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Pursuant to Section 307(b)(1) of the Clean Air Act, 42 U.S.C. §7607(b)(1),
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American Petroleum Institute, American Farm Bureau Federation, National Corn
Growers Association, and Owner-Operator Independent Drivers Association petition
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Environmental Protection Agency (“EPA”) and Michael S. Regan, in his official

capacity as Administrator of the EPA, entitled “Greenhouse Gas Emissions



Standards for Heavy-Duty Vehicles—Phase 3,” published at 89 Fed. Reg. 29,440

(April 22, 2024). A copy of that final agency action is attached to this petition as

Exhibit A.

EPA’s final rule exceeds the agency’s statutory authority and is otherwise

arbitrary, capricious, an abuse of discretion, and not in accordance with law. See 5

U.S.C. §706(2)(A), (C). Petitioners accordingly ask this Court to declare unlawful

and vacate EPA’s final action. See id. This Court has jurisdiction over this case, and

venue is proper in this Court under 42 U.S.C. §7607(b)(1).
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RULE 26.1 DISCLOSURE STATEMENT

Pursuant to Federal Rule of Appellate Procedure 26.1 and D.C. Circuit Rule
26.1, Petitioners make the following disclosures:

American Petroleum Institute (“API”) is a national trade association that
represents all segments of America’s natural gas and oil industry, which supports
more than 11 million U.S. jobs and is backed by a growing grassroots movement of
millions of Americans. API’s nearly 600 members produce, process, and distribute
most of the Nation’s energy, and participate in API Energy Excellence, which is
accelerating environmental and safety progress by fostering new technologies and
transparent reporting. API has no parent entity, and no publicly held corporation has
a 10% or greater ownership stake in API.

American Farm Bureau Federation (“AFBF”) was formed in 1919 and is
the largest nonprofit general farm organization in the United States. Representing
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.
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Planned Li-ion Cell Production Capacity in North America
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Figure II-5 Modeled lithium-ion

Based on announced investments in
battery cell production, companies have
announced over 1,300 GWh/year in
battery production in North America by
2030 (Figure II-5). This is already a
significant increase over the estimates
discussed in the proposal of 1,000 GWh/
year commencing in 2030. 88 FR 25967.
EPA estimates that 11 GWh will be
required for HDV BEVs in 2027 and 58
GWh in 2032 under the modeled
potential compliance pathway. See RIA
Chapter 2.10.2. Consequently, although
most of this announced capacity is
currently intended for light duty

316 Sun et al., “Surging lithium price will not
impede the electric vehicle boom,” Joule,
doi:10.1016/j.joule. 2022.06.028 (https://dx.doi.org/
10.1016/j.joule.2022.06.028).

317 Ziemann et al., “Modeling the potential
impact of lithium recycling from EV batteries on

cell production capacity in North America from 2018 to 2035 by country

(Planned Battery Supply Fig. 7).

vehicles (and some for stationary
sources),319 EPA finds that there is
sufficient North American battery
production capacity for HDVs within
the rule’s timeframe, and ANL projects
at least 45 GWh of announced cell
production will be dedicated to HDV
BEVs by 2030 (Figure II-6). Moreover,
end use for some battery cell
manufacturing facilities has not been
announced, and it is likely that North
American capacity can service HDV
applications in greater than announced
amounts. Importantly, in addition to the
13 new domestic battery plants we

lithium demand: a dynamic MFA approach,”
Resour. Conserv. Recycl. 133, pp. 76-85. https://
doi.org/10.1016/j.resconrec. 2018.01.031.

318J.S. Electric Vehicle Battery Manufacturing on

Track to Meet Demand. EDF. December 2023.

Available Online: https://www.edf.org/sites/default/

projected to become operational in the
four years from proposal, 88 FR 25986,
the new work performed by ANL
indicates that even more battery
production capacity has been
announced since the release of those
previous reports (Figure II-7). In
addition, capacity from trade allies is
another source of supply: the sum of
announced battery cell production
capacity in MSP countries (outside
North America) exceeds the sum in
North America, with both reaching
1,300 GWh/year by 2030.320 See Figure
I1I-9 below.

files/2023-12/EDF % 20Analysis % 200n% 20
US % 20Battery%20Capacity%2012.13.23%20
final%20v3.pdf.

319 Planned Battery Supply at 22, 23.


https://dx.doi.org/10.1016/j.joule.2022.06.028
https://doi.org/10.1016/j.resconrec
https://doi.org/10.1016/j.resconrec
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Planned Li-ion Cell Production Capacity in North America
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Figure II-6 Modeled lithium-ion cell production capacity in North America from 2018 to 2035 by
transportation sector (Planned Battery Supply Figure 16).

U.S. Battery Cell Announcements
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Figure I1-7 Evolution in battery cell production announcements in North America (Planned Battery Supply

A number of comments expressed
concerns regarding ramp-up time. The
latest ANL projections estimate the
period from announcement to beginning
of production for each individual plant
based on numerous factors, and uses a
baseline estimate of 3 years from
beginning of production to full scale
operation, based on historical cell
manufacturing data.32* ANL describes
this as “a modestly conservative
estimate,” acknowledging that plants

320 Planned Battery Supply Appendix D.

Figure 11).

could reach nominal capacity more
quickly or more slowly. This estimate is
consistent with the projections of
significant increases in domestic
production by the commencement of the
Phase 3 program shown in the
immediately preceding figures.

We also continue to see evidence that
global lithium-ion battery cell
production is growing rapidly322 and is

322 “Lijthium-ion battery manufacturing capacity,
2022-2030”. International Energy Agency. Last
updated May 22, 2023. Available Online: https://

likely to keep pace with increasing
global demand. In the proposal we
noted a 2021 report from Argonne
National Laboratory (ANL)323 that
examined the state of the global supply
chain for electrified vehicles and
included a comparison of recent
projections of future global battery

www.iea.org/data-and-statistics/charts/lithium-ion-
battery-manufacturing-capacity-2022-2030.

323 Argonne National Laboratory, “Lithium-Ion
Battery Supply Chain for E-Drive Vehicles in the
United States: 2010-2020,” ANL/ESD-21/3, March
2021.


https://www.iea.org/data-and-statistics/charts/lithium-ion-battery-manufacturing-capacity-2022-2030
https://www.iea.org/data-and-statistics/charts/lithium-ion-battery-manufacturing-capacity-2022-2030
https://www.iea.org/data-and-statistics/charts/lithium-ion-battery-manufacturing-capacity-2022-2030
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manufacturing capacity and projections
of future global battery demand from
various analysis firms out to 2030, as
seen in Figure II-8.324:325 The three
most recent projections of capacity
(from BNEF, Roland Berger, and S&P
Global in 2020-2021) that were
collected by ANL at that time exceeded

Gigawatt hours (GWh)
2500

the corresponding projections of
demand by a significant margin in every
year for which they were projected,
suggesting that global battery
manufacturing capacity is responding
strongly to increasing demand.

shows projected battery cell production
in MSP countries through 2035: as
noted previously in this section, the
sum of announced battery cell
production capacity in MSP countries
(outside North America) exceeds the

The updated ANL supports the

continuation of this trend. Figure II-9
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Figure I1-8 Future global Li-ion battery demand and production capacity, 2020-2030 (ANL 2021).

324 Argonne National Laboratory, “Lithium-Ion
Battery Supply Chain for E-Drive Vehicles in the
United States: 2010-2020,” ANL/ESD-21/3, March
2021.

325 Federal Consortium for Advanced Batteries,
“National Blueprint for Lithium Batteries 2021—

FCAB%20National % 20Blueprint
% 20Lithium %20Batteries %200621_0.pdf.

2030,” June 2021 (Figure 2). Available at https://

www.energy.gov/sites/default/files/2021-06/


https://www.energy.gov/sites/default/files/2021-06/FCAB%20National%20Blueprint%20Lithium%20Batteries%200621_0.pdf
https://www.energy.gov/sites/default/files/2021-06/FCAB%20National%20Blueprint%20Lithium%20Batteries%200621_0.pdf
https://www.energy.gov/sites/default/files/2021-06/FCAB%20National%20Blueprint%20Lithium%20Batteries%200621_0.pdf
https://www.energy.gov/sites/default/files/2021-06/FCAB%20National%20Blueprint%20Lithium%20Batteries%200621_0.pdf
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Planned Li-ion Cell Production Capacity in MSP Countries
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Figure I1-9 Modeled MSP lithium-ion battery cell production capacity through 2035 (Planned Battery Supply

In addition to battery cell
manufacturing, we also consider
manufacturing of battery components.
In order to meet their projected
operating capacities, the North
American battery plants will need to
manufacture or purchase these
materials. Battery components include
electrode active material (cathode active

326 Slides 6 and 7 of presentation by Li-Bridge to
Federal Consortium for Advanced Batteries (FCAB),
November 17, 2022.

Figure 55)

material CAM and anode active material
AAM), electrolyte, foils, separators, and
precursor materials, which include
lithium carbonate, lithium hydroxide,
nickel sulfate, cobalt sulfate, and
manganese sulfate.

Figure II-10 repeats the chart that was
shown in the proposal, showing
preliminary projections of global
cathode supply versus global cathode

327 https://www.energy.gov/eere/vehicles/federal-

consortium-advanced-batteries-fcab.

demand, prepared by Li-Bridge for
DOE,326 and presented to the Federal
Consortium for Advanced Batteries
(FCAB) 327 in November 2022. These
projections were largely derived by DOE
from projections by BMI and indicate
that global supplies of cathode active
material (CAM) are expected to be
sufficient through 2035.


https://www.energy.gov/eere/vehicles/federal-consortium-advanced-batteries-fcab
https://www.energy.gov/eere/vehicles/federal-consortium-advanced-batteries-fcab
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Figure 1I-10 DOE Li-Bridge assessment of global CAM supply and demand.

Following the proposal, ANL
analyzed North American production
capacity for battery components and
precursor materials. ANL does project
that some domestic demand will need to
be satisfied through imports. Allies and
partners outside of North America are
likely to be integral in meeting U.S.
battery component demand, though this
does not indicate a deterrence to
securing adequate battery components
and precursor materials to meet
domestic demand. Allies Japan and the
Republic of Korea, for example, are the
world’s second and third largest
producers of CAM and AAM.328

Specifically, based on assessed
announcements, ANL projects North
American CAM production will reach
570 GWh by 2032, and that this will fall
short of North American cell production
by 2028.329 Anode active material
(AAM) is likewise projected to be
primarily import dependent, with North
American production capacity reaching
585 GWh in 2032; this would satisfy
approximately 43 percent of forecast
end demand in 2030 and remaining
steady thereafter, with the remainder
supplied from elsewhere.330

ANL emphasizes that its production
projections are conservative and may
understate domestic capacity, because

328 https://iea.blob.core.windows.net/assets/
4eb8c252-76b1-4710-8f5e-867e751c8dda/
GlobalSupplyChainsofEVBatteries.pdf.

329 Planned Battery Supply at 33—34.

330 Planned Battery Supply at 30-31.

the analysis does not include plant
announcements not formally
announced, and because cell production
or other facilities may be vertically
integrated without this fact being
disclosed.331 In fact, planned or
considered but not formally announced
plants for AAM would add enough
capacity to meet projected cell
production.332 Another reason any
projected shortfall can be remedied is
that CAM and AAM production have a
one- to- three year timeframe from
initial announcement and opening,
faster than cell production plants. Thus,
“‘[blecause of their shorter construction
and permitting time, most battery
components can be responsive to the
demand arising from battery cell plants”
and can delay announcement building
commitment while waiting for certainty
in cell production.333 Gaps in supply
may also be satisfied by imports.334
This outlook is informed by efforts to
build a secure, and largely domestic,
supply chain for battery components
and batteries by the U.S. government
and industry. The IRA and BIL have
already provided and continue to
provide significant support to accelerate

331 Planned Battery Supply at 6 n.3, 31, 34.

332 The report identifies an additional 590 GWh/
year in nominal anode active material North
American production capacity by the end of this
decade which is planned or considered, but not
formally announced. Planned Battery Supply at 31.

333 Planned Battery Supply at 34, 31.

334 Planned Battery Supply at 31, 34.

these efforts to build out a U.S. supply
chain for batteries, and, as demonstrated
in section I1.D.2.c.ii.a of this preamble,
uptake from industry has been
considerable. As described in some
detail earlier, the IRA offers sizeable
incentives and other support for further
development of domestic and North
American manufacture of electrified
vehicles and components, and BIL offers
significant grant funding for batter
component and cell manufacturing. The
45X tax credit offers up to $35/kWh for
battery cell production, up to $10/kWh
for battery pack production, and up to
10 percent of incurred costs for battery
component production through 2032.
The 48C tax credit offers up to $10
billion in products that could include
battery component and cell
manufacturing and recycling. The DOE
Loan Programs Office (LPO) is
supported battery component and cell
manufacturing projects through the
Advanced Technologies Vehicle
Manufacturing (ATVM) and Title 17
programs.335 (Some examples of recent
projects are outlined in RIA Chapter
1.5.1.3.) Together, these provisions are
continuing to motivate manufacturers to
invest in the continued development of
a North American supply chain, and
already appear to have proven
influential on the plans of
manufacturers to procure domestic or
North American mineral and

335 Planned Battery Supply at 8.


https://iea.blob.core.windows.net/assets/4eb8c252-76b1-4710-8f5e-867e751c8dda/GlobalSupplyChainsofEVBatteries.pdf
https://iea.blob.core.windows.net/assets/4eb8c252-76b1-4710-8f5e-867e751c8dda/GlobalSupplyChainsofEVBatteries.pdf
https://iea.blob.core.windows.net/assets/4eb8c252-76b1-4710-8f5e-867e751c8dda/GlobalSupplyChainsofEVBatteries.pdf
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component sources and to construct
domestic manufacturing facilities to
claim the benefits of the act.
Manufacturers are investing in lithium-
ion battery cell production, both
independently and through joint
ventures with battery companies. Tesla,

Ford, Volkswagen, GM, Stellantis,
Honda, and Hyundai have all
announced battery supply chain
investments in North America.336 See
also preamble section II.E.4 for further
discussion and examples. Importantly,
while the effects of BIL and IRA on the

battery supply chain are well
documented throughout this preamble,
funds from these laws are still being
disbursed, with billions of dollars
available for the battery supply chain
remaining (see Table II-8).

BILLING CODE 6560-50-P

Table 1I-8 Summary of Select DOE Funding for Battery and Electric Vehicle Supply Chain

Program Funding Total Period of Project Examples
Allocated® | Available® | Availability
Battery M aterials CAM and AAM production,
Processing Grants & 2022-2026; Until separator production, precursor
Battery Manufacturing | ~$1.9B ~$4.1B ’ paratorp 1on., p
. Expended® materials production, battery cell
and Recycling Grants ducti
(MESC) production.
Domestic Manufacturing T . . Eligible projects include
. o remain available P
Conversion Grants $0 $2B throueh 9/30/203 1 facilities to produce components
(MESC) & for electric vehicles.
Battery cell production, lithium
ATVM (LPO) ~$159B  |~$49.8B  |No restriction carbonate production, AAM
production, foil production,
CAM production.
Title 17 (LPO) $398.6M  |~$60B No restriction Zinc bromine battery energy
storage systems.
Eligible projects include
48C Qualifying production and recycling of
Advanced Energy Tax $0 $10B Until expended clean energy technologies,
Credit (IRS, MESC) critical minerals processing and
recycling.
For critical minerals:
45X Advanced permanent; For other | Eligible projects include battery
Manufacturing _ No limitation items: full credit components, critical minerals,
Production Tax Credit available between inverters, components for solar
(IRS) 2023-29 with phase and wind energy technology.
down from 2030-32

2 Funding announced since 2021, as of February 2024, for projects related to the scope of this study (cells, packs,
CAM, AAM, electrolyte, foil, separator, precursor materials). Includes conditional commitments (LPO only)

b For grants, the total available is the total allocated subtracted from the allocation, and indicates how much grant
funding is left. For LPO, this number represents approximate loan authority available as of January 2024, reported

by LPO.

¢ For the purposes of this table, the Battery Materials Processing Grants & Battery Manufacturing and Recycling
Grants are combined. These two programs are authorized separately in the IIJA. Their periods of availability are

listed respectively.

BILLING CODE 6560-50-C

In consideration of this updated
information on battery component and
cell manufacturing, it continues to be
our assessment that the industry is well
positioned to support the battery
demand that is projected under the
Phase 3 standards including taking into
consideration uncertainties that
generally accompany forward-looking
projections, and therefore EPA
concludes that there will be adequate

336 Planned Battery Supply at 23.

supply of battery cells and battery
components to support the feasibility of
the final standards under the modeled
potential compliance pathway.

c. Critical Mineral Security

As stated at the beginning of this
section IL.D, it is our assessment that
increased deployment of BEVs that
could result from this final rule does not
constitute a vulnerability to national
security, for several reasons supported

by the discussion in this preamble and
in RIA 1.5.1.2.

Mineral security refers to potential
national security risks posed by
vulnerabilities in the mineral supply
chain, and in particular reliance on
sourcing of critical minerals from
countries with which the U.S. has
fragile trade relations or significant
policy differences. This section
examines the outlook for mineral
security as it relates to demand for
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critical minerals resulting from
increased BEV production under the
final standards. We note that this
section focuses on mineral security, and
not on energy security, which relates to
security of energy consumed by
transportation and other needs. Energy
security is discussed separately in
section VILC of this preamble.

Concern for U.S. mineral security
relates to the global distribution of
established supply chains for critical
minerals and the fact that, at present,
not all domestic demand can be
supplied by domestic production.
Currently, despite a wide distribution of
mineral resources globally, mineral
production is not evenly distributed
across the world. At present, production
is concentrated in a few countries due
to several factors, including where the
resources are found in nature, the level
of investment that has occurred to
develop the resources, economic factors
such as infrastructure, and the presence
or absence of government policy relating
to their exploitation. While the U.S. is
not a leading producer of minerals used
in BEV batteries at present, substantial
investment has already gone towards
expanding domestic mineral supply,
largely due to funding and incentives
from BIL and IRA. This is described in
greater detail in section II.D.2.ii.a of this
preamble.

In the proposal, EPA analyzed the
primary issues surrounding mineral
security as it relates to critical mineral
needs for BEV production. 88 FR 25968.
We collected and reviewed information
relating to the present geographical
distribution of developed and known
critical mineral resources and products,
including information from the U.S.
Geological Survey, analyst firms and
various stakeholders. In considering
these sources we highlighted and
examined the potential for the U.S.
supply chain to reduce dependence on
critical minerals that at present are
largely sourced from other countries.
Our assessment of the available
evidence indicated that the increase in
BEV production projected to result from
the proposed standards could be
accommodated without causing harm to
national security.

EPA has carefully considered the
substantive and detailed comments
offered by the various commenters.
Much of the information provided by
adverse commenters builds upon the
evidence that EPA already presented in
the proposal concerning the risks and
uncertainties associated with the future
impact of mineral demand on mineral
security. Much of the information
provided by supportive commenters
also builds on the evidence EPA

presented in the proposal about the pace
of activity and overall outlook for
buildout of the critical mineral supply
chain. While contributing to the record,
the information provided by the
commenters largely serves to support
the trends that were already identified
and considered by EPA in the proposal,
and do not identify new, specific
aspects of mineral security that were not
already acknowledged. Taken together,
the totality of information in the public
record continues to indicate that
development of the critical mineral
supply chains is proceeding both
domestically and globally in a manner
that supports the industry’s compliance
with the final standards under the
modeled potential compliance pathway.
In light of this information provided in
the public comments and additional
information that EPA has collected
through continued research, it continues
to be our assessment that the increase in
ZEV production projected under the
modeled potential compliance pathway
for the standards is not expected to
adversely impact national security, and
in fact may result in national security
benefits by reducing the need for
imported petroleum (as discussed
separately in section VII.C of this
preamble) and providing regulatory and
market certainty for the continued
development of a domestic supply chain
for critical minerals.

Regarding the adequacy of the supply
chain in supporting the standards, EPA
notes that it is a misconception to
assume that the U.S. must establish a
fully independent domestic supply
chain for critical minerals or other
inputs to BEV production in order to
contemplate standards that may result
in increased manufacture of BEVs. The
supply chain that supports production
of consumer products, including ICE
vehicles, is highly interconnected across
the world, and it has long been the norm
that global supply chains are involved
in providing many of the products that
are commonly available in the U.S.
market and that are used on a daily
basis. As with almost any other product,
the relevant standard is not complete
domestic self-sufficiency, but rather a
diversified supply chain that includes
not only domestic production where
possible and appropriate but also
includes trade with allies and partners
with whom the U.S. has good trade
relations. As discussed below, bilateral
and multilateral trade agreements and
other arrangements (such as defense
agreements and various development
and investment partnerships), either
long-standing or more recently
established, already exist which greatly

expands opportunities to develop a
secure supply chain that reaches well
beyond the borders of U.S.

As discussed previously in this
section in connection with critical
mineral availability, since the proposal,
Argonne National Laboratory has
conducted additional analysis on the
outlook for U.S. production of nickel,
cobalt, graphite, manganese and lithium
and we have updated our analysis to
reflect this work. For the minerals
examined, there are prospects for
growth among secure sources of supply,
and the report details ongoing efforts to
build and strengthen partnerships with
friendly countries to fill any supply
gaps that cannot be met domestically.

The United States is actively pursuing
a whole-of-government strategy to
secure materials that cannot be
sufficiently produced domestically. This
involves diversifying sourcing strategies
through strengthening current trade
agreements and actively building new
economic, technology, and regional
security alliances. The United States has
international initiatives in place to
secure nickel, cobalt, and graphite, the
critical battery minerals for which
imports from non-FTA, non-MSP
countries are projected in the short,
medium, and/or long term. These
initiatives and agreements serve to
secure supply chains, and to balance
and counteract influence of potential
threats to those supply chains,
including potential threats posed by
Foreign Entities of Concern, such as the
concentration of mineral processing in
China. We discuss below some specific
examples of bilateral and multilateral
efforts to secure minerals supply from
non-U.S. sources.

Indonesia, for example, is a major
source of nickel supply and refining
capacity, and also has significant
reserves of cobalt. The U.S. has been
making concerted efforts to forge a
strong partnership with Indonesia,
culminating in the U.S. entering into a
Comprehensive Strategic Partnership
with Indonesia in 2023, with the
intention of creating a clean nickel
supply chain. Another avenue for
building partnership with Indonesia is
through the Indo-Pacific Framework for
Prosperity (IPEF), an agreement between
the U.S. and countries across the Indo-
Pacific region to advance resilience,
sustainability, inclusiveness, economic
growth, fairness, and competitiveness
for our economies.337 IPEF recently
announced a critical minerals dialogue,
and the IPEF Supply Chain Agreement

337 https://ustr.gov/trade-agreements/agreements-
under-negotiation/indo-pacific-economic-
framework-prosperity-ipef.
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entered into force in February 2024.338
Another avenue is through DOI’s
International Technical Assistance
Program (DOI-ITAP), which builds
capacity in other countries by drawing
from the diverse expertise of DOI
employees, lending assistance and
expertise to projects, including
mining.339 DOI and USAID partnered to
advise Indonesia’s Ministry of Mines on
mining governance. The State
Department also entered a
memorandum of understanding with
Indonesia’s Ministry of Energy and
Mineral Resources to cooperate on
responsible mining and minerals
processing.340 The U.S. also supports
the Just Energy Transition Partnership,
which supports clean electricity
development in Indonesia.

The Democratic Republic of Congo
(DRC) is the world’s largest source of
cobalt, with 70 percent of current world
production and 48 percent of
reserves.341 The U.S. is partnering with

DRC to secure cobalt supply to close the
gap between projected domestic
demand and projected domestic supply.
Through PGI, the United States is
supporting the development of the
Lobito Corridor, which connects the
Democratic Republic of the Congo and
Zambia with global markets through
Angola, with an initial investment of
$250 million in a rail expansion that
intends to reduce transport time and
lower costs for metals exports from the
region.342 Child and forced labor has
been a particular concern for DRC, given
the known presence of child workers at
artisanal mines across the region,
despite these mines making up a
minority of cobalt mining operations.
The U.S. and allies are partnering with
the DRC to combat child and forced
labor in the cobalt supply chain. A
notable example is the Department of
Labor (DOL)-funded Combatting Child
Labor in the Democratic Republic of the

Congo’s Cobalt Industry (COTECCO)
project.343

Elsewhere in Africa, the United States
International Development Finance
Corporation (DFC) has invested to
expand graphite mining and processing
in Mozambique.344 The United States is
working closely with its FTA partner
Australia to develop graphite mining
projects in Tanzania and other
countries.345

Notably, the U.S. is a member of the
Minerals Security Partnership, which a
collaboration of 13 countries and the EU
to invest in a responsible, secure critical
minerals supply chains globally.346

The selected examples explore U.S.
engagements with some of the most
important international players in
critical mineral supply chains, but they
are by no means exhaustive. Below is a
graphic overview of U.S. initiatives to
secure electric vehicle battery minerals
across the world (Figure II-11).
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Figure II-11 U.S. Government international initiatives to secure battery minerals and materials. (ANL Figure

In addition, as we noted at proposal,
it merits mention that utilization of
critical minerals is different from the

338 https://www.commerce.gov/news/press-
releases/2024/01/us-department-commerce-
announces-upcoming-entry-force-ipef-supply-chain.

339 https://www.doi.gov/intl/itap.

340 ANL at 45.

341 ANL at 46.

11)

utilization of foreign oil, in that oil is
consumed as a fuel while minerals
become a constituent of manufactured

342 https://www.whitehouse.gov/briefing-room/
statements-releases/2023/05/20/fact-sheet-
partnership-for-global-infrastructure-and-
investment-at-the-g7-summit.

343 https://www.dol.gov/agencies/ilab/comply-
chain; https://www.dol.gov/agencies/ilab/
combatting-child-labor-democratic-republic-congos-

vehicles. 88 FR 25968. That is, mineral
security is not a perfect analogy to
energy security. Supply disruptions and

cobalt-industry-cotecco. See also the further
discussion in RTC section 17.2.

344 ANL at 57.

345 ANL at 58.

346 https://www.state.gov/minerals-security-
partnership.
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fluctuating prices are relevant to critical
minerals as well, but the impacts of
such disruptions are felt differently and
by different parties. Disruptions in oil
supply or gasoline price have an
immediate impact on consumers
through higher fuel prices and thus
constrains the ability to travel. In
contrast, supply disruptions or price
fluctuations of minerals affect only the
production and price of new vehicles. In
practice, short-term price fluctuations
do not always translate to higher
production cost as most manufacturers
purchase minerals via long-term
contracts that insulate them to a degree
from changes in spot prices. Moreover,
critical minerals are not a single
commodity but a number of distinct
commodities, each having its own
supply and demand dynamics, with
many being capable of substitution by
other minerals.347 Importantly, while oil
is consumed as a fuel and thus requires
continuous supply, minerals become
part of the vehicle and have the
potential to be recovered and recycled.
Thus, even when minerals are imported
from other countries, their acquisition
adds to the domestic mineral stock that
is available for domestic recycling in the
future.

We thus reiterate our conclusion from
proposal that there are short-term,
medium-term, and long-term means of
successfully dealing with issues of
mineral security—both mineral
availability and supply chains for the
acquisition of minerals. Lithium supply
in the mid- and long-term will largely be
satisfied domestically, with supply gaps
being filled by countries with which the
U.S. has strong relations. Although we
do not anticipate domestic supply to
meet a large share of demand for cobalt,
nickel, and graphite, we have indicated
pathways by which a diversified and
secure global supply chain for each may
be achieved, describing a portfolio of
bilateral and multilateral development
efforts underway as of February 2024 to
secure critical minerals from friendly
countries, as described in the DOE
Argonne Laboratory report on critical
minerals availability. We anticipate
these minerals security efforts to
continue to expand subsequent to this
final rulemaking. We consequently
regard the Phase 3 standards as feasible
in light of concerns regarding mineral
security.

347 For example, manganese can be subsituted by
aluminum in the case of nickel-manganese-cobalt
(NMC) and nickel-cobalt- aluminum (NCA)
batteries. Likewise, an LFP battery uses iron
phosphate chemistry without nickel, manganese,
cobalt or aluminum. Research has also been
conducted to study the replacement of lithium with
sodium ions.

iii. Assessment of Heavy-Duty BEV
Charging Infrastructure

As BEV adoption grows, more
charging infrastructure will be needed
to support the HD BEV fleet.348 We
received many comments on this topic.
Vehicle manufacturers, dealers, fleet
owners, and representatives of the fuels
industry among others raised concerns
that charging and supporting
infrastructure, both front-of-the-meter
(electricity generation, distribution, and
transmission) and back-of-the-meter
(such as EVSE installations), is
inadequate today and that the pace of
deployment is not on track to meet
levels projected if the proposed
standards are finalized. Commenters
noted that fleets will not buy, or may
cancel orders, if charging infrastructure
is a barrier. A particular concern raised
by commenters is that although back-of-
the-meter issues (e.g., how many EVSE
ports to purchase, where to install
EVSE, etc.) are largely in the control of
the vehicle purchaser, front-of-the-meter
issues are not. Commenters noted that if
infrastructure is needed to support the
EVSE hardware—generally termed
distribution grid buildout—liaison with
a utility is necessary. In this regard,
many commenters spoke of a
conundrum whereby owners will not
purchase a BEV without assurance of
adequate supporting infrastructure, but
utilities will not build out without
advance assurance of demand.

We also received comments from non-
governmental organizations,
electrification groups, electric vehicle
manufacturers, and utilities indicating
that there could be adequate supporting
infrastructure, including distribution
grid buildout, within the proposed
Phase 3 rule’s timeframe. They pointed
out that buildout need not occur
nationwide, nor all at once. Rather, they
noted that initial buildout could be
concentrated in a relatively few high-
volume freight corridors. They also
highlighted the many public and private
investments in charging infrastructure
that have been announced or are
underway. Commenters flagged
innovative charging solutions such as
charging-as-a-service and mobile
charging that can help meet the needs
of fleets that experience delays
installing EVSE or for which there are
other barriers to depot charging. Some
noted that public charging needs will be
geographically concentrated in early
years, allowing a phased approach for

348 Infrastructure includes both charging
infrastructure, which includes the EVSE on the
customer side of the meter, and grid infrastructure,
that is the power generation, transmission, and
distribution on the utility side of the meter.

public infrastructure deployment.
Finally, commenters noted that EPA
finalizing stringent standards would
provide certainty to OEMs, EVSE
providers and utilities and spur further
investments in charging infrastructure.

One point on which we received
many comments was that there would
need to be public charging to support
the Phase 3 standards under the
modeled potential compliance pathway.
In this regard, the first group of
commenters raised issues about the
adequacy and availability of public
charging networks. They noted that HD
BEVs have different charging needs
from LD vehicles, and that the power
levels and site designs of public
charging stations available today may
not be able to serve HD vehicles. While
some of these commenters noted the
importance of public investments in
charging infrastructure, they expressed
concern that programs such as the $5
billion National Electric Vehicle
Infrastructure (NEVI) program
established under the BIL will primarily
support infrastructure designed for LD
vehicles. The second group of
commenters were optimistic that a
sufficient public charging network was
feasible within the 2027-2032 time
frame, and some of these commenters
provided quantified information as to
potential network extent and cost in
support.

We note at the outset that we agree
with the commenters regarding the need
to assess and cost public charging
corresponding to the modeled potential
compliance pathway supporting
feasibility of the final standards. EPA’s
potential compliance pathway at
proposal posited that all HDV charging
needs could be met with depot charging,
and EPA’s cost estimates consequently
reflected depot charging only. DRIA at
195. EPA acknowledged at proposal that
public charging would ultimately be
necessary, DRIA at 195-96, and now
agrees with commenters that the need is
nearer-term and that analysis of public
charging should be included as part of
the modeled potential compliance
pathway that supports the feasibility of
the final standards. Accordingly, the
analysis for the final rule reflects
incorporation of public charging for
certain HDV subcategories starting in
MY 2030. We have made the
appropriate modifications to our cost
estimates, and to HD TRUCS, to reflect
public charging needs in the modeled
potential compliance pathway. Further
details are in sections IL.D.5.iv, ILE.2,
and ILE.5.ii.
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a. Depot Charging
(1) Behind-the-Meter Infrastructure

In both the NPRM and here in the
final rule, we expect that much of the
infrastructure development may be
purchased by individual BEV or fleet
owners for depot charging or be subject
to third-party contracts to provide
charging as a service.342 Manufacturers
are working closely with their
customers to support this type of EVSE
infrastructure, many making recent
announcements since the NPRM was
issued.

For example, PACCAR sells a range of
EVSEs to customers directly.35° Mack
Trucks partnered with two charging
solution companies so that they can
offer customers the ability to acquire
EVSE solutions directly from their
dealers.351 DTNA also announced a
partnership to provide their customers
with EVSE solutions.352 Similarly,
Navistar partnered with Quanta
Services, Inc. to provide BEV
infrastructure solutions, that include
support in the design, construction, and
maintenance of EVSE at depots.353
Nikola has partnered with ChargePoint
to provide fleet customers with a suite
of options for charging infrastructure
and software (e.g., for charge
management).35¢ AMPLY Power, which
was acquired by BP in 2021, provides
charging equipment and services for a

349 “EV charging as a service”. IRENA—
International Renewable Energy Agency. Accessed
February 23, 2024. Available online: https://
www.irena.org/Innovation-landscape-for-smart-
electrification/Power-to-mobility/31-EV-charging-
as-a-service.

350 PACCAR. “Electric Vehicle Chargers.”
Accessed on November 1, 2023. Available online:
https://www.paccarparts.com/technology/ev-
chargers.

351 Volvo Group Press Release. “Mack Trucks
Enters Partnerships with Heliox, Gilbarco to
Increase Charging Accessibility.” February 14,
2023. Available online: https://
www.volvogroup.com/en/news-and-media/news/
2023/feb/mack-trucks-enters-partnerships-with-
heliox-gilbarco-to-increase-charging-
accessibility.html.

352 Daimler Trucks North America Press Release.
“Electrada, Daimler partner for electric charging.”
October 3, 2023. Available online: https://
www.truckpartsandservice.com/alternative-power/
battery-electric/article/15635568/electrada-daimler-
partner-for-chargers.

353 Navistar Press Release. “Navistar Partners
With Infrastructure Solutions Provider Quanta
Services.” May 3, 2023. Available online: https://
news.navistar.com/2023-05-03-Navistar-Partners-
With-Infrastructure-Solutions-Provider-Quanta-
Services.

354 Nikola. “Nikola and ChargePoint Partner to
Accelerate Charging Infrastructure Solutions.”
November 8, 2022. Available online: https://
nikolamotor.com/press_releases/nikola-and-
chargepoint-partner-to-accelerate-charging-
infrastructure-solutions-212.

variety of fleets, including van, truck,
and bus fleets.355

Some companies are starting with
mobile charging units while they test or
pilot vehicles.356 For example, PACCAR
has partnered with Heliox to offer 40
kW and 50 kW mobile charging units to
its dealers and customers of the
Kenworth and Peterbilt brands,357 and
Sysco, which plans to deploy 800 Class
8 BEV tractors in the next few years,
plans to use mobile charging units to
begin their truck deployments while 14
charging stations are being installed.358

While we agree with commenters that
dedicated HD charging infrastructure
may be limited today, we expect both
depot and public charging to expand
significantly over the next decade. The
U.S. government is making large
investments in charging infrastructure
through the BIL359 and the IRA,36° as
discussed in RIA Chapter 1.3.2. For
example, the Charging and Fueling
Infrastructure Discretionary Grant
Program (CFI Program) recently
announced the first-year grant recipients
under the program.361 In total, over
$600 million in grants will support the
deployment of charging and alternative
fueling infrastructure in communities
and along corridors in 22 states (see
RTC 6.1 for a summary of grants that
will specifically support HD charging
infrastructure). The IRA extends and
modifies the “Alternative Fuel
Refueling Property Credit” tax credit

355 BP. Press Release: “‘bp takes first major step
into electrification in the US by acquiring EV fleet
charging provider AMPLY Power”. December 7,
2021. Available online: https://www.bp.com/en/
global/corporate/news-and-insights/press-releases/
bp-takes-first-major-step-into-electrification-in-us-
by-acquiring-ev-fleet-charging-provider-amply-
power.html.

356 Mobile charging units are EVSE that can move
to different locations to charge vehicles. Depending
on the unit’s specifications and site, mobile
charging units may be able to utilize a facility’s
existing infrastructure (e.g., 240 V wall outlets) to
recharge. Mobile charging units may have wheels
for easy transport.

357 Hampel, Carrie. “Heliox to be global charging
partner for Paccar”. Electrive.com. September 24,
2022. Available online: https://www.electrive.com/
2022/09/24/heliox-to-be-global-charging-partner-
for-paccar/.

358 Morgan, Jason. ‘“‘How Sysco Corp. plans to
deploy 800 battery electric Class 8 trucks (and that’s
just the beginning)”. Fleet Equipment. November
14, 2022. Available online: https://
www.fleetequipmentmag.com/sysco-battery-
electric-trucks.

359 Infrastructure Investment and Jobs Act, Public
Law 117-58, 135 Stat. 429 (2021). Available online:
https://www.congress.gov/117/plaws/publ58/
PLAW-117publ58.pdf.

360 Inflation Reduction Act, Public Law 117-169,
136 Stat. 1818 (2022). Available online: https://
www.congress.gov/117/plaws/publ169/PLAW-
117publ169.pdf.

361JOET, “Biden-Harris Administration Bolsters
Electric Vehicle Future with More than $600
Million in New Funding,” January 11, 2024, https://
driveelectric.gov/news/new-cfi-funding.

under section 30C of title 26 of the
Internal Revenue Code (“30C”’) that
could cover up to 30 percent of the costs
for procuring and installing charging
infrastructure (subject to a $100,000 per
item cap) in eligible census tracts
through 2032. Based on its assessment
of the share of heavy-duty charging
stations that may be located in
qualifying areas (and other 30C
provisions), DOE projects an average
value of this tax credit of 18 percent of
the installed EVSE costs at depots and
up to 27 percent362 at public charging
stations.363 364 In addition, there are
billions of dollars in funding programs
that could support HD charging
infrastructure either on its own or
alongside the purchase of a HD BEV. As
detailed in the following sections,
private investments will also play an
important role in meeting future
infrastructure needs. We also agree with
commenters that the existence of the
final standards themselves provides
regulatory certainty that will spur
further infrastructure investments—both
by HD vehicle purchasers installing
EVSE at depots and by manufacturers,
utilities, EVSE providers, and others
installing public charging stations.
EVSE for HD BEVs is available today
for purchase. However, EPA recognizes
that it takes time for individual or fleet
owners to develop charging site plans
for their facility, obtain permits,
purchase the EVSE, and have it
installed. For the depots that may be
charging a greater number of vehicles or
with high-power DCFC ports, an
upgrade to the electricity distribution
system may be required adding to the
installation timeline. As described in
RIA Chapter 2.10.3, we estimated the
total number of EVSE ports that will be
required to support the depot-charged
BEVs in the potential compliance
pathway’s technology packages
developed to support the MYs 2027—
2032 standards. We estimated about
520,000 EVSE ports will be needed
across all six model years, but only
about half of those will be required to
support the MY 2027 through MY 2030
vehicles. The majority (88 percent) of
EVSE ports (for MY2027-2032) are
Level 2 ports, which are less likely to
require lengthy upgrades to the
distribution system as described in

362 The average value of 27 percent for public
charging infrastructure is for EVSE under 1 MW; for
1 MW and higher, DOE estimates an average tax
credit value of 19 percent.

3631J.S. DOE, “Estimating Federal Tax Incentives
for Heavy Duty Electric Vehicle Infrastructure and
for Acquiring Electric Vehicles Weighing Less than
14,000 Pounds.” Memorandum, March 2024.

364 See preamble section ILE.2 and RIA Chapter
2.6.2.1 for a discussion of how we accounted for
this tax credit in our analysis of depot EVSE costs.
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https://nikolamotor.com/press_releases/nikola-and-chargepoint-partner-to-accelerate-charging-infrastructure-solutions-212
https://www.bp.com/en/global/corporate/news-and-insights/press-releases/bp-takes-first-major-step-into-electrification-in-us-by-acquiring-ev-fleet-charging-provider-amply-power.html
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section ILE.2. See also RTC section 7
(Distribution). In conclusion, there is
time to install EVSE at depots to support
projected utilization of BEV
technologies beginning in MY 2027.

(2) Front-of-the-Meter Infrastructure/
Distribution Grid Buildout

EPA has carefully considered the
many comments concerning the need
for, timing of, and cost for distribution

grid buildout.365 This issue relates to
the infrastructure linking transmission
lines to an electricity user. A typical
grid infrastructure diagram shows a
transmission line feeding into a
distribution substation which serves
several feeders to distribute power.
From the feeders that serve thousands of
customers, the service transformers step
down the voltage to customer utilization
levels. Of these three elements of

distribution grid infrastructure, the
substation is by far the costliest and
most time-intensive to construct (though
less so to upgrade an existing
substation), feeders are the next most
resource intensive, and service
transformers the least. Table II-9, based
on information in RIA Chapter 1.6.5,
shows timing estimates for each of these
elements.366 367

Table 11-9 Timing to Implement Electricity Distribution Components

Component Capacity per Time to Implement (months)
Borlaug et al. 2021 Borlaug et al. 2021 EPRI
Substation New 3-10+ MW 24-48 3660
Substation Upgrade 3-10+ MW 12-18 24-36
Feeder New 5+ MW 3-12 12-24
Feeder Upgrade 5+ MW 3-12 6-12
Transformer New 200+ kW 3-8 3-8

New substation costs can vary,
depending on location (urban/suburban/
rural) and Megavolts ampere with
estimates showing $4 to $35 million.368
Feeders can cost from $100 to
approximately $872 per foot, variables
being above or below ground
installation, and voltage (typically $1
million for 0 kV-25 kV and $1.5 million
for 26kV—-35kV)).369 The estimated cost
of a non-DCFC service transformer is
$20,000.370

EPA has assessed the question of how
much buildout might be needed (under
the modeled potential compliance
pathway supporting the feasibility of the
standards) at the national level, at the
regional level, and at the parcel level.371
Assessment was conducted with EPA
internal tools372 as well as with a first
of its kind ground up analysis from
DOE. We find that electricity demand
attributable to the Phase 3 standards
under the modeled potential
compliance pathway is minimal for any
and all of these perspectives, and
especially so in the initial years of the
program when the lead time needed for
distribution grid buildout installation

365 Sge, RTC section 7 (Distribution) for a full
discussion of the issues discussed in this preamble
section; see also RIA Chapter 1.6.

366 Borlaug, B., Muratori, M., Gilleran, M. et al.
“Heavy-duty truck electrification and the impacts of
depot charging on electricity distribution systems”.
Nat Energy 6, 673—-682 (2021). Available online:
https://www.nature.com/articles/s41560-021-00855-
0.

367 EPRI. “EVs2Scale2030TM Grid Primer”.
August 29, 2023. Available online: https://
www.epri.com/research/products/00000000300
2028010.

368 Borlaug, B., Muratori, M., Gilleran, M. et al.
“Heavy-duty truck electrification and the impacts of
depot charging on electricity distribution systems”.
Nat Energy 6, 673-682 (2021). Available online:

could potentially otherwise be
constraining.

In 2027, the Phase 3 rule is projected
to increase transportation sector
electricity demand by a modest 0.67
percent; that is, of the national demand
for electricity posed by the
transportation sector, less than 1 percent
is attributable to the Phase 3 rule in
2027. In 2032, this rule is projected to
increase transportation sector electricity
demand to 9.27 percent.373 We note that
the modeling associated with these
estimates uses the final rule adoption
rate scenario, which corresponds to the
modeled potential compliance pathway
for the final rule.

Furthermore, since this demand is
only that attributable to the
transportation sector, the demand as a
percentage of total demand on a utility
would be less, since it would be a
fraction of all other sources of demand.
Thus, in 2030 and 2035 (the years we
modeled for this analysis), increases in
the demand for the modeled compliance
pathway are only 0.41 percent and 2.59
percent.374

Moreover, as commenters noted (see
RTC sections 6.1 and 7 (Distribution)),

https://www.nature.com/articles/s41560-021-00855-
0.

369 National Renewable Energy Laboratory,
Lawrence Berkeley National Laboratory, Kevala
Inc., and U.S. Department of Energy. “Multi-State
Transportation Electrification Impact Study:
Preparing the Grid for Light-, Medium-, and Heavy-
Duty Electric Vehicles”. DOE/EE-2818. U.S.
Department of Energy. March 2024. At 64-65
(“TEIS”).

370 TEIS at 96. Median cost of DCFC service
transformers in the Study was $50,000. Id.

371 A “parcel”, as used in the TEIS, means “‘a real
estate property or land and any associated
structures that are the property of a person with
identification for taxation purposes.” TEIS at 2 n.
15.

charging infrastructure needed to meet
this demand in the time frame of the
rule is likely to be centered in a sub-set
of states and counties where freight
activity is concentrated and supportive
ZEV polices exist. ICCT found that
likely areas of high concentration
include Texas (Harris, Dallas, and Bexar
counties); southern California (Los
Angeles, San Bernadino, San Diego and
Riverside counties); New York State
(Bronx, New York, Queens, Kings, and
Richmond counties); Massachusetts
(Suffolk county); Pennsylvania
(Philadelphia county); New Jersey
(Hudson county); and Florida (Miami-
Dade county).375 These areas are
projected to experience either higher
aggregate demand or higher energy
demand per unit area attributable to HD
BEV adoption. In the critical initial year
of the Phase 3 standards, when there is
the least lead time, EPA’s projected
increases in electricity demand are very
modest, ranging from 0.002 percent (Los
Angeles-Long Beach-Anaheim) to 0.88
percent (Phoenix-Mesa-Scottsdale).376
These estimates are conservative. The
projected increases represent increased
electricity demand attributable to both

372 See discussion of IPM modeling for the
interim control case described in RIA Chapter 4.2.4.

373 Murray, Evan “Calculations of the Impacts of
the Final Standards at Various Geographic Scales”
(February 29, 2024). (National Demand tab).

