,492,23,484,398,27,477,399,31,207,396,489,107,465,487,193,460,35,459,115,37,147,480,199
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fuel ratios, and not exhaust gas
recirculation (EGR), is the most effective
way to control NOx in a H2-ICE, as EGR
is less effective with H2 due to the
absence of CO; in the exhaust gas.

H2-ICE can be developed using an
OEM’s existing tooling, manufacturing
processes, and engine design expertise.
H2-ICE engines are very similar to
existing ICEs and can leverage the
extensive technical expertise
manufacturers have developed with
existing products. Similarly, H2-ICE
products can be built on the same
assembly lines as other ICE vehicles, by
the same workers and with many of the
same component suppliers.

H2-ICE incorporate several
differences from their diesel baseline.
Components such as the cylinder head,
valves, seals, piston, and piston rings
would be unique to the H2-ICE to
control H2 leakage during engine
operation. Another difference between a
diesel-fueled ICE and a H2-ICE is the
fuel storage tanks. The hydrogen storage
tanks are more expensive than today’s
diesel fuel tanks. The fuel tanks likely
to be used by H2—ICE are identical to
those used by a fuel cell electric vehicle
(FCEV) and they may utilize either
compressed storage (350 or 700 Bar
pressure) or cryogenic storage
(temperatures as low as — 253 Celsius).
Please refer to Chapter 1.7.2 of this
document for the discussion regarding
H2 fuel storage tanks.

H2-ICE may hasten the development
of hydrogen infrastructure because they
do not require as pure of hydrogen as
FCEVs. Hydrogen infrastructure exists
in limited quantities in some parts of
the country for applications such as
forklifts, buses, and LDVs and HDVs at
ports. Federal funds are being used to
support the development of additional
hubs and other hydrogen related
infrastructure items through the BIL and
IRA, as described in more detail in
Chapter 1.8.

Since neat hydrogen fuel does not
contain any carbon, H2-ICE fueled with
neat hydrogen produce zero HC, CHy,
CO, and CO; engine-out emissions.246
However, as explained in section
III.C.2.xviii, we recognize that, like CI
ICE, there may be negligible, but non-
zero, CO, exhaust emissions of H2—-ICE
that use SCR and are fueled with neat
hydrogen due to contributions from the
aftertreatment system from urea
decomposition. Thus, for purposes of
compliance with engine CO, exhaust
emission standards under 40 CFR part
1036, we are finalizing an engine testing

246 Note, NOx and PM emission testing is
required under existing 40 CFR part 1036 for
engines fueled with neat hydrogen.

default CO; emission value (3 g/hp-hr)
option (though manufacturers may
instead conduct testing to demonstrate
that the CO, emissions for their engine
is below 3 g/hp-hr). Under our existing
fuel-mapping test procedures that may
be used as part of demonstrating
compliance with vehicle CO, exhaust
emission standards, the results are fuel
consumption values and therefore the
CO» emissions from urea decomposition
are not included in the results.247 248
Under this final rule, consistent with
existing treatment of such contributions
from the aftertreatment system from
urea decomposition (e.g., for diesel ICE
vehicles) for compliance with vehicle
CO; exhaust emission standards, we are
not including such contributions in
determining compliance with vehicle
CO; exhaust emission standards for H2—
ICE vehicles. Thus, H2-ICE technologies
that run on neat hydrogen, as defined in
40 CFR 1037.150(f) and discussed in
section III.C.3.ii of the preamble, have
HD vehicle CO, emissions that are
deemed to be zero for purposes of
compliance with vehicle emission
standards under 40 CFR part 1037.
Therefore, the technology effectiveness
(in other words CO, emission reduction)
for the vehicles that are powered by this
technology is 100 percent for
compliance with vehicle CO, exhaust
emission standards.

v. Hybrid and Plug-In Hybrid
Powertrains

The heavy-duty industry has also
been developing hybrid powertrains, as
described in RIA Chapter 1.4.1.1.
Hybrid powertrains consist of an ICE as
well as an electric drivetrain. The ICE
uses a consumable fuel (e.g., diesel) to
produce power which can either propel
the vehicle directly or charge the
traction battery from which the electric
motor draws its energy. These two
sources of power can be used in
combination to do work and move the
vehicle, or they may operate
individually, switching between the two
sources. Plug-in hybrid electric vehicles
(PHEVSs) are a combination of ICE and
electric vehicles, so they have an ICE
and a battery, an electric motor, and a
fuel tank, and plug-in to the electric grid
to recharge the battery. PHEVs use both
gasoline or diesel and electricity as fuel
sources.

247 See 81 FR 73552 (October 25, 2016), for the
explanation on why CO, from urea decomposition
is included when showing compliance with the
engine standards and it is not included when
showing compliance with the vehicle CO,
standards.

248 Sge, e.g., 40 CFR 1037.501 (including
reference to 40 CFR 1036.535, 1036.540, and
1036.545).

Hybrid powered vehicles can provide
CO; emission reductions from splitting
or blending of ICE and electric
operation. Hybrid vehicles reduce CO»
emissions through four primary
mechanisms:

¢ In a series hybrid powertrain, the
ICE operates as a generator to create
electricity for the battery. Series hybrids
can be optimized through downsizing,
modifying the operating cycle, or other
control techniques to operate at or near
its most efficient engine speed-load
conditions more often than is possible
with a conventional engine-
transmission driveline. Power loss due
to engine downsizing can be mitigated
by employing power assist from the
secondary, electric driveline.

e Hybrid vehicles typically include
regenerative braking systems that
capture some of the energy normally
lost while braking and store it in the
traction battery for later use. That stored
energy is typically used to provide
additional torque upon initial
acceleration from stop or additional
power for moving the vehicle up a steep
incline.

e Hybrid powertrains allow the
engine to be turned off when it is not
needed, such as when the vehicle is
coasting or when the vehicle is stopped.
Furthermore, some vehicle systems such
as cabin comfort and power steering can
be electrified if a 48V or higher battery
system is incorporated into the vehicle.
The electrical systems are more efficient
than their conventional counterparts
which utilize an accessory drive belt on
a running engine. When the engine is
stopped these accessory loads are
supported by the traction battery.

e Plug-in hybrid vehicles can further
reduce CO, emissio