374 Murray, Evan “Calculations of the Impacts of
the Final Standards at Various Geographic Scales”
(February 29, 2024). (Generation National Demand
tab).

375 Comments of ICCT, July 2023 at 11. These
comments reflect Ragon, Kelly, et al., 2023 (“ICCT
May 2023 White Paper”).

376 Murray, Evan “Calculations of the Impacts of
the Final Standards at Various Geographic Scales”
(February 29, 2024). (MSA Demand tab).


https://www.epri.com/research/products/000000003002028010
https://www.epri.com/research/products/000000003002028010
https://www.epri.com/research/products/000000003002028010
https://www.nature.com/articles/s41560-021-00855-0
https://www.nature.com/articles/s41560-021-00855-0
https://www.nature.com/articles/s41560-021-00855-0
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the heavy-duty Phase 3 rule and
demand from the light-duty sector
absent the final rule. The portion of
electricity demand attributable to the
Phase 3 rule would be less.

We estimate that electricity demand
in these high traffic freight corridors
attributable to the transportation sector
would increase in 2032, corresponding
to need under the modeled potential
compliance pathway to meet increased
standard stringency (including
standards for sleeper cab tractors and
heavy heavy-duty vocational vehicles
which commence after MY 2027,
ranging from 0.014 percent (San Diego-
Carlsbad) to 12.58 percent (San
Antonio-New Braunfels).377 EPA regards
these projected increases as modest. The
projected increases in 2027, when there
is the shortest lead time for buildout, are
small. As expected, demand is projected
to increase in 2032 but there is
considerably more available lead time in
which buildout can be accommodated.
Moreover, these increases are modest
compared to total electricity demand on
utilities within the states in these freight
corridors. See RTC section 7
(Distribution).

The Department of Energy study,
“Multi-State Transportation
Electrification Impact Study” (“TEIS”)
supports this conclusion at a more
granular level.378 This is the first study
of this scale to be bottom up, comparing
parcel level light, medium, and heavy-
duty vehicle demand to parcel supply
by PV (photovoltaic) and grid capacity
at each examined parcel. The study
focuses on 5 states (California, New
York, Illinois, Oklahoma, and
Pennsylvania) selected to capture
diversity in population density (urban
and rural areas), freight demand, BEV
demand, state EV policies, utility type
(i.e., investor owned, municipality, or
cooperative) and distribution grid
composition. The TEIS used these states
to extrapolate a national demand for
where and when upgrades will be
needed to the electricity distribution
system—including substations, feeders,
and service transformers—due to BEV
load under the approximated
combination of the EPA’s combined
light-duty and medium-duty rulemaking
action (LMDV)379 and HD Phase 3 rules

377 Murray, Evan “Calculations of the Impacts of
the Final Standards at Various Geographic Scales”
(February 29, 2024). (MSA Demand tab).

378 National Renewable Energy Laboratory,
Lawrence Berkeley National Laboratory, Kevala
Inc., and U.S. Department of Energy. “Multi-State
Transportation Electrification Impact Study:
Preparing the Grid for Light-, Medium-, and Heavy-
Duty Electric Vehicles”. DOE/EE-2818. U.S.
Department of Energy. March 2024. (“TEIS”).

379 EPA’s combined light-duty and medium-duty
rulemaking action “Multi-Pollutant Emissions

and under a no action case. The
research team also assessed the
potential impact of managed EV
charging at homes and depots to reduce
the peak power needs and associated
cost and timing of distribution
upgrades. In the unmanaged case, the
study assumes that EVs are charged
immediately when the vehicle returns to
a charger. In contrast, the managed
charging case has vehicles arriving at
charging locations and intentionally
minimizing charging power such that
the session is completed just prior to the
vehicle’s departure from that location380
The study also incorporates public
charging such that the corresponding
high power needs are reflected.

The study estimates overload at the
substation level (100 percent criteria),
feeder level (100 percent criteria), and at
the residential service transformer per
feeder level (125 percent) criteria.381
Scenarios examined are for 2027 ‘“no
action” (i.e., baseline without the LMDV
or HD Phase 3 emission standards under
the two rulemakings) with and without
mitigation (i.e., the EV charging
management just described), and the
action case with EPA’s LMDV and HD
Phase 3 rules, again both with and
without mitigation. The action case uses
the same case EPA used for its national
and regional estimates presented
previously in this section, which
include higher electricity demand than
corresponds to the HD Phase 3 final
standards under the modeled potential
compliance pathway. The study
examines the same scenarios for
2032.382

Consistent with the national demand
and high freight corridor regional
demand estimates, the TEIS projects
minimal demand (energy consumption)
and minimal peak demand for both
2027 and 2032, even without
considering any mitigation. In 2032, that
incremental increase ranged from 1.6
percent to 2.7 percent.383 Incremental
impact on peak demand, again from the
unmanaged case, was 0.1-0.2 percent in
2027 and 0.6—3.0 percent in 2032.384

If BEV users engage in simple
management strategies—shifting
charging times as described previously

Standards for Model Years 2027 and Later Light-
Duty and Medium-Duty Vehicles” Docket ID: EPA—
HQ-OAR-2022-0829. We refer to this action both
as the Light- and Medium-Duty (LMDV) rule and/
or LD rule for short in this preamble.

380 TEIS at 4.

381 TEIS at 47 (substation), 47 (feeder), and 49
(transformer).

382 TEIS at 2—3. The No Action case includes
current state and Federal policies and regulations
as of April 2023. Id. at 3.

383 TEIS at 56.

384 TEIS at 62.

in this section 385—not only do these
z2estimates of energy consumption and
peak demand impacts decrease, but in
some instances, peak demand is
projected to decrease in absolute terms,
that is, to be less than in the no action
unmanaged case. Thus, for 2027,
incremental peak demand decreases in
four of the five states, and remains
identical in the fifth.386 For 2032,
incremental peak demand is positive in
two of the states but the increase is only
0.1 percent and 0.5 percent, and
reduced in the other states by 0.5-1.8
percent potentially obviating the need
for any buildout at all.387

These minor increases reflect low
numbers of transformers, feeders, and
substations estimated to be needed
(again, for the five states at issue, and
for both LMDV and HD Phase 3 rules
together). In 2027, only 1 additional
substation is projected to be needed,
and none in the managed case.388 In
2032, the TEIS projects that only 8
substations would be needed in the
unmanaged case, 4 if conservative
mitigative measures are utilized.389
Projections for feeders are 9 in 2027 (5
in the managed case), and 125 in 2032
(75 if managed). In 2027, the TEIS
projects 2,800 transformers (2,400 if
managed), and 30,000 in 2032 (21,000 in
the managed case).390

Although new substations are a
significant undertaking that can take
multiple years as shown in Table II-9,
as noted, the TEIS finds that only a
small number are projected to be
needed. We note further that the
estimates in the TEIS Study of the
amount of distribution buildout needed
are conservative with respect to the HD
Phase 3 rule. First, the TEIS Study
considered both the light/medium duty
standards and the HD Phase 3 emission
standards together and did not
disaggregate the results. Second, as just
noted, the action scenario considered
included higher electricity demand than
corresponds to the Phase 3 final
standards under the modeled potential
compliance pathway. Third, the
“unmanaged” scenario presented
considers no mitigation efforts at all. If
minimal mitigation efforts,
characterized in the TEIS as “a
conservative estimate of the benefits of
managed charging”,391 are considered

385 TEIS at 4.

386 TEIS at 62.

387 TEIS at 62.

388 TEIS at Table ES-2.

389 TEIS at Table ES-2.

390 TEIS at Table ES—2. Compare this with the
estimated 50 million transformers in use presently.
See RTC section 7 (Distribution).

391 TEIS at 4.
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estimated impacts decrease sharply. The
action managed case is projected to
reduce peak loads in all 5 States in
2027, and to reduce peak loads in 3 of
the 5 States in 2032.

We further have modeled a potential
compliance pathway whereby almost all
of the HD BEVs utilize Level 2 or DC-
50 kW chargers for depot EVSE, rather
than higher rated chargers.392 These
lower rated chargers will not pose the
types of electricity demand potentially
requiring distribution buildout upgrades
as the higher-rated chargers posited by
some of the commenters.393

EPA recognizes that from the
standpoint of timing, it is important to
consider not only incremental increases
in demand attributable to the HD Phase
3 emission standards but also other
demand from the light-duty, medium-
duty, and heavy-duty transportation
sector that might occasion the need for
distribution grid buildout. For example,
buildout potentially could be needed
with respect to HD BEVs in the EPA
reference case. We continue to find that
this overall demand can be
accommodated within the timeframe of
the rule, for the following reasons.

As discussed previously in this
section, buildout need not occur
everywhere and all at once. In the rule’s
time frame, as shown in particular in
the ICCT 2023 White Paper, it can be
centered in a discrete number of high
freight corridors.

In the early model years of the
program, when lead time is the shortest,
projected demand remains low.394
When accounting for the increase from
all vehicles (light-duty and heavy-duty),
we find the portion of demand
attributable to the entire heavy-duty
vehicle sector (including ACT) increases
by only 2.6 percent between 2024 and
2027.395 That is, the increase in demand
attributable specifically to electric
heavy-duty vehicles (including ACT),
and therefore the infrastructure buildout
necessary to support those vehicles, is
small compared to other factors.

We further project that a substantial
majority of these ACT-compliant ZEVs

392RIA chapter 2 at Table 2—73. The only
exceptions are for four tractors projected to utilize
DC-150kW chargers (HD TRUCS vehicles 30, 31,
83, and 101), and one additional tractor and one
transit bus projected to utilize DC-350kW chargers
(HD TRUCS vehicles 80 and 87).

393 The ICCT White Paper likewise finds that
“trucks with smaller batteries can charge overnight
with 50 kW CCS chargers or 19 kW Level 2 chargers
in some cases.” ICCT White Paper at p. 6.

394 TEIS at 75 showing national distribution costs
in 2027 (reflecting both light- and heavy-duty
sectors).

395 Murray, Evan, “Calculations of the Impacts of
the Final Standards at Various Geographic Scales”
(February 29, 2024).

would be light and medium heavy
vocational vehicles which utilize EVSE
types least likely to occasion demand
triggering need for buildout. RIA
Chapter 4.2.2. For example, the TEIS
projects no need for new and upgraded
substations in 2027 nationally, and need
for only approximately 24—48 (managed
and unmanaged cases) nationally in
2032.396

Most of the demand comes from the
states which have adopted ACT.397 EPA
notes that these states that have adopted
the program have undertaken and have
on-going efforts to achieve it. See RTC
section 7 (Distribution) describing such
on-going efforts.

With respect to non-ACT states, most
of the demand in these states is
attributable to the HD Phase 3 rule itself.
See RIA Chapter 4.2.2. As discussed in
RTC section 7 (Distribution) with
respect to high freight corridors in non-
ACT states (including Pennsylvania,
Texas, Arizona, and Illinois), that
incremental demand is low, especially
in the initial year of the program. State-
by state results show similar small
percentages of increased demand.398

EPA agrees with this assessment from
the Energy Strategy Coalition (speaking
for some of the nation’s largest investor-
owned electric and gas utilities, public
power authorities and generators of
electricity): ““[d]lemand for electricity
will increase under both the HDV
Proposal and recently-proposed multi-
pollutant standards for light-duty and
medium-duty vehicles. . . . but the
electricity grid is capable of planning for
and accommodating such demand
growth and has previously experienced
periods of significant and sustained
growth.” 399 We further note the
comments of the Edison Electric
Institute (trade association of the
nation’s investor-owned utilities)
(“EEI”) that the degree of anticipated
buildout is similar to increases
experienced historically by the utility
industry, and can be accommodated
within the HD Phase 3 rule’s timeframe.
EEI Comments at 7, 8. The Analysis
Group reached a similar conclusion.400

396 TEIS at 65 and using the TEIS analysis
showing that the 5 states analyzed account for
approximately one third of national costs (TEIS at
66).

397 Murray, Evan ““Calculations of the Impacts of
the Final Standards at Various Geographic Scales”
(February 29, 2024). (Demand by State tab).

398 Murray, Evan ‘““Calculations of the Impacts of
the Final Standards at Various Geographic Scales”
(February 29, 2024) (Demand by State tab).

399 Comments of Energy Strategy Coalition, at pp.
1-2.

400 Hibbard et al., ‘“Heavy Duty Vehicle
Electrification” (June 2023) at 27 (“Adding
significant new distribution system infrastructure is
not a new experience for states, public utility

Some commenters were concerned that
interactions with utilities and their
regulatory commissions vary state-by-
state, and that this regime adds to grid
buildout deployment timing
difficulties.401 Other commenters,
however, persuasively maintained that
this localized system is actually a plus,
because each potential buildout is a
localized decision, best handled by the
local utility and grid operator.492 As
discussed further below, there are also
many mitigative measures which BEV
users can utilize to reduce demand, and
the localized process could provide a
means of developing local site
optimized mitigative measures.

Finally, we expect that the HD Phase
3 rule itself will serve as a strong signal
to the utility industry to make proactive
investments and otherwise proactively
analyze and plan for potential buildout
needs.403

Commenters pointed out that ““at the
distribution system level it is not
sufficient to simply compare potential
charging station demand growth to
system capacities.” 404 Numerous
commenters also pointed to a chicken-
egg conundrum, whereby potential fleet
purchasers contemplating BEVs will not
purchase without an assurance of
adequate electrical supply, but utilities
cannot build out without having
assurance of demand.

EPA believes that there are potential
solutions to these issues. First, as
demonstrated previously in this section,
we have projected a potential
compliance pathway to meet the final
standards whereby there will be limited
need for grid distribution buildouts.
Those buildouts that we project largely
involve transformers or feeders, and (in
2032) a handful of expanded
substations. We emphasize again that
this analysis is conservative in that we
did not include ameliorative measures
available to utilities to apportion
demand (discussed below).

commissions, or electric companies, and there are
long-standing policies and practices in place to
ensure timely planning for and development of the
infrastructure needed to endure system, reliability.
And for most states and electric companies in the
country. The magnitude and pace of system
demand growth associated with the rollout of the
EPA’s proposed phase 3 rule neither different from
past periods of economically-driven demand
growth, nor unusual with respect of the processes
of forecasting, planning and development
required.”).

401 Comments of DTNA at 47; see also Comments
of Environmental Defense Fund at 67.

402 Comments of State of California at 29.

403 See Comments of CATF at 48; Comments of
EDF at 75; Comments of ICCT at 10; Comments of
Moving Forward Network at 114.

404 Analysis Group Heavy Duty Vehicle
Electrification at 10.
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Second, utilities can and are acting
proactively to provide added capacity
when needed. As stated by EEI, “EPA’s
assessment that ‘there is sufficient time
for the infrastructure, especially for
depot charging, to gradually increase
over the remainder of this decade to
levels that support the stringency of the
proposed standards for the timeframe
they would apply’ is accurate. . . . . As
described previously in this section, EEI
members actively are planning for and
deploying infrastructure today”’. EEI
Comments at 14. EEI documents that a
number of large utilities are finding
ways to move away from a business
model requiring demonstration of
concrete demand so as to provide
infrastructure readiness in advance of
individual applications. EEI comments
at 12—14 (actions of California and New
York State investor-owned utilities, and
their respective regulatory bodies); see
RTC section 7 (Distribution) for
additional examples. And as noted by
the Energy Strategy Coalition (speaking
for some of the nation’s largest investor-
owned electric and gas utilities, public
power authorities and generators of
electricity): “[d]emand for electricity
will increase under both the HDV
Proposal and recently-proposed multi-
pollutant standards for light-duty and
medium-duty vehicles. . . . but the
electricity grid is capable of planning for
and accommodating such demand
growth and has previously experienced
periods of significant and sustained
growth.’” 405

Utilities, of course, are motivated to
continue investment in the distribution
system for reasons other than demand
from the transportation sector, and so
could be building out in some cases for
their own purposes.#¢ In addition,
utilities themselves are pursuing
innovative solutions to address the issue
of needed buildout. One approach is for
utilities to make non-firm capacity
available immediately as they construct
distribution system upgrades. See RTC 7
(Distribution) discussing Southern
California Edison’s two-year Automated
Load Control Management Systems pilot
program which would limit new
customers’ consumption during periods
when the system is constrained while
the utility completes needed upgrades
providing those customers access to the
distribution system sooner than would
otherwise be possible.

Plans like Southern California
Edison’s to use load management
systems to connect new EV loads faster

405 Comments of Energy Strategy Coalition, at pp.
1-2.

406 TEIS at 99-100, noting the need to replace
aging assets, and for scheduled maintenance.

in constrained sections of the grid will
be bolstered by standards for load
control technologies. UL, an
organization that develops standards for
the electronics industry, drafted the UL
3141 Outline of Investigation (OOI) for
Power Control Systems (PCS).
Manufacturers can use this standard for
developing devices that utilities can use
to limit the energy consumption of
BEVs. With this standard in place and
manufacturer completion of conforming
products, utilities will have a clear
technological framework available to
use in load control programs that
accelerate charging infrastructure
deployment for their customers.#07

Third, there are means for utilities to
ameliorate demand which do not
require regulatory approval. Utilities
can engage in short-term load
rebalancing by optimizing use of
existing distribution infrastructure. This
can accommodate new HDV demand
while maintaining overall system
reliability.408 In addition, because depot
charging often occurs over nighttime
hours corresponding to reduced system
demand, utilities have the flexibility to
use otherwise extra grid capacity for
those hours (excess capacity being
inherent in constructing to nameplate
capacity).499 Utilities also can reduce
needed demand by incorporating so-
called smart charging into feeder ratings
and load forecasting whereby the utility
need not provide capacity based on
annual peak load, but can differentiate
by daily and seasonal times.410 An
available variant of this practice is use
of flexible interconnections, whereby
customers agree to limit their peak load
to a specified level below the
cumulative nameplate capacity of their
equipment (in this case, their EVSEs)
until associated grid upgrades can be
completed, in order to begin operating
any new needed charging infrastructure
more quickly.411

Many utilities also provide hosting
capacity maps. Utilities, developers, and
other stakeholders can use these maps
to better plan and site energy
infrastructure. Hosting capacity maps
provide greater transparency about
where new loads such as EV chargers,

407 UL LLC. January 11, 2024. “UL 3141: Outline
for Investigation of Power Control Systems.”
Available online: https://www.shopulstandards.
com/ProductDetail.aspx?productld=UL3141_1_O_
20240111.

408 [CCT White Paper at 18-19.

409 [CCT White Paper at 19.

410JCCT Comment at 12.

411 Comments of EDF at 69; Electric Power
Research Institute (EPRI), “Understanding Flexible
Interconnection” (September 2018) (describing
flexible interconnection generally, and detailing its
possibilities for reducing demands on time—and
location-dependent hosting capacity).

can be readily connected without
triggering a need for significant grid
upgrades. Specifically, hosting capacity
maps identify where power exists and at
what level, where distributed energy
resources (DERs) can alleviate grid
constraints, or where an upgrade may be
required. For example, EV companies
can use the maps to identify new areas
to expand their charging station
networks more quickly and cost-
effectively. While the information in
hosting capacity maps does not address
all the interconnection questions for
individual sites, they can indicate
relative levels of investment needed.

Fourth, there are many mitigative
measures open to fleet owners utilizing
depots. Readily available practices
include use of managed charging
software, energy efficiency measures,
and onsite battery storage and solar
generation.412 Hardware solutions
include bi-directional charging and V2G
(vehicle to grid) whereby vehicles can
return electricity to the grid during peak
hours while drawing at low demand
times.#13 Solar DER allows on site
electricity generation that reduces the
energy demand on the grid. Battery-
integrated charging can simplify and
accelerate EVSE deployment and
potentially lower costs by avoiding the
need for grid upgrades and reducing
demand charges. These charging
stations are easier for electric utilities to
serve on relatively constrained portions
of the distribution system. These
charging stations use integrated batteries
to provide high-powered charging to
customers and recharge by drawing
power from the grid at much lower rates
throughout the day. ANL’s study on
battery-integrated charging shows that
these systems can be deployed cost
effectively for Class 1-3 BEV needs.414
The use for LD BEV will at times
eliminate the need for grid buildout,
making that hardware available for HD
BEV or other users that must have grid
upgrades. While not a HD BEV analysis,
the process can be applied to HD BEV
to determine when this architecture
provides value. Battery-integrated
charging is commercially available and,
for example, is being deployed across

412 Comments of EDF at 69.

413 Comments of Advanced Energy United, EPA-
HQ-OAR-2022-0985-1652—A2 at 4; Comments of
Clean Air Task Force, EPA-HQ-OAR-2022-0985—
1640—A1 at 54; Analysis Group Heavy Duty Vehicle
Electrification at 33—4.

414 Poudel, Sajag, Jeffrey Wang, Krishna Reddi,
Amgad Elgowainy, Joann Zhou. 2024. Innovative
Charging Solutions for Deploying the National
Charging Network: Technoeconomic Analysis.
Argonne National Laboratory.
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multiple states.#15416 All of these can
reduce demand below what would
otherwise be nameplate capacity. See
the comment summaries in RTC section
7 discussion of distribution costs. Other
innovative charging solutions can also
accelerate EV charging deployment.
Mobile chargers can be deployed
immediately because they do not
require an on-site grid connection. They
can be used as a temporary solution to
bring additional charging infrastructure
to locations before a stationary, grid-
connected charger can be deployed.
Additional innovative charging
solutions can further accelerate charging
deployment by optimizing the use of
chargers that have already been
installed. One company, EVMatch,
developed a software platform for
sharing, reserving, and renting EV
charging stations, which can allow
owners of charging stations to earn
additional revenue while making their
chargers available to more EV drivers to
maximize the benefit of each deployed
charger.#17 This scenario could allow
HD BEV depots to earn revenue off of
their chargers while the HD BEV are on
the road doing work. Innovative
charging models like these can be
efficient ways to increase charging
access for EVs with a smaller amount of
physical infrastructure. We note that
EPA’s cost estimates do not include
consideration of these mitigative
measures, since we project a compliance
pathway without needing them.
However, these are all available
measures to reduce demand and need
for distribution buildout, and
consequently form part of our basis for
determining that there are reasonable
means of providing needed distribution
buildout in the rule’s timeframe when
there is a need to do so.

A variety of solutions are being
offered for, or explored by, fleets. For
example, WattEV is planning a network
of public charging depots connecting
ports to warehouses and distribution
centers as part of its “Truck-as-a-
Service” model, in which customers pay
a per mile rate for use of, and charging

415 Blink. “Blink Charging Commissions First
Battery Storage Energized DC Fast Charger in
Pennsylvania Providing Off-Grid Charging
Capabilities”. May 16, 2023. Available online:
https://blinkcharging.com/news/blink-charging-
commissions-first-battery-storage-energized-dc-fast-
charger-in-pennsylvania-providing-off-grid-
charging-capabilities.

416 Lewis, Michelle. “Texas trailblazes with DC
fast chargers with integrated battery storage”.
Electrek. February 12, 2024. Available online:
https://electrek.co/2024/02/12/texas-dc-fast-
chargers-integrated-battery-storage-xcharge-north-
ameri.

417 EVmatch. Available online: https://
evmatch.com/.

for, a HD electric truck.418 The first
station under construction in
Bakersfield, CA,%19 is planned to have
integrated solar and eventually be
capable of charging 200 trucks each day;
additional stations are under
development in San Bernardino and
near the Port of Long Beach. Zeem
Solutions also offers charging to fleets
along with a lease for one of its
medium- or heavy-duty BEVs (via its
“Transportation-as-a-Service” model).
Zeem’s first depot station opened last
year in the Los Angeles area and will
support the charging of vans, trucks,
airport shuttles, and tour buses (among
other vehicles) with its 77 DCFC ports
and 53 L2 ports.420 As many
commenters noted, the question of
availability of supporting electrification
infrastructure is not fully in the control
of the regulated entity (here, the
manufacturer), nor is it fully in the
direct control of prospective vehicle
purchasers. As all agree, this
necessitates some measure of
coordination between a range of
stakeholders and utilities. Utilities have
a strong business incentive to
coordinate to meet increased demand
and many such means of coordination
are described in the comments by utility
associations like EEI,421 and the
transportation industry coalition
ZETA.422

In sum, we believe that distribution
systems to meet the potential increase in
charging station demand associated
with depot charging under the HD Phase
3 rule will be available in the rule’s
timeframe. Quantified demand
attributable to the rule is relatively
modest, and, where buildout might be
needed, can be met for the most part
with the least time-intensive
infrastructure buildout. We have also
considered further potential issues,
including the chicken-egg paradigm,
and described means that are reasonably
available to resolve them in the lead
time provided by the rule. Utilities and
fleets are already engaging in these
practices. That the trade association of
the investor-owned utility industry

418 WattEV. “WattEV Orders 50 Volvo VNR
Electric Trucks”. May 23, 2022. Available online:
https://www.wattev.com/post/wattev-orders-50-
volvo-vnr-electric-trucks.

419 WattEV. “WattEV Breaks Ground on 21st
Century Truck Stop”. December 16, 2021. Available
online: https://www.wattev.com/post/wattev-
breaks-ground-on-21st-century-truck-stop.

420 Business Wire. ‘“Zeem Solutions Launches
First Electric Vehicle Transportation-As-A-Service
Depot.” March 30, 2022. Available online: https://
www.businesswire.com/news/home/
20220330005269/en/Zeem-Solutions-Launches-
First-Electric-Vehicle-Transportation-As-A-Service-
Depot.

421 Comments of EEI pp. 10-16.

422 Comments of ZETA pp. 32—46.

agrees provides further support for our
finding. Comments of Edison Electric
Institute at 14. See also preamble
section ILE.5.ii.

b. Public Charging

As noted earlier in this section, EPA
has revised its projected potential
compliance pathway from proposal
such that sleeper cab tractors and
certain day cab tractors are projected to
utilize public charging networks 423
rather than depot charging. See
generally, preamble section II.D.5. We
find here that there will be adequate
lead time for development of supporting
public charging infrastructure for these
tractors under the modeled potential
compliance pathway for the final
standards.

First, as documented in the ICCT 2023
White Paper, there is no need to build
out all at once.424 It is reasonable to
project that activity will center on the
busiest long-haul freight routes and
corridors. The White Paper further finds
that in 2030, up to 85 percent of
charging infrastructure needs for long-
haul trucks could be met by building
stations on discrete corridors of the
National Highway Freight Network
where energy demand is concentrated.
ICCT White Paper at 14. Assuming an
average of 50 miles between stops, this
would mean a need for 844 public
charging stations. Id. In a supplemental
analysis assuming 100-mile intervals
between stations, ICCT refined that
estimate to needing between 100-210
electrified truck stops, assuming a given
level of BEV long-haul tractors.425 We
note that the ICCT estimates in both the
White Paper and the Supplemental
comment assume more long-haul BEV
adoption than in EPA’s projected
compliance pathway for 2030, and so,
from that standpoint, can be considered
to be conservative bounding estimates.

In March 2024, the U.S. released a
National Zero-Emission Freight Corridor
Strategy 426 that, “‘sets an actionable

423 En-route charging could occur at public or
private charging stations though, for simplicity, we
often refer to en-route charging as occurring at
public stations.

424 Ragon, et. al. “White Paper: Near-Term
Infrastructure Deployment to Support Zero-
Emission Medium- and Heavy-Duty Vehicles in the
United States”. The International Council on Clean
Transportation. May 2023. Available online: https://
theicct.org/wp-content/uploads/2023/05/
infrastructure-deployment-mhdv-may23.pdyf.

425 JCCT. “Supplemental comments of the
International Council on Clean Transportation on
the EPA Phase 3 GHG proposal”. January 3, 2024.
Docket ID EPA-HQ-OAR-2022-0985—.

426 Joint Office of Energy and Transportation.
“National Zero-Emission Freight Corridor Strategy”
DOE/EE-2816 2024. March 2024. Available at
https://driveelectric.gov/files/zef-corridor-
strategy.pdf.
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vision and comprehensive approach to
accelerating the deployment of a world-
class, zero-emission freight network
across the United States by 2040. The
strategy focuses on advancing the
deployment of zero-emission medium-
and heavy-duty vehicle (ZE-MHDV)
fueling infrastructure by targeting public
investment to amplify private sector
momentum, focus utility and regulatory
energy planning, align industry activity,
and mobilize communities for clean
transportation.” 427 The strategy has four
phases. The first phase, from 2024—
2027, focuses on establishing freight
hubs defined “as a 100-mile to a 150-
mile radius zone or geographic area
centered around a point with a
significant concentration of freight
volume (e.g., ports, intermodal facilities,
and truck parking), that supports a
broader ecosystem of freight activity
throughout that zone.” 428 The second
phase, from 2027-2030, will connect
key ZEV hubs, building out
infrastructure along several major
highways. The third phase, from 2030—
2045, will expand the corridors,
“including access to charging and
fueling to all coastal ports and their
surrounding freight ecosystems for
short-haul and regional operations.” 429
The fourth phase, from 2035-2040, will
complete the freight corridor network.
This corridor strategy provides support
for the development of HD ZEV
infrastructure that corresponds to the
modeled potential compliance pathway
for meeting the final standards.

This level of public charging is
achievable. As described in RIA Chapter
1.3, the U.S. government is making large
investments in charging infrastructure
through the BIL and the IRA. For
example, in the past year, over $160
million in grants under the Charging
and Fuel Infrastructure program were
announced in the States of California,
New Mexico, New York, and
Washington for projects that will
explicitly support HD charging.43° (See

427 Joint Office of Energy and Transportation.
“Biden-Harris Administration, Joint Office of
Energy and Transportation Release Strategy to
Accelerate Zero-Emission Freight Infrastructure
Deployment.” March 12, 2024. Available online:
https://driveelectric.gov/news/decarbonize-freight.

428 Joint Office of Energy and Transportation.
“National Zero-Emission Freight Corridor Strategy”
DOE/EE-2816 2024. March 2024. Available at
https://driveelectric.gov/files/zef-corridor-
strategy.pdf. See page 3.

429 Joint Office of Energy and Transportation.
“National Zero-Emission Freight Corridor Strategy”
DOE/EE-2816 2024. March 2024. Available at
https://driveelectric.gov/files/zef-corridor-
strategy.pdf. See page 8.

4301J.S. Department of Transportation, Federal
Highway Administration. “Federal Highway
Administrations’ Charging and Fueling
Infrastructure Discretionary Grants Program: FY

RTC section 6.1.) As described in RIA
Chapter 1.6, heavy-duty vehicle
manufacturers, charging network
providers, energy companies and others
are also investing in public or other
stations that could support public
charging. For example, Daimler Truck
North America is involved in an
initiative in the U.S. with electric power
generation company NextEra Energy
Resources and BlackRock Renewable
Power to collectively invest $650
million create a nationwide charging
network for commercial electric
vehicles.#31 They plan to start network
construction in 2023 and by 2026 cover
key routes on the East and West Coast
and in Texas with a later stage of the
project also supporting hydrogen fueling
stations. DTNA is also working with the
State of Michigan and DTE to develop
a prototype truck stop charging station
in Michigan that could serve as a model
for broader truck stop deployment.432
Volvo Group and Pilot recently
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.#33 Tesla is developing charging
equipment for their semi-trucks that
will recharge up to 70 percent of the
Tesla semi-truck’s 500-mile range in 30
minutes.434

Other investments will support
regional or local travel needs. For
example, Forum Mobility announced a
$400 million investment for 1,000 or
more DCFCs for BEV trucks that are
planned for operation at the San Pedro
and Oakland ports.435436 Logistics and

2022-FY 2023 Grant Selections”. Available online:
https://highways.dot.gov/sites/fhwa.dot.gov/files/
CFI%20Grant % 20Awards % 20Project %20
Descriptions%20FY22-23.pdyf.

431 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. Accessible online: https://
newsroom.nexteraenergy.com/news-releases?item=
123840.

432Daimler Trucks North America Press Release.
“State of Michigan partners with Daimler Truck
North America and DTE Energy to build Michigan’s
‘truck stop of the future.”” June 29, 2023. Available
online: https://northamerica.daimlertruck.com/
pressdetail/state-of-michigan-partners-with-
daimler-2023-06-29.

433 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.

434 Tesla. “Semi: The Future of Trucking is
Electric.” Available online: https://www.tesla.com/
semi.

435 As noted by the Joint Office of Energy and
Transportation in a summary of recent private
sector investments in charging infrastructure.

436 Joint Office of Energy and Transportation.
“Private Sector Continues to Play Key Part in

supply chain corporation NFI Industries
is partnering with Electrify America to
install 34 DCFC ports (150 kW and
350kW) to support their BEV drayage 437
fleet that will service the ports of LA
and Long Beach.#38 With funding from
California, Volvo is partnering with
Shell Recharge Solutions and others to
deploy five publicly accessible charging
stations by 2023 that will serve
medium- and heavy-duty BEVs in
southern California between ports and
industrial centers.*3°

States and utilities are also engaged.
Seventeen states plus the District of
Columbia (and the Canadian province
Quebec) developed a “Multi-State
Medium- and Heavy-Duty Zero-
Emission Vehicle Action Plan,” which
includes recommendations for planning
for, and deploying, charging
infrastructure.#4° California is investing
$1.9 billion in state funding through
2027 in BEV charging and hydrogen
fueling infrastructure (and related
projects), including about one billion
specific to infrastructure for trucks and
buses.#41 The Edison Electric Institute
estimates that electric companies are
investing about $4 billion to advance
charging infrastructure and fleets.442
The National Electric Highway
Coalition, a group that includes more
than 60 electric companies and
cooperatives that serve customers in 48
states and DC,#43 aims to provide fast

Accelerating Buildout of EV Charging Networks.”
February 15, 2023. Available online: https://
driveelectric.gov/news/private-innvestment.

437 Drayage trucks typically transport containers
or goods a short distance from ports to distribution
centers, rail facilities, or other nearby locations.

438 Electrify America. “Electrify America and NFI
Industries Collaborate on Nation’s Largest Heavy-
Duty Electric Truck Charging Infrastructure
Project.” August 31, 2021. Available online: https://
media.electrifyamerica.com/en-us/releases/156.

439 Borras, Jo. “Volvo Trucks Building an Electric
Semi Charging Corridor”. CleanTechnica. July 16,
2022. Available online: https://cleantechnica.com/
2022/07/16/volvo-trucks-building-an-electric-semi-
charging-corridor/.

440 ZEV Task Force. “Multi-State Medium- and
Heavy-Duty Zero-Emission Vehicle Action Plan: A
Policy Framework to Eliminate Harmful Truck and
Bus Emissions”. July 2022. Available online:
https://www.nescaum.org/documents/multi-state-
medium-and-heavy-duty-zev-action-plan-dual-
page.pdf.

441 California Energy Commission. “CEC
Approves $1.9 Billion Plan to Expand Zero-
Emission Transportation Infrastructure”. February
14, 2024. Available online: https://
www.energy.ca.gov/news/2024-02/cec-approves-19-
billion-plan-expand-zero-emission-transportation-
infrastructure.

442Joint Office of Energy and Transportation.
“Private Sector Continues to Play Key Part in
Accelerating Buildout of EV Charging Networks.”
February 15, 2023. Available online: https://
driveelectric.gov/news/private-innvestment.

443 Edison Electric Institute. Issues & Policy:
National Electric Highway Coalition. Available

Continued
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charging along major highways in their
service areas. Other utilities, like the
Jacksonville Electric Authority (JEA),
are supporting infrastructure through
commercial electrification rebates. JEA
is offering rebates of up to $30,000 for
DCFC stations and up to $5,200 for
Level 2 stations.444 In the west, Nevada
Energy was supporting fleets by offering
rebates for up to 75 percent of the
project costs for Level 2 ports and up to
50 percent of the project costs for DCFC
stations (subject to caps and
restrictions).445 446 See generally RIA
Chapter 1.6.2.

In sum, given the relatively low
demand, ability to prioritize initial
public charging deployment in discrete
freight corridors, the extra lead time
afforded for HDV applications projected
to utilize public charging under the
modeled potential compliance pathway,
and the amount of public and private
investment, EPA projects that the
necessary public charging
corresponding to the potential
compliance pathway will be available
within the lead time afforded by the HD
Phase 3 final standards. We note further
that we will continue to monitor the
development of the HDV public
charging infrastructure, as discussed in
preamble section II.B.2.iii.

c. Associated Costs

The TEIS documents low overall
financial impact associated with grid
buildout. For 2027, the TEIS shows
incremental distribution grid capital
investment of $195 million for the
unmanaged action scenario. When
managed, that $195 million drops to $82
million.44” For 2032, the TEIS shows
incremental distribution grid capital
investment of $2.3 billion for the
unmanaged action scenario. When
managed, the $2.3 billion drops to $1.6
billion.#48 The savings is driven by the
reduction in peak incremental load
achieved by the basic load management
applied in this study. More effective
load management is expected to be

online: https://www.eei.org/en/issues-and-policy/
national-electric-highway-coalition.

444 .S. Department of Energy. Alternative Fuels
Data Center. “Florida Laws and Incentives.” See
Docket ID EPA-HQ-OAR-2022-0985-0290.

445 evel 2 rebates are applicable to fleets with
between 2 and 10 ports, and subject to a $5,000/
port cap. DCFC rebates are limited to 5 stations and
are capped to the lesser of $400/kW or $40,000 per
station.

446 J.S. Department of Energy. Alternative Fuels
Data Center. “Commercial Electric Vehicle (EV)
Charging Station Rebates—Nevada Energy (NV
Energy).” (Note: the program ended in June 2023.)
Available online: https://afdc.energy.gov/laws/
12118.

447 TEIS at Table ES-2.

448 TEIS at Table ES-2.

utilized in practice.449 Incremental
distribution grid investment to enable
plug-in electric vehicle (PEV) charging
($2.3 billion across five states over 6
years assuming unmanaged charging)
was found to be approximately 3
percent of existing utility distribution
system investments (2027—-2032).450

We think this increase in distribution
investment is modest and reasonable.
Moreover, this value is conservative as
it is inclusive of effects for both the
light- and medium-duty vehicle
standards and the heavy-duty Phase 3
rule and so overstates the amount of
grid investment associated with the
final rule, and as it does not reflect
managed charging. The study finds that
“[m]anaged charging techniques can
decrease incremental distribution grid
investment needs by 30 percent,
illustrating the potential for significant
cost savings by optimizing PEV charging
and other loads at the local level.”” 451
The managed charging practices
analyzed in the TEIS are minimal and
are characterized in the TEIS as “‘a
conservative estimate of the benefits of
managed charging.” 452 Given the very
significant economic benefits of
managed charging, we expect the market
to adopt managed charging particularly
under the influence of additional ZEV
adoption associated with the modeled
potential compliance pathway of the
final rule.

We also estimated the impact on retail
electricity prices based on the TEIS. The
TEIS results were extrapolated to all
IPM regions in order to estimate impacts
on electricity rates using the Retail Price
Model (see RIA Chapter 2.4.4.2). We
modeled retail electricity rates in the no
action case with unmanaged charging
compared to the action case with
managed charging. We think this is a
reasonable approach for the reason just
noted: 453 given the considerable

449 As noted in the previous section, the 5 state
peak incremental load is increased 0.6% to 3.0%
(Oklahoma and Illinois respectively) when
unmanaged while the same increase is only 0.4%
to 1.4% (same states) when managed. The total load
is consistent across unmanaged and managed as the
managed simply adjusts when the load is applied.
The total incremental load is increased 1.6% to
2.7% (Oklahoma and California) as a result of the
action case.

450 TEIS at 74.

451TEIS at 76. PEV refers to Plug-in electric
vehicles. Since the TEIS is considering effects of
both rules, it includes plug-in hybrid vehicles as
part of its analysis.

452 TEIS at 4.

453 Electricity demand in the action case was
based on the interim control case described in RIA
Chapter 4.2.4 for heavy-duty ZEVs and on
Alternative 3 from the proposed “Multipollutant
Emissions Standards for Model Years 2027 and
Later Light-Duty and Medium-Duty Vehicles” for
light- and medium-duty vehicles. This scenario was
used in our modeling of charging costs in HD

economic benefits of managed charging,
particularly in light of the increased
PEV adoption associated with the
modeled potential compliance pathway
of the final rule, there is an extremely
strong economic incentive for market
actors to adopt managed charging
practices. Our analysis projects that
there is no difference in retail electricity
prices in 2030 and the difference in
2055 is only 2.5 percent.45¢ We estimate
that the 2.5 percent difference is
primarily due to distribution-level costs.
Note also that this is comparable to the
3 percent increase in distribution-level
investments estimated for the 5 states
within the TEIS.455

A -3 percent increase in distribution
system build out correlates to a small
increase in manufacturing output so
concerns regarding supply chain timing
and cost are minimal. The total costs are
modest both in and of themselves, as a
percentage of grid investment even
without considering mitigation
strategies, and in terms of effect on
electricity rates for users. EPA thus
believes that the costs associated with
distribution grid buildout attributable to
the Phase 3 rule are reasonable. See
further discussion in preamble section
I1.E.5.ii as to how we account for these
costs in our analysis, and note further
that the TEIS cost estimates are reflected
in that analysis. See RIA Chapter
2.4.4.2. For a discussion of how we
accounted for distribution upgrade costs
in our final rule analysis, see preamble
section ILE.5.ii and RIA Chapter 2.4.4.2.

d. Electricity Generation and,
Transmission Reliability

As vehicle electrification load
increases, alongside other new loads
from data centers, industry, and
building electrification, the grid will
need to accommodate higher loads on
generation and transmission (in
addition to distribution buildout, which
is already discussed). Our examination
of the record, informed by our
consultations with DOE, FERC, and
other power sector stakeholders, is that
the final standards of this rule, whether
considered separately or in combination
with the light and medium duty vehicle
standards and upcoming power sector
rules, are unlikely to adversely affect the

TRUCS, as described in RIA Chapter 2.4.4.2. The no
action case described here is presented for
comparative purposes, but was not utilized in our
HD TRUCS modeling.

454 We note that had we compared an unmanaged
action scenario with an unmanaged no-action
scenario, or a managed action scenario with a
managed no-action scenario, we would expect only
marginally different electricity rates, given that
distribution costs are a very small part of total
electricity costs.

455 TEIS at 74.
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reliability of the electric grid, and that
widespread adoption of HD BEVs could
have significant benefits for the electric
power system.

In the balance of this section, we first
provide an overview of the electric
power system and grid reliability. We
then discuss the impacts of this rule on
generation. We find that the final rule,
together with the light and medium
duty rule, are associated with modest
increases in electricity demand. We also
conducted an analysis of resource
adequacy, which is an important metric
in North American Electric Reliability
Corporation’s (NERC) long-term
reliability assessments. We find that the
final rule, together with the light and
medium duty rule as well as other EPA
rules that regulate the EGU sector, are
unlikely to adversely affect resource
adequacy. We then discuss transmission
and find that the need for new
transmission lines associated with this
rule and the light and medium duty rule
between now and 2050 is projected to
be very small, approximately one
percent or less of transmission, and that
nearly all of the additional buildout
overlaps with existing transmission line
right of ways. We find that this increase
can reasonably be managed by the
utility sector and project that
transmission capacity will not constrain
the increased demand for electricity
associated with the final rule.

Our electric power system can be
broken down into three subsystems: the
electricity power generation, the
electricity transmission network, and
the electricity distribution grid. This
review covers each of these subsystems
in turn, beginning with generation.
Electricity generation is currently
reliable, with ample resource adequacy,
and the power sector analysis
conducted in support of this rule
indicates that resource adequacy will
continue to remain unaffected. In the
NPRM, we modeled changes to power
generation due to the increased
electricity demand anticipated in the
proposal as part of our upstream
analysis. In the proposal, we concluded
that grid reliability is not expected to be
adversely affected by the modest
increase in electricity demand
associated with projected HD ZEV. 88
FR 25983. Several commenters stated
that EPA had failed to account for the
combined impact of various EPA rules
when assessing the issue of grid
reliability. These rules cited by
commenters (many of which were
proposed rules) include not only the
proposed rule concerning emission
standards for LDVs and MDVs, but also
the proposed rule for CO, emissions
from electricity generating units, the

cross-state air pollution rule, the
proposed rule for discharge to navigable
waters for steam electric units (under
the Clean Water Act), and the proposed
rule to control leakage and other
releases from of historic surface
impoundments used to manage waste
from coal combustion (under the
Resource Conservation and Recovery
Act). Other commenters agreed that the
anticipated power needed for the HD
Phase 3 rule is a relatively small share
of the national electricity demand and
that power generating capacity will not
be a constraint. These comments came
from the electric utility sector, from
regulated entities themselves, from
NGOs, and from affected states.

The electric power system in the U.S.
has historically been a very reliable
system,#56 with utilities, system
planners, and reliability coordinators
working together to ensure an efficient
and reliable grid with adequate
resources for supply to meet demand at
all times, and we anticipate that this
will continue in the future under these
standards.

Power interruptions caused by
extreme weather are the most-
commonly reported, naturally-occurring
factors affecting grid reliability, with the
frequency of these severe weather
events increasing significantly over the
past twenty years due to climate
change.#57 Conversely, decreasing
emissions of greenhouse gases can be
expected to help reduce future extreme
weather events, which would serve to
reduce the risks for electric power sector
reliability. Extreme weather events
include snowstorms, hurricanes, and
wildfires. These power interruptions
have significant impact on economic
activity, with associated costs in the
U.S. estimated to be $44 billion
annually.458 By requiring significant
reductions in GHGs from new motor
vehicles, this rule mitigates the harmful
impacts of climate change, including the
increased incidence of extreme weather
events that affect grid reliability.

The average duration of annual
electric power interruptions in the U.S.,
approximately two hours, decreased
slightly from 2013 to 2021, when
extreme weather events associated with

456 NREL, “Explained: Reliability of the Current
Power Grid”’, NREL/FS—-6A40-87297, January 2024
(https://www.nrel.gov/docs/fy240sti/87297.pdf).

457 DOE, Electric Disturbance Events (OE—417)
Annual Summaries for 2000 to 2023, https://
www.oe.netl.doe.gov/OE417_annual
summary.aspx.

458, aCommare, K.H., Eto, ].H., & Caswell, H.C.
(2018, June). Distinguishing Among the Sources of
Electric Service Interruptions. In 2018 IEEE
International Conference on Probabilistic Methods
Applied to Power Systems (PMAPS) (pp. 1-6).
IEEE.

climate change are excluded from
reliability statistics. When extreme
weather events associated with climate
change are not excluded from reliability
statistics, the national average length of
annual electric power interruptions
increased to about seven hours.459
Around 93 percent of all power
interruptions in the U.S. occur at the
distribution-level, with the remaining
fraction of interruptions occurring at the
transmission- and generation-
levels.400461As new light-duty PEV
models continue to enter the U.S.
market, they are demonstrating
increasing capability for use as
distributed grid energy resources. As of
January 2024, manufacturers have
introduced, or plan to introduce, 24
MYs 2024-2025 PEVs with bidirectional
charging capable of supporting two to
three days of residential electricity
consumption. These PEVs have
capability to discharge power on the
order of 10 kW to residential loads or
limited commercial loads. As more HD
BEVs enter the market, BEVs with larger
batteries and more power available will
be available for bidirectional charging.
Such a capability could be used to
provide limited backup power to service
stations providing petroleum fuels to
emergency vehicles in response to a
local disruption in electrical service.462
We now turn to the impacts of this
rule on generation and resource
adequacy. As discussed in Chapter 4 of
the RIA and as part of our upstream
analysis, we used MOVES to model
changes to power generation due to the
increased electricity demand
anticipated under the final standards.
Bulk generation and transmission
system impacts are felt on a larger scale,
and thus tend to reflect smoother load
growth and be more predictable in
nature. For a no action case, we project
that generation will increase by 4.2
percent between 2028 and 2030 and by
36 percent between 2030 and 2050.
Further, we project the additional
generation needed to meet the projected
demand of HD ZEVs from the final rule
combined with our estimate of the light-

459 EIA, U.S. electricity customers averaged seven
hours of power interruptions in 2021, 2022, https://
www.eia.gov/todayinenergy/detail. php?id=54639#.

460 Eto, Joseph H, Kristina Hamachi LaCommare,
Heidemarie C Caswell, and David Till.
“Distribution system versus bulk power system:
identifying the source of electric service
interruptions in the US.” IET Generation,
Transmission & Distribution 13.5 (2019) 717-723.

461 arsen, P.H., LaCommare, K.H., Eto, ].H., &
Sweeney, J.L. (2015). Assessing changes in the
reliability of the US electric power system.

462 Mulfati, Justin. dcBel, “New year, new
bidirectional cars: 2024 edition” January 15, 2024.
Accessed March 10, 2024. Available at: https://
www.dcbel.energy/blog/2024/01/15/new-year-new-
bidirectional-cars-2024-edition/.


https://www.dcbel.energy/blog/2024/01/15/new-year-new-bidirectional-cars-2024-edition/
https://www.dcbel.energy/blog/2024/01/15/new-year-new-bidirectional-cars-2024-edition/
https://www.dcbel.energy/blog/2024/01/15/new-year-new-bidirectional-cars-2024-edition/
https://www.oe.netl.doe.gov/OE417_annual_summary.aspx
https://www.oe.netl.doe.gov/OE417_annual_summary.aspx
https://www.oe.netl.doe.gov/OE417_annual_summary.aspx
https://www.eia.gov/todayinenergy/detail.php?id=54639#
https://www.eia.gov/todayinenergy/detail.php?id=54639#
https://www.nrel.gov/docs/fy24osti/87297.pdf
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and medium-duty PEVs under the light
and medium duty multipollutant rule,
to be relatively modest compared to a no
action case, ranging from 0.93 percent in
2030 to approximately 12 percent in
2050 for both actions combined. Of that
increased generation, approximately 16
percent in 2030 and approximately 34
percent in 2050 is due to heavy-duty
ZEVs. Electric vehicle charging
associated with the Action case (light-
and medium-duty combined with
heavy-duty) is expected to require 4
percent of the total electricity generated
in 2030, which is slightly more than the
increase in total U.S. electricity end-use
consumption between 2021 and
2022.463 This is also roughly equal to
the combined latest U.S. annual
electricity consumption estimates for
data centers 464 and cryptocurrency
mining operations,*65 both industries
which have grown significantly in
recent years and whose electricity
demand the utility sector has capably
managed.466 EPA’s assessment is that
national power generation will continue
to be sufficient as demand increases
from electric vehicles associated with
both the HD Phase 3 Rule and the light
and medium duty rule.

Given the additional electricity
demand associated with increasing
adoption of electric vehicles, some
commenters raised concerns that the
additional demand associated with the
rule could impact the reliability of the
power grid.#67 To further assess the
impacts of this rule on grid reliability
and resource adequacy, we conducted
an additional grid reliability assessment
of the impacts of the rule and how
projected outcomes under the rule

463 1J.S. Energy Information Agency, Use of
Electricity, December 18, 2023. https://
www.eia.gov/energyexplained/electricity/use-of-
electricity.php.

464 J.S. DOE Office of Energy Efficiency and
Renewable Energy, Data Centers and Servers
(https://www.energy.gov/eere/buildings/data-
centers-and-servers).

465 J.S. Energy Information Agency, Tracking
Electricity Consumption From U.S. Cryptocurrency
Mining Operations, February 1, 2024, (https://
www.eia.gov/todayinenergy/detail. php?id=61364).

466 As we noted at proposal, and as several
commenters agreed, U.S. electric power utilities
routinely upgrade the nation’s electric power
system to improve grid reliability and to meet new
electric power demands. For example, when
confronted with rapid adoption of air conditioners
in the 1960s and 1970s, U.S. electric power utilities
maintained reliability and met the new demand for
electricity by planning and building upgrades to the
electric power distribution system.

467 EPA notes that manufacturers have a wide
array of compliance options, as discussed in section
IL.F.4 of the preamble. For example, manufacturers
could produce significantly fewer ZEVs than in the
central case, or even no ZEVs beyond the no action
baseline. Were manufacturers to choose these
compliance pathways, the increasing in electricity
demand associated with the rule would be smaller.

compare with projected baseline
outcomes in the presence of the IRA.
Because we recognize that this rule is
being developed contemporaneously
with the multipollutant emissions
standards for light-duty passenger cars
and light trucks and for Class 2b and 3
vehicles, which also is anticipated to
increase demand for electricity, we
analyzed the impacts of these two rules
(the “Vehicle Rules”) on the grid
together. EPA also considered several
recently proposed rules related to the
grid that may directly impact the EGU
sector (which we refer to as “Power
Sector Rules’” 468),

Specifically, we considered whether
the Vehicles Rules alone and combined
with the Power Sector Rules would
result in anticipated power grid changes
such that they (1) respect and remain
within the confines of key National
Electric Reliability Corporation (NERC)
assumptions,#69 (2) are consistent with
historical trends and empirical data, and
(3) are consistent with goals, planning
efforts and Integrated Resource Plans
(IRPs) of industry itself.470 We

468 The recently proposed rules that we
considered because they may impact the EGU sector
(which we refer to as “Power Sector Rules”)
include: the proposed Existing and Proposed
Supplemental Effluent Limitations Guidelines and
Standards for the Steam Electric Power Generation
Point Source Category (88 FR 18824) (“ELG Rule”),
New Source Performance Standards for GHG
Emissions from New, Modified, and Reconstructed
Fossil Fuel-Fired EGUs; Emission Guidelines for
GHG emissions from Existing Fossil Fuel-Fired
EGUs (88 FR 33240) (“111 EGU Rule”); and
National Emissions Standards for Hazardous Air
Pollutants: Coal-and Oil-Fired Electric Utility Steam
Generating units Review of the Residual Risk and
Technology Review (88 FR 24854) (“MATS RTR
Rule”); EPA also considered all final rules affecting
the EGU sector in the modeling for the Vehicle
Rules. EPA also considered the impact of the
proposed rule Hazardous and Solid Waste
Management System: Disposal of Coal Combustion
Residuals From Electric Utilities (88 FR 31982 (May
18, 2023)). See RTC 7.1.

469 NERC was designated by FERC as the Electric
Reliability Organization (ERO) in 2005 and,
therefore, is responsible for establishing and
enforcing mandatory reliability standards for the
North American bulk power system. Resource
Adequacy Primer for State Regulators, 2021,
National Association of Regulatory Utility
Commissioners (https://pubs.naruc.org/pub/
752088A2-1866-DAAC-99FB-6EB5FEA73042).

470 Although this final rule was developed
generally contemporaneously with the LMDV rule,
the two rulemakings are separate and distinct. Since
the LMDV rule was not complete as of the date of
our analysis, we have been required to make certain
assumptions for the purposes of this analysis to
represent the results of that rule. Our analysis of the
proposed Power Sector Rules is based on the
modeling conducted for proposals. We believe this
analysis is a reasonable way of accounting for the
cumulative impacts of our rules affecting the EGU
sector, including the proposed Power Sector Rules,
at this time. Our cumulative analysis of the
Vehicles and Power Sector Rules supports this final
rule, and it does not reopen any of the Power Sector
Rules, which are the subject of separate agency
proceedings. Consistent with past practice, as

demonstrate that the effects of EPA’s
vehicle and power sector rules do not
preclude the industry from meeting
NERC resource adequacy criteria or
otherwise adversely affect resource
adequacy. This demonstration includes
explicit modeling of the impacts of the
Vehicle Rules, an additional
quantitative analysis of the cumulative
impacts of the Vehicles Rules and the
Power Sector Rules, as well as a review
of the existing institutions that maintain
grid reliability and resource adequacy in
the United States. We conclude that the
Vehicles Rules, whether alone or
combined with the Power Sector Rules,
satisfy these criteria and are unlikely to
adversely affect the power sector’s
ability to maintain resource adequacy or
grid reliability.

Beginning with EPA’s modeling of the
Vehicle Rules, we used EPA’s Integrated
Planning Model (IPM), a model with
built-in NERC resource adequacy
constraints, to explicitly model the
expected electric power sector impacts
associated with the two vehicle rules.
IPM is a state-of-the-art, peer-reviewed,
multi-regional, dynamic, deterministic
linear programming model of the
contiguous U.S. electric power sector. It
provides forecasts of least cost capacity
expansion, electricity dispatch, and
emissions control strategies while
meeting energy demand and
environmental, transmission, dispatch,
and resource adequacy constraints. IPM
modeling we conducted for the Vehicle
Rules includes in the baseline all final
rules that may directly impact the
power sector, including the final Good
Neighbor Plan for the 2015 Ozone
National Ambient Air Quality Standards
(NAAQS), 88 FR 36654.

EPA has used IPM for over two
decades, including for prior successfully
implemented rulemakings, to better
understand power sector behavior under
future business-as-usual conditions and
to evaluate the economic and emissions
impacts of prospective environmental
policies. The model is designed to
reflect electricity markets as accurately
as possible. EPA uses the best available
information from utilities, industry
experts, gas and coal market experts,
financial institutions, and government
statistics as the basis for the detailed
power sector modeling in IPM. The
model documentation provides
additional information on the
assumptions discussed here as well as
all other model assumptions and inputs.
EPA relied on the same model platform

subsequent rules are finalized, EPA will perform
additional power sector modeling that accounts for
the cumulative impacts of the rule being finalized
together with existing final rules at that time.


https://www.eia.gov/energyexplained/electricity/use-of-electricity.php
https://www.eia.gov/energyexplained/electricity/use-of-electricity.php
https://www.eia.gov/energyexplained/electricity/use-of-electricity.php
https://pubs.naruc.org/pub/752088A2-1866-DAAC-99FB-6EB5FEA73042
https://pubs.naruc.org/pub/752088A2-1866-DAAC-99FB-6EB5FEA73042
https://www.energy.gov/eere/buildings/data-centers-and-servers
https://www.energy.gov/eere/buildings/data-centers-and-servers
https://www.eia.gov/todayinenergy/detail.php?id=61364
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at final as it did at proposal, but made
substantial updates to reflect public
comments. Of particular relevance, the
model framework relies on resource
adequacy-related constraints that come
directly from NERC. This includes
NERC target reserve margins for each
region, NERC Electricity Supply &
Demand load factors, and the
availability of each generator to serve
load across a given year as reported by
the NERC Generating Availability Data
System. Note that unit-level availability
constraints in IPM are informed by the
average planned/unplanned outage
hours for NERC Generating Availability
Data System.

Therefore, the model projections for
the Vehicle Rules are showing
compliance pathways respecting these
NERC resource adequacy criteria. These
NERC resource adequacy criteria are
standards by which FERC, NERC and
the power sector industry judge that the
grid is capable of meeting demand.
Thus, we find that modeling results
demonstrating that the grid will
continue to operate within those
resource adequacy criteria supports the
conclusion that the rules will not have
an adverse impact on resource
adequacy, which is an essential element
of grid reliability.

EPA also considered the cumulative
impacts of the Vehicle Rules together
with the Power Sector Rules, which, as
noted, are several recent proposed rules
regulating the EGU sector. In a given
rulemaking, EPA does not generally
analyze the impacts of other proposed
rulemakings, because those rules are, by
definition, not final and do not bind any
regulated entities, and because the
agency does not want to prejudge
separate and ongoing rulemaking
processes. However, some commenters
on this rule expressed concern regarding
the cumulative impacts of these rules
when finalized, claiming that the
agency'’s failure to analyze the
cumulative impacts of the Vehicle Rules
and its EGU-sector related rules
rendered this rule arbitrary and
capricious. In particular, commenters
argued that renewable energy could not
come online quickly enough to make up
for generation lost due to fossil sources
that may retire, and that this together
the increasing demand associated with
the Vehicle Rules would adversely
affect resource adequacy and grid
reliability. EPA conducted additional
analysis of these cumulative impacts in
response to these comments. Our
analysis finds that the cumulative
impacts of the Vehicle Rules and Power
Sector Rules is associated with changes
to the electric grid that are well within
the range of fleet conditions that respect

resource adequacy, as projected by
multiple, highly respected peer-
reviewed models. In other words, taking
into consideration a wide range of
potential impacts on the power sector as
a result of the IRA and Power Sector
Rules (including the potential for much
higher variable renewable generation),
as well the potential for increased
demand for electricity from both this
rule and the light and medium duty
rule, EPA found that the Vehicle Rules
and proposed Power Sector Rules are
not expected to adversely affect resource
adequacy and that EPA’s rules will not
inhibit the industry from its
responsibility to maintain a grid capable
of meeting demand without disruption.

Finally, we note the numerous
existing and well-established
institutional guardrails at the Federal-
and state-level, as well as non-
governmental organizations, which we
expect to continue to maintain resource
adequacy and grid reliability. These
well-established institutions—including
the Federal Energy Regulatory
Commission (FERC), state Public
Service Commissions (PSC), Public
Utility Commissions (PUC), and state
energy offices, as well as NERC and
Regional Transmission Organization
(RTO) and Independent System
Operator (ISO)—have been in place for
decades, during which time they have
ensured the resource adequacy and
reliability of the electric power sector.
As such, we expect these institutions
will continue to ensure that the electric
power sector is safe and reliable, and
that utilities will proactively plan for
electric load growth associated with all
future electricity demand, including
those increases due to our final rule. We
also expect that utilities will continue to
collaborate with EGU owners to ensure
that any EGU retirements will occur in
an orderly and coordinated manner. We
also note that EPA’s proposed Power
Sector rules include built-in flexibilities
that accommodate a variety of
compliance pathways and timing
pathways, all of which helps to ensure
the resource adequacy and grid
reliability of the electric power
system.471 In sum, the power sector
analysis conducted in support of this
rule indicates that the Vehicle Rules,
whether alone or combined with the
Power Sector Rules, are unlikely to
affect the power sector’s ability to
maintain resource adequacy and grid
reliability.472

471 As noted, EPA is not prejudging the outcome
of any of the Power Sector Rules.

472 See “Resource Adequacy Analysis Final Rule
Technical Memorandum for Multi-Pollutant
Emissions Standards for Model Years 2027 and

EPA has studied the issue of grid
reliability carefully and consulted with
staff of DOE, FERC and the Electric
Power Research Institute (EPRI) in
reaching conclusions regarding bulk
power system reliability and related
issues. EPA’s assessment is that national
power generation will continue to be
sufficient as demand increases from HD
ZEVs as well as LD PEVs to the levels
projected in the potential compliance
pathways that support the feasibility of
both final rules’ standards while
considering relevant electricity
generation policy. EPA’s assessment is
supported by the quantified estimates
from the utility industry, regulated
entities, NGOs, and expert commenters,
all of which corroborate EPA’s
conclusion and provide quantified
estimates of minimal demand, which
are quite similar to EPA’s.473

A smaller number of commenters
maintained that there could be shortages
of electricity transmission capacity. We
disagree. See RTC section 7.1. As
described in that response, with respect
to new transmission, the need for new
transmission lines associated with the
LMDV and HDP3 rules between now
and 2050 is projected to be very small,
approximately one percent or less of
transmission. Nearly all of the projected
new transmission builds appear to
overlap with pre-existing transmission
line right of ways (ROW), which makes
the permitting process simpler.
Approximately 41-percent of the
potential new transmission line builds
projected by IPM have already been
independently publicly proposed by
developers. The approximate regional
distribution of the potential new
transmission line builds are:

e 24 percent in the West (excluding
Southern California), which are largely
Federal lands, that are more-easily
permittable for new transmission builds;

e 21 percent in the desert Southwest,
which are largely Federal lands, that are
more-easily permittable for new
transmission builds;

e 14 percent in the Midwest;

¢ 9 percent for each of the Northeast,
Mid-Atlantic, and Southeast and Mid-
Atlantic regions; and

Later Light-Duty and Medium-Duty Vehicles, and
Greenhouse Gas Emissions Standards for Heavy-
Duty Vehicles—Phase 3,”” available in the docket for
this rulemaking.

473 Hibbard, Paul. “Heavy Duty Vehicle
Electrification Planning for and Development of
Needed Power System Infrastructure”. Analysis
Group for EDF. June 2023. Available Online:
https://blogs.edf.org/climate411/wp-content/
blogs.dir/7/files/Analysis-Group-HDV-Charging-
Impacts-Report.pdf.
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¢ 5 percent for each for Southern
California and New York State/City
regions.474

Other commenters pointed to recent
regulatory actions approving several
large-scale regional transmission
expansions, plus actions by this
Administration to expedite such
expansions. DOE recently announced
several programs and projects aimed at
helping to alleviate the interconnection
queue backlog,475476 including the Grid
Resilience and Innovation Partnerships
(GRIP) program, with $10.5 billion in
Bipartisan Infrastructure Law funding to
develop and deploy Grid Enhancing
Technologies (GET).477478 479 FERC has
issued various orders to address
interconnection queue backlogs,
improve certainty, and prevent undue
discrimination for new
technologies.480 481482 FERC Order 2023,
for example, requires grid operators to
adopt certain interconnection practices
with the goal of reducing
interconnection delays. These practices
include a first-ready, first-served
interconnection process that requires
new generators to demonstrate
commercial readiness to proceed, and a
cluster study interconnection process
that studies many new generators
together.483

474 See Multi-Pollutant Emission Standards for
Model Years 2027 and Later Light-Duty and
Medium-Duty Regulatory Impact Analysis at 5-22
(2024).

475 DOE Interconnection Innovation e-Xchange
(i2X), https://www.energy.gov/eere/i2x/
interconnection-innovation-e-xchange.

476 Abboud, A.W., Gentle, J.P., Bukowski, E.E.,
Culler, M.J., Meng, J.P., & Morash, S. (2022). A
Guide to Case Studies of Grid Enhancing
Technologies (No. INL/MIS—22-69711-Rev000).
Idaho National Laboratory (INL), Idaho Falls, ID
(United States).

477 Federal Energy Regulatory Commission,
Implementation of Dynamic Line Ratings, Docket
No. AD22-5-000 (87 FR 10349, February 24, 2022),
https://www.federalregister.gov/documents/2022/
02/24/2022-03911/implementation-of-dynamic-
line-ratings.

478 DOE, Dynamic Line Rating, 2019, https://
www.energy.gov/oe/articles/dynamic-line-rating-
report-congress-june-2019.

479 DOE, Advanced Transmission Technologies,
2020, https://www.energy.gov/oe/articles/advanced-
transmission-technologies-report.

480 Federal Energy Regulatory Commission,
Improvements to Generator Interconnection
Procedures and Agreements, Docket No. RM22-14—
000; Order No. 2023 (July 28, 2023), https://
www.ferc.gov/media/e-1-order-2023-rm22-14-000.

481 https://www.ferc.gov/news-events/news/staff-
presentation-improvements-generator-
interconnection-procedures-and.

482 FERC regulates interstate regional
transmission planning and is currently finalizing a
major rule to improve transmission planning. The
rule would require that transmission operators do
long term planning and would require transmission
providers to work with states to develop a cost
allocation formula, among other changes.

483 See generally FERC Order 1023, 184 FERC
61,054 (July 28, 2023) (Docket No. RM22-14-000).

Energy storage projects can also be
used to help to reduce transmission line
congestion and are seen as alternatives
to transmission line construction in
some cases.*84485 These projects, known
as Storage As Transmission Asset
(SATA),286 can help to reduce
transmission line congestion, have
smaller footprints, have shorter
development, permitting, and
construction times, and can be added
incrementally, as required. Examples of
SATA projects include the ERCOT
Presidio Project,*87 a 4 MW battery
system that improves power quality and
reducing momentary outages due to
voltage fluctuations, the APS Punkin
Center,488 a 2 MW, 8 MWh battery
system deployed in place of upgrading
20 miles of transmission and
distribution lines, the National Grid
Nantucket Project,#89 a 6 MW, 48 MWh
battery system installed on Nantucket
Island, MA, as a contingency to
undersea electric supply cables, and the
Oakland Clean Energy Initiative
Projects,490 a 43.25 MW, 173 MWh
energy storage project to replace fossil
generation in the Bay area. Through
such efforts, the interconnection queues
can be reduced in length, transmission
capacity on existing transmission lines
can be increased, additional generation
assets can be brought online, and
electricity generated by existing assets
will be curtailed less often. These
factors help to improve overall grid
reliability.

The previous sections cover grid
reliability in the sense of adequacy and
primarily address if the electricity
generation and transmission subsystems
can deliver the required power to the
distribution subsystem. The ability of

484 Federal Energy Regulatory Commission,
Managing Transmission Line Ratings, Docket No.
RM20-16-000; Order No. 881 (December 16, 2021),
https://www.ferc.gov/media/e-1-rm20-16-000.

485 Federal Energy Regulatory Commission, Staff
Presentation Final Order Regarding Managing
Transmission Line Ratings FERC Order 881
(December 16, 2021), https://www.ferc.gov/news-
events/news/staff-presentation-final-order-
regarding-managing-transmission-line-ratings.

486 Nguyen, T.A., & Byrne, R.H. (2020). Evaluation
of Energy Storage As A Transmission Asset (No.
SAND2020-9928C). Sandia National Lab. (SNL—
NM), Albuquerque, NM (United States).

487 http://www.ettexas.com/Content/documents/
NaSBatteryOverview.pdf.

488 Arizona Public Service Company, 2023
Integrated Resource Plan, https://www.aps.com/-/
media/APS/APSCOM-PDFs/About/Our-Company/
Doing-business-with-us/Resource-Planning-and-
Management/APS_IRP 2023 PUBLIC.ashx.

489 Balducci, P.J., et al. (2019). Nantucket island
energy storage system assessment (No. PNNL—
28941). Pacific Northwest National Lab. (PNNL),
Richland, WA (United States), https://
energystorage.pnnl.gov/pdf/PNNL-28941.pdf.

490 https://www.pgecurrents.com/articles/2799-
pg-e-proposes-two-energy-storage-projects-oakland-
clean-energy-initiative-cpuc.

the distribution system to develop in a
timely and cost effective manner and
support what may be required for the
HD Phase 3 and LMDV rules, is covered
in section I.D.2.iii.a and iii.b of this
preamble. Here, the issue of grid
reliability and resilience assumes the
required hardware is in place and
assesses if that hardware will continue
to deliver electricity with a high
probability of success. Comments
showed concern that the grid may not
have adequate reliability due to severe
storms, wildfires, and similar
challenges. Commenters emphasized
that without electricity supply, many
HD BEV would not be able to deliver the
work required.

We first note that most of these
comments were general, posing
potential issues of grid reliability
unrelated to potential demand resulting
from the HD Phase 3 standards. As
noted, that demand is low and
encompassable within the HD Phase 3
rule’s time frame. In response to these
general comments, we note that the U.S.
electricity grid continues to be very
reliable. Power interruptions caused by
extreme weather are the most-
commonly reported, naturally-
occurring factors affecting grid
reliability,491 with the frequency of
these severe weather events increasing
significantly over the past twenty years
due to climate change.492 Conversely,
decreasing emissions of greenhouse
gases can be expected to avoid future
extreme weather events, which would
serve to increase electric power sector
reliability. Extreme weather events
include snowstorms, hurricanes, and
wildfires. These power interruptions
have significant impact on economic
activity, with associated costs in the
U.S. estimated to be $44 billion
annually.493

The average duration of annual
electric power interruptions in the U.S.,
approximately two hours, decreased
slightly from 2013 to 2021, when
extreme weather events associated with
climate change are excluded from
reliability statistics. When extreme
weather events associated with climate
change are not excluded from reliability
statistics, the national average length of

491DOE, Electric Disturbance Events (OE-417)
Annual Summaries 2023, https://www.oe.netl.
doe.gov/OE417_annual_summary.aspx.

492DOE, Electric Disturbance Events (OE-417)
Annual Summaries for 2000 to 2023, https://
www.oe.netl.doe.gov/OE417 annual
summary.aspx.

493 LaCommare, K.H., Eto, J.H., & Caswell, H.C.
(2018, June). Distinguishing Among the Sources of
Electric Service Interruptions. In 2018 IEEE
International Conference on Probabilistic Methods
Applied to Power Systems (PMAPS) (pp. 1-6).
IEEE.
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annual electric power interruptions
increased to about seven hours.494
Around 93 percent of all power
interruptions in the U.S. occur at the
distribution-level, with the remaining
fraction of interruptions occurring at the
generation- and transmission-
levels.495496 We do not project the HD
Phase 3 rule as having a significant
effect on any of these trends given the
low demand on the grid posed by the
rule.

3. HD Fuel Cell Electric Vehicle
Technology and Supporting
Infrastructure

Fuel cell technologies that run on
hydrogen have been in existence for
decades, though they are just starting to
enter the heavy-duty transportation
market. Hydrogen FCEVs are similar to
BEVs in that they have batteries and use
an electric motor instead of an internal
combustion engine to power the wheels.
Unlike BEVs that need to be plugged in
to recharge, FCEVs have fuel cell stacks
that use a chemical reaction involving
hydrogen to generate electricity. Fuel
cells with electric motors are more
efficient than ICEs that run on gasoline
or diesel, requiring less energy to
fuel.497

Heavy-duty FCEVs are considered in
the modeled potential compliance
pathway due to several considerations.
They do not emit air pollution at the
tailpipe—only heat and pure water.98
With current and near-future
technologies, energy can be stored more
densely onboard a vehicle as gaseous or
liquid hydrogen than it can as electrons
in a battery, which enables longer
ranges. HD FCEVs can package more
energy onboard with less weight than
batteries in today’s BEVs, which allows
for their potential use in heavy-duty
sectors that are difficult for BEV
technologies due to payload impacts.
HD FCEVs also have rapid refueling
times.499

494EJA, U.S. electricity customers averaged seven
hours of power interruptions in 2021, 2022, https://
www.eia.gov/todayinenergy/detail. php?id=54639#.

495 Eto, Joseph H, Kristina Hamachi LaCommare,
Heidemarie C Caswell, and David Till.
“Distribution system versus bulk power system:
identifying the source of electric service
interruptions in the US.” IET Generation,
Transmission & Distribution 13.5 (2019) 717-723.

496 Larsen, P.H., LaCommare, K.H., Eto, ].H., &
Sweeney, J.L. (2015). Assessing changes in the
reliability of the U.S. electric power system.

4971J.S. Department of Energy, Alternative Fuels
Data Center. “Hydrogen Basics”. Available online:
https://afdc.energy.gov/fuels/hydrogen_basics.html.

498 J.S. Department of Energy, Fuel Cell
Technologies Office. “Fuel Cells”. November 2015.
Available online: https://www.energy.gov/sites/
prod/files/2015/11/f27/fcto_fuel cells_fact_
sheet.pdf.

499J.S. Department of Energy, Hydrogen and
Fuel Cell Technologies Office. “The #H2IQ Hour:

In the following sections, and in RIA
Chapter 1.7, we discuss key technology
components unique to HD FCEVs.

i. Fuel Cell System

A fuel cell stack is a module that may
contain hundreds of fuel cell units that
generate electricity, typically combined
in series.?90 A heavy-duty FCEV may
have several fuel cell stacks to meet the
power needs of a comparable ICE
vehicle. A fuel cell system includes the
fuel cell stacks and ‘“‘balance of plant”
(BOP) components (e.g., pumps,
sensors, compressors, humidifiers) that
support fuel cell operations.

Though there are many types of fuel
cell technologies, polymer electrolyte
membrane (PEM) fuel cells are typically
used in transportation applications
because they offer high power density
and therefore have low weight and
volume. They can operate at relatively
low temperatures, which allows them to
start quickly.501 PEM fuel cells are built
using membrane electrode assemblies
(MEA) and supportive hardware. The
MEA includes the PEM electrolyte
material, catalyst layers (anode and
cathode), and gas diffusion layers.502
Hydrogen fuel and oxygen enter the
MEA and chemically react to generate
electricity, which is either used to
propel the vehicle or stored in a battery
to meet future power needs. The process
creates excess water vapor and heat.

Key BOP components include the air
supply system that provides oxygen, the
hydrogen supply system, and the
thermal management system. With the
help of compressors and sensors, these
components monitor and regulate the
pressure and flow of the gases supplied
to the fuel cell along with relative
humidity and temperature. Similar to
ICEs and batteries, PEM fuel cells
require thermal management systems to
control the operating temperatures. It is
necessary to control operating
temperatures to maintain stack voltage
and the efficiency and performance of
the system. There are different strategies
to mitigate excess heat that comes from
operating a fuel cell. For example, a HD
vehicle may include a cooling system

Heavy-Duty Vehicle Decarbonization”. September
21, 2023. Available online: https://www.energy.gov/
sites/default/files/2023-10/h2ighour-09212023.pdyf.
5001J.S. Department of Energy, Hydrogen and
Fuel Cell Technologies Office. “Fuel Cell Systems”.
Available online: https://www.energy.gov/eere/
fuelcells/fuel-cell-systems.

5017.S. Department of Energy, Hydrogen and
Fuel Cell Technologies Office. “Types of Fuel
Cells”. Available online: https://www.energy.gov/
eere/fuelcells/types-fuel-cells.

5027J.S. Department of Energy, Hydrogen and
Fuel Cell Technologies Office. “‘Parts of a Fuel
Cell”. Available online: https://www.energy.gov/
eere/fuelcells/parts-fuel-cell.

that circulates cooling fluid through the
stack.503 As the fuel cell ages and
becomes less efficient, more waste heat
will be generated that requires removal.
A cooling system may be designed to
accommodate end-of-life needs, which
can be up to two times greater than they
are at the beginning of life.50¢ Waste
heat recovery solutions are emerging.5°5
The excess heat also can in turn be used
to heat the cabin, similar to ICE
vehicles. Power consumed to operate
BOP components can also impact the
fuel cell system’s overall
efficiency.506 507

To improve fuel cell performance, the
air and hydrogen fuel that enter the
system may be compressed, humidified,
and/or filtered.>08 A fuel cell operates
best when the air and the hydrogen are
free of contaminants, since
contaminants can poison and damage
the catalyst. PEM fuel cells require
hydrogen that is over 99 percent pure,
which can add to the fuel production
cost.509510 Hydrogen produced from
natural gas tends to have more
impurities initially (e.g., carbon
monoxide and ammonia, associated
with the reforming of hydrocarbons)
than hydrogen produced from water
through electrolysis.511 There are

503 Hyfindr. “Fuel Cell Stack”. Available online:
https://hyfindr.com/fuel-cell-stack/.

504 Pardhi, Shantanu, et. al. ‘A Review of Fuel
Cell Powertrains for Long-Haul Heavy-Duty
Vehicles: Technology, Hydrogen, Energy and
Thermal Management Systems”. Energies 15(24).
December 2022. Available online: https://
www.mdpi.com/1996-1073/15/24/9557.

505 Baroutaji, Ahmad, et. al. “Advancements and
prospects of thermal management and waste heat
recovery of PEMFC”. Interational Journal of
Thermofluids: Volume 9. February 2021. Available
online: https://www.sciencedirect.com/science/
article/pii/S2666202721000021.

506 Hoeflinger, Johannes and Peter Hofmann. “Air
mass flow and pressure optimization of a PEM fuel
cell range extender system”. International Journal
of Hydrogen Energy. Volume 45:53. October 30,
2020. Available online: https://www.sciencedirect.
com/science/article/pii/S0360319920327841.

507 Pardhi, Shantanu, et. al. “A Review of Fuel
Cell Powertrains for Long-Haul Heavy-Duty
Vehicles: Technology, Hydrogen, Energy and
Thermal Management Systems”. Energies 15(24).
December 2022. Available online: https://
www.mdpi.com/1996-1073/15/24/9557.

508 J.S. Environmental Protection Agency.
“Assessment of Fuel Cell Technologies at Ports”.
Prepared for EPA by Eastern Research Group, Inc.
EPA-420-R-22-013. July 2022. Available online:
https://nepis.epa.gov/Exe/ZyPDF.cgi?
Dockey=P1015AQX.pdf.

509 Hyfindr. “Hydrogen PEM Fuel Cell”.
Available online: https://hyfindr.com/pem-fuel-cell/

5107J.S. DRIVE Partnership. “Hydrogen
Production Tech Team Roadmap”. U.S. Department
of Energy. November 2017. Available online:
https://www.energy.gov/eere/vehicles/articles/us-
drive-hydrogen-production-technical-team-
roadmap.

511 Nhuyen, Huu Linh, et. al. “Review of the
Durability of Polymer Electrolyte Membrane Fuel
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standards such as ISO 14687 that
include hydrogen fuel quality
specifications for use in vehicles to
minimize impurities.512

Fuel cell durability is important in
heavy-duty applications, given that
vehicle owners and operators often have
high expectations for drivetrain
lifetimes in terms of years, hours, and
miles. Fuel cells can be designed to
meet durability needs (i.e., the ability of
the stack to maintain its performance
over time). Considerations must be
included in the design to accommodate
operations in less-than-optimized
conditions. For example, prolonged
operation at high voltage (low power) or
when there are multiple transitions
between high and low voltage can stress
the system. As a fuel cell system ages,
a fuel cell’s MEA materials can degrade,
and performance and maximum power
output can decline. The fuel cell can
become less efficient, which can cause
it to generate more excess heat and
consume more fuel.513 DOE’s ultimate
long-term technology target for Class 8
HD trucks is a fuel cell lifetime of
30,000 hours, corresponding to an
expected vehicle lifetime of 1.2 million
miles.51¢ A voltage degradation of 10
percent at rated power (i.e., the power
level the cell is designed for) by end-of-
life is considered by DOE when
evaluating targets.515

Currently, the fuel cell stack is the
most expensive component of a fuel cell
system,>16 which is the most expensive
part of a heavy-duty FCEV, primarily
due to the technological requirements of
manufacturing rather than raw material

Cell in Long-Term Operation: Main Influencing
Parameters and Testing Protocols”. Energies 14(13).
July 2021. Available online: https://
www.mdpi.com/1996-1073/14/13/4048.

512 International Organization for
Standardization. “ISO 14687: 2019, Hydrogen fuel
quality—Product specification”. November 2019.
Available online: https://www.iso.org/standard/
69539.html.

513 Nhuyen, Huu Linh, et. al. “Review of the
Durability of Polymer Electrolyte Membrane Fuel
Cell in Long-Term Operation: Main Influencing
Parameters and Testing Protocols”. Energies 14(13).
July 2021. Available online: https://
www.mdpi.com/1996-1073/14/13/4048.

514 Marcinkoski, Jason et. al. “Hydrogen Class 8
Long Haul Truck Targets”. U.S. Department of
Energy. October 31, 2019. Available online: https://
www.hydrogen.energy.gov/pdfs/19006_hydrogen_
class8 long haul truck targets.pdf.

515 Marcinkoski, Jason et. al. “Hydrogen Class 8
Long Haul Truck Targets”. U.S. Department of
Energy. October 31, 2019. Available online: https://
www.hydrogen.energy.gov/pdfs/19006_hydrogen
class8 long haul truck targets.pdf.

516 Papageorgopoulos, Dimitrios. “Fuel Cell
Technologies Overview”. U.S. Department of
Energy. June 6, 2023. Available online: https://
www.hydrogen.energy.gov/docs/hydrogenprogram
libraries/pdfs/review23/fc000_papageorgopoulos
2023 _o.pdf.

costs.517 Larger production volumes are
anticipated as global demand increases
for fuel cell systems for HD vehicles,
which could improve economies of
scale.518 Durability improvements are
anticipated to also result in decreased
operating costs, as they could extend the
life of fuel cells and reduce the need for
parts replacement.519 Fuel cells contain
PEM catalysts that typically are made
using precious metals from the platinum
group, which are expensive but efficient
and can withstand conditions in a cell.

The U.S. Geological Survey’s 2022 list
of critical minerals includes platinum
(as one of several platinum group
metals, or PGMs), as used in catalytic
converters. Critical minerals are defined
in the Energy Act of 2020 as being
essential to the economic or national
security of the U.S. and vulnerable to
supply chain disruption.520 DOE’s 2023
Critical Materials Assessment,
performed independently from a global
perspective and focused on the
importance of materials to clean energy
technologies in future years, identifies
PGMs used in hydrogen electrolyzers
such as platinum and iridium as critical.
They screened out PGMs used in
catalytic converters, such as rhodium
and palladium. This distinction was
made due to the increased focus on
hydrogen technologies, including long-
distance HD trucks, to achieve carbon
emissions reductions, and an
anticipated decrease in the importance
of catalytic converters in the medium
term (i.e., the 2025 to 2035
timeframe).521

Efforts are underway to minimize or
eliminate the use of platinum in
catalysts.522 DOE issued a Funding

517 Deloitte China and Ballard. “Fueling the
Future of Mobility: Hydrogen and fuel cell solutions
for transportation, Volume 1. 2020. Available
online: https://www2.deloitte.com/content/dam/
Deloitte/cn/Documents/finance/deloitte-cn-fueling-
the-future-of-mobility-en-200101.pdf.

518 Deloitte China and Ballard. “Fueling the
Future of Mobility: Hydrogen and fuel cell solutions
for transportation, Volume 1. 2020. Available
online: https://www2.deloitte.com/content/dam/
Deloitte/cn/Documents/finance/deloitte-cn-fueling-
the-future-of-mobility-en-200101.pdf.

519 Deloitte China and Ballard. “Fueling the
Future of Mobility: Hydrogen and fuel cell solutions
for transportation, Volume 1”. 2020. Available
online: https://www2.deloitte.com/content/dam/
Deloitte/cn/Documents/finance/deloitte-cn-fueling-
the-future-of-mobility-en-200101.pdf.

52087 FR 10381. 2022 Final List of Critical
Minerals”. U.S. Geological Survey. February 24,
2022. Available online: https://
www.federalregister.gov/documents/2022/02/24/
2022-04027/2022-final-list-of-critical-minerals.

5217J.S. Department of Energy. “Critical Materials
Assessment”. July 2023. Available online: https://
www.energy.gov/sites/default/files/2023-07/doe-
critical-material-assessment_07312023.pdf.

522 Berkeley Lab. “‘Strategies for Reducing
Platinum Waste in Fuel Cells. November 2021.
Available online: https://als.Ibl.gov/strategies-for-
reducing-platinum-waste-in-fuel-cells/.

Opportunity Announcement (FOA) in
2023 in anticipation of growth in
hydrogen and fuel cell technologies and
systems. A portion of the FOA is
designed to enable improvements in
recovery and recycling, and applicants
are encouraged to find ways to reduce
or eliminate PGMs from catalysts in
both PEM fuel cells and electrolyzers to
reduce reliance on virgin feedstocks.523

ii. Fuel Cell and Battery Interaction

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. Each manufacturer likely
will employ a unique strategy to
optimize the durability of these
components and manage costs. The
strategy selected will impact the size of
the fuel cell and the size of the battery.

The fuel cell can be used to charge the
battery that in turn powers the wheels
(i.e., series hybrid or range-extending),
or it can work with the battery to
provide power (i.e., parallel hybrid or
primary power) to the wheels. In the
emerging HD FCEV market, when used
to extend range, the fuel cell tends to
have a lower peak power potential and
may be sized to match the average
power needed during a typical use
cycle, including steady highway
driving. At idle, the fuel cell may run at
minimal power or turn off based on
state of charge of the battery. The battery
is used during prolonged high-power
operations such as grade climbing and
is typically in charge-sustaining mode,
which means the average state of charge
is maintained above a certain level
while driving. When providing primary
power, the fuel cell tends to have a
larger peak power potential, sized to
match all power needs of a typical duty
cycle and to meet instantaneous power
needs. The battery is mainly used to
capture energy from regenerative
braking and to help with acceleration
and other transient power demands.524

523J.S. Department of Energy, Hydrogen and
Fuel Cell Technologies Office. “Bipartisan
Infrastructure Law: Clean Hydrogen Electrolysis,
Manufacturing, and Recycling: Funding
Opportunity Announcement Number DE-FOA—
0002922”. March 15, 2023 (Last Updated: March 31,
2023). Available online: https://eere-
exchange.energy.gov/Default.aspx#Foalda9a89bda-
618a-4f13-83f4-9b9b418c04dc.

524slam, Ehsan Sabri, Ram Vijayagopal, Aymeric
Rousseau. “A Comprehensive Simulation Study to
Evaluate Future Vehicle Energy and Cost Reduction
Potential”, Report to the U.S. Department of Energy,
Contract ANL/ESD-22/6. October 2022. See Full
report. Available online: https://anl.app.box.com/s/
an4nx0v2xpudxtpsnkhd5peimzu4j1hk/file/
1406494585829.
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Based on how the fuel cells and
batteries are managed, manufacturers
may use different types of batteries in
HD FCEVs. Energy battery cells are
typically used to store energy for
applications with distance needs. Power
battery cells are typically used to
provide additional high power for
applications with high power needs.525

iii. Onboard Hydrogen Storage Tanks

Fuel cell vehicles carry hydrogen fuel
onboard using multiple large tanks.
Hydrogen has high gravimetric density
(amount of energy stored per unit of
mass) but extremely low volumetric
density (amount of energy stored per
volume), so it must be compressed or
liquified for use. There are various
techniques for storing hydrogen onboard
a vehicle, depending on how much fuel
is needed to meet range requirements.
Most transportation applications today
use Type IV tanks,526 which typically
include a plastic liner wrapped with a
composite material such as carbon fiber
that can withstand high pressures with
minimal weight.527 528 High-strength
carbon fiber accounts for over 50
percent of the cost of a Type IV onboard
storage system at production volumes of
over 100,000 systems per year.529

Some existing fuel cell buses use
compressed hydrogen gas at 350 bar
(~5,000 pounds per square inch, or psi)
of pressure, but other applications are
using tanks with increased compressed
hydrogen gas pressure at 700 bar
(~10,000 psi) for extended driving
range.530 A Heavy-Duty Vehicle
Industry Group was formed in 2019 to
standardize 700 bar high-flow fueling

525 Sharpe, Ben and Hussein Basma. “A Meta-
Study of Purchase Costs for Zero-Emission Trucks”.
International Council on Clean Transportation.
February 2022. Available online: https://theicct.org/
publication/purchase-cost-ze-trucks-feb22/.

526 Type I-III tanks are not typically used in
transportation for reasons related to low hydrogen
density, metal embrittlement, weight, or cost.

527 Langmi, Henrietta et. al. “Hydrogen storage”.
Electrochemical Power Sources: Fundamentals,
Systems, and Applications. 2022. Portion available
online: https://www.sciencedirect.com/topics/
engineering/compressed-hydrogen-storage.

5281J.S. Department of Energy, Fuel Gell
Technologies Office. “Hydrogen Storage”. March
2017. Available online: https://www.energy.gov/
sites/prod/files/2017/03/f34/fcto-h2-storage-fact-
sheet.pdf.

529 Houchins, Cassidy and Brian D. James. 2019
DOE Hydrogen and Fuel Cell Program Review:
Hydrogen Storage Cost Analysis”. Strategic
Analysis. May 2019. Available online: https://
www.hydrogen.energy.gov/pdfs/review19/st100_
james_2019 o.pdf.

530 Basma, Hussein and Felipe Rodriquez. “Fuel
cell electric tractor-trailers: Technology overview
and fuel economy”. Working Paper 2022-23.
International Council on Clean Transportation. July
2022. Available online: https://theicct.org/wp-
content/uploads/2022/07/fuel-cell-tractor-trailer-
tech-fuel-jul22.pdf.

hardware components globally that
meet fueling speed requirements (i.e., so
that fill times are similar to comparable
HD ICE vehicles, as identified in DOE
technical targets for Class 8 long-haul
tractor-trailers).531 High-flow refueling
rates for heavy-duty vehicles of 60 to 80
kg hydrogen in under 10 minutes were
recently demonstrated in a DOE lab
Setting.532 533534

As we stated in the NPRM, geometry
and packaging challenges may constrain
the amount of gaseous hydrogen that
can be stored onboard and, thus, the
maximum range of trucks that travel
longer distances without a stop for
fuel.?35 Liquid hydrogen is emerging as
a cost-effective onboard storage option
for long-haul operations; however, the
technology readiness of liquid storage
and refueling technologies is relatively
low compared to compressed gas
technologies.>3¢537 Therefore, given our
assessment of technology readiness,
liquid storage tanks were not included
in the potential compliance pathway
that supports the feasibility and
appropriateness of our standards.

In the NPRM, we requested comment
and data related to packaging space

531 NextEnergy. ‘“‘Hydrogen Heavy Duty Vehicle
Industry Group to Standardize Hydrogen Refueling,

Bringing Hydrogen Closer to Wide Scale Adoption”.

October 8, 2021. Available online: https://
nextenergy.org/hydrogen-heavy-duty-vehicle-
industry-group-partners-to-standardize-hydrogen-
refueling/.

532 DOE suggests that 60 kg of H2 will be required
to achieve a 750-mile range in a Class 8 tractor-
trailer truck, assuming a fuel economy of 12.4 miles
per kilogram. In the DOE lab, one fill (61.5 kg) was
demonstrated from the fueling station into seven
type-1V tanks of a HD vehicle simulator, and the
second fill (75.9 kg) was demonstrated from the
station into nine tanks.

533 Marcinkoski, Jason et. al. “Hydrogen Class 8
Long Haul Truck Targets”. U.S. Department of
Energy. October 31, 2019. Available online: https://
www.hydrogen.energy.gov/pdfs/19006_hydrogen_
class8_long_haul truck_targets.pdf.

534 Martineau, Rebecca. ‘“Fast Flow Future for
Heavy-Duty Hydrogen Trucks: Expanded
Capabilities at NREL Demonstration High-Flow-
Rate Hydrogen Fueling for Heavy-Duty
Applications”. National Renewable Energy Lab.
June 2022. Available online: https://www.nrel.gov/
news/program/2022/fast-flow-future-heavy-duty-
hydrogen-trucks.html.

535 Basma, Hussein and Felipe Rodriquez. “Fuel
cell electric tractor-trailers: Technology overview
and fuel economy”. Working Paper 2022—-23. The
International Council on Clean Transportation. July
2022. Available online: https://theicct.org/wp-
content/uploads/2022/07/fuel-cell-tractor-trailer-
tech-fuel-jul22.pdf.

536 Basma, Hussein and Felipe Rodriquez. “Fuel
cell electric tractor-trailers: Technology overview
and fuel economy”. Working Paper 2022-23.
International Council on Clean Transportation. July
2022. Available online: https://theicct.org/wp-
content/uploads/2022/07/fuel-cell-tractor-trailer-
tech-fuel-jul22.pdf.

537 Gomez, Julian A. and Diogo M.F. Santos. “The
Status of On-Board Hydrogen Storage in Fuel Cell
Electric Vehicles”. Designs 2023: 7(4). Available
online: https://www.mdpi.com/2411-9660/7/4/97.

availability associated with FCEVs and
projections for the development and
application of liquid hydrogen in the
HD transportation sector over the next
decade. 88 FR 25972. Only one
comment was received on this issue,
from a vehicle manufacturer, who stated
that they believe liquid hydrogen is
required to meet the packaging
requirement for vehicles with a 500-
mile range, consistent with our
assessment at the proposal. The same
commenter also included 90th
percentile daily VMT estimates of 484
miles for Class 8 day cabs and 724 miles
for sleeper cab tractors, based on an 18-
day snapshot of telematics data, because
they said they believe EPA is
overestimating ZEV application
suitability.

For the final rule, we contracted FEV
Group to independently conduct a
packaging analysis for Class 8 long-haul
FCEVs that store 700-bar gaseous
hydrogen onboard to see if space would
be sufficient to accommodate hydrogen
fuel for longer-range travel.538 EPA
conducted an external peer review of
the final FEV report. FEV found ways to
package six hydrogen tanks to deliver
up to a 500-mile range with a sleeper
cab using a 265-inch wheelbase. All
tanks could be at the back of the cab in
a zig-zag arrangement and the batteries
mounted inside of the frame rails, or
four of the tanks could be behind the
cab with two tanks mounted to the
outside of the frame rails under the cab
and the batteries inside of the frame
rails. This would allow a long-haul
tractor to meet a daily operational VMT
requirement of 420 miles. If a HD FCEV
refuels once en route, then it could
cover a 90th percentile VMT
requirement of as far as 724 miles in a
day (essentially matching the 90th
percentile VMT noted by the
commenter). A refueling event during
the day should not be an unreasonable
burden, given that refueling times are as
short as 20 minutes or less (comparable
to a diesel) and so are considered a key
benefit of HD FCEVs.539 See RTC
section 5.3 for additional discussion.

Based on our review of the literature
for the NPRM and after consideration of
the comments received and additional
information, our assessment is that most
HD vehicles have sufficient physical

538 FEV Consulting. ‘““Heavy Duty Commercial
Vehicles Class 4 to 8: Technology and Cost
Evaluation for Electrified Powertrains—Final
Report”. Prepared for EPA. March 2024.

5397J.S. Department of Energy, Hydrogen and
Fuel Cell Technologies Office. ‘“The #H2IQ Hour.
Today’s Topic: Heavy-Duty Vehicle
Decarbonization”. September 21, 2023. Available
online: https://www.energy.gov/sites/default/files/
2023-10/h2ighour-09212023.pdf.
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space to package gaseous hydrogen
storage tanks onboard.54° This remains
the case for long-haul sleeper cabs if
they refuel en route.

iv. HD FCEV Safety Assessment

FCEVs have two potential risk factors
that can be mitigated through proper
design, process, and training: hydrogen
and electricity. Electricity risks are
identical to those of BEVs and, thus, are
discussed in section II.D.2 and RIA
Chapter 1.5.2. Hydrogen risks can occur
throughout the process of fueling a
vehicle. FCEVs must be designed so that
hydrogen can be safely delivered to a
vehicle and then transferred into a
vehicle’s onboard storage tanks and fuel
cell stacks. Hydrogen has been handled,
used, stored, and moved in industrial
settings for more than 50 years, and
there are many established methods for
doing so safely.541 There is also Federal
oversight and regulation throughout the
hydrogen supply chain system.542
Safety training and education are key for
maintaining reasonable risk while
handling and using hydrogen. For
example, hydrogen-related fuel cell
vehicle risks can be mitigated by
following various SAE and OSHA
standards, as discussed in RIA Chapter
1.7.4.

We requested comment on our
assessment that HD FCEVs can be
designed to maintain safety. Two
comments were received that
questioned the safety of FCEV. One
vehicle manufacturer commenter agreed
that FCEVs will be designed to maintain
safety. EPA’s assessment at proposal
was that HD FCEV systems must be, and
are, designed to always maintain safe
operation. EPA reiterates that
conclusion here. As EPA explained at
proposal, and as noted by the vehicle
manufacturer commenter, there are
industry codes and standards for the
safe design and operation of HD FCEVs.
The Hydrogen Industry Panel on Codes,
International Code Council, and
National Fire Protection Association
work together to develop stringent
standards for hydrogen systems and fuel
cells. The FCEV codes and standards

540 Kast, James et. al. “‘Designing hydrogen fuel
cell electric trucks in a diverse medium and heavy
duty market”. Research in Transportation
Economics: Volume 70. October 2018. Available
online: https://www.sciencedirect.com/science/
article/pii/S0739885916301639.

541 Hydrogen Tools. “Best Practices Overview”.
Pacific Northwest National Laboratory. Accessed on
February 2, 2023. Available online: https://
h2tools.org/bestpractices/best-practices-overview.

542 Baird, Austin R. et. al. “Federal Oversight of
Hydrogen Systems”. Sandia National Laboratories.
SAND2021-2955. March 2021. Available online:
https://energy.sandia.gov/wp-content/uploads/
2021/03/H2-Regulatory-Map-Report SAND2021-
2955.pdf.

extend to service as well as emergency
response. In addition, HD FCEVs are
subject to, and necessarily comply with,
the same Federal safety standards and
the same safety testing as ICE heavy-
duty vehicles. Commenters challenging
the safety of HD FCEVs failed to address
the existence of these protocols and
Federal standards. EPA considers the
multiple binding Federal safety
standards and industry protocols to be
effective and supports the conclusion
that HD FCEV can be utilized safely.
While considering safety for the NPRM,
EPA coordinated with NHTSA. EPA
additionally coordinated with NHTSA
on safety regarding comments and
updates for the final rulemaking.543

Most if not all fuels, due to their
nature of transporting energy, can do
harm or be unsafe if not handled
properly. Although hydrogen incidents
(not with FCEVs) were provided in the
comments, it is important to note that
there has not been a FCEV accident due
to leaking hydrogen. When compared to
other fuels, hydrogen is nontoxic and
lighter than air, so it quickly disperses
upwards unlike gas vapors that stay at
ground level and has a lower radiant
heat so surrounding material is less
likely to ignite. One commenter
questioned FCEV safety in tunnels
based on a modeling study. DOE is
working with other authorities to
evaluate safety in tunnels as discussed
in RIA chapter 1.7.4. Additionally,
FCEVs including their storage systems,
like ICE vehicles, are required to meet
the Federal Motor Vehicle Safety
Standards (FMVSS) for crash safety so
that the systems will maintain their
integrity after the specified crash
conditions. Additional FCEV safety
information is available in RIA Chapter
1.7.4 and RTC section 4.9.

v. Assessment of Heavy-Duty Hydrogen
Refueling Infrastructure

As FCEV adoption grows, more
hydrogen refueling infrastructure will

be needed to support the HD FCEV fleet.

Infrastructure is required during the
production, distribution, storage, and
dispensing of hydrogen fuel.

Currently, DOE’s Alternative Fuels
Data Center (AFDC) lists 65 public retail
hydrogen fueling stations in the United
States, primarily for light-duty vehicles
in California.5#¢ When including

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

5447J.S. Department of Energy, Alternative Fuels
Data Center. “‘Hydrogen Fueling Station Locations”.
See Advanced Filters, Fuel, “Hydrogen” checked
(not “include non-retail stations”). Accessed
February 15, 2024. Available online: https://
afdc.energy.gov/fuels/hydrogen_locations.html#/
analyze?fuel=HY.

private, planned, and temporarily
unavailable stations in a search, there
are 99 refueling station locations
nationwide.545 546 547 There are also
several nationally designated corridor-
ready or corridor-pending Alternative
Fueling Corridors for hydrogen.548
Corridor-ready designations have a
sufficient number of fueling stations to
allow for corridor travel. The
designation requires that public
hydrogen stations be no greater than 150
miles apart and no greater than five
miles off the highway.549 Corridor-
pending designations may have public
stations separated by more than 150
miles, but stations cannot be greater
than five miles off the highway.55¢ The
purpose of the Alternative Fuel
Corridors program is to support the
needed changes in the transportation
sector that assists in reducing
greenhouse gas emissions and improves
the mobility of vehicles that employ
alternative fuel technologies across the
U.S.551

Though few hydrogen refueling
stations exist for HD FCEVs today, EPA
has seen progress on the
implementation of BIL and IRA funding
and other provisions to incentivize the
establishment of clean hydrogen supply
chain infrastructure. In June 2021, DOE

5457J.S. Department of Energy, Alternative Fuels
Data Center. See Advanced Filters, Station, all
“Access” and “‘Status” options checked. Accessed
February 15, 2024. Available online: https://
afdc.energy.gov/fuels/hydrogen_locations.html#/
analyze?fuel=HY.

546 When including non-retail stations, there are
132. Non-retail stations involve special permissions
from the original equipment manufacturers to fuel
along with pre-authorization from the station
provider.

547 .S. Department of Transportation, Hydrogen
and Fuel Cell Technologies Office. “Fact of the
Month #18-01, January 29”. 2018. Available online:
https://www.energy.gov/eere/fuelcells/fact-month-
18-01-january-29-there-are-39-publicly-available-
hydrogen-fueling.

548 J.S. Department of Transportation, Federal
Highway Administration. HEPGIS. “Hydrogen (AFC
Rounds 1-7)". Accessed January 2024. Available
online: https://hepgis-usdot.hub.arcgis.com/apps/
e1552ac704284d30ba8e504e3649699a/explore.

5491J.S. Department of Transportation, Federal
Highway Administration. “Memorandum,
INFORMATION: Request for Nominations—
Alternative Fuel Corridor (Round 7/2023)”. May 18,
2023. Available online: https://www.fhwa.dot.gov/
environment/alternative_fuel corridors/
nominations/2023_request_for_nominations_r7.pdf.

550 J.S. Department of Transportation, Federal
Highway Administration. “Alternative Fuel
Corridors: Frequently Asked Questions FAST Act
Section 1413—Alternative Fuel Corridor
Designations Updated December 2020 to Support
Round 5”. Available online: https://
www.fhwa.dot.gov/environment/alternative_fuel
corridors/resources/faq/.

5511J.S. Department of Transportation, Federal
Highway Administration. “Alternative Fuel
Corridors”. Available online: https://
www.fhwa.dot.gov/environment/alternative_fuel
corridors/.
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launched a Hydrogen Shot goal to
reduce the cost of clean hydrogen
production by 80 percent to $1 per
kilogram in one decade.?52 In March
2023, DOE released a Pathways to
Commercial Liftoff Report on “Clean
Hydrogen” to catalyze more rapid and
coordinated action across the full
technology value chain. Since the
NPRM, the Federal Government has
continued to implement BIL and IRA
commitments. In June 2023, the U.S.
National Clean Hydrogen Strategy and
Roadmap was finalized, informed by
extensive industry and stakeholder
feedback, setting forth an all-of-
government approach for achieving
large-scale production and use of
hydrogen. It includes an assessment of
the opportunity for hydrogen to
contribute to national decarbonization
goals across sectors over the next 30
years.553 Also in June 2023, DOE
updated Clean Hydrogen Production
Standard (CHPS) guidance that
establishes a target for lifecycle (defined
as “well-to-gate”’) GHG emissions
associated with hydrogen production,
accounting for multiple requirements
within the BIL provisions.554 In October
2023, DOE announced the selection of
seven Regional Clean Hydrogen Hubs
(H2Hubs) in different regions of the
country that will receive a total of $7
billion to kickstart a national network of
hydrogen producers, consumers, and
connective infrastructure while
supporting the production, storage,
delivery, and end-use of hydrogen. The
investment will be matched by
recipients to leverage a total of nearly
$50 billion for the hubs, which are
expected to reduce 25 million metric
tons of carbon dioxide emissions each
year from end uses ranging from
industrial steel to HD transportation.555

552 Satyapal, Sunita. “2022 AMR Plenary
Session”. U.S. Department of Energy, Hydrogen and
Fuel Cell Technologies Office. June 6, 2022.
Available online: https://www.energy.gov/sites/
default/files/2022-06/hfto-amr-plenary-satyapal-
2022-1.pdf.

553 J.S. Department of Energy. “U.S. National
Clean Hydrogen Strategy and Roadmap”’. June 2023.
Available online: https://www.hydrogen.energy.gov/
library/roadmaps-vision/clean-hydrogen-strategy-
roadmap, https://www.hydrogen.energy.gov/docs/
hydrogenprogramlibraries/pdfs/us-national-clean-
hydrogen-strategy-roadmap.pdyf.

5541J.S. Department of Energy, Hydrogen
Program. “Clean Hydrogen Production Standard
Guidance”. June 2023. Available online: https://
www.hydrogen.energy.gov/library/policies-acts/
clean-hydrogen-production-standard, https://
www.hydrogen.energy.gov/docs/hydrogenprogram
libraries/pdfs/clean-hydrogen-production-standard-
guidance.pdf.

5551J.S. Department of Energy. “Biden-Harris
Administration Announces $7 Billion For
America’s First Clean Hydrogen Hubs, Driving
Clean Manufacturing and Delivering New Economic
Opportunities Nationwide’”. October 13, 2023.

Several programs initiated by BIL and
IRA are under ongoing development. In
March 2023, DOE announced $750
million for research, development, and
demonstration efforts to reduce the cost
of clean hydrogen. This is the first phase
of $1.5 billion in BIL funding dedicated
to advancing electrolysis technologies
and improving manufacturing and
recycling capabilities. In July 2023, DOE
released a Notice of Intent to invest up
to $1 billion in a demand-side initiative
(to offer “demand pull”’) to support the
H2Hubs.556 In January 2024, they
selected a consortium to design and
implement the program.557 In December
2023, the Treasury Department and
Internal Revenue Service proposed
regulations to offer income tax credit of
up to $3 per kg for the production of
qualified clean hydrogen at a qualified
clean hydrogen facility (often referred to
as the production tax credit, PTC, or
45V), as established in the IRA.558 Final
program designs are expected after this
rule is finalized. See section 8.1 of the
RTC and Chapter 1.8 of the RIA for
additional detail.

We received several comments on the
topic of hydrogen infrastructure. Some
commenters were optimistic and
provided support for their view. One
commenter acknowledged that
producing HD FCEV trucks would
incentivize the building of fueling
stations. Another noted that DOE
programs such as the 21st Century
Truck Partnership are engaged in fuel
cell and hydrogen work to reduce
emissions from HD trucks.559 At least

Available online: https://www.energy.gov/articles/
biden-harris-administration-announces-7-billion-
americas-first-clean-hydrogen-hubs-driving.

556 J.S. Department of Energy. “Biden-Harris
Administration to Jumpstart Clean Hydrogen
Economy with New Initiative to Provide Market
Certainty and Unlock Private Investment”. July 5,
2023. Available online: https://www.energy.gov/
articles/biden-harris-administration-jumpstart-
clean-hydrogen-economy-new-initiative-provide-
market.

557 U.S. Department of Energy, Office of Clean
Energy Demonstrations. “DOE Selects Consortium
to Bridge Early Demand for Clean Hydrogen,
Providing Market Certainty and Unlocking Private
Sector Investment”. January 14, 2024. Available
online: https://www.energy.gov/oced/articles/doe-
selects-consortium-bridge-early-demand-clean-
hydrogen-providing-market-certainty.

558 88 FR 89220. Section 45V Credit for
Production of Clean Hydrogen; Section 48(a)(15)
Election To Treat Clean Hydrogen Production
Facilities as Energy Property. December 26, 2023.
Available online: https://www.federalregister.gov/
documents/2023/12/26/2023-28359/section-45v-
credit-for-production-of-clean-hydrogen-section-
48a15-election-to-treat-clean-hydrogen.

5591J.S. Department of Energy. ““U.S. National
Clean Hydrogen Strategy and Roadmap”. June 2023.
Available online: https://www.hydrogen.energy.gov/
library/roadmaps-vision/clean-hydrogen-strategy-
roadmap, https://www.hydrogen.energy.gov/docs/
hydrogenprogramlibraries/pdfs/us-national-clean-
hydrogen-strategy-roadmap.pdf.

two commenters recognized that Federal
investment is expected to heavily
influence the market. One commenter
highlighted BIL and IRA incentives in
addition to those referenced that will
hasten buildout of HD FCEV refueling
infrastructure, including $2.3 billion for
a Port Infrastructure Development
Program over five years (2022 to
2026).560 The IRA also provided EPA
with $3 billion to fund zero-emission
port equipment and infrastructure and
$1 billion to fund clean heavy-duty
vehicles and supportive infrastructure,
including hydrogen refueling
infrastructure.56! 562 One commenter
said they expect to see synergies
between H2Hubs and FCEVs that can
launch the market even before 2030.
Others suggested that infrastructure may
be more of a near-term challenge, or that
uncertainty could diminish over time as
ZEV technologies become increasingly
affordable and ubiquitous.

At least two commenters agreed there
is sufficient lead time. California, a state
experienced in hydrogen refueling
infrastructure, shared that LD stations
take around two years to build on
average. They expect similar
construction times for HD stations,
given that a hydrogen station for HD
vehicles near the Port of Oakland is
expected to move from approval to
commissioning in just over two years,
despite permitting challenges. They
cited numerous entities developing
mobile refueling solutions that could
provide a fueling option “bridge”
during the construction of permanent
stations.

Other commenters were more
cautious about the readiness and
availability of hydrogen infrastructure.
Several indicated there are few existing
hydrogen refueling stations for HD
FCEVs—mostly in California—and
stated that it is overly optimistic and a
massive undertaking to expect buildout
of a national network by 2030. One
commenter noted that hydrogen fueling
infrastructure is still nascent compared
to BEV charging infrastructure, and
several identified challenges that still
need to be addressed. Challenges raised
by the commenter ranged from upstream
emissions and energy required to
produce hydrogen, to the cost-
effectiveness of distributing and

5601J,S. Department of Transportation, Maritime
Administration. ‘“Port Infrastructure Development
Program”. Available online: https://
www.maritime.dot.gov/PIDPgrants.

5617J.S. Environmental Protection Agency. ‘“‘Clean
Ports Program”. Available online: https://
www.epa.gov/ports-initiative/cleanports.

562J.S. Environmental Protection Agency. ‘“Clean
Heavy-Duty Program”. Available online: https://
www.epa.gov/inflation-reduction-act/clean-heavy-
duty-vehicle-program.
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delivering hydrogen (e.g., using gaseous
or liquid technologies), to the inherent
uncertainties associated with projecting
emerging station needs in step with HD
FCEV adoption timelines. At least one
commenter suggested that we did not
identify current private investment
plans in the NPRM. In general, there
was a sentiment from these commenters
that more support for commercial
facilities is necessary, and commenters
urged Federal agencies to align
resources and goals to ensure that
buildout happens in a coordinated
fashion and at a necessary pace.

Industry commenters anticipated lead
time issues beyond their control.
Several manufacturers suggested
adjusting the standards in the case of
unexpectedly slow infrastructure
development, and there were calls to
regularly evaluate infrastructure
deployment and establish annual
benchmarks for assessing progress.

In response to comments, we re-
evaluated our assumptions about the
retail price of hydrogen, in consultation
with DOE, along with FCEV technology-
related costs (see RIA Chapter 2.5). Our
revised projections for HD FCEV
adoption are based on relatively low
production volumes in the MY 2030 to
2032 timeframe, indicative of an early
market technology rollout. As a result,
our hydrogen consumption estimates in
the NPRM of about 830,000 metric tons
of hydrogen per year in 2032 dropped
in the final rule to about 130,000 metric
tons of hydrogen per year by 2032, or
1.3 percent of current production. Our
assessment is that early market buildout
of a hydrogen refueling station network
to support modest FCEV adoption levels
in the modeled potential compliance
pathway is feasible in the 2030 to 2032
timeframe. We are not suggesting that a
full national hydrogen infrastructure
network needs to be in place by 2030 or
2032, as implied by a few commenters,
and specifically note that a full national
hydrogen infrastructure network is not
necessary to accommodate the demand
that we posit for HD FCEVs in our
modeled potential compliance pathway.
This is further explained in RTC section
8.1.

In addition to the billions of dollars
in Federal investment already
referenced, RIA Chapter 1.7.5 includes
information about known private
investments in HD FCEVs and hydrogen
infrastructure. According to Cipher’s
Clean Technology Tracker, as of
September 2023, there is $45.752 billion
in total clean hydrogen production
project investment in the United

States,>63 with 1 percent in projects that
are in operation (close to $500,000), 7
percent ($3.2 million) under
construction, and a majority still
classified as announced.?¢¢ DOE is
tracking private sector announcements
of domestic electrolyzers and fuel cell
manufacturing facilities. So far, over
$1.8 billion in new investments has
been announced for over 10 new or
expanded facilities with the capacity to
manufacture approximately 10 GW of
electrolyzers per year.56% BIL and IRA
programs are under ongoing
development, but we anticipate that
investment strategies (e.g., that connect
producers of hydrogen with end users of
fuel) will amplify and become clearer in
the near term. We also expect this rule
will provide greater certainty to the
market to support timely development
of hydrogen refueling stations.

Given that hydrogen refueling
infrastructure for HD FCEVs is
developing, we also reviewed literature
that assesses hydrogen infrastructure
needs for the HD transportation sector,
as discussed further in RIA Chapter
1.8.3.5. The authors used differing
analytical approaches and a large range
of assumptions about the production,
distribution and storage, and dispensing
of hydrogen fuel to estimate hydrogen
demand for HD FCEVs and the number
of refueling stations required to meet
that demand. Several papers examined
infrastructure costs in the 2030
timeframe, as discussed further in
Chapter 2.5.3.1. In general, the authors
concluded that economies of scale are
important to reduce costs throughout
the supply chain. Most researchers of
papers that we reviewed agree that it is
not necessary to build a national
infrastructure network for HD FCEVs all
at once. Station financial prospects can
vary by region and tend to be more
favorable in areas with higher demand
(i.e., high energy needs from HD traffic
flows), while station costs are
anticipated to drop with growth in
demand and related economies of scale.
Similar to BEVs, as explained in RTC
section 7.1, the infrastructure needed to
meet this initial demand may be

563 According to the Clean Technology Tracker,
clean hydrogen production refers to the production
of hydrogen fuel with proton exchange membrane
(PEM) electrolyzers and solid oxide electrolyzer
cells (SOEC) or through other methods such as
methane pyrolysis and natural gas with carbon
capture.

564 Cipher News. “Tracking a new era of climate
solutions: Cleantech growth across the U.S.”
Accessed February 2024. Available online: https://
ciphernews.com/cleantech-tracker/#definitions.

5651J.S. Department of Energy. “Building
America’s Clean Energy Future—Hydrogen:
Electrolyzers and Fuel Cells”. Accessed February
2024. Available online: https://www.energy.gov/
invest.

centered in a discrete sub-set of states
and counties where freight activity is
concentrated. Thus, the select vehicle
applications for which we project FCEV
adoption could start traveling within or
between regional hubs in this timeframe
where hydrogen development is
prioritized initially.

Along these lines, in March 2024, the
U.S. released a National Zero-Emission
Freight Corridor Strategy5¢¢ that ““sets
an actionable vision and comprehensive
approach to accelerating the
deployment of a world-class, zero-
emission freight network across the
United States by 2040. The strategy
focuses on advancing the deployment of
zero-emission medium- and heavy-duty
vehicle (ZE-MHDV) fueling
infrastructure by targeting public
investment to amplify private sector
momentum, focus utility and regulatory
energy planning, align industry activity,
and mobilize communities for clean
transportation.”” 567 The strategy has four
phases. The first phase, from 2024—
2027, focuses on establishing freight
hubs defined ““as a 100-mile to a 150-
mile radius zone or geographic area
centered around a point with a
significant concentration of freight
volume (e.g., ports, intermodal facilities,
and truck parking), that supports a
broader ecosystem of freight activity
throughout that zone.” 568 The second
phase, from 2027-2030, will connect
key ZEV hubs, building out
infrastructure along several major
highways. The third phase, from 2030—
2045, will expand the corridors,
“including access to charging and
fueling to all coastal ports and their
surrounding freight ecosystems for
short-haul and regional operations.” 569
The fourth phase, from 2035-2040, will
complete the freight corridor network.
This corridor strategy provides further
support for the development of HD ZEV
infrastructure that corresponds to the

566 Joint Office of Energy and Transportation.
“National Zero-Emission Freight Corridor Strategy”
DOE/EE-2816 2024. March 2024. Available at
https://driveelectric.gov/files/zef-corridor-
strategy.pdf.

567 Joint Office of Energy and Transportation.
“Biden-Harris Administration, Joint Office of
Energy and Transportation Release Strategy to
Accelerate Zero-Emission Freight Infrastructure
Deployment.” March 12, 2024. Available online:
https://driveelectric.gov/news/decarbonize-freight.

568 Joint Office of Energy and Transportation.
“National Zero-Emission Freight Corridor Strategy”
DOE/EE-2816 2024. March 2024. Available at
https://driveelectric.gov/files/zef-corridor-
strategy.pdf. See page 3.

569 Joint Office of Energy and Transportation.
“National Zero-Emission Freight Corridor Strategy”
DOE/EE-2816 2024. March 2024. Available at
https://driveelectric.gov/files/zef-corridor-
strategy.pdf. See page 8.
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modeled potential compliance pathway
for meeting the final standards.

The literature also further supports
that there is sufficient lead time. Fulton
et. al. noted that heavy-duty refueling
station funding, design, and planning
should start one to two years before
deployment.579 The Coordinating
Research Council noted that full station
development (i.e., design, permitting,
construction, and commissioning) takes
about two years, assuming no major
hurdles.571 The California Energy
Commission has evaluated hydrogen
refueling station development in
California since 2010. Their planned
network of 200 stations is mainly for
light-duty vehicles but has at least 13
stations with the capability to serve HD
FCEVs.572 Station development times
have generally decreased over time,
from a median or typical time spent of
around 1,500 days in 2010 to about 500
days in 2019 (i.e., about two years if
considering business days) for projects
that have completed all phases of
development.573 They expect some
increase in median development times
as projects delayed by the COVID-19
pandemic are completed but regularly
monitor progress and work to improve
the deployment process.574

We recognize that these plans will
require sustained support to come to
fruition, and our assessment, in
consultation with relevant Federal
agencies, is that our projections are
supported and correspond to our
measured approach in our modeled
compliance pathway for FCEVs. There

570 Fulton, et. al. “California Hydrogen Analysis
Project: The Future Role of Hydrogen in a Carbon-
Neutral California—Final Synthesis Modeling
Report”. UC Davis Institute of Transportation
Studies. April 19, 2023. Available online: https://
escholarship.org/uc/item/27m7g841.

571 Coordinating Research Council, Inc. “Assess
the Battery-Recharging and Hydrogen-Refueling
Infrastructure Needs, Costs, and Timelines Required
to Support Regulatory Requirements for Light-,
Medium-, and Heavy-Duty Zero-Emission Vehicles:
Final Report”. Prepared by ICF. CRC Report No.
SM-CR-9. September 2023. Available online:
https://crcao.org/wp-content/uploads/2023/09/
CRC Infrastructure Assessment Report ICF
09282023_Final-Report.pdf.

572 The CEC has invested nearly $40 million in
medium- and heavy-duty hydrogen infrastructure.

573 Berner, et al. “Joint Agency Staff Report on
Assembly Bill 8: 2022 Annual Assessment of Time
and Cost Needed to Attain 100 Hydrogen Refueling
Stations in California”. California Energy
Commission & California Air Resources Board.
December 2022. Available online: https://
www.energy.ca.gov/sites/default/files/2022-12/CEC-
600-2022-064.pdf.

574 Berner, et al. “Joint Agency Staff Report on
Assembly Bill 8: 2022 Annual Assessment of Time
and Cost Needed to Attain 100 Hydrogen Refueling
Stations in California”. California Energy
Commission & California Air Resources Board.
December 2022. Available online: https://
www.energy.ca.gov/sites/default/files/2022-12/CEC-
600-2022-064.pdf.

are many complex factors at play, and
we have taken a close look at how the
ramp-up period over the next decade is
critical. In our modeled potential
compliance pathway, we evaluated the
existing and projected future hydrogen
refueling infrastructure and considered
FCEVs only in the MY 2030 and later
timeframe to better ensure that our
compliance pathway provides adequate
time for early market infrastructure
development. We conclude that a
phased and targeted approach can offer
sufficient lead time to meet the
projected refueling needs that
correspond to the technology packages
for the final rule’s modeled potential
compliance pathway, as further
discussed in RIA Chapter 2.1.
Additionally, EPA is committed to
ensuring the Phase 3 program is
successfully implemented, and as
described in preamble section II.B.2.iii,
in consideration of concerns raised
regarding inherent uncertainties about
the future, we are including a
commitment to monitor progress on
hydrogen refueling infrastructure
development in the final rule.

4. Summary of Technology Assessment

In prior HD GHG rulemakings, EPA
promulgated standards that could
feasibly be met through technological
improvements in many areas of the
vehicle. For example, as discussed in
section II.C, the HD GHG Phase 2 CO»
emission standards were premised on
technologies such as engine
improvements, advanced transmissions,
advanced aerodynamics and, in some
cases, hybrid powertrains. We evaluated
each technology’s effectiveness as
demonstrated over the regulatory duty
cycles using EPA’s GEM and estimated
the appropriate projected adoption rate
of each technology.575 We then
developed a technology package for
each of the regulatory subcategories,
which represented a potential
compliance pathway to support the
feasibility of the Phase 2 standards. We
are following a similar approach in this
Phase 3 final rule.

In the HD GHG Phase 2 final rule, we
included ZEV technologies in our
assessment of the suite of technologies
for HD vocational vehicles and tractors.
However, in 2016, when the HD GHG
Phase 2 rule was being developed, we
stated that ““adoption rates for these
advanced technologies in heavy-duty
vehicles are essentially non-existent

575 GEM is an EPA vehicle simulation tool used
to certify HD vehicles. A detailed description of
GEM can be found in the RIA for the HD GHG Phase
2 rulemaking, available at https://nepis.epa.gov/
Exe/ZyPDF.cgi/P100P7NS.PDF?
Dockey=P100P7NS.PDF.

today and seem unlikely to grow
significantly within the next decade
without additional incentives.” 576
Thus, at that time, instead of including
ZEV technologies in the technology
packages for setting the Phase 2
standards, we provided advanced
technology credit multipliers to help
incentivize the development of such
technologies, as well as PHEVs, because
they had the potential for very large
GHG emission reductions.

Since the 2016 promulgation of the
HD GHG Phase 2 final rule, as discussed
in section I.C of this preamble, several
important factors have contributed to
changes in the HD landscape. Therefore,
as detailed in this section II and RIA
Chapter 2, our assessment concludes
that ICE technologies, BEV technologies
and FCEV technologies will be
technically feasible for HD motor
vehicles, as assessed by vehicle type
and each Phase 3 MY. Similar to Phase
1 and Phase 2, the technology packages
used to support the feasibility of the
standards in this final rule include a
mix of technologies applied to HD
motor vehicles, and development of
those technology packages included an
assessment of the projected feasibility of
the development and application of
BEV, FCEV, and other technologies that
reduce GHG emissions from HD ICE
vehicles. While our analysis in this
section ILD focuses on certain
technologies in the technology packages
as a potential compliance pathway to
support the feasibility of the final HD
vehicle GHG emission standards, there
are other technologies that can reduce
CO; emissions and other example
potential compliance pathways to meet
the standards as discussed in RIA
Chapters 1 and 2.11 and section IL.F.4.
Under the final rule, manufacturers may
choose to utilize the technologies that
work best for their business case and for
the operator’s needs in meeting the final
standards. We reiterate that the
standards are performance-based and do
not mandate any specific technology for
any manufacturer or any vehicle
subcategory.

The range of GHG emission-reducing
technologies for HD vehicles considered
in this final rulemaking include those
for HD vehicles with ICE (section II.D.1),
HD BEVs (section II1.D.2), and HD FCEVs
(section I1.D.3). For evaluating the BEV
and FCEV technologies portion of the
range for this analysis, for this
rulemaking EPA developed a bottom-up
approach to estimate the operational
characteristics and costs of such
technologies. As explained in the
NPRM, we developed a new technology

576 81 FR 73498 (October 25, 2016).
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assessment tool, Heavy-Duty
Technology Resource Use Case Scenario
(HD TRUCS), to evaluate the design
features needed to meet the energy and
power demands of HD vehicle types
when using different technologies, and
comparing resulting manufacturing,
operating and purchasing costs. In this
rulemaking, we used HD TRUCS to
assess the design features 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. We chose to analyze the
comparison with ZEV technologies for
the modeled potential compliance
pathway as the technology capable of
achieving the greatest vehicle GHG
emission reductions. Furthermore, we
made a number of updates to HD
TRUCS for the final rulemaking to
reflect consideration of new
information, including that received in
comments. HD TRUGCS is described in
more detail in section IL.D.5 and RIA
Chapter 2, but we briefly summarize the
approach here.

To use HD TRUCS as part of building
the technology packages to support the
feasibility of the standards, we created
101 representative HD vehicles that
cover the full range of weight classes
within the scope of this rulemaking
(Class 2b through 8 vocational vehicles
and tractors). The representative
vehicles cover many aspects of work
performed by HDVs. This work was
translated into energy and power
demands per vehicle type based on
everyday use of HD vehicles, ranging
from moving goods and people to
mixing cement. We then identified the
technical properties required for a BEV
or FCEV to meet the operational needs
of a comparable ICE vehicle.577

Since batteries can add weight and
volume to a vehicle,578 we evaluated
battery mass and physical volume
required to package a battery pack. If the
performance needs of a BEV resulted in
a battery that was too large or heavy,
then we did not consider the BEV for

577 Heavy-duty vehicles are typically powered by
a diesel-fueled compression-ignition (CI) engine,
though the heavy-duty market includes vehicles
powered by gasoline-fueled spark-ignition (SI)
engines and alternative-fueled ICEs. We selected
diesel-powered ICE vehicles as the baseline vehicle
for the assessment in HD TRUCS in our analysis
because a diesel-fueled CI engine is broadly
available for all of the 101 vehicle types.

578 Smith, David et. al. “Medium- and Heavy-
Duty Vehicle Electrification: An Assessment of
Technology and Knowledge Gaps”. U.S.
Department of Energy: Oak Ridge National
Laboratory and National Renewable Energy
Laboratory. December 2019. Available online:
https://info.ornl.gov/sites/publications/Files/
Pub136575.pdf.

that application in our technology
package because of, for example, the
impact on payload and, thus, potential
work accomplished relative to a
comparable ICE vehicle.579

To evaluate costs for these
technologies, including costs of
compliance for manufacturers using this
compliance pathway as well as user
costs related to purchasing and
operating ZEVs, we sized vehicle
components that are unique to ZEVs to
meet the work demands of each
representative vehicle. We applied cost
estimates to each vehicle component
based on sizing to assess the difference
in total powertrain costs between the
ICE and ZEV powertrains. We
accounted for the IRA battery tax credit
and vehicle tax credit, as discussed in
section ILE.4. We also compared
operating costs due to fuel
consumption, vehicle maintenance and
repair, and insurance. We also included
the upfront cost to procure and install
depot charging infrastructure for certain
BEVs. Costs of the needed distribution
grid buildout infrastructure are reflected
in the per kilowatt hour price of
electricity used for both depot and
public charging. For the BEVs where we
project their charging needs will be met
by public charging, instead of including
the charging infrastructure costs
upfront, we included these amortized
costs in the charging cost in addition to
the cost of electricity, demand charges,
and EVSE maintenance costs. We took
a similar approach for FCEVs, where we
embedded the hydrogen infrastructure
costs into the cost of hydrogen fuel. This
approach is consistent with our
assessment of fueling costs associated
with ICE vehicles where the fuel station
infrastructure costs are included in the
per gallon price of fuel.

We relied on research and findings
discussed in RIA Chapters 1 and 2 to
conduct this analysis. For MYs 2027
through 2029, for the BEV and FCEV
technologies portions of the analysis, we
focused primarily on BEV technology
using depot charging. Consistent with
our analysis, research shows that some
BEV technologies can become cost-
competitive in terms of total cost of
ownership for many HD vehicles by the
late 2020s, but it will take longer for
FCEVs.580581 582 Given that there are

579 This does not necessarily mean that a BEV
with a large battery weight and volume would not
be technically feasible for a given HD vehicle use,
but rather this is an acknowledgement that we
considered impacts of increased battery size on
feasibility considerations like payload capacity as
well as cost and payback within the selection of HD
vehicle technologies for the technology packages.

580 Ledna et. al. “Decarbonizing Medium- &
Heavy-Duty On-Road Vehicles: Zero-Emission

more BEV models available today
compared to FCEV models (see, e.g.,
RIA Chapters 1.7.5 and 1.7.6), we
project in our technology packages that
BEV technology adoption is likely to
happen sooner than the adoption of
FCEV technology. Also, as discussed in
RIA Chapter 1.6, we project that depot
charging will occur at a faster rate than
the development of a HD public
charging network. Therefore, the
modeled potential compliance pathway
focuses on these types of BEVs in the
initial Phase 3 MYs.

Starting in MY 2030, we also
considered FCEV technology using
public refueling infrastructure and BEVs
using public charging for select
applications in our modeled compliance
pathway and H2-ICE using public
refueling infrastructure in our
additional example potential
compliance pathways. BEV technology
is more energy efficient than FCEV
technology but may not be suitable for
all applications during the model years
at issue in this rulemaking, such as
when the performance needs result in
additional battery mass that
prohibitively affects payload. In cases
like this, the pathway considered either
BEVs with smaller batteries, that may
require enroute charging and the
consequent use of public charging away
from the depot, or FCEVs, which may
have shorter refueling times than BEVs
with large batteries.583 584 We considered
FCEVs and BEVs using public charging
in the technology packages for
applications that travel longer distances
and/or carry heavier loads (i.e., for those
that may be sensitive to refueling times

Vehicles Cost Analysis”. U.S. Department of
Energy, National Renewable Energy Laboratory.
March 2022. Available online: https://
www.nrel.gov/docs/fy220sti/82081.pdyf.

581 Hall, Dale and Nic Lutsey. ‘“Estimating the
Infrastructure Needs and Costs for the Launch of
Zero-Emission Trucks”. White Paper: The
International Council on Clean Transportation.
August 2019. Available online: https://theicct.org/
wp-content/uploads/2021/06/ICCT_EV_HDVs_
Infrastructure 20190809.pdyf.

582 Robo, Ellen and Dave Seamonds. Technical
Memo to Environmental Defense Fund: Investment
Reduction Act Supplemental Assessment: Analysis
of Alternative Medium- and Heavy-Duty Zero-
Emission Vehicle Business-As-Usual Scenarios.
ERM. August 19, 2022. Available online: https://
www.erm.com/contentassets/
154d08e0d0674752925cd82c66b3e2b1/edf-zev-
baseline-technical-memo-addendum.pdyf.

583 A technology is more energy efficient if it uses
less energy to do the same amount of work. Energy
can be lost as it moves through the vehicle’s
components due to heat and friction.

584 Cunanan, Carlo et. al. “A Review of Heavy-
Duty Vehicle Powertrain Technologies: Diesel
Engine Vehicles, Battery Electric Vehicles, and
Hydrogen Fuel Cell Electric Vehicles”. Clean
Technol. Available online: https://www.mdpi.com/
2571-8797/3/2/28.
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or payload impacts). These included
some coach buses and tractors.

After considering operational
characteristics and costs in 2022$, for
the BEV and FCEV technologies
portions of the analysis, we determined
the payback period, which is the
number of years it would take to offset
any incremental cost increase of a ZEV
over a comparable ICE vehicle. Next, the
inclusion of BEV and FCEV
technologies in the technology packages
as a potential compliance pathway that
support the feasibility of the final
standards was determined after
considering the payback period for
BEVs or FCEVs.

Lastly, the modeled potential
compliance pathway that supports the
final standards is a combination of the
ICE vehicle technologies described in
section II.D.1 along with BEV and FCEV
technologies. As stated in section I1.D.1
of this preamble, for the ICE vehicle
technologies part of the analysis that
supports the feasibility of the Phase 3
standards, our assessment is that the
technology packages for the modeled
potential compliance pathway include a
mix of ICE vehicle technologies and
adoption rates of those technologies at
the levels included in the Phase 2 MY
2027 technology packages. Additionally,
for the additional example potential
compliance pathways that support the
feasibility of the Phase 3 standards, our
assessment is that those technology
packages include a mix of vehicles with
ICE technologies described in section
I1.D.1 and further discussed in section
IL.F.4 and adoption rates of those
technologies at the levels described in
section IL.F.4.

5. EPA’s HD TRUCS Analysis Tool

For the final rule, EPA further refined
HD TRUCS, which (as just noted) was
developed by EPA to evaluate the
design features needed to meet the
energy and power demands of various
HD vehicle types when using ZEV
technologies. We did this by sizing the

BEV and FCEV components such that
they could meet the driving demands
based (in most instances) on the 90th
percentile daily VMT for each
application, while also accounting for
the heating, ventilation, and air
conditioning (HVAC) and battery
thermal conditioning load requirements
in hot and cold weather and any PTO
demands for the vehicle. Furthermore,
we accounted for the fact that the usable
battery capacity is less than 100 percent
and that batteries deteriorate over time.
We also sized the ZEV powertrains to
ensure that the vehicles would meet an
acceptable level of acceleration from a
stop and be able to maintain a cruise
speed while going up a hill at six-
percent grade. In this subsection, we
discuss the primary inputs used in HD
TRUCS along with the revisions made
for the tool used in this final
rulemaking. Additional details on HD
TRUCS can be found in RIA Chapter 2.
We received numerous comments on
our approach to HD TRUCS; some key
topic themes include, but are not
limited to, vehicle sales distribution,
battery sizing method, component
efficiencies and costs, additional
operating costs, EVSE costs and dwell
time, payback curve, alternative sources
for inputs and the feasibility of ZEVs.
We also addressed the minor errors in
inputs for a few of the 101 vehicles
noted by one commenter.

i. Vehicles Analyzed

The version of HD TRUCS supporting
this final rule continues to analyze 101
vehicle types. However, we refined
certain inputs based on consideration of
comments received. The 101 vehicle
types encompass 22 different
applications in the HD vehicle market,
as shown in Table II-10. These vehicles
applications are further differentiated by
weight class, duty cycle, and daily VMT
for each of these vehicle applications
into 101 vehicle types. These 101
vehicle types cover all 33 of the heavy-
duty regulatory subcategories, as shown

in RTA Chapter 2.8.3.1. As explained at
proposal, 88 FR 25974, the initial list of
HD TRUCS vehicles contained 87
vehicle types and was based on work
the Truck and Engine Manufacturers
Association (EMA) and CARB
conducted for CARB’s ACT rule.585 For
the NPRM, we consolidated the list;
eliminated some of the more unique
vehicles with small populations like
mobile laboratories; and assigned
operational characteristics for
vocational vehicles that correspond to
the Urban, Multi-Purpose, and Regional
duty cycles used in GEM. We also
added additional vehicle types to reflect
vehicle applications that were
represented in EPA’s certification data.
Chapter 2.1 of the RIA summarizes the
101 unique vehicle types represented in
HD TRUCS and each with a vehicle
identifier, along with their
corresponding regulatory subcategory,
vehicle application, vehicle weight
class, MOVES SourceTypelD and
RegClasslID,586 and GEM duty cycle
category. After considering comments,
we revised several HD vehicles to
increase the number of day cab vehicle
types and sleeper cab vehicle types
within the final rule version of HD
TRUCS to include four day cabs vehicle
types and three sleeper cabs vehicle
types that are modeled in our analysis
to use public charging, starting in MY
2030. In addition, of the tractors vehicle
types that were designed for public
charging one day cab and one sleeper
cab were updated to reflect a more
aerodynamic tractor design than the
average tractor aerodynamics used in
the technology assessment to support
the Phase 2 standards. See RIA 2.2.2.1
for additional details.

585 California Air Resources Board, Appendix E:
Zero Emission Truck Market Assessment (2019),
available at https://ww2.arb.ca.gov/sites/default/
files/barcu/regact/2019/act2019/appe.pdf (last
accessed on September 26, 2022).

586 MOVES homepage: https://www.epa.gov/
moves (last accessed October 2022).
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Table 11-10 HD Vehicle Applications Included in HD TRUCS

Ambulance

Shuttle Bus

Box Truck

Snow Plow

Cement Mixer/Pumper

Step Van

Coach Bus

Street Sweeper

Dump Truck

Tanker Truck

Fire Truck

Tow Truck

Flatbed/Stake Truck

Tractor, Day Cab

Port Drayage Tractor

Tractor, Sleeper Cab

Refuse Truck

Transit Bus

RV

Utility Truck

School Bus

Yard Tractor

Heavy-duty vehicles are typically
powered by a diesel-fueled CI engine,
though the heavy-duty market also
includes vehicles powered by gasoline-
fueled SI engines and alternative-fueled
ICE. We selected diesel-powered ICE
vehicles as the baseline vehicle for the
assessment in HD TRUCS in our
analysis because a diesel-fueled CI
engine is broadly available for all of the
101 vehicle types and is more efficient
than an SI engine. Chapter 2.2 of the
RIA includes the details we developed
for each of the baseline vehicles,
including the size of the engine and the
transmission type. This information was
used to determine the weight and the
cost of the ICE powertrains.

As noted, in the ZEV technologies
portion of our analysis for our projected
technology packages, for MYs 2027
through 2029, we primarily considered
BEV technologies using depot charging.
Starting in MY 2030, we also considered
FCEV technologies for select
applications that travel longer distances
and/or carry heavier loads. This
included coach buses, sleeper cab
tractors, and day cab tractors that are
designed to travel longer distances. For
the final rule, we agree with
commenters who maintained that public
charging would be needed for certain
BEV applications with high VMT. In our
analysis, we are now projecting (and
including costs for) these applications to
utilize public charging, starting in MY
2030. We also updated one day cab
tractor and one sleeper cab tractor that
utilize public charging to reflect a more
aerodynamic design than the average
tractor aerodynamics used in the
technology assessment to support the

Phase 2 standards. This was done to
reflect the reality that a newly designed
HD BEV that is currently available on
the market has a more aerodynamic
design than tractors used in setting the
Phase 2 standards. For more discussion
on the specifics of the aerodynamic
tractors, see RIA Chapter 2.2.2.1.

ii. Vehicle Energy Demand

Energy is necessary to perform the
work required of the vehicle. This work
includes driving, idling, and providing
heating and cooling; in addition, some
vehicles require energy to operate
equipment. Vehicles with regenerative
braking systems have the opportunity to
recover some of the kinetic energy that
would otherwise be lost during braking.
There are a wide variety of energy
demands across the heavy-duty sector,
depending on the vehicle’s application.
For example, some vehicles, such as
long-haul tractors, spend the vast
majority of the time driving, a fraction
of the time idling, and require heating
and cooling of the cabin, but do not
require operation of additional
equipment. A transit bus typically
operates at low speeds, so it requires
less energy for driving than a long-haul
tractor, but requires more energy for
heating or cooling due to its large
amount of interior cabin volume. Unlike
ICE vehicles where the cabin heating is
often provided by excess heat from the
main ICE, BEVs do not have excess heat
from an ICE to utilize in this manner
and thus require more energy than ICE
vehicles to heat the cabin and additional
energy to manage the temperature of the
batteries. As another example of the
wide variety of energy demands for HD

vehicles, a utility truck, also known as
a bucket truck, may only drive a few
miles to a worksite while idling for the
majority of the day and using energy to
move the bucket up and down. The
power to run the separate equipment on
ICE vehicles is typically provided by a
PTO from the main engine.

In HD TRUCS, we determined the
daily energy demand for each of the 101
vehicle types by estimating both the
baseline energy demands that are
similar regardless of the powertrain
configuration and the energy demands
that vary by powertrain. The baseline
energy includes energy at the axle to
move the vehicle, energy recovered from
regenerative braking energy, and PTO
energy. Powertrain-specific energy
includes energy required to condition
the battery and heat or cool the cabin
using HVAC system. We discuss each of
these in the following subsections.

a. Baseline Energy

For each HD TRUCS vehicle type, we
determined the baseline energy
consumption requirement that is needed
for each of the HD TRUCS applications
for ZEVs. The amount of energy needed
at the axle to move the vehicle down the
road is determined by a combination of
the type of drive cycle (such as urban
or freeway driving) and the number of
miles traveled over a period of time. To
do this, we used the drive cycles and
cycle weightings adopted for HD GHG
Phase 2 for our assessment of the energy
required per mile for each vehicle type.
EPA’s GEM model simulates road load
power requirements for various duty
cycles to estimate the energy required
per mile for HD vehicles. To understand
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the existing heavy-duty industry, we
performed an analysis on current heavy-
duty vehicles in the market in order to
determine typical power requirements
and rates of energy consumption at the
axle. These values represent the energy
required to propel a vehicle of a given
weight, frontal area, and tire rolling
resistance to complete the specified
duty cycle on a per-mile basis,
independent of the powertrain. In RIA
Chapter 2.2.2, we describe the GEM
inputs and results used to estimate the
propulsion energy and power
requirements at the axle for ICE vehicles
on a per-mile basis. We also used these
inputs, along with some simple electric
vehicle assumptions, to develop a
model to calculate weighted percent of
energy recovery due to regenerative
braking. Additional detail can be found
in RIA Chapter 2.2.2.1.3.

We requested data on our propulsion
and regenerative braking energy
assessment in the proposal. We received
comment that dump trucks, for
example, haul loads greater than the
payload evaluated in GEM to determine
the propulsion power. It is worth noting
that the payload used in GEM to
determine power requirements
represents an average payload with the
expectation that vocational vehicles,
like dump trucks, would deliver a load
and then return with an empty vehicle.
Therefore, the payload evaluated for
Class 8 dump trucks is essentially
30,000 pounds on one leg of the trip and
zero pounds for the other leg of the trip.
Furthermore, as discussed in section
IL.F, we reduced the stringency of the
final standards for heavy heavy-duty
vocational vehicles from the values
proposed to reflect challenging
applications, such as this one.

As noted, some vocational vehicles
have attachments that perform work,
typically by powering a hydraulic
pump, which are powered by PTOs.
Information on in-use PTO energy
demand cycles is limited. NREL
published two papers describing
investigative work into PTO usage and
fuel consumption.587 thnsp;588 These
studies, however, were limited to
electric utility vehicles, such as bucket
trucks and material handlers. To
account for PTO usage in HD TRUCS,
we chose to rely on a table described in
California’s Diesel Tax Fuel Regulations,
specifically in Regulation 1432, “Other

587 NREL, Characterization of PTO and Idle
Behavior for Utility Vehicles, Sept 2017. Available
online: https://www.nrel.gov/docs/fy17osti/
66747.pdf.

588 NREL, Fuel and Emissions Reduction in
Electric Power Take-Off Equipped Utility Vehicles,
June 2016. Available online: https://www.nrel.gov/
docs/fy170sti/66737.pdf.

Nontaxable Uses of Diesel Fuel in a
Motor Vehicle,” 589 that covers a wider
range of vehicles beyond the electric
utility vehicles in the referenced NREL
studies. This table contains ““safe-
harbor”” percentages that are presumed
amounts of diesel fuel used for
“auxiliary equipment” operated from
the same fuel tank as the motor vehicle.
We used this source to estimate PTO
energy use as a function of total fuel
consumed by vehicle type, as discussed
in RIA Chapter 2.2.2.1.4. We requested
data for PTO loads in the NPRM and
received some comments on our
approach for analyzing PTO demands.
Specifically, we received data for
cement mixers and cement pumpers
suggesting that our PTO loads used for
these vehicles in the NPRM were too
low. After investigation, we agree, and
have increased the PTO demand for
cement mixers and pumpers.

Within HD TRUCS, we calculated the
total energy needed daily based on a
daily VMT for each vehicle type. We
used multiple sources to develop the
VMT for each vehicle including the
NREL FleetDNA database, a University
of California-Riverside (UCR) database,
the 2002 Vehicle Inventory and Use
Survey (VIUS), the CARB Large Entity
Report, or an independent source
specific to an application, as discussed
in RIA Chapter 2.2.1.2.590 EPA assigned
each vehicle type a 50th percentile
average daily VMT591 (“operational
VMT”’) that was used to estimate
operational costs, such as average
annual fuel, hydrogen, or electricity
costs, and maintenance and repair costs
(see RIA Chapters 2.3.4, 2.4.4, and
2.5.3). We also account for the change
in use of the vehicle over the course of
its ownership and operation in HD
TRUCS by applying a VMT ratio based

589 See 18 CCR section 1432, “Other Nontaxable
Uses of Diesel Fuel in a Motor Vehicle,” available
at https://www.cdtfa.ca.gov/lawguides/vol3/dftr/
dftr-reg1432.html.

590 NREL and EPA. Heavy-Duty Vehicle Activity
for EPA MOVES. Available at https://data.nrel.gov/
submissions/168, last accessed on October 15, 2022,
which includes an assessment of both the NREL
and UC-Riverside databases; U.S. Census Bureau.
2002 Vehicle Inventory and Use Survey. https://
www.census.gov/library/publications/2002/econ/
census/vehicle-inventory-and-use-survey.html, last
accessed on October 15, 2022. CARB. Large Entity
Reporting. Available at https://ww2.arb.ca.gov/our-
work/programs/advanced-clean-trucks/large-entity-
reporting.

591 We used the 50th percentile as a proxy for
average VMT from the NREL FleetDNA database
and the UC-Riverside database. The NREL and UC-
Riverside databases each contained a selection of
vehicles that we used to calculate 50th and 90th
percentile daily VMT. When each database had a
VMT value, the values were averaged to get VMT
for a specific market segment. See RIA Chapter
2.2.1.2 for further details. See text addressing
comments that these mileage estimates are not
representative.

on vehicle age to the 50th percentile
VMT. The cost of fuel consumption for
a particular calendar year is determined
by the VMT traveled for that year and
the fuel price in that year.

For the proposal, we also developed
a 90th percentile daily VMT (‘“‘sizing
VMT”’) and used it in HD TRUCS to size
ZEV components such as batteries and
to estimate the size requirements for
EVSE. We selected the 90th percentile
daily VMT data because we project that
manufacturers will design their BEVs to
meet most daily VMT needs, but not to
meet the most extreme operations. BEVs
designed to meet the longest daily VMT
of all operators would be unnecessarily
heavy and expensive for most
operations, which would limit their
appeal.

Commenters challenged EPA’s
choices for both sizing and operational
VMT, as well as the combination of 90th
percentile sizing VMT with 50th
percentile operational VMT. The first
question is the mileage to which a
percentile is applied. EPA based its
mileage estimate on the NREL’s
FleetDNA and the UC Riverside’s
databases, which provide nationwide
estimates covering the widest range of
HDVs.592 Two commenters
recommended lower VMT using
different sources of telematics data
(including 2002 VIUS data, and data
used by CARB in support of its ACT
rule). Another commenter, on the other
hand, claimed that EPA’s estimate was
low and supported its claim with recent
(May 2023) telematics data from its own
fleet operations which had a 90th
percentile VMT considerably higher
than that in the NREL FleetDNA data
base. See RIA Chapter 2.2.1.2.2 for
additional discussion.

Irrespective of mileage, one
commenter maintained that the
combination of a 90th percentile sizing
VMT and 50th percentile operational
VMT was inherently overconservative.
Sizing a battery at the 90th percentile,
in their view, is the equivalent of
foisting unneeded capacity on a
purchaser when operational VMT is at
the 50th percentile. There is no reason,
in that commenter’s view, for the
analysis to posit purchasers buying
more battery capacity than they need,
and for the analysis to assume that extra
battery cost. In addition, the commenter
asserted that 50th percentile VMT skews
EPA’s payback analysis toward longer
payback periods, since it results in
longer time in the analysis for

592 NREL and EPA. Heavy-Duty Vehicle Activity
for EPA MOVES. Available at https://data.nrel.gov/
submissions/168, last accessed on October 15, 2022,
which includes an assessment of both the NREL
and UC-Riverside databases.


https://www.census.gov/library/publications/2002/econ/census/vehicle-inventory-and-use-survey.html
https://www.census.gov/library/publications/2002/econ/census/vehicle-inventory-and-use-survey.html
https://www.census.gov/library/publications/2002/econ/census/vehicle-inventory-and-use-survey.html
https://www.cdtfa.ca.gov/lawguides/vol3/dftr/dftr-reg1432.html
https://www.cdtfa.ca.gov/lawguides/vol3/dftr/dftr-reg1432.html
https://www.nrel.gov/docs/fy17osti/66747.pdf
https://www.nrel.gov/docs/fy17osti/66747.pdf
https://www.nrel.gov/docs/fy17osti/66737.pdf
https://www.nrel.gov/docs/fy17osti/66737.pdf
https://data.nrel.gov/submissions/168
https://data.nrel.gov/submissions/168
https://data.nrel.gov/submissions/168
https://data.nrel.gov/submissions/168
https://ww2.arb.ca.gov/our-work/programs/advanced-clean-trucks/large-entity-reporting
https://ww2.arb.ca.gov/our-work/programs/advanced-clean-trucks/large-entity-reporting
https://ww2.arb.ca.gov/our-work/programs/advanced-clean-trucks/large-entity-reporting

29536 Federal Register/Vol.

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

operational and maintenance savings to
be realized. In addition, some
commenters were skeptical that a 90th
percentile sizing VMT properly reflects
the existing market where vehicles
typically select different sized batteries
for different range requirements.

Other commenters challenged the
sizing VMT as too low. They question
whether purchasers would buy a vehicle
unsuitable for a portion of their
operations (at least 10 percent,
accepting EPA’s mileage estimate). In
their view, fleets would only purchase
90th percentile trucks if they had
exceptionally high confidence that their
vehicle will see predictable routes and
weights that fall within that 90th
percentile operating window. As noted,
one commenter also submitted data
challenging the mileage estimate itself.

Other comments were less specific,
alleging more generally that heavy-duty
vehicles travel more miles than reflected
in EPA’s analysis. These comments
expressed concerns about the range of
current BEVs and how the range of
current BEV applications fail to match
the range of corresponding ICE vehicles.
For example, one commenter raised a
concern that range for one EV was
reported at 150 miles when compared to
a comparable diesel vehicle with a range
of 1,000 miles. Another commenter
questioned the purchasers’ willingness
to accept vehicles with low range, such
as the vehicles EPA included in the
NPRM which had ranges with less than
100 miles. Another commenter was
concerned about the availability of
different models with 200 miles of
range. Two other commenters were
concerned about additional trips or
more work required due to limited
battery range and long charging times
which can be affected by ambient
temperature and road grade, among
other factors. They also stated that these
factors contribute to reduced efficiency
in the trucking industry requiring
additional trucks, drivers, and trips to
deliver the same amount of freight.

EPA appreciates the comments that
raised concern about the range of BEVs.
We used 101 vehicles to represent the
HD industry and our list of vehicles
covers the vast majority of vehicle
applications, but we recognize it is not
all-encompassing. Our technology
packages project that significant
volumes of ICE vehicles will be sold in
the timeframe of this rule and that those
vehicles will be used in applications
that see extremes, whether they be
extreme daily VMT or extreme ambient
temperatures, or niche applications.
Hence the assumption of 90th percentile
sizing VMT because battery sizes to
meet longer daily VMTs would be

unnecessarily large for most
applications. For vehicles using depot
charging, one of the base assumptions
for the battery sizing analysis was to
complete one day’s worth of work on a
single charge. Therefore, our basic
premise was to size ZEVs and ZEV
batteries so that they could perform the
majority of work that ICE vehicles are
capable of and to analyze the payback
based on the average fleet daily VMT.
This ensures that the vehicles specified
in HD TRUCS are capable of doing the
work performed by ICE vehicles. At the
same time, an operational VMT at the
50th percentile is a conservative but
reasonable means of evaluating payback.
By using the 50th percentile, we are
saying there will be days where the
vehicle is used less and days when it’s
used more, but on average this value
would be representative of the typical
day. Consequently, we do not agree with
the commenters’ assertion that the
combination of sizing and operational
VMTs in HD TRUCS is arbitrary.

For the final rule, we are continuing
to size our vehicles batteries for depot
charging BEVs to the 90th percentile as
this percentile would cover the majority
of fleet operations. Sizing vehicle
batteries to the 50th percentile, as
suggested by some commenters, would
decrease the number of years it would
take for the BEV technology to pay back,
but it would also mean that these ZEVs
would be unavailable for major market
segments in our analysis. EPA disagrees
that such an analytic approach would be
a reasoned one, given that ZEV
applications are suitable (and in some
instances, available now) for these
broader market segments. Disallowing
them analytically, i.e., a priori via a 50th
percentile battery sizing assumption,
consequently, is not reasonable. We take
these commenters’ point, however, that
some HD vehicles—even tractors—do
not need batteries sized as large as in
the proposal’s approach due to lower
daily VMT. We have accordingly
revised the sleeper cab and day cab
tractors in HD TRUCS to account for a
wide variety of operations including
short- and long-range tractors. The sales
distribution of these vehicles was
informed by California’s Large Entity
Survey, which we also used in the
NPRM and includes the percentage of
trips by mileage for day cabs and for
sleeper cabs.593

In the final rule, our modeled
compliance pathway includes BEVs that
would utilize enroute charging, instead

593 California Air Resources Board. ‘‘Large Entity
Reporting.” Available at https://ww2.arb.ca.gov/
our-work/programs/advanced-clean-trucks/large-
entity-reporting.

of depending on only charging at their
depot. In the applications where enroute
charging is utilized, manufacturers
would not need to assume the extra
battery capacity required to meet the
longest VMT days, and therefore will
instead match the battery size to the
typical operational needs. To determine
the appropriate size of the battery for
these vehicles, we concluded that the
vehicles would not require the same
battery sizing approach we used in the
NPRM for depot-charged vehicles.
Instead, we sized the batteries for
enroute-charged BEVs to meet the 50th
percentile daily VMT needs. For the
longest range day cabs and sleeper cabs,
on days when these vehicles are
required to travel longer distances, we
find that less than 30 minutes of mid-
day charging at 1 MW is sufficient to
meet the HD TRUCS 90th percentile
VMT assuming vehicles start the day
with a full battery. Details regarding
enroute charging can be found in RIA
Chapters 2.2.1.2 and 2.6.3. Please see
RIA Chapter 2.2.1.2 Table 2—3 for the
complete list of VMT for each of the 101
vehicle types.

We continue to base the majority of
our sizing VMT on the same sources we
used in the NPRM. We understand that
there are many different datasets
available and that the 90th percentile
VMT will be different in each dataset.
However, the NREL FleetDNA and
MOVES databases use data from many
different sources across the country
giving a homogenized representation of
the HD fleet nationwide rather than data
from a single source, even if that data
was collected on a nationwide basis.
Thus, after consideration of comments,
our assessment is that the sources we
use are better suited for the purposes of
this final rule and that our use of them
is reasonable.

b. Powertrain-Specific Energy

HVAC requirements vary by vehicle
type, location, and duty cycle. The
HVAC energy required to heat and cool
interior cabins is considered separately
from the baseline energy in HD TRUCS,
since these energy loads are not
required year-round or in all regions of
the country. Nearly all commercial
vehicles are equipped with heat and
basic ventilation and most vehicles are
equipped with air conditioning (A/C). In
ICE vehicles, traditional cabin heating
uses excess thermal energy produced by
the main ICE. This is the only source of
cabin heating for many vehicle types.
Additionally, on ICE vehicles, cabin A/
C uses a mechanical refrigerant
compressor that is engine belt-driven.

For BEVs, the energy required for
thermal management is different than


https://ww2.arb.ca.gov/our-work/programs/advanced-clean-trucks/large-entity-reporting
https://ww2.arb.ca.gov/our-work/programs/advanced-clean-trucks/large-entity-reporting
https://ww2.arb.ca.gov/our-work/programs/advanced-clean-trucks/large-entity-reporting
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for ICE vehicles. First, the loads for
HVAC are different because the vehicle
is not able to be heated from excess heat
from the engine. In this analysis, we
considered that HD BEVs may be
equipped with either a positive
temperature coefficient (PTC) electric
resistance heater with traditional A/C,
or a full heat pump system, as described
in RIA Chapter 1. The vehicle’s battery
is used to power either system, but heat
pumps are many times more efficient
than PTC heaters. Given the success and
increasing adoption of heat pumps in
light-duty EVs, we believe that heat
pumps will be the more commonly used
technology and thus project the use of
heat pumps in our HD TRUCS analysis.
To estimate HVAC energy
consumption of BEVs in HD TRUCS, we
performed a literature and market
review. Even though there are limited
real-world studies, we agreed with the

Lastly, HVAC load is dependent on
cabin size—the larger the size of the
cabin, the greater the HVAC demand.
The values for HVAC power demand
shown in Table II-11 represent the
power demand to heat or cool the
interior of a Class 8 Transit bus.
However, HD vehicles have a range of
cabin sizes; therefore, we developed
scaling ratios relative to the cabin size
of a Class 8 bus. Each vehicle’s scaling
factor is based on the surface area of the
vehicle compared to the surface area of
the Class 8 bus. Cabin sizes for most HD
vehicle types have a similar cabin to a
mid-size light-duty vehicle and
therefore, an average scaling factor of
0.2 was applied to all of those vehicle
types.®96 The buses and sleeper cab
tractors have cabin sizes similar to the
transit bus or scaled down to reflect its
relative cabin size. For example, a Class
4-5 shuttle bus has a cabin size ratio of
0.6. For additional information see RIA
Chapter 2.4.1.1.1. In response to our
request for data on HVAC loads for
BEVs, we did receive additional
modeling data from one commenter that
included HVAC loads for European
long-haul tractors. We found the new

594 Basma, Hussein, Charbel Mansour, Marc
Haddad, Maroun Nemer, Pascal Stabat.
“Comprehensive energy modeling methodology for
battery electric buses”. Energy: Volume 207, 15
September 2020, 118241. Available online: https://
www.sciencedirect.com/science/article/pii/
S50360544220313487.

595]t should be noted that Basma model has
discrete values in Celsius and MOVES data has
discrete values in Fahrenheit. The Basma discrete
values in the Basma model is fitted to a parabolic

HVAC modeling-based approach
described in Basma et. al.594 This
physics-based cabin thermal model
considers four vehicle characteristics:
the cabin interior, walls, materials, and
number of passengers. The authors
modeled a Class 8 electric transit bus
with an HVAC system consisting of two
20-kW reversible heat pumps, an air
circulation system, and a battery
thermal management system. We used
their estimated HVAC power demand
values as a function of temperature,
resembling a parabolic curve, where
hotter and colder temperatures require
more power with the lowest power
demand between 59 to 77 °F, as shown
in RIA Chapter 2.4.1.1.1.

As explained in the NPRM, the power
required for HVAC in HD TRUCS is
based on a Basma et. al study that
determined the HVAC power demand
across a range of ambient

data to be corroborative with our HVAC
loads and the sleeper cab scaling factor;
therefore, we did not adjust our HVAC
loads from proposal in HD TRUCS.

Fuel cell stacks produce excess heat
during the conversion of hydrogen to
electricity, similar to an ICE during
combustion. This excess heat can be
used to heat the interior cabin of the
vehicle. In HD TRUCS, we already
accounted for the energy loads due to
ventilation in the axle loads, so no
additional energy consumption is
applied to FCEV for heating operation.
Therefore, for FCEV energy
consumption in HD TRUCS, we only
include additional energy requirements
for air conditioning (i.e., not for
heating).597 As described in RIA Chapter
2.4.1.1.1, we assigned a power demand
of 2.01 kW for powering the air
conditioner on a Class 8 bus. The A/C
loads are then scaled by the cabin
volume for other vehicle applications in
HD TRUCS and applied to the VMT
fraction that requires cooling, just as we
did for BEVs.

BEVs have thermal management
systems to maintain battery core
temperatures within an optimal range of

curve and converted into Fahrenheit to best fit the
VMT distribution that is available in MOVES.

596 The interior cabin where the driver and
passengers sit are heated while where the cargo is
stored is not heated.

597 FCEVs use waste heat from the fuel cell for
heating, and that ventilation operates the same as
it does for an ICE vehicle.

598 Basma, Hussein, Charbel Mansour, Marc
Haddad, Maroun Nemer, Pascal Stabat.
“Comprehensive energy modeling methodology for

temperatures.>95 However, for the final
rule analysis, we made an adjustment to
HD TRUCS to reflect a wider range of
cooling temperatures (as compared to
the proposed greater than 80 °F). In the
final rule analysis, we created three
separate ambient temperature bins: one
for heating (less than 55 °F), one for
cooling (greater than 75 °F), and one for
a temperature range that requires only
ventilation (55-75 °F). In HD TRUCS,
we already accounted for the energy
loads due to ventilation in the baseline
energy demand, so no additional energy
consumption is applied here for the
ventilation-only operation. We then
weighted the power demands by the
percent HD VMT traveled at a specific
temperature range. The results of the
VMT-weighted HVAC power demand
for a Class 8 Transit Bus are shown in
Table II-11.

approximately 68 to 95 degrees
Fahrenheit (F).598 In HD TRUCS, we
accounted for the battery thermal
management energy demands as a
function of ambient temperature based
on a Basma et. al study.599 As described
in RIA Chapter 2.4.1.1.3, we determined
the amount of energy consumed to heat
the battery with cabin air when it is cold
outside (less than 55 °F) and energy
consumed to cool the battery when it is
hot outside (greater than 75 °F) with
refrigerant cooling. Note, as similarly
described in the HVAC discussion in
this subsection and as discussed in RIA
Chapter 2.4.1.1, we extended the
temperature range for cooling from
greater than 80 °F to greater than 75 °F
for the final rule. For the ambient
temperatures between these two
regimes, we agreed with Basma, et. al
that only ambient air cooling is required
for the batteries, which requires no
additional load. We first determined a
single VMT-weighted power
consumption value for battery heating
and a value for battery cooling based on
the MOVES HD VMT distribution and
based on the same method used for
HVAC. Then, we determined the energy

battery electric buses”. Energy: Volume 207, 15
September 2020, 118241. Available online: https://
www.sciencedirect.com/science/article/pii/
50360544220313487.

599 Basma, Hussein, Charbel Mansour, Marc
Haddad, Maroun Nemer, Pascal Stabat.
“Comprehensive energy modeling methodology for
battery electric buses”. Energy: Volume 207, 15
September 2020, 118241. Available online: https://
www.sciencedirect.com/science/article/pii/
S50360544220313487.


https://www.sciencedirect.com/science/article/pii/S0360544220313487
https://www.sciencedirect.com/science/article/pii/S0360544220313487
https://www.sciencedirect.com/science/article/pii/S0360544220313487
https://www.sciencedirect.com/science/article/pii/S0360544220313487
https://www.sciencedirect.com/science/article/pii/S0360544220313487
https://www.sciencedirect.com/science/article/pii/S0360544220313487
https://www.sciencedirect.com/science/article/pii/S0360544220313487
https://www.sciencedirect.com/science/article/pii/S0360544220313487
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required for battery conditioning
required for eight hours of daily
operation and expressed it in terms of
percent of total battery size. Table II-12
shows the energy consumption for

battery conditioning for both hot and
cold ambient temperatures, expressed as
a percentage of battery capacity, used in
HD TRUCS. The battery cooling energy
consumption percentage reflects an

updated value for the final rule that
includes the battery cooling loads down
to 75 °F.

Table 11-12 Battery Conditioning Energy Consumption

Ambient Temperature (°F)

Energy Consumption (%)

Battery Heating

<55

1.9%

Battery Cooling

>75

3.0%

iii. BEV Component Sizing and Weight

We used HD TRUCS to determine the
size of two of the major components in
a BEV: the battery and the motor. The
size of these components is determined
by the energy needs of the specific
vehicle to meet its daily operating
requirements. In this subsection, we
also discuss our method to evaluate the
payload and packaging impact of the
battery.

a. Battery

First, in HD TRUCS, we based the size
of the battery on the daily demands on
the vehicle to perform a day’s work, as
explained in section IL.D.5.ii.a. As
described in the Vehicle Energy
Demand subsection, section II1.D.5.ii,
this daily energy consumption is a
function of miles the vehicle is driven
and the energy it consumes because of:
(1) moving the vehicle per unit mile,
including the impact of regenerative
braking and PTO energy requirements,
and (2) battery conditioning and HVAC
energy requirements. Then we also
accounted for the battery efficiency,
depth of discharge, and deterioration in
sizing of the batteries for BEVs.

The daily energy consumption of each
BEV in HD TRUCS is determined by
applying efficiency losses to energy
consumption at the axle. These losses
for the inverter, gearbox, and e-motor
are calculated using loss maps of each
component of production components
for a Class 5 and a Class 8 vehicle, as
described in RIA Chapter 2.4.1.1. Next,
we oversized the battery to account
separately for the typical usable amount
of battery and, if necessary, for battery
deterioration over time. For the NPRM,
we sized the battery by limiting it to a
maximum depth of discharge of 80
percent, recognizing that manufacturers
and users likely would not allow the
battery capacity to be depleted beyond
80 percent of original capacity. We also
accounted for deterioration of the
battery capacity over time by oversizing
the battery by 20 percent, assuming only
80 percent of the battery storage is
available throughout its life. We
requested comment and data on heavy-

duty battery depth of discharge and
deterioration. 88 FR 25977.

We received numerous comments
about limiting depth of discharge to 80
percent as well as 20 percent extra
battery capacity to account for battery
deterioration over time. Some of these
commenters said we should reduce or
remove the additional 20 percent of
extra battery capacity for degradation
and the 80 percent depth of discharge.
Others pointed out that batteries
degrade over time and will reduce in
capacity, up to 3 percent annual
capacity loss.

One commenter cited a February 2022
Roush report on the electrification of
tractors where Roush had set the depth
of discharge to 90 percent and a 10
percent battery degradation value and
suggested using those values. They also
pointed out that the decrease in VMT
over time used in the proposal’s version
of HD TRUCS for calculating operating
costs meets or exceeds the 20 percent
reduction in battery capacity over that
same time. They argued that the
decrease in VMT already accounts for
20 percent battery deterioration and that
it should not be included, or that EPA
should adopt the 10 percent value that
Roush used in their report. Another
commenter questioned the source for a
20 percent battery capacity fade. They
agreed that batteries will degrade over
time but stated that data is scarce for HD
applications and that recent
developments in battery technology
have resulted in prolonged battery life
with long-distance BEVs reaching over
900,000 miles. Another commenter
stated that the additional 20 percent
battery sizing for deterioration was an
overly conservative estimate and that
fleets would adjust the mileage and
routes used for a vehicle over time as
they currently do with ICE vehicles
from the secondary market. They stated
that fleets would not pay for the
additional unused battery capacity. This
commenter also raised concerns about
using an 80 percent depth of discharge
value, saying that it would be more
appropriate to model battery usage and
mileage based on capacity fade and

citing a demonstration by Yang et al.
and Dunn et al. Another commenter
stated that oversizing the battery biases
downward the projected rate of BEV
adoption due to increased costs
attributable to the extra battery capacity.
Relatedly, a few commenters raised
concerns about the cost of replacing a
vehicle battery. They stated that is a
very large cost that should be accounted
for.

After considering these comments,
and further supported by the state of
charge window value used in the 2022
Autonomie tool from Argonne National
Laboratory, we revised the battery depth
of discharge window to 90 percent in
HD TRUCS.690 This is further discussed
in RIA Chapter 2.4.1.1.

EPA also re-evaluated the blanket
application of 20 percent deterioration
value used for all vehicles in the
proposal based on consideration of
comments received. We agreed with
certain commenters regarding existing
data supports that HD VMT decreases as
vehicles get older, and thus an older HD
BEV would not need to have as much
range as it needed when it was new to
be comparable to a comparable ICE
vehicle. Consequently, in the final rule,
we determined the battery deterioration
factor for each of the 101 vehicle
applications based on the number of
charging cycles the battery would
require during its first ten years of
operation. See RIA Chapter 2.4.1.1.3.

In the final rule, we are considering
the costs of battery replacement and ICE
rebuilds in our analysis of the costs to
purchasers, as discussed in section IV.
We are not considering battery
replacement cost in our 10-year
ownership calculation costs in HD
TRUCS. Similarly, we do not consider
engine rebuilding costs for ICE vehicles
in our parallel 10-year ownership
calculation of costs. The reason is the
same in both instances: we do not

600 Argonne National Laboratory. VTO HFTO
Analysis Reports—2022. “ANL—ESD-2206
Report—MD HD Truck—Autonomie
Assumptions.xlsx”. Available online: https://
anl.app.box.com/s/an4nx0v2xpudxtpsnkhd
5peimzu4j1hk/folder/242640145714.


https://anl.app.box.com/s/an4nx0v2xpudxtpsnkhd5peimzu4j1hk/folder/242640145714
https://anl.app.box.com/s/an4nx0v2xpudxtpsnkhd5peimzu4j1hk/folder/242640145714
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expect failure of either the battery pack
or the engine during the vehicles’ first
ten years of ownership, which is the
period we focused on in our HD TRUCS
analysis.

We have made certain conforming
adjustments within HD TRUCS
reflecting these considerations. In the
final rule, instead of applying a constant
deterioration factor, we determined the
battery deterioration factor for each of
the 101 vehicle applications based on
the number of charging cycles the
battery would require during its first ten
years of operation. The ten years
represents the longest payback period
we consider for the technologies in our
technology package. A cycle is defined
as a single full charge and discharge
cycle. The number of cycles is
determined based on the annual
operating VMT of the vehicle over the
10-year timeframe.

We selected 2,000 cycles as our
number of cycles target at 10 years of
age while recognizing this value
depends on a number of internal and
external parameters including battery
chemistry, the discharge window while
cycling, power output of the battery,
and how the battery is managed while
in and not in use. A study shows LFP
batteries can maintain 80 to 95 percent
state of charge after 3,000 cycles and
nickel-based lithium-ion batteries are

shown to retain 80 percent state of
charge after 2,000 cycles under some
test conditions.®01 Our use of a 2,000-
cycle limitation is consequently
conservative. We increased the battery
size as necessary for vehicles such that
the battery would not exceed 2,000
cycles at the end of the 10-year period—
the number of cycles reflecting 10-year
VMT, as just noted. We note that only
eight vehicles in HD TRUCS require a
15 percent increase in battery size and
meet the 2,000 cycle limit over a ten
year period. Most of the 101 vehicle
types would experience less than 1,500
cycles over the ten-year period. The
battery sizing is described in greater
detail in RIA Chapters 2.4.1.1 and
2.8.5.3.

b. Motor

We determined the size of the motor
for each vocational and day cab tractor
BEV based on the maximum power
demand of the transient cycle and
highway cruise cycles, the vehicle’s
ability to meet minimum performance
targets in terms of acceleration rate of
the vehicle, and the ability of the
vehicle to maintain speed going up a
hill. For sleeper cabs, the motor size was
determined to be 400 KW based on the
comparable ICE sleeper cab tractor
engine power and the continuous motor
power of existing HD BEV tractors.602

For heavy haul tractors, the BEV motor
power is set at 450 kW to reflect the
maximum engine power of heavy heavy-
duty engines.®93 As described in RIA
Chapter 2.4.1.2, we estimated a BEV
motor’s peak power needs to size the e-
motor, after considering the peak power
required during the ARB transient
cycle®94 and performance targets
included in ANL’s Autonomie model 605
and in Islam et al.,%9¢ as indicated in
Table II-13. We assigned the target
maximum time to accelerate a vehicle
from stop to 30 mph and 60 mph based
on weight class of each vehicle. We also
used the criteria that the vehicle must
be able to maintain a specified cruise
speed while traveling up a road with a

6 percent grade, as shown in Table II-
13. In the case of cruising at 6 percent
grade, the road load calculation is set at
a constant speed for each weight class
bin on a hill with a 6 percent incline.
We determined the required power
rating of the motor as the greatest power
required to drive the vehicle over the
ARB transient test cycle, at 55 mph and
65 mph constant cruise speeds, or at
constant speed at 6 percent grade, and
then applied losses from the e-motor.
We requested comment on our approach
using these performance targets in the
NPRM but did not receive any
comments on this issue.

Table 11-13 ANL Performance Targets

Vocational

Tractors

Weight Class Bin

2b-3 | 4-5

6-7 | 8 7 8

0-30 mph Time (s) 7 8

16 [ 20| 18 | 20

0-60 mph Time (s)

25 25

50 [100] 60 [100

Cruise Speed (mph) @ 6 % grade

65 55

45 [ 25 ] 35 | 25

c. Battery Weight and Volume

Performance needs of a BEV could
result in a battery that is so large or
heavy that it impacts payload and, thus,
potential work accomplished relative to
a comparable ICE vehicle. We
determined the battery weight and
physical volume for each vehicle

601 Preger, Yuliya, et. al. “Degradation of
Commercial Lithium-Ion Cells as a Function of
Chemistry and Cycling Conditions.” Journal of the
Electrochemical Society. September 2020. Available
at: https://iopscience.iop.org/article/10.1149/1945-
7111/abae37.

602 Peterbilt. 579EV. Available online: https://
www.peterbilt.com/trucks/electric/579EV.

603 Detroit Diesel Engines. Available online:
https://www.demanddetroit.com/engines/dd16/.

604 EPA uses three representative duty cycles for
calculating CO» emissions in GEM: a transient cycle
and two highway cruise cycles. The transient duty

application in HD TRUCS using the
specific energy and energy density of
the battery for each battery capacity.

As described in RIA Chapter 2.4.2, to
determine the weight impact, we used
battery specific energy, which measures
battery energy per unit of mass. In the
NPRM, we used specific energy values

cycle was developed by the California Air
Resources Board (CARB) and includes no grade—
just stops and starts. The highway cruise duty
cycles represent 55-mph and 65-mph vehicle
speeds on a representative highway. They use the
same road load profile but at different vehicle
speeds, along with a percent grade ranging from -5
percent to 5 percent.

605 [slam, Ehsan Sabri. Ram Vijayagopal, Ayman
Moawad, Namdoo Kim, Benjamin Dupont, Daniela
Nieto Prada, Aymeric Rousseau, “A Detailed
Vehicle Modeling & Simulation Study Quantifying
Energy Consumption and Cost Reduction of

for the battery pack that ranged between
199 Wh/kg in MY 2027 and 233 Wh/kg
in MY 2032. 88 FR 25978. We received
comments from two commenters on
improvements in battery specific energy
higher than the values used in the
proposal. EPA recognizes there have
been significant development in the

Advanced Vehicle Technologies Through 2050,”
Report to the U.S. Department of Energy, Contract
ANL/ESD-21/10, October 2021. See previous
reports and analysis: 2021. Available online:
https://vms.taps.anl.gov/research-highlights/u-s-
doe-vto-hfto-r-d-benefits/.

606 [slam, Ehsan Sabri, Ram Vijayagopal, Aymeric
Rousseau. “A Comprehensive Simulation Study to
Evaluate Future Vehicle Energy and Cost Reduction
Potential”, Report to the U.S. Department of Energy,
Contract ANL/ESD-22/6, October 2022. Available
online: https://vins.taps.anl.gov/research-
highlights/u-s-doe-vto-hfto-r-d-benefits/.
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areas of battery chemistry, battery cell
and battery pack design. These
commenters provided examples and
values for battery specific energy as well
as energy density. However, as
explained in RIA Chapter 2.4.2, there is
a difference between battery cell
properties and battery pack
properties.®97 For a complete discussion
of information provided by commenters
on battery specific energy, see RTC
section 3.2.3.

For HD TRUCS, one metric for
feasibility is to determine the weight of
the BEV powertrain system which
includes the battery pack weight as well
as the motor weight (and gear box when
required). Since battery packs consist of
a group of cells (or modules), additional
mass from packaging, cooling system
and battery management system (BMS)
add additional mass without providing
additional energy. For the final rule,
instead of solely relying on the 2021
version of Autonomie as we did at
proposal, we also analyzed the battery
specific energy values provided in the
comments received on the proposal,
ANL BEAN values, values from DOE as
provided by a 2024 ANL study,5°8 and
values in the FEV study.69° For our
weight assessment in the final rule, we
utilized the battery pack specific energy
values from the 2024 ANL study
because it contains the most
comprehensive and most recent
assessment of the battery industry. As
with battery cost, we used a 50/50 mix

607 Energy within the battery is stored in the
battery cell, or more specifically in the active anode
and the active cathode, or more simply referred to
as the active materials (for example nickel
manganese cobalt). The specific energy is a measure
of how much energy can be stored per unit weight.
For a given amount (weight) of active materials, it
has the ability to store some amount of energy.
However, active material weight within the battery
is very low; instead most of the battery cell weight
is comprised of housing. Since batteries typically
do not exist as just active material, the specific
energy is reported in terms of amount of energy (in
Wh) stored in the active material and the weight of
all the components that go into the battery cell.
Furthermore, for transportation batteries, a battery
pack consists of many (hundreds or thousands)
cells, the weight of the battery is further increased
from the additional mass that is added to make the
pack level structure. This therefore lowers the
specific energy of the battery pack (Wh remains
constant since the energy is stored in the active
materials and weight increases from more mass
added from the pack). There is frequent reporting
that conflates cell level specific energy with pack
level specific energy, or the values are unspecified.

608 Kevin Knehr, Joseph Kubal, Shabbir Ahmed,
“Cost Analysis and Projections for U.S.-
Manufactured Automotive Lithium-ion Batteries”,
Argonne National Laboratory report ANL/CSE-24/
1 for US Department of Energy. January 2024.
Available online: https://www.osti.gov/biblio/
2280913.

609 FEV Consulting. ‘““Heavy Duty Commercial
Vehicles Class 4 to 8: Technology and Cost
Evaluation for Electrified Powertrains—Final
Report”. Prepared for EPA. March 2024.

of NiMn and LFP batteries to determine
the average specific energy for batteries.
The NiMn batteries have a specific
energy of 226 Wh/kg and LFP at 170
Wh/kg, the resulting value, used in our
analysis, is 198 Wh/kg. For further
details on battery specific energy see
RIA Chapter 2.4.2.1.

We recognize that although there
likely will be improvements made
between 2027 and 2032, it is difficult to
determine if the degree of improvements
during that time frame, especially
considering that manufacturers will
have to balance the cost of additional
weight reduction and overall costs of
the BEV. Therefore, for the final rule we
reasonably, and conservatively, held the
battery specific energy constant for MYs
2027 through 2032.

To evaluate battery volume and
determine the packaging space required
for each HD vehicle type, we used
battery energy density. Battery energy
density (also referred to as volumetric
energy density) measures battery energy
per unit of volume. To calculate battery
energy density, we multiplied the
battery specific energy by a factor. For
the NPRM, we used pack level energy
densities that ranged from 496 Wh/L in
MY 2027 to 557 Wh/L in MY 2032.
These values corresponded to
multiplying the battery pack specific
energy by 2.5. We requested comment
and data in the NPRM to inform these
values for the final rule. 88 FR 25978.

In response to our request for data in
the NPRM, one commenter provided
data from a study that included battery
properties of specific energy and energy
density. For more details on the
comment and our response, see RTC
section 3.2.3. The average energy
density calculated from the data
provided was 2.2. For the final rule, we
used a ratio of 2.0 as a conservative
estimate because the properties cited by
the initial commenter discussed on a
cell level, not a pack level. Based on our
update to battery pack specific energy,
we used an energy density value of 396
Wh/L for MYs 2027 through 2032 in HD
TRUCS.

Heavy-duty vehicles are used to
perform work, such as moving cargo or
carrying passengers. Consequently,
heavy-duty vehicles are sensitive to
increases in vehicle weight and carrying
volume. To take this into account, we
also evaluated BEVs in terms of the
overall impact on payload-carrying
ability and battery packaging space. The
results of this analysis can be found in
RIA Chapters 2.4.2 and 2.9.

At proposal, EPA included a 30
percent reduction in the payload used to
evaluate compliance in GEM as a metric
to determine specific vehicle

applications. Specifically, EPA did not
include BEVs in a projected technology
package if this payload capacity was
reduced by over 30 percent. 88 FR
25978. We note that the payload used to
demonstrate compliance in GEM is less
than the full payload capability of the
vehicle. For vehicles like dump trucks
and tractors, that are seen as fully
loaded during delivery and empty upon
return, the maximum payload was much
greater than the GEM payload.
Therefore, the 30 percent threshold used
in the NPRM analysis did not represent
a 30 percent loss in total payload and its
impact on total payload is less than 30
percent. For the proposal, EPA also
evaluated payload volume by
calculating the width of the physical
battery using the volume, wheelbase,
and 110 percent of the frame rail height.
If the battery width was less than 8.5
feet, we determined the battery would
package on the specific vehicle.

Many commenters raised concerns
about the reduction in payload due to
increased curb weight of ZEVs. The
principal concern raised is that battery
size and weight constrain payload so
much as to render BEVs uneconomic.
With respect to our analysis of battery
width, commenters asserted that EPA
had failed to consider a number of
consequential things, including space
for tires and the width of each frame
rail. There were also several comments
on the specific value of payload loss of
30 percent used in HD TRUCS for the
NPRM. Three commenters believed the
payload penalty limit for BEVs is too
high; for some, even a 5 to 10 percent
loss is too much to perform their
mission. One of these commenters
claimed that approximately 20 percent
of intermodal loads already max out due
to weight under the current diesel truck
equipment configuration. Neither of the
other two commenters provided any
additional information on any
acceptable payload capacity loss. One
commenter recommended adjustment to
the payload cut off, particularly for
vocational vehicles such as concrete
mixers, dump trucks, and tanker trucks.

At proposal, EPA justified the cargo
penalty metric based on a report of the
North American Council for Freight
Efficiency (NACFE) which the agency
characterized as stating that vehicles
weigh out before cubing out.610 DRIA p.
234. Two commenters stated that EPA
misunderstood the NACFE report. One
commenter maintained that the NACFE
report references a “per run”’ load
instead of a “per truck” vehicle load. As

610 EPA ‘“Draft Regulatory Impact Analysis:
Heavy-Duty Greenhouse Gas Emissions: Phase 3.”
April 2023. Page 234.


https://www.osti.gov/biblio/2280913
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load of the truck is unpredictable, any
additional reduction in payload
capacity reduces the flexibility and use
of the vehicle. Another commenter not
only concurred but also stated that the
NACFE report only refers to regional
trucks which makes it inappropriate to
apply to all 101 vehicles in HD TRUCS.
Lastly, one commenter asserted that
since the NACFE report is from 2010
and the industry has gone through
significant changes since then as a result
of e-commerce as well as shipping
practices, the assumed 30 percent
weight penalty used at proposal should
be included in the cost of the vehicle as
fleets would account for the additional
cost of making up for the lost payload
through additional trips or vehicles.

After considering these comments, we
are not using a 30 percent payload
reduction as a metric for determining
BEV suitability and are no longer
estimating battery width based on frame
rail height and wheelbase. Instead, for
the final rule we conducted a more
robust analysis where we assessed each
vehicle in HD TRUCS on an individual
basis and determine the suitability of
each application, as described in this
section and in RIA 2.9.1. EPA
conducted two separate individualized
types of determinations: one for battery
payload weight, the other for battery
volume. See RIA Chapter 2.9.1.1 and
2.9.1.2. We note further that this
delineation responds to those comments
relating to weighing out and cubing out,
since we are conducting separate
analyses for each of these situations.
Furthermore, after consideration of
comments, we are no longer using the
NACFE report in this analysis to inform
a single weight penalty cutoff for all
types of vehicles.

With respect to weight, we compared
the respective weights of the BEV
powertrain with the comparable ICE
powertrain. We determined the
percentage difference in weight using
the maximum payload available to each
vehicle type, not the default GEM
payload. For example, for the Class 8
dump trucks, the payload difference
(loss) was modest: 2.6 percent; with the
NiMn battery chemistry specific energy
(226 Wh/kg) 611 the payload loss is 1.3
percent. The tanker payload loss was 2
percent of maximum payload. EPA does
not view these differences as sufficient

611 Battery chemistry impacts the battery pack
specific energy and battery technology continues to
evolve suggesting that battery pack weight may
decrease and payload increase. To assess the
sensitivity of payload to higher specific energy, EPA
reviewed two additional scenarios (1) use of NiMn
batteries (HD TRUCS uses a value that represents
a 50/50 mix of NiMn and LFP to align with battery
cost assumptions) and (2) possible NiMn battery
pack specific energy improvements through 2030.

to preclude utilization of BEV
technology at the rates projected in
EPA’s modeled compliance pathway.
See RIA Chapter 2.9.1.1 for detailed
weight comparisons by vehicle, and
more detailed discussion of specific
applications. On the other hand, for
concrete mixers and pumpers, EPA
determined that battery size, energy
demand, and corresponding costs were
all significantly higher than EPA had
projected at proposal and accordingly
determined that EPA’s optional custom
chassis standards for Concrete Mixers/
Pumpers and Mixed-Use Vehicles will
remain unchanged from the Phase 2 MY
2027+ CO- emission standards.512

For tractors, EPA did the same type of
weight comparison, and found the
weight increase to be reasonable for
most of the tractors in HD TRUCS. See
RIA 2.9.1.1 for vehicle by vehicle
difference in weight and a more detail
discussion of specific applications. EPA
further examined when tractors are
utilized at maximum load 613 and found
that many commodities do not require
transport at maximum load, for further
discussion on our analysis of tractor
loading based on commodities, see
Chapter 2.9.1 of the RIA. Our ultimate
conclusion is that our modeled
compliance pathway projects a majority
of these vehicles remain ICE vehicles,
that ICE vehicles therefore would be
available to accommodate those
commodities for which maximum loads
are needed, and that BEVs remain viable
for those other commodities that do not
require transport at maximum load.

Our analysis respecting volume is
somewhat different. We make the
reasonable assumption that if a current
BEV (either tractor or vocational
vehicle) exists, its volumetric capacity is
suitable. Thus, if the HD TRUCS version
of that BEV has the same or similar
battery size as an existing BEV, we did
not constrain the adoption of that BEV
type due to volume loss. In some
instances, we examined further whether
wheelbase adjustments could
accommodate larger battery sizes so as
not to constrain available volume. See
RIA 2.9.1.2 for a vehicle-by-vehicle
discussion and more detail on specific
vehicle applications.

In assessing the packaging of a FCEV
powertrain, we contracted with FEV to

612 See also section ILF.1 discussing optional
custom chassis standards, including those for
concrete mixers.

613 DOE. Vehicle Technologies Office. Fact of the
Week #1293. “In 2019, More Heavy Trucks
Operated at 34,000 to 36,000 Pounds than Any
Other Weight Category”. Available online: https://
www.energy.gov/eere/vehicles/articles/fotw-1293-
june-5-2023-2019-more-heavy-trucks-operated-
34000-36000-pounds-any.

assess how FCEVs can store and
package hydrogen. The FEV study
shows that six tanks could fit on a
sleeper cab tractor with a wheelbase of
265”.614 A vehicle class where we
determined that battery size, or fuel cell
and hydrogen tank size, would reduce
storage volume for some applications
was coach buses, and therefore we did
not finalize more stringent optional
custom chassis standards for coach
buses, as discussed in section IL.F.1.615
Our individualized determinations for
all of these vehicles are found in RIA
2.9.1.2.

iv. Charging Infrastructure for BEVs

Charging infrastructure represents a
key element required for HD BEV
operation. More charging infrastructure
will be needed to support the projected
growing fleet of HD BEVs. This will
likely consist of a combination of (1)
depot charging—with infrastructure
installed in parking depots, warehouses,
and other private locations where
vehicles are parked off-shift (when not
in use), and (2) public charging,616
which provides additional electricity for
vehicles during their operating hours.

In RIA Chapters 2.6 and 2.8.7 we
describe how we accounted for charging
infrastructure in our analysis of HD BEV
technologies for our technology
packages to support the feasibility of the
standards and extent of use of HD BEV
technologies in the potential
compliance pathway for MYs 2027—
2032. We explain there in detail the
updates made after consideration of
comments and newly available
supporting data from NREL. For the
NPRM analysis, we estimated
infrastructure costs exclusively
associated with depot charging to fulfill
each BEV’s daily charging needs off-
shift with the appropriately sized
electrical vehicle supply equipment.
This approach reflected our expectation
that many heavy-duty BEV owners
would opt to purchase and install EVSE
at depots, and accordingly, we
accounted for all of these costs upfront.
We received many comments on this
approach. While multiple commenters
agreed that depot charging would be the
primary source of charging across many
vehicle applications, especially in the
early years of the Phase 3 program, some

614 FEV Consulting. ‘“Heavy Duty Commercial
Vehicles Class 4 to 8: Technology and Cost
Evaluation for Electrified Powertrains—Final
Report”. Prepared for EPA. March 2024.

615 See also ILF.1 discussing optional custom
chassis standards, including those for coach buses.
616 En-route charging could occur at public or
private charging stations though, for simplicity, we
often refer to en-route charging as occurring at

public stations in the preamble.


https://www.energy.gov/eere/vehicles/articles/fotw-1293-june-5-2023-2019-more-heavy-trucks-operated-34000-36000-pounds-any
https://www.energy.gov/eere/vehicles/articles/fotw-1293-june-5-2023-2019-more-heavy-trucks-operated-34000-36000-pounds-any
https://www.energy.gov/eere/vehicles/articles/fotw-1293-june-5-2023-2019-more-heavy-trucks-operated-34000-36000-pounds-any
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commenters noted the importance of
also accounting for public charging in
our analysis. Commenters asserted that
long-haul vehicles and other fleet
vehicles that either do not regularly
return to a depot, or for which installing
depot charging would be difficult, may
utilize public charging including during
the initial model years (through 2032)
covered by the Phase 3 program.

For our final rule analysis, after
consideration of these comments, we
have updated our HD TRUCS model to
incorporate costs associated with public
charging for certain vehicle types
starting with MY 2030, the year when
we project there will be sufficient public
charging infrastructure for HD vehicles
for the projected utilization of such
technologies. See RIA Chapter 1.6.
Specifically, in HD TRUCS we assume
that all BEV sleeper cab tractors and
coach buses will use public charging
rather than depot charging, as will four
of the ten day cab tractors—those with
longer ranges—that we model. In HD
TRUCS we assume public charging
needs will be met with a mix of
megawatt-level EVSE and 150 kW EVSE,
consistent with a recent ICCT
analysis.®17 In our analysis for the final
rule, capital costs associated with public
charging equipment are passed through
to BEV owners through a higher
charging cost. See RIA Chapter 2.4.4.2.

For other day cab tractors and
vocational vehicles, in HD TRUCS we
continue to assume that daily charging
needs can be met with appropriately
sized depot EVSE. A range of depot
charging equipment is available
including AC or DC charging, different
power levels, as well as options for
different number of ports and
connectors per charging unit, connector
type(s), communications protocols, and
additional features such as vehicle-to-
grid capability (which allows the
vehicle to supply energy back to the
grid). Many of these selections will
impact EVSE hardware and installation
costs, with power level as one of the
most significant drivers of cost. While
specific cost estimates vary across the
literature, higher-power charging
equipment is typically more expensive
than lower-power units. For this reason,
in HD TRUCS for the final rule we
continued our proposed approach to
consider four different charging types—
AC Level 2 (19.2 kW) and 50 kW, 150
kW, and 350 kW DC fast charging

617 Hussein Basma, Claire Buysee, Yuanrong
Zhou, and Felipe Rodriguez, “Total Cost of
Ownership of Alternative Powertrain Technologies
for Class 8 Long-haul Trucks in the United States,”
April 2023. Available at: https://theicct.org/wp-
content/uploads/2023/04/tco-alt-powertrain-long-
haul-trucks-us-apr23.pdf.

(DCFC)—though we have made updates
to cost assumptions and other key
inputs that impact our depot charging
analysis, as described in section ILE.2 of
this document.

We acknowledge that even vehicles
which predominantly rely on depot
charging may utilize some public
charging, for example on high travel
days. In addition, some fleet owners
may opt not to install depot charging,
and instead either rely on public
charging or make alternative
arrangements such as using charging-as-
a-service or other business arrangements
to meet charging needs. See RIA Chapter
2.6 for a more complete description of
this topic.

v. FCEV Component Sizing

To compare HD FCEV technology
costs and performance to a comparable
ICE vehicle in HD TRUCS, this section
explains how we define HD FCEVs
based on the performance and use
criteria in RIA Chapter 2.2 (that we also
used for HD BEVs, as explained in
section II.D.5.ii). We determined the e-
motor, fuel cell system, and battery pack
sizes to meet the power requirements for
each of the FCEVs represented in HD
TRUCS. We also estimated the size of
the onboard fuel tank needed to store
the energy, in the form of gaseous
hydrogen, required to meet typical range
and duty cycle needs. See RIA Chapter
2.5 for further details.

a. E-Motor

As discussed in RIA Chapter 2.4.1.2,
the e-motor is part of the electric drive
system that converts the electric power
from the battery and/or fuel cell into
mechanical power to move the wheels
of the vehicle. In HD TRUCS, the e-
motor was sized for a FCEV like it was
sized for a BEV—to meet peak power
needs of a vehicle, which is the
maximum power to drive the ARB
transient cycle, meet the maximum time
to accelerate from 0 to 30 mph, meet the
maximum time to accelerate from 0 to
60 mph, and maintain a set speed up a
six-percent grade.

b. Fuel Cell System

Vehicle power in a FCEV comes from
a combination of the fuel cell (FC) stack
and the battery pack. The fuel cell
behaves like the internal combustion
engine of a hybrid vehicle, converting
chemical energy stored in the hydrogen
fuel into electrical energy. The battery is
charged by power derived from
regenerative braking, as well as excess
power from the fuel cell. Some HD
FCEVs are designed to rely on the fuel
cell stack to produce the necessary
power, with the battery primarily used

to capture energy from regenerative
braking. This is the type of HD FCEV
that we modeled in HD TRUCS for the
MY 2030 to 2032 timeframe in order to
meet the longer distance requirements
of select vehicle applications.618 619620

While much of FCEV design is
dependent on the use case of the
vehicle, manufacturers also balance the
cost of components such as the fuel cell,
the battery, and the hydrogen fuel
storage tanks. For the purposes of this
HD TRUCS analysis, we focused on
PEM fuel cells that use energy battery
cells, where the fuel cell and the battery
were sized based on the demands of the
vehicle. In HD TRUCS, the fuel cell
system (i.e., the fuel cell stacks plus
balance of plant, or BOP) was sized at
either the 90th percentile of power
required for driving the ARB transient
cycle or to maintain a constant highway
speed of 75 mph with 80,000-pound
gross combined vehicle weight (GCVW).
The 90th percentile power requirement
was used to size the fuel cells of
vocational vehicles and day cab tractors,
and the 75-mph power requirement was
used to size the fuel cells of sleeper cab
tractors.621

We received comments suggesting
that the NPRM did not accurately reflect
how a fuel cell operates because we
relied on peak fuel cell efficiency rather
than average operating efficiency. One
commenter noted that FCEVs would
benefit from BEV component efficiency
gains and observed that we did not

618 [slam, Ehsan Sabri, Ram Vijayagopal, Aymeric
Rousseau. “A Comprehensive Simulation Study to
Evaluate Future Vehicle Energy and Cost Reduction
Potential”, Report to the U.S. Department of Energy,
Contract ANL/ESD-22.6. October 2022. See Full
report. Available online: https://anl.app.box.com/s/
an4nx0v2xpudxtpsnkhd5peimzu4j1hk/file/
1406494585829.

619 Note that ANL’s analysis defines a fuel cell
hybrid EV (FCHEV) as a battery-dominant vehicle
with a large energy battery pack and a small fuel
cell, and a fuel cell EV (FCEV) as a fuel cell-
dominant vehicle with a large fuel cell and a
smaller power battery. Ours is a slightly different
approach because we consider a fuel cell-dominant
vehicle with a battery with energy cells. The
approach we took is intended to cover a wide range
of vehicle application however it results in a
conservative design, as it relies on a large fuel cell
and a larger energy battery. As manufacturers
design FCEV for specific HD applications, they will
likely end up with a more optimized lower cost
designs. Battery-dominant FCHEVs and fuel cell-
dominant technologies with power batteries may
also be feasible in this timeframe but were not
evaluated for the FRM.

620 FEV Consulting. ‘““Heavy Duty Commercial
Vehicles Class 4 to 8: Technology and Cost
Evaluation for Electrified Powertrains—Final
Report”. Prepared for EPA. March 2024.

6211n the NPRM version of HD TRUCS, we
inadvertently used the 90th percentile of the ARB
transient cycle to size the sleeper and day cab
tractors and the power required to drive at 75 mph
to size the vocational vehicles. This error is
corrected in the final version of HD TRUCS.


https://anl.app.box.com/s/an4nx0v2xpudxtpsnkhd5peimzu4j1hk/file/1406494585829
https://anl.app.box.com/s/an4nx0v2xpudxtpsnkhd5peimzu4j1hk/file/1406494585829
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utilize the DOE targets for peak fuel cell
efficiency in HD TRUCS, implying that
fuel cells could be more efficient than
we assumed in the NPRM because a
more efficient stack would require less
cooling, which could lead to
compounded gains over time. Three
commenters suggested that the fuel cell
efficiency values used in the NPRM
were too high. One commenter pointed
out that we considered peak efficiency
estimates rather than average operating
efficiencies. The same commenter and
another offered ranges for operating
efficiency at power levels typical for
commercial vehicles and suggested that
we revise our fuel cell efficiency
estimates. One of the same commenters
noted that fuel cell performance
degrades over time, generally due to
impurities in hydrogen fuel that cause
efficiencies to drop significantly from
beginning of life to end of life. We
evaluated these comments and find
them persuasive. Accordingly, we have
revised our sizing methodology for the
fuel cell system (to meet power
demands of a vehicle) and onboard
hydrogen storage tanks (to meet energy
demands of a vehicle, as described in
section II1.D.5.d) in the final rule version
of HD TRUCS.

RIA Chapter 2.5.1.1.2 explains that to
avoid undersizing the fuel cell system,
we oversized the fuel cell stack by an
additional 25 percent to allow for
occasional scenarios where the vehicle
requires more power (e.g., to accelerate
when the battery state of charge is low,
to meet unusually long grade
requirements, or to meet other
infrequent extended high loads like a
strong headwind) and so the fuel cell
can operate within an efficient region.
This size increase we included in the
final rule version of HD TRUCS can also
improve fuel cell stack durability and
ensure the fuel cell stack can meet the
power needs throughout the useful life.
This is the systems’ net peak power, or
the amount available to power the
wheels.622 The fuel cell stack generates
power, but some power is consumed to
operate the fuel cell system before it gets
to the e-motor. Therefore, we increased
the size of the system by an additional
20 percent 623 to account for operation
of balance of plant (BOP) components
that ensure that gases entering the

622 Net system power is the gross stack power
minus balance of plant losses. This value can be
called the rated power.

623 Huya-Kouadio, Jennie and Brian D. James.
“Fuel Cell Cost and Performance Analysis:
Presentation for the DOE Hydrogen Program; 2023
Annual Merit Review and Peer Evaluation
Meeting”. Strategic Analysis. June 6, 2023.
Available online: https://www.hydrogen.energy.gov/
docs/hydrogenprogramlibraries/pdfs/review23/
fc353 james 2023 o-pdf.pdf.

system are at the appropriate
temperature, pressure, and humidity
and remove heat generated by the stack.
This is the fuel cell stack gross power.

The larger fuel cell can allow the
system to operate more efficiently based
on its daily needs, which results in less
wasted energy and lower fuel
consumption. This additional size also
adds durability, which is important for
commercial vehicles, by allowing for
some degradation over time. We
determined that with this upsizing,
there is no need for a fuel cell system
replacement within the 10-year period
at issue in the HD TRUCS analysis.

c. Battery Pack

As described in RIA Chapter 2.5.1.1.3,
in HD TRUCS, the battery power
accounts for the difference between the
peak power of the e-motor and the
continuous power output of the fuel cell
system. We sized the battery to meet
these power needs in excess of the fuel
cell’s capability only when the fuel cell
cannot provide sufficient power. In our
analysis, the remaining power needs are
sustained for a duration of 10 minutes
(e.g., to assist with a climb up a steep
hill).

Since a FCEV operates like a hybrid
vehicle, where power comes from a
combination of the fuel cell stack and
the battery, the battery is sized smaller
than a battery in a BEV, which can
result in more cycling of the FCEV
battery. Thus, we reduced the FCEV
battery’s depth of discharge from 80
percent in the NPRM to 60 percent in
the final rule version of HD TRUCS to
reflect the usage of a hybrid battery
more accurately. This means the battery
is oversized in HD TRUCS to account
for potential battery degradation over
time.

d. Onboard Hydrogen Storage Tank

A FCEV is re-fueled like a gasoline or
diesel-fueled ICE vehicle. We
determined the capacity of the onboard
hydrogen energy storage system using
an approach like the BEV methodology
for battery pack sizing in RIA Chapter
2.4.1.1, but we based the amount of
hydrogen needed on the daily energy
consumption needs of a FCEV.

Hydrogen fuel in the tank enters the
fuel cell stack, where an electrochemical
reaction converts hydrogen to
electricity. During the conversion
process, some energy from the hydrogen
fuel is lost as heat or otherwise does not
go towards producing electricity. The
remaining energy is used to operate the
fuel cell system. Based on consideration
of comments, we agree the fuel cell
system efficiency values used in the
NPRM were too high and should not be

based on peak performance at low
power, since fuel cells typically do not
operate for long in that range. We
therefore reduced them by eight percent
to reflect an average operating efficiency
instead of peak efficiency (see RIA
Chapter 2.5.1.2.1). This was based on a
review of DOE’s 2019 Class 8 Fuel Cell
Targets. DOE has an ultimate target for
peak efficiency of 72 percent, which
corresponds to an ultimate fuel cell
drive cycle efficiency of 66 percent.
This equates to an 8 percent difference
between peak efficiency and drive cycle
efficiency at a more typical operating
power. Therefore, to reflect system
efficiency more accurately at a typical
operating power, we applied the 8
percent difference to the peak efficiency
estimate in the NPRM. For the final rule,
the operational efficiency of the fuel cell
system (i.e., represented by drive cycle
efficiency) is about 61 percent.

For the final rule, we combined the
revised fuel cell system efficiency with
the BEV powertrain efficiency (i.e., the
combined inverter, gearbox, and e-motor
efficiencies) as a total FCEV efficiency
to account for losses that take place
before the remaining energy arrives at
the axle. The final FCEV powertrain
efficiencies, ranging from 51 percent to
57 percent, were used to size the
hydrogen storage tanks and to determine
the hydrogen usage and related costs.

As described in RIA Chapter 2.5.1.2.2,
we included additional energy
requirements for air conditioning.624 For
battery conditioning, since the batteries
in FCEVs have the same characteristics
as batteries for BEVs, we employed the
same methodology used for BEVs.

As described in RIA Chapter 2.5.1.2.1,
we converted FCEV energy
consumption (kWh) into hydrogen
weight using an energy content of 33.33
kWh per kg of hydrogen. In our analysis,
95 percent of the hydrogen in the tank
(“‘usable H2’) can be accessed. This is
based on targets for light-duty vehicles,
where a 700-bar hydrogen fuel tank with
a capacity of 5.9 kg has 5.6 kg of usable
hydrogen.625 Furthermore, we added 10
percent to the tank size in HD TRUCS
to avoid complete depletion of hydrogen
from the tank.

624 FCEVs use waste heat from the fuel cell for
heating, and that ventilation operates the same as
it does for an ICE vehicle.

6251J,S. DRIVE Partnership. “Target Explanation
Document: Onboard Hydrogen Storage for Light-
Duty Fuel Cell Vehicles”. U.S. Department of
Energy. 2017. Available online: https://
www.energy.gov/sites/prod/files/2017/05/f34/fcto_
targets onboard hydro storage explanation.pdf.
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E. Technology, Charging Infrastructure,
and Operating Costs

As discussed in section IL.D.1, we
considered ICE vehicles with GHG-
reducing technologies. For the modeled
potential compliance pathway, we did
not include additional technologies on
ICE vehicles beyond those technologies
we analyzed to support the Phase 2 MY
2027 standards. Therefore, there are not
any incremental cost increases for the
Phase 3 standards associated with the
ICE vehicles in this potential
compliance pathway. Thus, this
subsection focuses on the costs
associated with BEV and FCEV
technologies and infrastructure. In the
following subsections, we first discuss
BEV technology (section II.E.1) and
associated EVSE technology costs
(section IL.E.2) and FCEV technology
costs (section IL.E.3). RIA Chapter 2.4.3
(for BEVs) and RIA Chapter 2.5.2 (for
FCEVs) includes the cost estimates for
each of the 101 applications. We then
discuss the IRA tax credits we
quantified in our analysis for BEV and
FCEV technologies in section IL.E.4. Our
assessment of operating costs for ICE
vehicle, BEV and FCEV technologies
including the fuel or electricity costs,
along with the maintenance and repair
costs, insurance, and taxes are presented
in section ILE.5. This subsection
concludes with the overall payback
analysis for BEV and FCEV technologies
in section ILE.6. RIA Chapter 2.8.2
includes the vehicle technologies costs,
EVSE costs, operating costs, and
payback results for each of the 101 HD
applications for BEV and FCEV
technologies. The technology costs for
BEV and FCEV technologies aggregated
into MOVES categories are also
described in detail in RIA Chapter 3.1.

As we have noted several times
throughout this preamble, there are
other examples of possible compliance
pathways for meeting the final
standards that do not involve the
widespread adoption of BEV and FCEV
technologies. In section IL.F.4, we
provide examples of additional
potential compliance pathways,
including the associated technology and
operating costs of those technologies.

1. BEV Technology Costs

The incremental cost of a BEV
powertrain system is calculated as the
cost difference from the comparable
vehicle powertrain with an ICE, where
the ICE vehicle powertrain cost is a sum
of the costs of the engine (including the
projected cost of the HD2027 standards),
alternator, gearbox (transmission),
starter, torque converter, and final drive
system. Heavy-duty BEV powertrain

costs consist of the battery, electric
motor, inverter, converter, onboard
charger, power electronics controller,
transmission or gearbox, final drive, and
electrical accessories. RIA Chapter 2.4.3
contains additional detail on our cost
projections for each of these
components.

Battery costs are widely discussed in
the literature because they are a key
driver of the cost of a HD electric
vehicle. The per unit cost of the battery,
in terms of $/kWh, is the most common
metric in determining the cost of the
battery as the final size of the battery
may vary significantly between different
applications. The total battery pack cost
is a function of the per unit kWh cost
and the size (in terms of kWh) of the
pack.

There are numerous projections for
battery costs and battery pricing in the
literature that cover a range of estimates.
Sources do not always clearly define
what is included in their cost or price
projections, nor whether the projections
reflect direct manufacturing costs
incurred by the manufacturer or the
prices seen by the end-consumer.
Except as noted in the NPRM, the values
in the literature we used to develop the
battery pack costs used in the NPRM
were developed prior to enactment of
the Inflation Reduction Act. In the
NPRM, we requested battery cost data
for heavy-duty vehicles. 88 FR 25981.

We received a significant number of
comments regarding the values we used
for the battery costs, as well as
comments regarding application of a
learning curve to battery costs.
Commenters suggested values both
higher and lower than the values used
in the proposal. Justifications from
commenters for higher than proposal
values included volatility in the
minerals market, adjustment to rate of
learning, inability to capture some or all
of BIL and IRA incentives, as well as
general uncertainty within the sector.
Justifications from commenters for
lower than proposal values included
incentives from BIL and IRA, rapid
development in the EV sector including
the light-duty market, cheaper
chemistries including LFP and sodium
ion batteries, and (more) recent
stabilization within the lithium market.

One commenter recommended that
EPA use a figure roughly 26 percent
greater than estimated at proposal; for
example, they believe the MY 2027
battery pack costs should be $183/kWh.
Two other commenters echoed that
commenter’s recommended battery
costs. Another commenter shared four
CBI battery pack costs for MY 2029
under four scenarios. These scenarios
included smaller and larger battery

packs, and with low and high lithium
raw material costs. Another commenter
questioned EPA’s reliance on the ICCT
value for battery pack cost given ICCT’s
caution about uncertainty within the
market for this sector. The commenter
further maintained that the ICCT White
Paper did not adequately explain or cite
empirical support for averaging of the
values, and that upper and lower
bounds should be adopted instead for
HD TRUCS battery cost inputs.

Although some commenters believe
the battery costs used for the NPRM are
too low, others believe the battery costs
used were too high. One commenter
referenced a Roush report of HDV
battery costs of $98/kWh in MY 2030
and $88/kWh in MY 2032 without an
IRA adjustment. Another commenter
believes the battery used for HDVs will
be less conservative than the one
modeled by EPA in terms of both
specific energy and energy density, and
that this conservativeness is then
reflected in EPA’s estimates of battery
costs. This commenter’s cited
BloombergNEF, where battery costs are
projected to decline to $100/kWh by
2026 as a result of mineral price
stabilization. Another commenter
referenced an ICCT report where
batteries would reach a cost of $120/
kWh at the pack level by 2030 but did
not put forward a battery pack cost
estimate of their own.

Another point of disagreement from
commenters is the methodology used for
assessing the effects of learning by
doing®26 on battery pack costs between
2027 and 2032. One commenter suggests
that faster learning curves may be
appropriate for BEVs due to novel
battery chemistries that can disrupt
markets and increase competition;
faster-than-expected moderation of
pandemic-induced supply chain
disruption; battery pack economies of
scale; and the tendency of battery
outlooks to underestimate future
learning curves. Another commenter
believes learning for BEVs should start
in 2022 rather than in 2027 which was
used in the NPRM analysis, the logic
being that learning commences as
production commences. Applying EPA’s
learning curve starting in 2022 would
have the effect of reducing cost
reductions attributable to learning in the
years of the Phase 3 rule. Another
commenter agrees with this commenter
as to when learning commences, but

626 Manufacturing learning is the process by
which costs for items are reduced as manufacturing
practices become more efficient through
improvements in manufacturing methods. This is
represented as a factor applied to a base year and
applied year over year to reflect a drop in cost for
year over year manufacturing improvements.
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maintained that the learning curve for
ZEVs should be less sharp than for ICE
because ZEVs have fewer moving parts.
The commenter also believes some
components have not achieved the
economies of scale that is required for
the cost inputs used in HD TRUCS.
Lastly, this commenter stated that the
learning curve for LD was inapplicable
to HD vehicles given the difference in
duty cycles, durability, and the resulting
difference in battery sizes. Another
commenter took a different view on
learning from the LD market, stating that
learning should have already started in
the light-duty industry and this means
any further learning in HD will be
smaller than what EPA estimated in the
proposed rule. More detailed discussion
of learning used for ZEVs can be found
RIA Chapter 3.2.1 and the comments
received on learning and responses can
be found in RTC section 12.3.

For the final rule, we re-evaluated our
values used for battery cost in MY 2027
based on comments provided by
stakeholders, as well as on additional

studies provided by the FEV and the
Department of Energy BatPaC
model.627 thnsp;628 We considered a
wide range of MY 2027 battery pack
costs ranging from the $183/kWh cited
by manufacturers in comments to $101/
kWh projected by ANL that reflects an
average of the nickel-manganese
containing layered oxides (Ni/Mn) and
the lithium iron phosphate (LFP) HD
battery costs.629 ANL conducted this
study to estimate the cost of U.S-
produced battery packs for light and
heavy-duty vehicles using their BatPaC
tool. We also contracted FEV to conduct
a cost analysis to inform the final rule
analysis. The FEV study projected costs
for HD battery packs in MY 2027 to
range from $128 to $143/kWh. As
described in RIA Chapter 2.4.3, for MY
2027, we project a battery cost value of
$120/kWh (20228) based on a weighted
average of the battery cost values from
DOE’s study, values received from
commenters, and the FEV cost study.
We have traditionally applied
learning impacts using learning factors

applied to a given cost estimate as a
means of reflecting learning-by-doing
effects on future costs. 63 We are
continuing to do so in this rulemaking.
We agree with some parts of the
comments regarding the NPRM’s
assessment of learning for ZEV
components. In the final rule, we
adjusted the learning to reflect a less
steep portion of the learning curve in
MY 2027 and beyond compared to the
learning we used in the NPRM analysis.
The learning curve we used for the final
rule aligns closely with the learning
applied by ANL in their BatPac
modeling to develop battery costs for
heavy-duty BEVs in MYs 2027 through
2032.631 We calculated the MYs 2028-
2032 battery costs using learning scalars
as shown in RIA Chapter 3.2.1, resulting
in the values shown in Table II-14
represent the direct manufacturing
pack-level battery costs in HD TRUCS
using 20228$. These values are used for
battery costs in both BEVs and FCEVs.

Table 11-14 Direct Manufacturing Pack-Level Battery Costs in HD TRUCS (20228)

Model Year

2027 | 2028 | 2029 | 2030

2031 | 2032

Battery Cost ($/kWh)

120 | 113 | 107 | 103

100 97

As noted, batteries are the most
significant cost component for BEVs,
and the IRA section 13502, “Advanced
Manufacturing Production Credit,” has
the potential to significantly reduce the
cost of BEVs whose batteries are
produced in the United States. As
discussed in section IL.E.4, the IRA
Advanced Manufacturing Production
Credit provides up to $45 per kWh tax
credits (with specified phase-out in CYs
2030-2033) for the production and sale
of battery cells and modules, and
additional tax credits for producing
critical minerals such as those found in
batteries, when such components or
minerals are produced in the United
States and other criteria are met. Our
approach to accounting for the IRA
Advanced Manufacturing Production
Credit in our analysis is explained in
section IL.E.4.

An electric drive (e-drive)—another
major component of an electric
vehicle—includes the electric motor, an

627 FEV Consulting. “Heavy Duty Commercial
Vehicles Class 4 to 8: Technology and Cost
Evaluation for Electrified Powertrains—Final
Report”. Prepared for EPA. March 2024.

628 DOE BatPac Study.

629 Argonne National Laboratory. “Cost Analysis
and Projections for U.S.-Manufactured Automotive
Lithium-ion Batteries.” February 2024.

630 See the 2010 light-duty greenhouse gas rule
(75 FR 25324, May 7, 2010); the 2012 light-duty

inverter, a converter, and optionally, a
transmission system or gearbox. The
electric energy in the form of direct
current (DC) is provided from the
battery; an inverter is used to change the
DC into alternating current (AC) for use
by the motor. The motor then converts
the electric power into mechanical or
motive power to move the vehicle.
Conversely, the motor also receives AC
from the regenerative braking, whereby
the inverter changes it to DC to be stored
in the battery. The transmission reduces
the speed of the motor through a set of
gears to an appropriate speed at the
axle. An emerging trend is to replace the
transmission and driveline with an e-
axle, which is an electric motor
integrated into the axle, e-axles are not
explicitly covered in our cost
analysis.632

A few commenters disagreed with the
cost used by EPA at proposal for the
electric motor, providing values that
were lower and higher than the

greenhouse gas rule (77 FR 62624, October 15,
2012); the 2011 heavy-duty greenhouse gas rule (76
FR 57106, September 15, 2011); the 2016 heavy-
duty greenhouse gas rule (81 FR 73478, October 25,
2016); the 2014 light-duty Tier 3 rule (79 FR 23414,
April 28, 2014); the heavy-duty NOx rule (88 FR
4296, January 24, 2023).

631 Argonne National Laboratory. “Cost Analysis
and Projections for U.S.-Manufactured Automotive

proposal. One commenter references
Roush reports of $8/kW for 2030 and
2032, much lower than EPA’s value.
Another commenter provided CBI
values of e-axle costs. Another
commenter cited an ICCT report that
projected cost reductions of 60 percent
by 2030 and that further projected that
the price of electric powertrain systems,
including the transmission, motor, and
inverter, would reach $23/kW. Another
commenter is concerned that the market
will demand different ZEV architectures
depending on the application (direct
drive, e-axle, and portal axle) and that
each of these technologies will have a
different $/kW value due to differences
in component costs and their respective
manufacturing process.

For the final rule, we continue to
include the direct manufacturing cost
for e-drive in HD TRUCS. Similar to the
battery cost, there is a range of electric
drive cost projections available in the
literature and per stakeholder

Lithium-ion Batteries.” Figure 4, page 16. February
2024.

632 E-axles are an emerging technology that have
potential to realize efficiency gains because they
have fewer moving parts. Though we did not
quantify their impact explicitly due to a lack of data
and information at the time of our analysis and to
remain technology-neutral, the technology can be
used to comply with this regulation.
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comments. One reason for the disparity
across the literature is what is included
in each for the “electric drive”’; some
cost estimates include only the electric
motor and others present a more
integrated model of e-motor/inverter/
gearbox combination. Another reason
for the disparity is described by one of

the commenters: the demand for e-drive
will be different for different
applications. As described in detail in
RIA Chapter 2.4.3.2.1, EPA’s MY 2027 e-
motor cost, shown in Table II-15, comes
from ANL’s 2022 BEAN too and is a
linear interpolation of the average of the
high- and low-tech scenarios for 2025

and 2030, adjusted to 2022$.633 We then
calculated MY 2028-2032 per-unit cost
from the power of the motor (RIA
Chapter 2.4.1.2) and $/kW of the e-
motor shown in Table II-15, and using
an EPA estimate of market learning
shown in RIA Chapter 3.2.1.

Table 11I-15 E-Motor Direct Manufacturing Costs in HD TRUCS ($/kW) (20229)

Model Year

2027 12028 2029 | 2030

2031

2032

E-Drive Cost ($/kW)

21 20 19 18

17

17

Gearbox and final drive units are used
to reduce the speed of the motor and
transmit torque to the axle of the
vehicle. In HD TRUCS for the proposal,
we set the MY 2027 final drive DMC at
$1,500/unit, based on ANL’s 2022
BEAN model for vocational vehicles.634
For tractors, the final drive cost is
doubled the cost of vocational vehicles
because in general they have additional
drive axles. We did not receive any data
to support different values, therefore,
we adjusted the values used in the
proposal to 2022$ and applied the ICE
learning effects shown in RIA Chapter
3.2.1 for MY 2028 through MY 2032.635
Final drive costs for BEVs are shown in
RIA Chapter 2.4.3.2.

The cost of the gearbox varies
depends on the vehicle weight class and
duty cycle. In our assessment, all light
heavy-duty BEVs are direct drive and
have no transmission and no cost,
consistent with ANL’s 2022 BEAN
model. We determined the gearbox costs
for medium heavy-duty and heavy
heavy-duty BEVs in HD TRUCS from
ANL’s BEAN too0l.636 BEV Gearbox costs
are shown are in RIA Chapter 2.4.3.2.

The costs of a power converter and
electric accessories in HD TRUCS for
both the proposal and final rule came
from ANL’s 2022 BEAN t00l.637 For the
final rulemaking version of HD TRUCS,
we updated the term Power Electronics
to Power Converter, which represents
the cost of a DC-DC converter ($1500 in
2020$).638 DC-DC converters transfer
energy (i.e., they “step up” or “step
down” voltage) between higher- and

633 Argonne National Laboratory. VTO HFTO
Analysis Reports—2022. “ANL—ESD-2206
Report—BEAN Tool—MD HD Vehicle Techno-
Economic Analysis.xlsm”. Available online: https://
anl.app.box.com/s/an4nx0v2xpudxtpsnkhd
5peimzu4j1hk/folder/242640145714.

634 Argonne National Laboratory. VTO HFTO
Analysis Reports—2022. “ANL—ESD-2206
Report—BEAN Tool—MD HD Vehicle Techno-
Economic Analysis.xlsm”. Available online: https://
anl.app.box.com/s/an4nx0v2xpudxtpsnk
hd5peimzu4j1hk/folder/242640145714.

635 For the final rule, we updated the learning
curve for BEV (and FCEV) final drive costs to be
consistent with the ICE learning curve since we are

lower-voltage systems, such as from a
high-voltage battery to a common 12V
level for auxiliary uses.®3° We identified
an additional cost in BEAN that we
added as Auxiliary Converter.640 We
also revised the Electric Accessories
costs to include both the electric
accessories costs ($4500 in 2020$) and
the vehicle propulsion architecture
(VPA) costs ($186 in 2020$) from ANL’s
2022 BEAN. These values were
converted to 2022$ and include the BEV
learning effects included in RIA Chapter
3.2 and are shown in RIA Chapter
2.4.3.2.

When using a Level 2 charging plug,
an on-board charger converts AC power
from the grid to usable DC power via an
AC-DC converter. When using a D fast
charger (DCFC), any AC-DC converter is
bypassed, and the high-voltage battery is
charged directly. The costs we used in
the NPRM were based on ANL’s BEAN
model, which was $38 in MY 2027.641
In the peer review of HD TRUCS, one
reviewer noted that the value used in
the NPRM was unrepresentative of the
actual costs and suggested a cost of
$600.542 In light of this critique, EPA
has increased the on-board charger costs
to $600 in MY 2027, as further
discussed in RIA Chapter 2.4.3.3. We
then calculated the MY 2028-2032 costs
using the learning curve shown in RIA
Chapter 3.2.1.

The total upfront BEV direct
manufacturing cost is the summation of
the per-unit cost of the battery, motor,
power electronics, on-board charger,
gearbox, final drive, and accessories.

basing final drive costs on a component that is
similar to an ICE vehicle final drive.

636 Argonne National Laboratory. VTO HFTO
Analysis Reports—2022. “ANL—ESD-2206
Report—BEAN Tool—MD HD Vehicle Techno-
Economic Analysis.xlsm”. Available online: https://
anl.app.box.com/s/an4nx0v2xpudxtpsnkhd
5peimzu4j1hk/folder/242640145714.

637 Argonne National Laboratory. VTO HFTO
Analysis Reports—2022. “ANL—ESD-2206
Report—BEAN Tool—MD HD Vehicle Techno-
Economic Analysis.xlsm”. Available online: https://
anl.app.box.com/s/an4nx0v2xpudxtpsnkhd
5peimzu4j1hk/folder/242640145714.

The total direct manufacturing
technology costs for BEVs for each of
the 101 vehicle types in HD TRUCS can
be found in RIA Chapter 2.4.3.5 for MY
2027, MY 2030, and MY 2032.

2. EVSE Costs

As described section I1.D.5.iv, we
used a mix of depot and public charging
in our final rule analysis of HD BEV
technologies for our technology
packages to support the feasibility of the
standards. In that analysis, most
vocational vehicles and some lower
travel, return-to-base day cab tractors
rely on depot charging while long-haul
vehicles (sleeper cab and longer-range
day cab tractors) and coach buses utilize
public charging starting with MY 2030.
In HD TRUCS we evaluated BEVs for 97
of the 101 vehicle types. Of those, we
assign depot charging costs to 89 vehicle
types starting in MY 2027 and public
charging costs to eight vehicle types
starting in MY 2030.

In our analysis of depot charging
infrastructure costs, we account for the
cost to purchasers to procure both EVSE
(which we refer to as the hardware
costs) as well as costs to install the
equipment. These installation costs
typically include labor and supplies,
permitting, taxes, and any upgrades or
modifications to the on-site electrical
service. We developed our EVSE cost
estimates for the NPRM from available
literature, looking at a range of costs
(low to high) for each of the four EVSE
types. As discussed in RIA Chapter
1.3.2, the IRA extends and modifies a
Federal tax credit under section 30C of

638]n the 2022 version of BEAN, the “BEAN
results” tab, this is also represented as ‘“pc2 DC/DC
booster”.

639 https://info.ornl.gov/sites/publications/Files/
Pub136575.pdf.

640n the 2022 version of BEAN, the “Cost &
LCOD & CCM” tab, this is called a “pc1 DC/DC
ESS”. In the “Autonomie Out” tab, this is linked
to a DC/DC buck converter cost.

641 Argonne National Lab, Vehicle & Mobility
Systems Group, TechScape, found at: https://
vms.taps.anl.gov/tools/techscape/ (accessed
December 2023).

642J.S. EPA. EPA Responses to HD TRUCS Peer
Review Comments. February 2024.


https://anl.app.box.com/s/an4nx0v2xpudxtpsnkhd5peimzu4j1hk/folder/242640145714
https://anl.app.box.com/s/an4nx0v2xpudxtpsnkhd5peimzu4j1hk/folder/242640145714
https://anl.app.box.com/s/an4nx0v2xpudxtpsnkhd5peimzu4j1hk/folder/242640145714
https://anl.app.box.com/s/an4nx0v2xpudxtpsnkhd5peimzu4j1hk/folder/242640145714
https://anl.app.box.com/s/an4nx0v2xpudxtpsnkhd5peimzu4j1hk/folder/242640145714
https://anl.app.box.com/s/an4nx0v2xpudxtpsnkhd5peimzu4j1hk/folder/242640145714
https://anl.app.box.com/s/an4nx0v2xpudxtpsnkhd5peimzu4j1hk/folder/242640145714
https://anl.app.box.com/s/an4nx0v2xpudxtpsnkhd5peimzu4j1hk/folder/242640145714
https://anl.app.box.com/s/an4nx0v2xpudxtpsnkhd5peimzu4j1hk/folder/242640145714
https://anl.app.box.com/s/an4nx0v2xpudxtpsnkhd5peimzu4j1hk/folder/242640145714
https://anl.app.box.com/s/an4nx0v2xpudxtpsnkhd5peimzu4j1hk/folder/242640145714
https://anl.app.box.com/s/an4nx0v2xpudxtpsnkhd5peimzu4j1hk/folder/242640145714
https://info.ornl.gov/sites/publications/Files/Pub136575.pdf
https://info.ornl.gov/sites/publications/Files/Pub136575.pdf
https://vms.taps.anl.gov/tools/techscape/
https://vms.taps.anl.gov/tools/techscape/

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

29547

the Internal Revenue Code that could
cover up to 30 percent of the costs for
businesses to procure and install EVSE
on properties located in low-income or
non-urban census tracts if prevailing
wage and apprenticeship requirements
are met.%43 To reflect our expectation

that this tax credit—as well as grants,
rebates, or other funding available
through the IRA—could significantly
reduce the overall infrastructure costs
paid by BEV and fleet owners for depot
charging, we used the low end of our
EVSE cost ranges in the NPRM

infrastructure cost analysis. These
values are summarized in Table II-16.
We requested comment, including data,
on our approach and assessment of
current and future costs for charging
equipment and installation. 88 FR
25982.

Table 11-16 EVSE Costs in NPRM analysis (20215)

Charging Type | Cost per EVSE Port
Level 2
(192 kW) $10,541
DCFC—50 kW $31,623
DCFC—150 kW $99,086
DCFC—350 kW $162,333

We received multiple comments
about these costs. One industry
commenter suggested that EPA should
use the midpoint rather than the low
end of our EVSE cost ranges. While one
manufacturer commenter suggested our
assumed EVSE installation costs were
too high, other manufacturer
commenters said that we
underestimated costs for high-power
EVSE. Another commenter suggested we
should directly account for the savings
from the 30C tax credit.

As described in RIA Chapter 2.6.2.1,
we made several changes in how we
estimate the EVSE costs incurred for
depot charging in the final rule analysis.
For the NPRM analysis, we developed
the DCFC costs from a 2021 study
(Borlaug et al. 2021) specific to heavy-
duty electrification at charging depots.
After reviewing new information on
EVSE costs provided in comments as
well as literature released since the
publication of the NPRM, we
determined it was appropriate to
increase the underlying hardware and
installation cost ranges we considered
for DCFC-150 kW and DCFC-350 kW

643TRA section 13404, “Alternative Fuel
Refueling Property Credit” under section 26 U.S.C.
30C, referred to as 30C in this document A $100,000
per item cap applies.

644 Wood, Eric et al. “The 2030 National Charging
Network: Estimating U.S. Light-Duty Demand for
Electric Vehicle Charging Infrastructure,” 2023.
Available at: https://driveelectric.gov/files/2030-
charging-network.pdf.

6457J.S. DOE. “Estimating Federal Tax Incentives
for Heavy Duty Electric Vehicle Infrastructure and

based on a new NREL study issued in
2023 to reflect the most up-to-date
information available.644 After further
consideration, including consideration
of comments on this issue and
availability of a new DOE analysis 64° of
the average value of the 30C tax credit
for HD charging infrastructure, we have
updated the depot EVSE costs in our
final rule analysis to reflect a
quantitative assessment of average
savings from the tax credit.

As noted, the 30C tax credit could
cover up to 30 percent of the costs for
fleets or other businesses to procure and
install EVSE on properties located in
low-income or non-urban census tracts
if prevailing wage and apprenticeship
requirements are met. DOE projects that
businesses will meet prevailing wage
and apprenticeship requirements in
order to qualify for the full 30 percent
tax credit,%46 and estimates that 60
percent 647 of depots will be located in
qualifying census tracts based on its
assessment of where HD vehicles are
currently registered, the location of
warehouses and other transportation
facilities that may serve as depots, and

for Acquiring Electric Vehicles Weighting Less
Than 14,000 Pounds.” Memorandum, March 2024.

646 Ag noted in DOE'’s assessment, the “good faith
effort” clause applicable to the apprenticeship
requirement suggests that it is unlikely that
businesses will not be able to meet it and take
advantage of the full 30 percent tax credit (if
otherwise eligible).

647 This estimate may be conservative as DOE
notes that its analysis did not factor in that fleets
may choose to site depots at charging facilities in

the share of the population living in
eligible census tracts.648 Taken together,
DOE estimates an average value of this
tax credit of 18 percent of the installed
EVSE costs at depots. We apply this 18
percent average reduction to the EVSE
costs used in HD TRUCGS for the final
rulemaking (FRM).

As noted, for the NPRM, we had used
the low end of our EVSE cost ranges to
reflect our expectation that the tax
credit would significantly reduce EVSE
costs to purchasers (i.e., we used the
low end to reflect typical EVSE
hardware and installation costs less
savings from the tax credit). Since we
explicitly model the tax credit
reductions for the FRM analysis, we
determined it was appropriate to switch
from using the low to the midpoint of
EVSE cost ranges for all EVSE types to
better reflect typical hardware and
installation costs before accounting for
the tax credit savings. The resulting
hardware and installation costs for
EVSE are shown in Table II-17 before
and after applying the tax credit. We use
values in the right column in our depot
charging analysis.

eligible census tracts to take further advantage of
the tax credit. In addition, we note that DOE
estimated 68 percent of heavy-duty vehicles are
registered in qualifying census tracts suggesting the
share of EVSE installations at depots that are
eligible for the 30C tax credit could be higher.
6481J.S. DOE. “Estimating Federal Tax Incentives
for Heavy Duty Electric Vehicle Infrastructure and
for Acquiring Electric Vehicles Weighting Less
Than 14,000 Pounds.” Memorandum, March 2024.
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Table 1I-17 Combined Hardware and Installation EVSE Costs (20228)

Charging Type Cost Before Cost After
Tax Credit Tax Credit
Level 2—19.2 kW $16,991 $13,932
DCFC—50 kW $63,432 $52.,014
DCFC—150 kW $154,200 $126,444
DCFC—350 kW $232,700 $190,814

Both hardware and installation costs
could vary over time. For example,
hardware costs could decrease due to
manufacturing learning and economies
of scale. Recent studies by ICCT
assumed a 3 percent reduction in
hardware costs for EVSE per year to
2030.649 thnsp:650 By contrast,
installation costs could increase due to
growth in labor or material costs.
Installation costs are also highly
dependent on the specifics of the site
including whether sufficient electric
capacity exists to add charging
infrastructure and how much trenching
or other construction is required. If fleet
owners choose to install charging
stations at easier, and therefore, lower
cost sites first, then installation costs
could rise over time as stations are
developed at more challenging sites.
One of the ICCT studies found that these
and other countervailing factors could
result in the average cost of a 150 kW
EVSE port in 2030 being similar (~3
percent lower) to that in 2021.651

After considering the uncertainty on
how costs may change over time, we
kept the combined hardware and
installation costs per EVSE port
constant for the NPRM analysis. We
received only a few comments on this
topic. Several commenters noted that
EVSE equipment costs would likely
decrease over time and one suggested
we incorporate reductions to account for
learning rates. However, the other
commenters agreed with us that while
hardware costs may decline in the

649 Minjares, Ray, Felipe Rodriguez, Arijit Sen,
and Caleb Braun. “Infrastructure to support a 100%
zero-emission tractor-trailer fleet in the United
States by 2040”’. Working Paper 2021-33. The
International Council on Clean Transportation.
September 2021. Available online: https://
theicct.org/sites/default/files/publications/ze-
tractor-trailer-fleet-us-hdvs-sept21.pdf.

650 Bauer, Gordon, Chih-Wei Hsu, Mike Nicholas,
and Nic Lutsey. “Charging Up America: Assessing
the Growing Need for U.S. Charging Infrastructure
Through 2030”. The International Council on Clean
Transportation, July 2021. Available online: https://
theicct.org/wp-content/uploads/2021/12/charging-
up-america-jul2021.pdf.

651 Bauer, Gordon, Chih-Wei Hsu, Mike Nicholas,
and Nic Lutsey. “‘Charging Up America: Assessing
the Growing Need for U.S. Charging Infrastructure
Through 2030”. The International Council on Clean
Transportation, July 2021. Available online: https://
theicct.org/wp-content/uploads/2021/12/charging-
up-america-jul2021.pdf.

future, installation costs could rise, and
therefore they supported our approach
to keep combined hardware and
installation costs constant. For the final
rule analysis we continued our
proposed approach of not varying costs
over time on the same bases included in
the NPRM and it retains a conservative
approach to EVSE costs.

How long a vehicle is off-shift and
parked at a depot, warehouse, or other
home base each day is a key factor in
determining what type of charging
infrastructure could meet its needs. We
refer to this as depot dwell time. This
depot dwell time depends on a vehicle’s
duty cycle. For example, a school bus or
refuse truck may be parked at a depot
in the afternoon or early evening and
remain there until the following
morning whereas a transit bus may
continue to operate throughout the
evening. Even for a specific vehicle, off-
shift depot dwell times may vary
between weekends and weekdays, by
season, or due to other factors that
impact its operation.

The vehicles in our depot charging
analysis span a wide range of vehicle
types and duty cycles, and we expect
their dwell times to vary accordingly. In
the NPRM, we used a dwell time of 12
hours for every type of HD vehicle
informed by our examination of start
and idle activity data®s2 for 564
commercial vehicles.653 In order to
better understand how depot dwell
times might vary by vehicle application
and class for our final rule analysis, we
worked with NREL through an
interagency agreement between EPA
and the U.S. Department of Energy.
NREL analyzed several data sets for this
effort: General Transit Feed
Specification (GTFS) data for about
21,700 transit buses,55¢ operating data
for nearly 300 school buses from NREL’s
FleetDNA database, and a set of fleet

652 Zhang, Chen; Kotz, Andrew; Kelly, Kenneth
“Heavy-Duty Vehicle Activity for EPA MOVES.”
National Renewable Energy Laboratory. 2021.
Available online: https://data.nrel.gov/submissions/
168.

653 The dataset had been analyzed as a joint effort
between EPA and NREL to inform EPA’s MOVES
model.

654 Both GTFS schedule and real-time data were
utilized along with information from the National
Transit Database.

telematics data from Geotab’s Altitude
platform covering about 13,600
medium- and heavy-duty trucks in
seven geographic zones®55 selected to be
nationally representative.65¢ The truck
dataset includes a variety of classes and
vocations. As described in Bruchon et
al. 2024,557 NREL separately analyzed
data for four class combinations (2b-3,
4-5, 67, and 8) and four vocations
defined by vehicles’ travel patterns
(door to door, hub and spoke, local, and
regional). This results in sixteen unique
freight vehicle categories.558

Across all vehicle categories, NREL
provided national dwell time
distributions that describe the number
of hours vehicles spend at their primary
domicile (or depot). For each of the
sixteen freight categories as well as for
school buses, these dwell durations
reflect the total daily hours vehicles
spent at their depots on operational
weekday or weekend days regardless of
whether the vehicles were parked for
one continuous period or across
multiple stops throughout the day. For
transit buses, NREL estimated the
typical time buses spent when parked at
their depot overnight, i.e., the time
between the end of the last shift of the
day and the first shift the following

655 The seven zones are: San Jose-Sunnyvale-
Santa Clara, CA; Pittsburgh, PA; Evansville, IN-KY;
Lafayette, LA; Janesville-Beloit, WI; Southern ID
non-Metropolitan Statistical Areas (MSA); Eastern
GA non-MSAs. Data used was collected between
September 7 and September 30, 2022. See Bruchon
et al. 2024 for details on variables used to select the
seven representative zones.

656 Bruchon, Matthew, Brennan Borlaug, Bo Liu,
Tim Jonas, Jiayun Sun, Nhat Le, Eric Wood. ‘“Depot-
Based Vehicle Data for National Analysis of
Medium- and Heavy-Duty Electric Vehicle
Charging”. National Renewable Energy Laboratory.
NREL/TP-5400-88241. February 2024. Available
online: https://www.nrel.gov/docs/fy24osti/
88241.pdf.

657 Bruchon, Matthew, Brennan Borlaug, Bo Liu,
Tim Jonas, Jiayun Sun, Nhat Le, Eric Wood. ‘“Depot-
Based Vehicle Data for National Analysis of
Medium- and Heavy-Duty Electric Vehicle
Charging”. National Renewable Energy Laboratory.
NREL/TP-5400-88241. February 2024. Available
online: https://www.nrel.gov/docs/fy24osti/
88241.pdf.

658 NREL’s report also includes information on a
long-distance vocation. However, we have excluded
these from our depot charging analysis because, as
noted in Bruchon et al. 2024, the long-distance
trucks in the sample are less likely to meet the
criteria for depot-based travel.
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service day with separate estimates for
weekdays, Saturdays, and Sundays.
Days on which vehicles were not
operated were excluded from the
samples.659

As described in RIA Chapter 2.6.2.1.4,
we mapped the depot dwell durations
from the 18 unique combinations of
vocations and class types (i.e., the 16
freight vehicle categories plus transit
and school buses) in NREL’s analysis to
the applicable vehicle types in our HD
TRUCS model. As shown in Table 2-78
of the RIA, dwell times in HD TRUCS
range from 7.4 hours to 14.5 hours,
reflecting the wide range of vehicle
types considered in our analysis. (See
RIA Chapter 2.6.2.1.4 for a more
detailed discussion of this analysis.)

For the NPRM, we assumed that each
vehicle using Level 2 charging would
have its own EVSE port, while up to two
vehicles could share DCFC if charging
needs could be met within the assumed
dwell time. While one commenter
asserted that it is unreasonable to
assume two vehicles could share a
DCFC port, and another supported our
NPRM approach, we received several
other comments that the constraints on
EVSE sharing in our NPRM analysis
were too limiting. In our final rule
analysis, we updated our approach and
project that up to two vocational
vehicles can share one EVSE port. For
tractors, which tend to be part of larger
fleets, we project that up to four
vehicles can share one EVSE port.
However, in both cases, we only model
vehicles as sharing EVSE ports if there
is sufficient dwell time for each vehicle
to meet its charging needs. We note that
for some of the vehicle types we
evaluated, higher numbers of vehicles
could share EVSE ports and still meet
their daily electricity consumption
needs. However, in our final rule HD
TRUCS analysis we limit sharing to two
vocational vehicles and four tractors per
port as a conservative approach for
calculating EVSE costs per vehicle.

As discussed in section II.D.2.iii.c,
EPA acknowledged at proposal that
there could be additional infrastructure
needs beyond those associated with the
charging equipment itself. 88 FR 25982.
Commenters emphatically agreed and
focused on three areas of concern,
electrical power generation,
transmission, and distribution. Our
consideration of comments and final
rule analysis took a close look at power
generation and transmission. Our
analysis shows that systems and

659]n addition, total dwell durations for school
buses were only considered during the school year
and stops at the depot less than one hour were
excluded.

processes exist to handle the rule’s
impact on power generation and
transmission, including when
considered in combination with
projections of other impacts on power
generation and transmission based on
our assessments at the time of this final
rule. See RTC section 7.1; see also RIA
Chapter 1.6. We also considered
comments and took a close look at
electrical grid distribution systems. A
first of its kind Multi-State
Transportation Electrification Impact
Study (TEIS) was conducted by DOE to
evaluate the potential that some
geographic areas and some users will
require grid distribution buildout
updates, and to assess associated time
and cost in recognition that, depending
on the type of buildout needed,
significant implementation time and
cost could exist.660 In the NPRM, we
assumed that utilities would cover the
electrical power, transmission, and
distribution upgrade costs. DRIA 2.6.5.1.
For our final rule analysis, we identify
distribution buildout costs with the
TEIS, power generation and
transmission costs with the Integrated
Planning Model (IPM) and Retail Price
Model (RPM) run by ICF and account
for these costs within the charging costs,
as discussed in section IL.E.5.ii. See
generally section I1.D.2.iii.c and RTC
section 7 (Distribution).

3. FCEV Technology Costs

FCEVs and BEVs include many of the
same components such as a battery
pack, e-motor, power electronics,
gearbox unit, final drive, and electrical
accessories. Therefore, we used the
same costs for these components across
vehicles for the same applications; for
detailed descriptions of these
components, see RIA Chapter 2.4.3. In
this subsection and RIA Chapter 2.5.2,
we present the costs for components for
FCEVs that are different from a BEV.
These components include the fuel cell
system and onboard hydrogen fuel tank.
The same energy cell battery $/kWh
costs used for BEVs are used for fuel cell
vehicles, but the battery size of a
comparable FCEV is smaller.

i. Fuel Cell System Costs

The fuel cell stack is the most
expensive component of a fuel cell
system,®61 which is the most expensive

660 National Renewable Energy Laboratory,
Lawrence Berkeley National Laboratory, Kevala
Inc., and U.S. Department of Energy. ‘““Multi-State
Transportation Electrification Impact Study:
Preparing the Grid for Light-, Medium-, and Heavy-
Duty Electric Vehicles”. DOE/EE-2818. U.S.
Department of Energy. March 2024.

661 Papageorgopoulos, Dimitrios. ‘“Fuel Cell
Technologies Overview”. U.S. Department of

part of a heavy-duty FCEV, primarily
due to the technological requirements of
manufacturing rather than material
costs.662 Fuel cells for the heavy-duty
sector are expected to be more
expensive than fuel cells for the light-
duty sector because they operate at
higher average continuous power over
their lifespan, which requires a larger
fuel cell stack size, and because they
have more stringent durability
requirements (i.e., to travel more hours
and go longer distances).663

Projected costs vary widely in the
literature. They are expected to decrease
as manufacturing matures. Larger
production volumes are anticipated as
global demand increases for fuel cell
systems for HD vehicles, which could
improve economies of scale.664 Costs are
also anticipated to decline as durability
improves.665

For the NPRM, we relied on an
average of costs from an ICCT meta-
study that found a wide variation in fuel
cell costs in the literature.56¢ The costs
we used in the NPRM ranged from $200
per kW in MY 2030 to $185 per kW in
MY 2032. We requested comment on
our cost data projections in the
proposal.

Several commenters addressed EPA’s
estimates for fuel cell costs. CARB
agreed with EPA’s estimates, noting
they used similar estimated values in
their Advanced Clean Fleets rule
proceeding. One commenter thought the
NPRM fuel cell cost estimates were too
high, particularly if they represent the
fuel cell stack alone, based on targets
published by the European Joint

Energy. June 6, 2023. Available online: https://
www.hydrogen.energy.gov/docs/
hydrogenprogramlibraries/pdfs/review23/fc000_
papageorgopoulos_2023 o.pdyf.

662 Deloitte China and Ballard. “Fueling the
Future of Mobility: Hydrogen and fuel cell solutions
for transportation, Volume 1. 2020. Available
online: https://www2.deloitte.com/content/dam/
Deloitte/cn/Documents/finance/deloitte-cn-fueling-
the-future-of-mobility-en-200101.pdf.

663 Marcinkoski, Jason et. al. “Hydrogen Class 8
Long Haul Truck Targets”. U.S. Department of
Energy. October 31, 2019. Available online: https://
www.hydrogen.energy.gov/pdfs/19006_hydrogen_
class8_long_haul truck targets.pdf.

664 Deloitte China and Ballard. “Fueling the
Future of Mobility: Hydrogen and fuel cell solutions
for transportation, Volume 1”. 2020. Available
online: https://www2.deloitte.com/content/dam/
Deloitte/cn/Documents/finance/deloitte-cn-fueling-
the-future-of-mobility-en-200101.pdf.

665 Deloitte China and Ballard. “‘Fueling the
Future of Mobility: Hydrogen and fuel cell solutions
for transportation, Volume 1. 2020. Available
online: https://wwwz2.deloitte.com/content/dam/
Deloitte/cn/Documents/finance/deloitte-cn-fueling-
the-future-of-mobility-en-200101.pdf.

666 Sharpe, Ben and Hussein Basma. ‘A meta-
study of purchase costs for zero-emission trucks”.
International Council on Clean Transportation,
Working Paper 2022—09. February 2022. Available
online: https://theicct.org/publication/purchase-
cost-ze-trucks-feb22/.
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Undertaking. Another commenter stated
that fuel stack technology is too nascent
to make any type of realistic cost
estimate. They noted that existing
component technologies still need to be
adapted for the HD market and that fuel
cell stacks are not being produced at
scale now, and they stated that they do
not believe accurate HD FCEV
technology costs can be predicted now.
Several commenters said that EPA’s
estimates were too low and referred to
fuel cell costs from a more recent (2023)
ICCT White Paper667 that updated the
ICCT meta-study referenced in the
NPRM.668 See RTC section 3.4.3 for
additional details.

We reviewed the ICCT paper that
several commenters referenced. Also,
due to the wide range of projected costs
in the literature, EPA contracted with
FEV®69 to independently evaluate direct
manufacturing costs of heavy-duty
vehicles with alternative powertrain
technologies and EPA conducted an

external peer review of the final FEV
report.570 In the report, FEV estimated
costs associated with a Class 8 FCEV-
dominated long-haul tractor with
graphite fuel cell stacks, which are more
durable than stainless steel stacks
typically used in light-duty vehicle
applications. FEV leveraged a
benchmark study of a commercial
vehicle fuel cell stack from a supplier
that serves the Class 8 market. They also
built prototype vehicles in-house and
relied on existing expertise to validate
their sizing of tanks and stacks.671
Please see RTC Chapter 3.4.3 for
additional detail.

For the final rule, as described in RIA
Chapter 2.5.2.1, we established MY
2032 fuel cell system DMCs using cost
projections from FEV and ICCT. We
weighted FEV’s work twice as much as
ICCT’s because it was primary research
and because some of the volumes
associated with the costs in ICCT’s
analysis were not transparent. We note

that this method of weighting primary
research more heavily than secondary
research is generally appropriate for
assessing predictive studies of this
nature; indeed, it is consistent with
what ICCT itself did. For FEV’s work,
we selected costs that align with the HD
FCEV production volume that we
project in our modeled potential
compliance pathway’s technology
packages developed for this final rule,
which is roughly 10,000 units per year
in MY 2032, for a DMC of $89 per kW.
For ICCT’s work, we used the 2030
value of $301 per kW for MY 2032,
since 2030 was the latest year of values
referenced by ICCT from literature. Our
weighted average yielded a MY 2032
fuel cell system DMC of $160 per kW.
In order to project DMCs for earlier MYs
from MY 2032, we used our learning
rates shown in RIA Chapter 3.2.1. This
yielded the MYs 2030 and 2031 DMCs
shown in Table I1-18.

Table 11-18: Fuel Cell System Direct Manufacturing Costs (20228$)

ii. Onboard Hydrogen Fuel Tank Costs

Onboard hydrogen storage cost
projections also vary widely in the
literature. For the NPRM, we relied on
an average of costs from the same ICCT
meta-study that we used for fuel cell
costs.572 The values we used in the
NPRM analysis ranged between $660/kg
in MY 2030 and $612/kg in MY 2032.
We requested cost data projections in
the proposal.

There were few comments on
hydrogen fuel tank costs. Two
commenters referred to ICCT’s revised
meta-study.673 One commenter
suggested that onboard liquid hydrogen
will be required for long-distance ranges
of over 500 miles in the longer-term and
suggested that it is too soon to offer cost
estimates for liquid tanks. See RTC
section 3.4.3 for details.

667 Xie, et. al. “Purchase costs of zero-emission
trucks in the United States to meet future Phase 3
GHG standards”. International Council of Clean
Transportation, Working Paper 2023-10. March
2023. Available online: https://theicct.org/wp-
content/uploads/2023/03/cost-zero-emission-
trucks-us-phase-3-mar23.pdf.

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

669 FEV Consulting. ‘““Heavy Duty Commercial
Vehicles Class 4 to 8: Technology and Cost

Year MY 2030 | MY 2031 MY 2032

FC System | $170/kW $165/kW $160/kW

Given our assessment of technology
readiness for the NPRM, onboard liquid
hydrogen storage tanks were not
included in the potential compliance
pathway that supports the feasibility
and appropriateness of the standards.

Like fueﬁjcell costs, onboard gaseous
hydrogen tank costs are dependent on
manufacturing volume. We reviewed
the ICCT paper that several commenters
referenced and contracted FEV 674 to
independently evaluate onboard
hydrogen storage tank costs for MY 2027
(20228%) based on manufacturing
volume, and EPA conducted an external
peer review of the final FEV report.675
Please see RTC Chapter 3.4.3 for
additional detail.

Using the same approach taken for
fuel cell system costs, as described in
RIA Chapter 2.5.2.2, we established MY
2032 onboard storage tank DMCs using
cost projections from FEV and ICCT. We

Evaluation for Electrified Powertrains—Final
Report”. Prepared for EPA. March 2024.

670]CF. “‘Peer Review of HD Vehicles, Industry
Characterization, Technology Assessment and
Costing Report”. September 15, 2023.

671 FEV Consulting. “Heavy Duty Commercial
Vehicles Class 4 to 8: Technology and Cost
Evaluation for Electrified Powertrains—Final
Report”. Prepared for EPA. March 2024.

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

weighted FEV’s work twice as much as
ICCT’s because it was primary research
and because some of the volumes
associated with the costs in ICCT’s
analysis were not transparent. We note
that this method of weighting primary
research more heavily than secondary
research is generally appropriate for
assessing predictive studies of this
nature; indeed, it is consistent with
what ICCT itself did. For FEV’s work,
we selected costs for roughly 10,000
units per year in MY 2032, for a DMC
of $504 per kg. For ICCT’s work, we
used the 2030 value of $844 per kW for
MY 2032, since 2030 was the latest year
of values referenced by ICCT from
literature. Our weighted average yielded
a MY 2032 fuel cell system DMC of $617
per kW. In order to project DMCs from
MY 2032 for earlier MYs, we used our
learning rates shown in shown in RIA
Chapter 3.2.1. This yielded the MYs

673 Xie, et. al. “Purchase costs of zero-emission
trucks in the United States to meet future Phase 3
GHG standards”. International Council of Clean
Transportation, Working Paper 2023-10. March
2023. Available online: https://theicct.org/wp-
content/uploads/2023/03/cost-zero-emission-
trucks-us-phase-3-mar23.pdf.

674 FEV Consulting. ‘“‘Heavy Duty Commercial
Vehicles Class 4 to 8: Technology and Cost
Evaluation for Electrified Powertrains—Final
Report”. Prepared for EPA. March 2024.

675 ICF. ‘“Peer Review of HD Vehicles, Industry
Characterization, Technology Assessment and
Costing Report”. September 15, 2023.


https://theicct.org/publication/purchase-cost-ze-trucks-feb22/
https://theicct.org/publication/purchase-cost-ze-trucks-feb22/
https://theicct.org/publication/purchase-cost-ze-trucks-feb22/
https://theicct.org/publication/purchase-cost-ze-trucks-feb22/
https://theicct.org/wp-content/uploads/2023/03/cost-zero-emission-trucks-us-phase-3-mar23.pdf
https://theicct.org/wp-content/uploads/2023/03/cost-zero-emission-trucks-us-phase-3-mar23.pdf
https://theicct.org/wp-content/uploads/2023/03/cost-zero-emission-trucks-us-phase-3-mar23.pdf

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

29551

2030 and 2031 DMCs shown in Table II-

19.

Table 11-19: Onboard Hydrogen Tank Direct Manufacturing Costs (20225)

Year

MY 2030 | MY 2031

MY 2032

Onboard H2 Tank

$659/kg | $636/kg

$617/kg

4, Inflation Reduction Act Tax Credits
for HD Battery Electric Vehicles

The IRA,%76 which was signed into
law on August 16, 2022, includes a
number of provisions relevant to vehicle
electrification. There are three
provisions of the IRA we included
within our quantitative analysis in HD
TRUCS related to the manufacturing
and purchase of HD BEVs and FCEVs.
First, section 13502, “Advanced
Manufacturing Production Credit,”
provides up to $45 per kWh tax credits
under section 45X of the Internal
Revenue Code (“45X”’) for the
production and sale of battery cells and
modules when the cells and modules
are produced in the United States and
other qualifications are met. Second,
section 13403, “Qualified Commercial
Clean Vehicles,” provides for a vehicle
tax credit under section 45W applicable
to HD vehicles if certain qualifications
are met. Third, after further
consideration, including consideration
of comments on this issue, we have
quantitatively analyzed section 13404,
“Alternative Fuel Refueling Property
Credit,” tax credit under 30C for EVSE
costs for the final rule. See section ILE.2
of this preamble, and IRA sections
13403, 13502, and 13404. Beyond these
three tax credits, there are numerous
provisions in the IRA and the BIL 677
that may impact HD vehicles and
increase adoption of HD ZEV
technologies. These range from tax
credits across the supply chain, to
grants which may help direct ZEVs to
communities most burdened by air
pollution, to funding for programs to
build out electric vehicle charging
infrastructure, as described in section I
of this preamble and RIA Chapter 1.3.2.

Regarding the first of the provisions,
IRA section 13502, “Advanced
Manufacturing Production Credit,”
provides up to $45 per kWh tax credits
under 45X for the production and sale
of battery cells (up to $35 per kWh) and

676 Inflation Reduction Act of 2022, Pub. L. 117—
169, 136 Stat. 1818 (2022) (‘“Inflation Reduction
Act” or “IRA”), available at https://
www.congress.gov/117/bills/hr5376/BILLS-
117hr5376enr.pdf.

677 United States, Congress. Public Law 117-58.
Infrastructure Investment and Jobs Act of 2021.
Congress.gov, www.congress.gov/bill/117th-
congress/house-bill/3684/text. 117th Congress,
House Resolution 3684, passed 15 November 2021.

modules or packs®78 (up to $10 per
kWh) and 10 percent of the cost of
producing critical minerals such as
those found in batteries, when such
components or minerals are produced in
the United States and other
qualifications are met as described in
RIA Chapter 1.3.2.2. These credits begin
in CY 2023 and phase down starting in
CY 2030, ending after CY 2032. As
further discussed in RIA Chapter
2.4.3.1, we recognize that there are
currently few manufacturing plants
specifically for HD vehicle batteries in
the United States. We expect that the
industry will respond to this tax credit
incentive by building more domestic
battery manufacturing capacity in the
coming years, in part due to the BIL and
IRA. For example, Daimler Trucks,
Cummins, and PACCAR recently
announced a new joint venture for a 21
GWh factory to be built in the U.S. to
manufacture cells and packs initially
focusing on LFP batteries for heavy-duty
and industrial applications.®”® Tesla is
expanding its facilities in Nevada to
produce its Semi BEV tractor and
battery cells680 and Cummins has
entered into an agreement with Arizona-
based Sion Power to design and supply
battery cells for commercial electric
vehicle applications.581 See the
additional discussion in section IL.D.2.ii
of this preamble, and RTC section 17.2
(battery production) for further
discussion and examples. Additionally,

678 Packs would be eligible for the credit under
the proposed interpretation. See 88 FR 86851.

679 Daimler Trucks North America. “Accelera by
Cummins, Daimler Truck and PACCAR form a joint
venture to advance battery cell production in the
United States.” September 6, 2023. Available
online: https://media.daimlertruck.com/
marsMediaSite/en/instance/ko/Accelera-by-
Cummins-Daimler-Truck-and-PACCAR-form-a-
joint-venture-to-advance-battery-cell-production-in-
the-United-States.xhtmlI?0id=52385590 (last
accessed October 23, 2023).

680 Sriram, Akash, Aditya Soni, and Hyunjoo Jin.
“Tesla plans $3.6 bln Nevada expansion to make
Semi truck, battery cells.” Reuters. January 25,
2023. Last accessed on March 31, 2023 at https://
www.reuters.com/markets/deals/tesla-invest-over-
36-bIn-nevada-build-two-new-factories-2023-01-24/.

681 Sion Power. “Cummins Invests in Sion Power
to Develop Licerion® Lithium Metal Battery
Technology for Commercial Electric Vehicle
Applications”. November 30, 2021. Available
online: https://sionpower.com/2021/cummins-
invests-in-sion-power-to-develop-licerion-lithium-
metal-battery-technology-for-commercial-electric-
vehicle-applications/.

the DOE has conducted an analysis of
public announcements that shows that
in 2027-2032, there will be sufficient
domestic battery manufacturing
capacity for the HD industry to produce
cells and modules that meet the
requirements of the 45X tax credit and
to supply the volumes we project in this
final rulemaking.682 Furthermore, DOE
is funding through the BIL battery
materials processing and manufacturing
projects to “support new and expanded
commercial-scale domestic facilities to
process lithium, graphite and other
battery materials, manufacture
components, and demonstrate new
approaches, including manufacturing
components from recycled
materials.” 683

In the NPRM, we projected that the
tax credit earned by battery cell and
module manufacturers is passed
through to the purchaser because market
competition would drive manufacturers
to minimize their prices. We received
comment on this projection from three
commenters, questioning how much of
the credit will be passed down from
battery cell and module manufacturers
through the supply chain to the ultimate
purchaser because of the large upfront
investments required to build
manufacturing plants. In an interview
with Axios following Daimler Trucks,
Cummins, and PACCAR’s recently
announced battery factory,58¢ Cummins
noted that the 45X tax credit “is
expected to benefit customers by

682 Kevin Knehr, Joseph Kubal, Shabbir Ahmed,
“Cost Analysis and Projections for U.S.-
Manufactured Automotive Lithium-ion Batteries”,
Argonne National Laboratory report ANL/CSE-24/
1 for US Department of Energy. January 2024.
Available online: https://www.osti.gov/biblio/
2280913.

6831J,S. Department of Energy. ‘“Bipartisan
Infrastructure Law: Battery Materials Processing
and Battery Manufacturing & Recycling Funding
Opportunity Announcement—Factsheets”. October
19, 2022. Available online: https://www.energy.gov/
sites/default/files/2022-10/DOE % 20
BIL%20Battery%20FOA-2678%20
Selectee % 20Fact%20Sheets %20-%201_2.pdf.

684 Daimler Trucks North America. ‘“Accelera by
Cummins, Daimler Truck and PACCAR form a joint
venture to advance battery cell production in the
United States.” September 6, 2023. Available
online: https://media.daimlertruck.com/
marsMediaSite/en/instance/ko/Accelera-by-
Cummins-Daimler-Truck-and-PACCAR-form-a-
joint-venture-to-advance-battery-cell-production-in-
the-United-States.xhtmlI?0id=52385590 (last
accessed October 23, 2023).
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lowering the price of batteries.” 685 After
consideration of these comments and
the literature and announcements
described in the previous paragraph, we
are continuing to include the tax credits
in our assessment of purchaser costs.
We maintain our modeling approach for

this tax credit in HD TRUCS such that
HD BEV and FCEV manufacturers fully
utilize the battery module tax credit and
gradually increase their utilization of
the cell tax credit for MYs 2027-2029
until MY 2030 and beyond, when they
earn 100 percent of the available cell

and module tax credits. The battery
pack costs and battery tax credits used
in our analysis are shown in Table II-
20. Further discussion of these
assumptions can be found in RTC
section 2.7.

Table 11-20 Pack-Level Battery Direct Manufacturing Costs and IRA Tax Credits in HD TRUCS (2022%)

Model Year 2027 2028 2029 2030 2031 2032

Battery Pack Cost ($/kWh) 120 113 107 103 100 97
IRA Cell Credit ($/kWh) 8.75 17.50 26.25 26.25 17.50 8.75
IRA Module Credit ($/kWh) 10.00 10.00 10.00 7.50 5.00 2.50
IRA Total Battery Credit ($/kWh) 18.75 27.50 36.25 33.75 22.50 11.25

Similar to our approach in using
indirect cost multipliers to calculate
retail price equivalents, in which we do
not attempt to mirror, predict, or
otherwise approximate individual
companies’ marketing strategies in
estimating costs for the modeled
potential compliance pathway (see
section IV of this preamble), we do not
attempt to predict specifically how
manufacturers will use the 45X tax
credit to alter their products’ prices.
Instead, we estimate the costs we expect
to be incurred by manufacturers for the
modeled potential compliance
pathway—including direct
manufacturing costs, indirect costs, and
tax credits—and calculate the resulting
retail price equivalents that would allow
manufacturers to fully recover their
costs of compliance. Regarding the
second of the provisions, IRA section
13403 creates a tax credit under 45W of
the Internal Revenue Code applicable to
each purchase of a qualified commercial
clean vehicle. These vehicles must be
on-road vehicles (or mobile machinery)
that are propelled to a significant extent
by a battery-powered electric motor. The
battery must have a capacity of at least
15 kWh (or 7 kWh if it is Class 3 or
below) and must be rechargeable from
an external source of electricity. This
limits the qualified vehicles to BEVs
and PHEVs. Additionally, FCEVs are
eligible. The credit is available from CY
2023 through 2032, which overlaps with
the model years for which we are
finalizing standards (MYs 2027 through
2032), so we included the tax credit in

685 Geman, Ben. “How Biden’s climate law is
fueling the U.S. battery boom.” Axios. September 7,
2023. Last accessed on November 2, 2023 at:
https://www.axios.com/2023/09/07/battery-boom-
daimler-blackrock.

686 Sharpe, B., Basma, H. ‘A meta-study of
purchase costs for zero-emission trucks”.
International Council on Clean Transportation.
February 17, 2022. Available online: https://
theicct.org/wp-content/uploads/2022/02/purchase-
cost-ze-trucks-feb22-1.pdyf.

our calculations for each of those years
in HD TRUCS.

For BEVs and FCEVs, the tax credit is
equal to the lesser of: (A) 30 percent of
the BEV or FCEV cost, or (B) the
incremental cost of a BEV or FCEV
when compared to a comparable ICE
vehicle. The limit of this tax credit is
$40,000 for Class 4—8 commercial
vehicles and $7,500 for commercial
vehicles Class 3 and below. For
example, if a BEV costs $350,000 and a
comparable ICE vehicle costs
$150,000,%86 the tax credit would be the
lesser of: (A) 0.30 x $350,000 = $105,000
or (B) $350,000—$150,000 = $200,000.
In this example, (A) is less than (B), but
(A) exceeds the limit of $40,000, so the
tax credit would be $40,000.

We received numerous comments on
this 45W tax credit. Many commenters
noted the potential for this tax credit to
help reduce costs of ZEVs for the
purchaser, with commenters differing in
their assessment of how competitive the
costs of ZEVs would be compared to
prices of ICE vehicles after earning the
tax credit. For example, one commenter
stated that IRA incentives, including the
45W tax credit, would bring total cost of
ownership of electric trucks lower than
diesel trucks approximately five years
sooner than without the law. In contrast,
other commenters asserted that the tax
credit could easily be offset by Federal
excise and state taxes, let alone the
increased cost of the ZEV without
considering taxes. Additionally, one
commenter questioned whether
purchasers with limited tax liabilities
would be able to leverage the tax credit.

687 Internal Revenue Service. “Commercial Clean

Vehicle Credit.” February 16, 2024. Last accessed
on March 18, 2024. Available at: https://
www.irs.gov/credits-deductions/commercial-clean-
vehicle-credit.

688 Internal Revenue Service. “Instructions for
Form 3800 (2022).” February 8, 2024. Last accessed
on March 18, 2024. Available at: https://
www.irs.gov/instructions/i3800.

Regarding this last concern that
limited tax liabilities would reduce
purchaser’s ability to leverage the tax
credit, we note that the Internal
Revenue Service (IRS) has stated that a
45W credit can be carried over as a
general business credit and that unused
general business credits may be carried
back one year and carried forward to
each of the 20 tax years after the year
of the credit to help offset prior and
future tax liabilities.687 688 Additionally,
for applicable entities who can use
elective pay, including tax-exempt
organizations, States, and political
subdivisions such as local governments,
Indian tribal governments, Alaska
Native Corporations, the Tennessee
Valley Authority, rural electric co-
operatives, U.S. territories and their
political subdivisions, and agencies and
instrumentalities of state, local, tribal,
and U.S. territorial governments, the
value of the credit can be paid by the
IRS to the applicable entity.689 690 OQur
inclusion of the Federal excise tax
(which imposes a Federal tax liability
associated with the purchase of a ZEV),
the long credit life as a general business
credit, and the elective pay provisions
support our application of the credit to
all eligible vehicle sales in our analysis.

We maintain our NPRM approach to
modeling this tax credit. We included
this tax credit in HD TRUCS by
decreasing the incremental upfront cost
a vehicle purchaser must pay for a ZEV
compared to a comparable ICE vehicle
following the process explained in the
previous two paragraphs. The
calculation for this tax credit was done

689 Internal Revenue Service. “Elective pay and
transferability.” March 5, 2024. Last accessed on
March 18, 2024. Available at: https://www.irs.gov/
credits-deductions/elective-pay-and-transferability.

690 Internal Revenue Service. “Elective Pay and
Transferability Frequently Asked Questions:
Elective Pay.” March 11, 2024. Last accessed on
March 18, 2024. Available at: https://www.irs.gov/
credits-deductions/elective-pay-and-transferability-
frequently-asked-questions-elective-payteligibility.
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after applying a retail price equivalent
to our direct manufacturing costs. We
did not calculate the full cost of vehicles
in our analysis; instead, we determined
that all Class 4-8 ZEVs could be eligible
for the full $40,000 (or $7,500 for ZEVs
Class 3 and below) if the incremental
cost calculated compared to a
comparable ICE vehicle was greater than
that amount. In order for this
determination to be true, all Class 4—8
ZEVs must cost more than $133,333
such that 30 percent of the cost is at
least $40,000 (or $25,000 and $7,500,
respectively, for ZEVs Class 3 and
below), which seems reasonable based
on our assessment of the literature.691 692
As in the calculation described in the
previous paragraph, both (A) and (B) are
greater than the tax credit limit and the
vehicle purchaser may receive the full
tax credit. The incremental cost of a
ZEV taking into account the tax credits
for each vehicle segment in MY 2027
and MY 2032 are included in RIA
Chapter 2.9.2.

5. Purchaser Costs

Operating costs for HD vehicles
encompass a variety of costs, such as
labor, insurance, registration fees,
fueling, maintenance and repair (M&R),
and other costs. For this HD TRUCS
analysis, we are primarily interested in
costs that are different for a comparable
diesel-powered ICE vehicle and for a
ZEV.693 These operational cost

691 Burnham, A., Gohlke, D., Rush, L., Stephens,
T., Zhou, Y., Delucchi, M. A., Birky, A., Hunter, C.,
Lin, Z., Ou, S., Xie, F., Proctor, C., Wiryadinata, S.,
Liu, N., Boloor, M. “Comprehensive Total Cost of
Ownership Quantification for Vehicles with
Different Size Classes and Powertrains”. Argonne
National Laboratory. April 1, 2021. Available at
https://publications.anl.gov/anlpubs/2021/05/
167399.pdf.

692 The Department of Energy published an
“Incremental Purchase Cost Methodology and
Results for Clean Vehicles” that estimates
representative vehicle costs for broad vehicle types
relevant to this rulemaking: Class 4-6, Class 7, and
Class 8 ICE vehicles, BEVs, PHEVs, and FCEVs. The
report indicates that Class 7 and 8 ZEVs cost more
than $133,333, while Class 4-6 ZEVs cost less than
$133,333. While this assessment conflicts with our
simplifying assumption for Class 4-6 ZEVs, we note
that our Class 4—6 ZEVs’ 45W tax credits, as shown
in RIA Chapter 2.9.2, are mostly projected to be
limited by a wide margin by the incremental costs
and not the $40,000 limit affected by this
assumption. The exceptions to this are the
recreational vehicles, which we do not project as
having significant ZEV adoption due to their
lengthy payback periods, even with the full $40,000
tax credit. Department of Energy, ‘“Incremental
Purchase Cost Methodology and Results for Clean
Vehicles”. December 2023. Available online:
https://www.energy.gov/sites/default/files/2023-12/
2023.12.18% 20Incremental %20
Purchase%20Cost%20Methodology % 20and
% 20Results % 20for%20Clean % 20Vehicles%
20pub%2012-2022%20amd %2012-2023 % 20Final
2.pdf.

693 For diesel-fueled ICE vehicles, we also
estimated the cost of the diesel exhaust fluid (DEF)

differences are used to calculate an
estimated payback period in HD
TRUCS. We expect fueling costs and
M&R costs to be different for ZEVs than
for comparable diesel-fueled ICE
vehicles and included these costs in our
analysis to support the NPRM. Some
commenters pointed out that we should
also include insurance cost. For the
final rule HD TRUCS analysis, operating
costs are calculated each year as a
summation of the annual fuel cost,
maintenance and repair costs, insurance
cost, and additional ZEV registration
fee. In addition, for the final rule we
considered the cost impact of the
Federal excise tax and state sales tax to
the operator at the time of purchase after
consideration of the comments we
received. Each of the following
subsections include the costs for ICE
vehicles, BEVs, and FCEVs.

i. Maintenance and Repair (M&R) Costs

M&R costs contribute to the overall
operating costs for HD vehicles. Data on
real-world M&R costs for HD ZEVs is
limited due to limited HD ZEV
technology adoption today. We expect
the overall maintenance costs to be
lower for ZEVs compared to a
comparable ICE vehicle for several
reasons. First, an electric powertrain has
fewer moving parts that accrue wear or
need regular adjustments. Second, ZEVs
do not require fluids such as engine oil
or diesel exhaust fluid (DEF), nor do
they require exhaust filters to reduce
particulate matter or other pollutants.
Third, the per-mile rate of brake wear is
expected to be lower for ZEVs due to
regenerative braking systems. Several
literature sources propose applying a
scaling factor to diesel vehicle
maintenance costs to estimate ZEV
maintenance costs.694 695696

EPA indicated at proposal that HD
ZEVs would experience significant

required for the selective catalytic reduction
aftertreatment system. See RIA Chapter 2.3.4.1 for
DEF costs.

694 Burnham, A., Gohlke, D., Rush, L., Stephens,
T., Zhou, Y., Delucchi, M. A., Birky, A., Hunter, C.,
Lin, Z., Ou, S., Xie, F., Proctor, C., Wiryadinata, S.,
Liu, N., Boloor, M. “Comprehensive Total Cost of
Ownership Quantification for Vehicles with
Different Size Classes and Powertrains”. Argonne
National Laboratory. April 1, 2021. Available
online: https://publications.anl.gov/anlpubs/2021/
05/167399.pdf.

695 Hunter, Chad, Michael Penev, Evan Reznicek,
Jason Lustbader, Alicia Birkby, and Chen Zhang.
“Spatial and Temporal Analysis of the Total Cost
of Ownership for Class 8 Tractors and Class 4 Parcel
Delivery Trucks”. National Renewable Energy Lab.
September 2021. Available online: https://
www.nrel.gov/docs/fy210sti/71796.pdf.

696 Burke, Andrew, Marshall Miller, Anish Sinha,
et. al. “Evaluation of the Economics of Battery-
Electric and Fuel Cell Trucks and Buses: Methods,
Issues, and Results”. August 1, 2022. Available
online: https://escholarship.org/uc/item/1g89p8dn.

maintenance and repair savings vis-a-vis
their ICE counterparts. This finding was
based on these vehicles’ simpler design,
notably absence of pistons and valves,
and fewer moving parts in general.697
Multiple commenters agreed that ZEV
purchasers would experience cost
savings due to lower maintenance and
repair costs. Other commenters
questioned EPA’s finding. These
commenters maintained that it would
take two technicians rather than one to
service an HD BEV. In addition, they
stated that mechanics will require safety
training for ZEV maintenance and
repair, and that EPA had failed to
account for the associated costs.
Another question raised in these
comments is whether there are
sufficient technicians qualified to
service HD ZEVs. Other commenters
said that maintenance facility upgrades
will be needed in order to service ZEVs
and that such upgrades are a cost of the
rule.

Several of these commenters went on
to challenge the empirical basis for
EPA’s estimates. In HD TRUCS, ZEV
maintenance and repair costs are
estimated by first calculating the
baseline diesel maintenance and repair
costs and then by applying BEV and
FCEV downward scaling factors based
on Wang, et al.698 so that cost savings
are the product of the diesel
maintenance and repair costs times the
scaling factor. Several commenters
criticized EPA for (purportedly) relying
on a single source for the ZEV scaling
factors, and further, that the source itself
quotes a large range of potential values
for those factors. One commenter also
noted a multi-year study of light-duty
electric vehicles which showed
maintenance costs averaging 2.3 times
that of ICE vehicles due to the longer
maintenance time and lack of qualified
technicians.

ZEV vehicles have fewer moving parts
than their ICEV counterparts, which is
typically indicative of fewer serviceable
parts and fewer potential failures. EPA
reiterates that this will result in reduced
costs for maintenance and repair for
their users. This conclusion has ample
support. Multiple cost assessment
papers and the California Advanced
Clean Fleets Regulation Appendix G:
Total Cost of Ownership 699 use cost
reduction factors for ZEV maintenance

69788 FR 25986—87.

698 Wang, Guihua et al. “Estimating Maintenance
and Repair Costs for Battery Electric and Fuel Cell
Heavy Duty Trucks”. Available online: https://
escholarship.org/uc/item/36c08395.

699 https://ww2.arb.ca.gov/sites/default/files/
barcu/regact/2022/acf22/appg.pdf. See section 4,
pages G-21—G-23.
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compared to internal combustion engine
maintenance.

However, there are considerations of
when those savings will accrue. EPA
agrees with commenters that there is
some uncertainty in predicting cost
reductions for maintenance and repair
of ZEV heavy-duty vehicles before
production and usage become more
common. A further uncertainty involves
a potential need to retrain technicians to
work on ZEVs.

EPA has adjusted its cost estimates to
reflect consideration of these
uncertainties. We agree that there may
be a transition period during which
costs for maintaining and repairing
ZEVs will not be at their full savings
potential due to the need to train more
of the workforce to maintain and repair
ZEVs. To account for this period, in this
final rule HD TRUCS analysis EPA has
phased in the ZEV scaling factors for
maintenance and repair. Specifically,
instead of applying a single scaling
factor for every year commencing in
2027 (for BEVs) or 2030 (for FCEVs) as
at proposal, EPA is starting with a
higher scaling factor and gradually
decreasing it (i.e., gradually increasing
the projected cost savings) over a 5-year
period. The initial higher scaling factor
comes from Wang et al. and reflects
estimates for 2022. EPA’s approach of
applying this factor commencing in
2027 or 2030 is consequently
conservative given that technicians in
those later years will be more
experienced than they were in 2022.

The criticism that EPA used a single
source to derive the scaling factors does
not paint a full picture of EPA’s
selection of these values. EPA examined
multiple papers with proposed scaling

factors.”00 We selected the values in the
Wang et al. paper because its
methodology was supported by a
ground-up assessment of the differences
in BEV, FCEV and diesel components,
and the cost reduction (scaling factor)
values in the paper fall within the range
of other suggested scaling factor values
in the literature.

In this final rule HD TRUCS analysis,
EPA has made a further change
involving cost estimates for ICE vehicle
maintenance and repair costs—the
baseline to which the scaling factors are
applied for cost estimation purposes—a
change not requested in comments but
one we think is warranted. In the NPRM
analysis, we developed the ICE vehicle
M&R costs based on two different
equations—one for sleeper cab tractors
which travel longer distances and one
for vocational vehicles and day cab
tractors. The value used for vocational
vehicles in the NPRM includes a higher
cents per mile value than the one used
for sleeper cab tractors. For the final
rule analysis, we used the lower cents
per mile M&R value for sleeper cabs for
all HD vehicles. This change reduced
the overall maintenance cost estimates
for diesel vehicles, which in turn
reduces the overall estimated savings
from ZEV M&R for users under the
potential compliance pathway that
supports the feasibility of the final
standards, since the savings values are
estimated as a cost reduction from the
diesel maintenance and repair values.
An explanation for the basis for this
change is set out in RTC section 3.6.
Lowering the diesel maintenance and
repair costs, along with phasing in the
ZEV scaling factors, together resulted in

a substantial reduction in estimated
ZEV maintenance and repair savings in
the final rule compared to the NPRM.

The article cited by one commenter
from Kelly Blue Book7”01 refers to an
analysis of light-duty, not heavy-duty,
vehicles.”02 While this article says that
a predictive analytics firm, We Predict,
found that EVs “cost more to repair than
their gasoline engine counterparts”, that
article also states that that “EVs cost less
in maintenance because they have fewer
regular maintenance procedures.” The
reason it finds that EVs are more
expensive is because technicians are
spending more time working on EVs
than they are on gasoline cars, and that
those technicians cost more per hour.
As noted, EPA understands that costs
for servicing ZEVs may be more
expensive in the very near term than
they will be once technicians are
retrained and have gained some
experience; EPA expects the service
technician workforce to transition to a
workforce that has the skills and
experience needed to service ZEVs. The
Kelly Blue Book article supports EPA’s
expectation: the article states that We
Predict “believes that EVs may prove
less expensive in the long run.” The
article goes on to quote the We Predict
CEO, James Davies, “The cost of keeping
the vehicle in service for the EV, even
as the EV gets older, becomes smaller
and smaller and actually less than
keeping an ICE [internal combustion
engine] vehicle on the road. . .That’s
not just maintenance costs, but all
service costs.”” 703

The M&R BEV scaling factors used to
support the final rule analysis are
shown in Table II-21.

Table I1-21 Maintenance and Repair Scaling Factor to ICE for BEV and FCEV for CY 2027 - 2035

2027 12028 2029 (2030 2031 2032 2033 2034 2035
BEV 0.88 0.846 [0.812 ]0.778 10.744 ]0.71 0.71 0.71 0.71
FCEV 1 1 1 1 0.95 0.9 0.85 0.8 0.75

EPA agrees that when new products
are introduced dealers may encounter
new costs, such as technician training to
repair ZEVs. EPA therefore accounts for
these costs in the RPE multipliers.
EPA’s heavy-duty retail price equivalent
(RPE) mark-up includes a 6 percent
markup over manufacturing cost for

700 See EPA’s Draft Regulatory Impact Analysis:
Greenhouse Gas Emissions for Heavy-Duty
Vehicles: Phase 3. EPA-420-D-23-004. April 2023.
Page 265 and sources cited in endnotes 93, 94, and
95.

701 https://www.kbb.com/car-news/study-evs-cost-

more-to-repair-less-to-maintain/.

Dealer new vehicle selling costs. See
section IV.B.2 of this preamble for
further discussion.

ii. Fuel, Charging, and Hydrogen Costs

The annual fuel cost for operating a
diesel-fueled ICE vehicle is a function of
its yearly fuel consumption and the cost

702 Heavy-duty ICE vehicle maintenance and
repair may have some correlation with light-duty
maintenance and repair, but the comparison does
not consider the maintenance and repair costs of
diesel engine and exhaust aftertreatment systems
which are greater than the costs associated with
light-duty vehicles.

of diesel fuel. The yearly fuel
consumption is described in RIA
Chapter 2.3.4.3. As we did in the NPRM,
we used the DOE Energy Information
Administration’s (EIA) Annual Energy
Outlook (AEO) transportation sector
reference case projection for diesel fuel
for on-road use for diesel prices.”?* For

703 https://www.kbb.com/car-news/study-evs-cost-
more-to-repair-less-to-maintain/.

7047J.S. Energy Information Administration.
Annual Energy Outlook 2023. Table 57 Components
of Selected Petroleum Product Prices. Diesel Fuel
End User Price. Last accessed on 12/2/2023 at
https://www.eia.gov/outlooks/aeo/data/browser/#/
?id=70-AEO2023&cases=ref2023&sourcekey=0.


https://www.eia.gov/outlooks/aeo/data/browser/#/?id=70-AEO2023&cases=ref2023&sourcekey=0
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the final rule analysis, we updated to
the latest version of AEO 2023. These
fuel prices include Federal and State
taxes but exclude county and local
taxes.

We note at the outset HD BEV related
power generation and transmission
actions and their costs are insignificant
when compared to historical levels of
total power generation. See section
I1.D.2.iii of this preamble and RTC
section 7 (Distribution). Some
commenters agreed that the projected
power and transmission needs for HD
BEVs is achievable, especially when the
gradual increase is recognized. Some
other commenters applied different
analysis to generate significant power
level increases. As discussed in section
V, we model changes to power
generation due to the increased
electricity demand anticipated under
the potential compliance pathway in the
final rule as part of our upstream
analysis. We project the additional
generation needed to meet the demand
of the heavy-duty BEVs in the final rule
to be relatively modest (as shown in RIA
Chapter 6.5); the final rule is estimated
to increase electric power end use by
heavy-duty electric vehicles by 0.1
percent in 2027 and increasing to 2.8
percent in 2055. This is consistent with
estimates from the utility industry
itself,795 and from manufacturers.”0¢ As
a comparison, the U.S. electricity end
use between the years 1992 and 2021, a
similar number of years included in our
analysis, increased by around 25
percent 797 without any adverse effects
on electric grid reliability or electricity
generation capacity shortages. See also
RTC section 7.1.

We do agree that there can be costs
associated with distribution grid
buildout, and with public charging
networks associated with BEV HDV
charging. EPA agrees with commenters
that these costs should be included in
our analysis and we have done so in the
final rule analysis. We agree with
commenters that suggested these costs
could be reflected in the cost of fuel i.e.,
in the charging cost—rather than as
capital (upfront) costs. Although there is
considerable uncertainty associated
with future distribution system
upgrades and costs, our final
rulemaking analysis, which incorporates
findings from TEIS, suggests that the

705 Comments of Edison Electric Institute,
additionally summarized and discussed in RTC
section 7 (Distribution) and 7.1.

706 Sge, e.g., Comments of DTNA, EPA-HQ-OAR-
2022-0985, pp. 52-53.

707 Annual Energy Outlook 2022, U.S. Energy
Information Administration, March 3, 2022 (https://
www.eia.gov/outlooks/aeo/narrative/introduction/
sub-topic-01.php.)

cost, when spread over the appropriate
timeframe and user base, is modest.708
Utilities will have various mechanisms
to recoup their expenditures on grid
distribution infrastructure. The process
chosen by any given utility may depend
on the size and financial resources of
the utility or it may be driven by
regulatory rules and direction. For the
analysis in this final rule, we are
including grid infrastructure as
recouped through charging costs. Details
on electricity distribution system costs
and resulting charging costs are
provided in this section and in RTA
Chapter 2.4.4.2.

The annual charging cost for
operating a HD electric vehicle is a
function of the electricity price, daily
energy consumption of the vehicle, and
number of operating days in a year. For
the NPRM we used the DOE EIA AEO
2022 reference case commercial
electricity end-use rate projection for
our electricity price.”°® We received
comments that this approach may
underestimate charging costs
experienced by BEV owners. One
commenter noted that we should
account for the impact of increased BEV
demand on future electricity prices.
Several commenters discussed the
impact of high demand charges on
electricity price. Other commenters
noted that there are additional costs that
could increase the effective cost to
charge including EVSE maintenance
costs. Some commenters noted that
vehicles using public charging could
likely incur higher costs to charge than
those at depots.

EPA agrees that our approach in the
NPRM underestimated charging costs
and we have increased the electricity
prices used in HD TRUCS for the final
rule analysis. We also agree with
commenters that EVSE maintenance
costs and distribution upgrade costs due
to increased BEV demand should be
taken into account, and that
incorporating these into the charging
costs is a reasonable approach; we have
done so in HD TRUCS for the final rule
analysis.

For the final rule, in HD TRUCS we
differentiate between depot charging

708 National Renewable Energy Laboratory,
Lawrence Berkeley National Laboratory, Kevala
Inc., and U.S. Department of Energy. ‘“Multi-State
Transportation Electrification Impact Study:
Preparing the Grid for Light-, Medium-, and Heavy-
Duty Electric Vehicles”. DOE/EE-2818. U.S.
Department of Energy. March 2024.

7091J.S. Department of Energy, Energy
Information Administration. Annual Energy
Outlook 2023, Table 8: Electricity Supply,
Disposition, Prices, and Emissions. Last accessed on
10/30/2023. Available online: https://www.eia.gov/
outlooks/aeo/data/browser/#/?id=8-AEO20
23&cases=ref2023&sourcekey=0.

and public charging when assigning
charging costs. As explained, we have
also expanded the scope of what is
covered in these costs to better reflect
the cost of charging. The charging costs
we use for both charging types include
the cost of electricity as charged by the
utility ($/kWh) as well as additional
costs for EVSE maintenance and
distribution upgrades (expressed in $/
kWh) when those upgrades are needed.
Our public charging price additionally
includes amortized cost of public
charging equipment and land costs for
the station;71° and we project that third
parties may install and operate these
stations and pass costs onto BEV owners
via charging costs.

To estimate charging costs, we start by
modeling future electricity prices, as
charged by utilities, that account for the
costs of BEV charging demand and the
associated distribution system upgrade
costs. We do this in three steps: (1) we
model future power generation using
the Integrated Planning Model (IPM), (2)
we estimate the cost of distribution
system upgrades associated with
charging demand through the DOE
Multi-State Transportation
Electrification Impact Study (TEIS),711
and (3) we use the Retail Price Model to
project electricity prices accounting for
both (1) and (2).

As described in RIA Chapter 4.2, IPM
models the power sector, including
changes to power generation based on
future demand scenarios. In order to
capture the potential future impacts on
the power sector from zero-emission
vehicles, we ran IPM for a scenario that
combined electricity demand from an
interim version of the final standards
case and EPA’s proposed rulemaking
“Multi-Pollutant Emissions Standards
for Model Years 2027 and Later Light-
Duty and Medium-Duty Vehicles.” 712
The same demand scenario was used as
the action case for the TEIS.”13 The TEIS

710 As discussed in section IL.E.2, capital costs for
EVSE used in depot charging are accounted for
separately. We make the simplifying assumption
that fleets will utilize existing parking depots when
installing EVSE and therefore will not incur
additional costs for purchasing or leasing land.

711 Sge preamble section I1.D.2.c.iii and RTC
section 7 (Distribution) for a fuller description of
the TEIS.

712 Electricity demand for heavy-duty ZEVs was
based on the interim control case described in RIA
Chapter 4.2.4 and for light- and medium-duty
vehicles was based on Alternative 3 from EPA’s
proposed ‘“Multipollutant Emissions Standards for
Model Years 2027 and Later Light-Duty and
Medium-Duty Vehicles’ (88 FR 29184 et seq.). See
the TEIS report for more information on the
modeled (‘Action’) scenario with managed charging,
and how demand was allocated by region and time
of day.

713 National Renewable Energy Laboratory,
Lawrence Berkeley National Laboratory, Kevala

Continued
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research team modeled how many new
or upgraded substations, feeders, and
transformers would be needed to meet
projected electricity demand, including
demand from residential workplace,
depot, and public charging to support
projected light-, medium-, and heavy-
duty plug-in electric vehicles. For all
public and workplace charging, vehicles
were assumed to charge upon arrival at
full power. At homes and depot
charging stations—where vehicles have
longer dwell times—a managed charging
scenario was developed to spread out
charging and reduce peak power. (See
RIA Chapter 1.6.5 and RTC section 7
(Distribution) for a discussion of the
potential benefits of managed charging
to fleet owners.)

The changes to power generation in
our modeled IPM scenario and the
distribution cost estimates from TEIS
were then input to the Retail Price

For the HD TRUCS analysis, rather
than focusing on depot hydrogen fueling
infrastructure costs that would be
incurred upfront, we included
infrastructure costs in our per-kilogram
retail price of hydrogen. The retail price
of hydrogen is the total price of
hydrogen when it becomes available to
the end user, including the costs of
production, distribution, storage, and

Inc., and U.S. Department of Energy. “Multi-State
Transportation Electrification Impact Study:
Preparing the Grid for Light-, Medium-, and Heavy-
Duty Electric Vehicles”. DOE/EE-2818. U.S.
Department of Energy. March 2024.

714 CF. “Documentation of the Retail Price
Model. Draft.” 2019. Available online: https://
www.epa.gov/sites/default/files/2019-06/
documents/rpm_documentation_june2019.pdf.

715]PM and the RPM were run for select years.
We used linear interpolation for electricity prices

Model (RPM).714 The RPM developed by
ICF generates estimates for average
electricity prices across consumer
classes accounting for the regional
distribution of electricity demand. The
resulting national average retail prices,
which include distribution upgrade
costs, were used as a basis for the
charging costs in HD TRUCS.715

For depot charging, we add 0.52
cents/kWh to the RPM results to
account for EVSE maintenance costs.
These values are from a recent ICCT
study,”16 which was suggested in public
comments (see RTC Chapter 6).717 For
public charging, we project an
electricity price of 19.6 cents/kWh for
2027 and adjust it for future years
according to the results of the IPM
Retail Price Model discussed. The initial
value from the same ICCT study 718
reflects costs for public charging at
stations designed for long-haul vehicles.

Table II-22 Charging Costs (20228)

cy Depot Public
(cents/kWh) (cents/kWh)
2027 12.36 19.60
2028 12.36 19.60
2029 12.09 19.33
2030 11.83 19.07
2031 11.81 19.05
2032 11.79 19.03
2033 11.77 19.02
2034 11.76 19.00
2035 11.74 18.98
2036 11.72 18.97
2037 11.71 18.95
2038 11.70 18.94
2039 11.68 18.92
2040 11.67 18.91
2041 11.61 18.85

dispensing at a fueling station. This
price per kilogram of hydrogen includes
the amortization of the station capital
costs. This approach is consistent with
the method we use in HD TRUCS for
ICE vehicles, where the equivalent
diesel fuel costs are included in the
diesel fuel price instead of accounting
for the costs of fuel stations separately,
as well as for BEVS with public

between model run years from 2028-2050. We kept
electricity prices constant for 2050+ and assumed
the 2027 price was the same as 2028.

716 Hussein Basma, Claire Buysee, Yuanrong
Zhou, and Felipe Rodriguez. “Total Cost of
Ownership of Alternative Powertrain Technologies
for Class 8 Long-haul Trucks in the United States.”
International Council on Clean Transportation.
April 2023. Available at: https://theicct.org/wp-
content/uploads/2023/04/tco-alt-powertrain-long-
haul-trucks-us-apr23.pdf.

Stations are assumed to have seventeen
1 MW EVSE ports and twenty 150 kW
EVSE ports for a total peak power
capacity of 20 MW. The 19.6 cent/kWh
price includes the amortized cost of this
charging equipment, land costs, both
electricity prices (cents/kWh) and
demand charges (cents/kW) associated
with high peak power, distribution
upgrade costs for substations, feeders,
and transformers associated with these
public charging stations, and EVSE
maintenance costs. We apply public
electricity prices to long-haul vehicles,
some longer-range day cab tractors and
coach buses (see section II.D.5.i of this
preamble). Overall, our charging costs
used in the final rule analysis are higher
than those used in the NPRM analysis,
particularly since those costs now
reflect maintenance, grid distribution
upgrades, and public charging costs.

charging, as explained previously in this
section.

We acknowledge that this market is
still emerging and that hydrogen fuel
providers will likely pursue a diverse
range of business models. For example,
some businesses may sell hydrogen to
fleets through a negotiated contract
rather than at a flat market rate on a
given day. Others may offer to absorb

717 See Comments of EMA at 28.

718 Hussein Basma, Claire Buysee, Yuanrong
Zhou, and Felipe Rodriguez. “Total Cost of
Ownership of Alternative Powertrain Technologies
for Class 8 Long-haul Trucks in the United States.”
International Council on Clean Transportation.
April 2023. Available at: https://theicct.org/wp-
content/uploads/2023/04/tco-alt-powertrain-long-
haul-trucks-us-apr23.pdf.


https://www.epa.gov/sites/default/files/2019-06/documents/rpm_documentation_june2019.pdf
https://www.epa.gov/sites/default/files/2019-06/documents/rpm_documentation_june2019.pdf
https://www.epa.gov/sites/default/files/2019-06/documents/rpm_documentation_june2019.pdf
https://theicct.org/wp-content/uploads/2023/04/tco-alt-powertrain-long-haul-trucks-us-apr23.pdf
https://theicct.org/wp-content/uploads/2023/04/tco-alt-powertrain-long-haul-trucks-us-apr23.pdf

Federal Register/Vol.

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

29557

the infrastructure development risk for
the consumer, in exchange for the
ability to sell excess hydrogen to other
customers and more quickly amortize
the cost of building a fueling station.
FCEV manufacturers may offer a
“turnkey” solution to fleets, where they
provide a vehicle with fuel as a package
deal. This level of granularity is not
reflected in our hydrogen price
estimates presented in the RIA.

As discussed in section I1.D.3.iv, large
Federal incentives are in place that
could impact the price of hydrogen. In
June 2021, DOE launched a Hydrogen
Shot goal to reduce the cost of clean
hydrogen production by 80 percent to
$1 per kilogram in one decade.?19 The
BIL and IRA included funding for
several hydrogen programs to accelerate
progress towards the Hydrogen Shot and
jumpstart the hydrogen market in the
u.s.

For the NPRM analysis, we included
a hydrogen price based on analysis from
ANL using BEAN. 88 FR 25988. One
commenter highlighted several reports
that indicate large potential for the
hydrogen price to rapidly drop,
particularly on the production side.
Several commenters expressed concern
about the hydrogen price assumption in
the NPRM or said that prices cannot be
predicted at this time and urged that
EPA’s projection be regularly evaluated
as the market develops. Some
commenters referred to an ICCT analysis
of hydrogen pricing that indicated a lack
of cost-competitiveness for hydrogen-
fueled trucks before 2035. Another
commenter noted that the price of $4 to
$5 per kg (that EPA referenced) is
described by DOE as a “willingness to
pay” that reflects the total price at
which hydrogen must be available to the
HD vehicle end user for uptake to occur,
or the point at which FCEVs could reach
cost parity with diesel vehicles. They
stated that it cannot represent the real
market and offered a bottom-up analysis
to understand what fleet owners would
pay at the hydrogen refueling stations.
See RTC section 8.2 for the comments
submitted on this issue and RIA Chapter
2.5.3.1 for a detailed response and
additional discussion about hydrogen
price.

For the final rule HD TRUCS analysis,
in consideration of the comments, we
re-evaluated our assumption about the
retail price of hydrogen, in consultation
with DOE. We determined the hydrogen
price based on several 2030 cost
scenarios for hydrogen from the

719.S. Department of Energy, Hydrogen and
Fuel Cell Technologies Office. “Hydrogen Shot”.
Available online: https://www.energy.gov/eere/
fuelcells/hydrogen-shot.

Pathways to Commercial Liftoff
report 720 that are in line with estimates
from a previous DOE analysis of market
uptake of FCEVs.721 Several cost
trajectories in the report identified paths
for around $6 per kg in 2030, depending
on the method of hydrogen production
and cost of the station. For 2030, we
looked at the average of the sums of low
and high pathway estimates for
hydrogen produced using steam
methane reforming (SMR) with carbon
capture and sequestration (CCS) and
water electrolysis is just under $6 per kg
in 2030, considering varying incentives
from the IRA hydrogen production tax
credit (PTC). Distribution, storage, and
dispensing costs are based on DOE
estimates if advances in distribution and
storage technology are commercialized
and at scale. Our scenario selections
presume that in the near-term, delivery
of hydrogen in liquid form is likely, due
to the limited capacity of gaseous
trailers and limited availability of
pipelines.”22 Cost reductions to $4 per
kg are considered feasible by 2035 with
next generation fuel dispensing
technologies, reductions in the cost of
hydrogen production due to IRA
incentives, and possibly the use of
pipelines for hydrogen delivery.723

To evaluate these estimates further,
and in response to comments, the
National Renewable Energy Lab (NREL)
conducted a bottom-up analysis that
explores the potential range of levelized
costs of dispensed hydrogen (LCOH) 724
from hydrogen refueling stations for HD
FCEVs in 2030. Bracci et. al 725
evaluates breakeven costs along the full

7201J.S. Department of Energy. ‘“Pathways to
Commercial Liftoff: Clean Hydrogen”. March 2023.
Available online: https://liftoff.energy.gov/wp-
content/uploads/2023/05/20230523-Pathways-to-
Commercial-Liftoff-Clean-Hydrogen.pdf. See Figure
10.

721 Ledna, et. al. “Decarbonizing Medium- &
Heavy-Duty On-Road Vehicles: Zero-Emission
Vehicles Cost Analysis”. National Renewable
Energy Laboratory. March 2022. Available online:
https://www.nrel.gov/docs/fy220sti/82081.pdf.

7221J.S. Department of Energy. ‘“Pathways to
Commercial Liftoff: Clean Hydrogen”. March 2023.
Available online: https://liftoff.energy.gov/wp-
content/uploads/2023/05/20230523-Pathways-to-
Commercial-Liftoff-Clean-Hydrogen.pdf. See Figure
10.

723 Ledna, et. al. “Decarbonizing Medium- &
Heavy-Duty On-Road Vehicles: Zero-Emission
Vehicles Cost Analysis”. National Renewable
Energy Laboratory. March 2022. Available online:
https://www.nrel.gov/docs/fy220sti/82081.pdf.

724],COH is described as the total annualized
capital costs plus annual feedstock, variable, and
fixed operating costs, divided by the annual
hydrogen flow through the supply chain.

725 Bracci, Justin, Mariya Koleva, and Mark
Chung. “Levelized Cost of Dispensed Hydrogen for
Heavy-Duty Vehicles”. National Renewable Energy
Laboratory. NREL/TP-5400—88818. March 2024.
Available online: https://www.nrel.gov/docs/
fy240sti/88818.pdf.

supply chain from hydrogen production
to dispensing, including station costs by
technology component and delivery
costs by distance delivered. The authors
vary hydrogen delivery distances,
station sizes, station utilization rates,
and economies of scale. They assume
that hydrogen is dispensed in
pressurized gaseous form at 700 bars of
pressure and is either delivered via
liquid tanker trucks or produced onsite
in gaseous form. The assumed
production cost of $1.50 per kg is based
on costs of production today using
steam methane reforming (SMR), though
the paper acknowledges that many
factors are at play that could impact the
cost and method of hydrogen
production in 2030 such as the rate of
economies of scale; the impacts of
policy incentives (e.g., the 45V tax
credit); 726 and the success of research,
development, and deployment efforts.
Most capital and operating costs are
derived from Argonne National
Laboratory’s Hydrogen Delivery
Scenario Analysis Model (HDSAM)
Version 4.5.727

The authors conclude that the overall
system LCOH in 2030 is estimated to
range from about $3.80 per kg-H> to
$12.60 per kg-H,, depending on the size
of stations and method of hydrogen
supply.”28 This cost range is not the
same as a retail price, but we assume
that any retail markup at the station is
minimal.729730 Importantly, it does not
consider any tax incentives or other
state or Federal incentive policies that
may further reduce the retail price that
consumers see at a fueling station in

726 The authors indicate that relevant incentives
include but are not limited to the Alternative Fuel
Refueling Property Credit (30C), the Credit of
Production of Clean Hydrogen (45V), the Qualified
Advanced Energy Project Credit (48C), and the
Credit for Qualified Commercial Clean Vehicles
(45W).

727 Bracci, Justin, Mariya Koleva, and Mark
Chung. “Levelized Cost of Dispensed Hydrogen for
Heavy-Duty Vehicles”. National Renewable Energy
Laboratory. NREL/TP-5400-88818. March 2024.
Available online: https://www.nrel.gov/docs/
fy240sti/88818.pdf.

728 Bracci, Justin, Mariya Koleva, and Mark
Chung. “Levelized Cost of Dispensed Hydrogen for
Heavy-Duty Vehicles”. National Renewable Energy
Laboratory. NREL/TP-5400-88818. March 2024.
Auvailable online: https://www.nrel.gov/docs/
fy240sti/88818.pdf.

729 West Virginia Oil Marketers and Grocers
Association. “How Much Money Do Businesses
Make on Fuel Purchases?” Available online: https://
www.omegawv.com/faq/140-how-much-money-do-
businesses-make-on-fuel-purchases.html.

730 Kinnier, Alex. “I've analyzed the profit
margins of 30,000 gas stations. Here’s the proof fuel
retailers are not to blame for high gas prices”.
Fortune. August 9, 2022. Available online: https://
fortune.com/2022/08/09/energy-profit-margins-gas-
stations-proof-fuel-retailers-high-gas-prices-alex-
kinnier/.
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https://www.energy.gov/eere/fuelcells/hydrogen-shot
https://www.energy.gov/eere/fuelcells/hydrogen-shot
https://www.nrel.gov/docs/fy24osti/88818.pdf
https://www.nrel.gov/docs/fy24osti/88818.pdf
https://www.nrel.gov/docs/fy24osti/88818.pdf
https://www.nrel.gov/docs/fy24osti/88818.pdf
https://www.nrel.gov/docs/fy24osti/88818.pdf
https://www.nrel.gov/docs/fy24osti/88818.pdf
https://www.nrel.gov/docs/fy22osti/82081.pdf
https://www.nrel.gov/docs/fy22osti/82081.pdf
https://fortune.com/2022/08/09/energy-profit-margins-gas-stations-proof-fuel-retailers-high-gas-prices-alex-kinnier/
https://fortune.com/2022/08/09/energy-profit-margins-gas-stations-proof-fuel-retailers-high-gas-prices-alex-kinnier/
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2030.731 732 Therefore, we conclude that
our retail price of hydrogen of $6 per kg
in 2030, dropping to $4 per kg by 2035,

is within a reasonable range of
anticipated values.

See RIA Chapter 2.5.3.1 for additional
detail about our assessment. After
consideration of comments and this

assessment, we project the retail price of
hydrogen in 2030 will be $6 per kg and
fall to $4 per kg in 2035 and beyond, as
shown in Table II-23.

Table 11-23 Price of Hydrogen for CYs 2030-2035+ (2022%)

2030

2031 2032 2033

2034

2035 and beyond

$/kg H2 6.00

5.60 5.20 4.80

4.40

4.00

iii. Insurance

In the NPRM analysis, we did not take
into account the cost of insurance on the
ZEV purchaser. A few commenters
suggested we should consider the
addition of insurance cost because the
incremental cost of insurance for the
ZEVs will be higher than for ICE
vehicles. We agree that insurance costs
may differ between these vehicle types
and that this is a cost that will be seen
by the operator. Therefore, for the final
rule analysis in HD TRUCS, we
included the incremental insurance
costs of a ZEV relative to an ICEV by
incorporating an annual insurance cost
equal to 3 percent of initial upfront
vehicle technology RPE cost.”33 This
annual cost was applied for each
operating year of the vehicle. For further
discussion on insurance cost see RIA
Chapter 2.5.3.3.

iv. Taxes

In the NPRM analysis, we did not
account for the upfront taxes paid by the
purchaser of the vehicle. Commenters
pointed out the additional costs from
the Federal excise tax and state sales tax
which should be included. For the final
rule, we added FET and state sales tax
as a part of the upfront cost calculation
for purchaser in HD TRUCS. A FET of
12 percent was applied to the upfront
powertrain technology retail price
equivalent of Class 8 heavy-duty
vehicles and all tractors in HD TRUCS
(i.e., where the FET is applicable).
Similarly, our analysis in HD TRUCS
now includes a state sales tax of 5.02
percent, the average sales tax in the U.S.
for heavy-duty vehicles. We applied this
increase to the upfront powertrain
technology retail price equivalent for all
vehicles in HD TRUCS.

731 The authors indicate that relevant incentives
include but are not limited to the Alternative Fuel
Refueling Property Credit (30C), the Credit of
Production of Clean Hydrogen (45V), the Qualified
Advanced Energy Project Credit (48C), and the
Credit for Qualified Commercial Clean Vehicles
(45W).

732.S. Department of Energy, Hydrogen and
Fuel Cell Technologies Office. ‘Financial
Incentives for Hydrogen and Fuel Cell Projects”.
Available online: https://www.energy.gov/eere/

v. ZEV Registration Fee

In the NPRM analysis, we did not
account for ZEV registration fees paid
by the purchaser. Commenters have
pointed out that some states have
adopted state ZEV registration fees.
Though 18 states do not have an
additional registration fee for ZEVS, for
those that do, the registration fees are
generally between $50 and $225 per
year. While EPA cannot predict whether
and to what extent other states will
enact ZEV registration fees, we have
nonetheless conservatively added an
annual registration fee of $100 to all
ZEV vehicles in our final HD TRUCS
analysis (see RIA Chapter 2.4.4).

6. Payback

After assessing the suitability of the
technology and costs associated with
ZEVs, EPA performed a payback
calculation on each of the 101 HD
TRUCS vehicles for the BEV technology
and FCEV technology that we
considered for the technology packages
to support the feasibility of the final
standards in the MY 2027-2032
timeframe. The payback period was
calculated by determining the number
of years that it would take for the annual
operational savings of a ZEV to offset
the incremental upfront purchase price
of a BEV or FCEV (after accounting for
the IRA section 13502 battery tax credit
and IRA section 13403 vehicle tax credit
as described in RIA Chapters 2.4.3.1 and
2.4.3.5, respectively, Federal excise and
state sales taxes and charging
infrastructure costs (for BEVs, after
accounting for the IRA section 13404
Alternative Fuel Refueling Property
Credit) when compared to purchasing a
comparable ICE vehicle. The ICE vehicle
and ZEV costs calculated include the
RPE multiplier of 1.42 to include both

fuelcells/financial-incentives-hydrogen-and-fuel-
cell-projects.

733 Hussein Basma, Claire Buysee, Yuanrong
Zhou, and Felipe Rodriguez, “Total Cost of
Ownership of Alternative Powertrain Technologies
for Class 8 Long-haul Trucks in the United States,”
April 2023. Page 17. Available at: https://
theicct.org/wp-content/uploads/2023/04/tco-alt-
powertrain-long-haul-trucks-us-apr23.pdf.

734 MacKay & Company “Industry
Characterization of Heavy-Duty Diesel Engine

direct and indirect manufacturing costs,
as discussed further in RIA Chapter 3.
The operating costs include the diesel,
hydrogen or electricity costs, DEF costs,
the maintenance and repair costs,
insurance costs, and ZEV registration
fee. The payback results for BEVs and
FCEVs are shown in RIA Chapter 2.9.2.

In our payback analysis in HD
TRUCS, we did not account for
potential diesel engine rebuild costs for
ICE vehicles, potential replacement
battery costs for BEVs or EVSE
replacement costs for depot-charged
BEVs, or potential replacement fuel cell
stack costs for FCEVs because our
payback analysis covers a shorter period
of time than the expected life of these
components. However, we did account
for these costs in our program costs, as
discussed in RIA Chapter 3.4, because
they will occur over the lifetime of the
vehicles.

According to a 2013 study conducted
by McKay and Co. the average out frame
rebuilds for internal combustion engines
in Class 4 through 8 vehicles range from
10 to 16 years.”34 In addition, in the
HD2027 low NOx rule, EPA increased
emissions warranties for MY 2027 and
later HD engines beyond what is
required today.”35

Typical battery warranties being
offered by HD BEV manufacturers range
between 8 and 15 years today and we
are finalizing an emissions warranty
requirement for HD BEV (see preamble
section III.B).736 A BEV battery
replacement may be practically
necessary over the operational life of a
vehicle if the battery deteriorates to a
point where the vehicle range no longer
meets the vehicle’s operational needs.
As explained in section I1.D.5, we sized
the battery in BEVs in HD TRUCS to
meet a 10 year and 2,000 cycle

Rebuilds”, September 2013. EPA Contract No. EP—
C-12-011 Work Assignment No. 1-06.

735 HD2027 rule (88 FR 4296, January 24, 2023).

736 Type C BEV school bus battery warranty range
five to fifteen years according to https://
www.nyapt.org/resources/Documents/WRI_ESB-
Buyers-Guide_US-Market 2022.pdf. The
Freightliner electric walk-in van includes an eight-
year battery warranty according to https://
www.electricwalkinvan.com/wp-content/uploads/
2022/05/MT50e-specifications-2022.pdf.


https://theicct.org/wp-content/uploads/2023/04/tco-alt-powertrain-long-haul-trucks-us-apr23.pdf
https://theicct.org/wp-content/uploads/2023/04/tco-alt-powertrain-long-haul-trucks-us-apr23.pdf
https://theicct.org/wp-content/uploads/2023/04/tco-alt-powertrain-long-haul-trucks-us-apr23.pdf
https://www.electricwalkinvan.com/wp-content/uploads/2022/05/MT50e-specifications-2022.pdf
https://www.electricwalkinvan.com/wp-content/uploads/2022/05/MT50e-specifications-2022.pdf
https://www.electricwalkinvan.com/wp-content/uploads/2022/05/MT50e-specifications-2022.pdf
https://www.energy.gov/eere/fuelcells/financial-incentives-hydrogen-and-fuel-cell-projects
https://www.energy.gov/eere/fuelcells/financial-incentives-hydrogen-and-fuel-cell-projects
https://www.energy.gov/eere/fuelcells/financial-incentives-hydrogen-and-fuel-cell-projects
https://www.nyapt.org/resources/Documents/WRI_ESB-Buyers-Guide_US-Market_2022.pdf
https://www.nyapt.org/resources/Documents/WRI_ESB-Buyers-Guide_US-Market_2022.pdf
https://www.nyapt.org/resources/Documents/WRI_ESB-Buyers-Guide_US-Market_2022.pdf
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threshold to better ensure a battery
replacement would not be needed
during the payback period assessed in
HD TRUCS. Furthermore, we believe
that proper vehicle and battery
maintenance and management can
extend battery life. For example,
manufacturers will utilize battery
management system to maintain the
temperature of the battery 737 as well
active battery balancing to extend the
life of the battery.738 739 Likewise, pre-
conditioning has also shown to extend
the life of the battery.74° In addition,
research suggests that battery life is
expected to improve with new batteries
over time as battery chemistry and
battery charging strategies improve,
such that newer MY BEVs will have
longer battery life.

Similar to the approach we took for
sizing the battery in BEVs, we oversized
the fuel stack system to extend the

736 Type C BEV school bus battery warranty range
five to fifteen years according to https://
www.nyapt.org/resources/Documents/WRI_ESB-
Buyers-Guide_US-Market _2022.pdf. The
Freightliner electric walk-in van includes an eight-
year battery warranty according to https://
www.electricwalkinvan.com/wp-content/uploads/
2022/05/MT50e-specifications-2022.pdf.

737 Basma, Hussein, Charbel Mansour, Marc
Haddad, Maroun Nemer, Pascal Stabat.
“Comprehensive energy modeling methodology for
battery electric buses”. Energy: Volume 207, 15
September 2020, 118241. Available online: https://
www.sciencedirect.com/science/article/pii/
50360544220313487.

738 Bae, SH., Park, J.W., Lee, S.H. “Optimal SOC
Reference Based Active Cell Balancing on a
Common Energy Bus of Battery”” Available online:
http://koreascience.or.kr/article/
JAKO201709641401357.pdf.

739 Azad, F.S., Ahasan Habib, A.K.M., Rahman,
A., Ahmed I. “Active cell balancing of Li-Ion
batteries using single capacitor and single LG series
resonant circuit.” https://beei.org/index.php/EEI/
article/viewFile/1944/1491.

durability of the system, as discussed in
section II.D.5.v.

F. Final Standards

The final standards are shown in
Table II-24 and Table II-25 for
vocational vehicles and in Table II-26
and Table II-27 for tractors. 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. 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.

As further explained in section IL.G,
and consistent with our HD GHG Phase
1 and Phase 2 rulemakings, in this
Phase 3 final rule we considered the
following factors: the impacts of
potential standards on emissions
reductions of GHG emissions; technical
feasibility and technology effectiveness;

the lead time necessary to implement
the technologies; costs to manufacturers;
costs to purchasers including operating
savings; the impacts of standards on oil
conservation and energy security;
impacts of standards on the truck
industry; other energy impacts; as well
as other relevant factors such as impacts
on safety.”41 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).
These include technologies applied to
motor vehicles with ICE (including
hybrid powertrains) and without ICE,
and a range of electrification across the
technologies (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). As
noted, under these performance-based
emissions standards, manufacturers
remain free to utilize any compliance
choices they wish so long as they meet
the CO, emissions standards. See
section II.G.5 of this preamble for
further discussion of how we balanced
the factors we considered for the final
Phase 3 standards.

740 “How to Improve EV Battery Performance in
Cold Weather” Accessed on March 31, 2023.
https://www.worktruckonline.com/10176367/how-
to-improve-ev-battery-performance-in-cold-weather.


https://www.worktruckonline.com/10176367/how-to-improve-ev-battery-performance-in-cold-weather
https://www.worktruckonline.com/10176367/how-to-improve-ev-battery-performance-in-cold-weather
https://www.electricwalkinvan.com/wp-content/uploads/2022/05/MT50e-specifications-2022.pdf
https://www.electricwalkinvan.com/wp-content/uploads/2022/05/MT50e-specifications-2022.pdf
https://www.electricwalkinvan.com/wp-content/uploads/2022/05/MT50e-specifications-2022.pdf
https://www.nyapt.org/resources/Documents/WRI_ESB-Buyers-Guide_US-Market_2022.pdf
https://www.nyapt.org/resources/Documents/WRI_ESB-Buyers-Guide_US-Market_2022.pdf
https://www.nyapt.org/resources/Documents/WRI_ESB-Buyers-Guide_US-Market_2022.pdf
https://www.sciencedirect.com/science/article/pii/S0360544220313487
https://www.sciencedirect.com/science/article/pii/S0360544220313487
https://www.sciencedirect.com/science/article/pii/S0360544220313487
http://koreascience.or.kr/article/JAKO201709641401357.pdf
http://koreascience.or.kr/article/JAKO201709641401357.pdf
https://beei.org/index.php/EEI/article/viewFile/1944/1491
https://beei.org/index.php/EEI/article/viewFile/1944/1491
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Table 11-24 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 HeaV)% Heavy Heavy ' Heavff 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 11-25 Final MY 2027 through 2032+ Optional Custom Chassis Vocational Vehicle CO2 Emission
Standards (grams/ton-mile)

Optional MY 2032
Custom Chassis MY 2027 MY 2028 MY 2029 MY 2030 MY 2031
: and later
Vehicle Category
School Bus 236 228 220 211 187 163
Other Bus 286 286 249 243 220 200
Coach Bus 205 205 205 205 205 205
Refuse Hauler 298 283 268 253 250 250
Concrete Mixer 316 316 316 316 316 316
Motor home 226 226 226 226 226 226
Mixed-use vehicle 316 316 316 316 316 316
Emergency vehicle 319 319 319 319 319 319
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Table 11-26 Final MY 2027 through MY 2032+ Tractor CO: Emission Standards (grams/ton-mile)

Myzg:' H'z‘i’;’lf .| 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 65.4
High Roof 84.0 63.6 60.4
Low Roof 69.3 52.8 56.4
2031 Mid Roof 74.4 56.2 612
High Roof 72.0 54.5 56.6
Low Roof 577 44.0 48.1
Zofazt:r‘“d Mid Roof 62.0 16.8 522
High Roof 60.0 45.4 482

Table 11-27 Final MY 2027 through MY 2032+ Heavy-Haul Tractor CO: Emission Standards (grams/ton-

mile)
Model Year | CO: Emission Standards (grams/ton-mile)
2027 48.3
2028 48.3
2029 47.8
2030 47.8
2031 46.9
2032 and later 45.9

Similar to the approach we used to
support the feasibility of previous HD
rulemakings, including both of the HD
GHG rules, to support the feasibility of
the final Phase 3 standards we
developed projected technology
packages for a potential compliance
pathway that, on average, will meet
each of the final Phase 3 standards for
each regulatory subcategory of
vocational vehicles and tractors after
considering the various factors
described in this section, including
technology costs for manufacturers and
costs to purchasers and operators. The
final Phase 3 GHG vehicle standards
apply to nationwide production
volumes, which we took into account in
these technology packages and the
potential compliance pathway to
support the feasibility of the final Phase
3 GHG vehicle standards. Consistent
with EPA’s prior approach for HD GHG
vehicle emission standards, the
technology packages utilize the
averaging portion of the longstanding

ABT program,”#2 and our projected
potential compliance pathway includes
manufacturers producing a mix of HD
vehicles that utilize ICE-powered
vehicle technologies and ZEV
technologies, with specific adoption
rates for each regulatory subcategory of
vocational vehicles and tractors for each
MY based on the analyses described in
this section II and RIA Chapter 2. Note
that we have analyzed a modeled
potential technology compliance
pathway to support the feasibility and
appropriateness of the level of
stringency for each of the final
standards and as part of the rulemaking
process. EPA’s analysis and modeling
provides information about one
potential compliance pathway

742 Note that our modeled potential compliance
pathway does not include direct consideration of
certain additional flexibilities afforded within the
ABT program generally or certain flexibilities
specifically updated in this final rule, including
carryover of credits generated through Phase 2
multipliers for advanced technologies (see section
III.A.2 of this preamble) and an interim transitional
effective expansion of averaging sets for credits
generated as specified in section III.A.3 of this
preamble.

manufacturers could use to comply with
the standards. EPA’s analysis projects
that both within the product lines of
individual manufacturers and for
different manufacturers across the
industry, manufacturers will make use
of a diverse range of technologies,
including a projected mix of ICE
vehicle, BEV, and FCEV technologies.
EPA recognizes that, although it has
modeled this potential compliance
pathway to support the feasibility of the
final rule and as part of the rulemaking
process, manufacturers will make their
own assessment of the vehicle market
and their own decisions about which
technologies to apply to which vehicles
for any given model year to comply. The
standards are performance-based and
while EPA finds modeling useful in
evaluating the feasibility of the
standards, it is manufacturers who will
decide the ultimate mix of vehicle
technologies to offer. Although EPA
cannot analyze every possible
compliance scenario, for the analysis for
the final standards, we also have
evaluated additional example
compliance scenarios (i.e., additional
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example potential compliance
pathways) with only ICE and ICE
vehicle technologies, as described in
section ILF.3. For example, EPA finds
that it would be technologically feasible
in the lead time provided and taking
into consideration costs to
manufacturers and purchasers to meet
these final standards without producing
additional ZEVs to comply with this
rule. The fact that such a fleet is
possible underscores both the feasibility
and the flexibility of the performance-
based standards, and confirms that
manufacturers are likely to continue to
offer vehicles with a diverse range of
technologies, including advanced
vehicle with ICE technologies as well as
ZEVs for the duration of these standards
and beyond. All of these compliance
pathways are technically feasible, but in
our analysis, the modeled potential
compliance pathway is the lowest cost
one overall and is the one modeled
because EPA assumes that
manufacturers are commercial entities
that seek to minimize costs and
maximize profits.

We phased in the final standards
gradually between MYs 2027 and 2032
to address potential lead time concerns
associated with feasibility for
manufacturers to deploy technologies,
including ZEV technologies, to meet the
standards. Concerns include
consideration of time necessary to ramp
up battery production, increase the
availability of critical raw minerals and
assure sufficiently resilient supply
chains, as discussed in section
I1.D.2.c.ii. The concerns also include
recognition that it will take time for
installation of EVSE and necessary
supporting electrical infrastructure by
the BEV purchasers and associated
electrical utility, as discussed in RTC
section 7 (Distribution). They also
include consideration of time to design,
develop, and manufacture FCEV models
and hydrogen infrastructure as
discussed in RTC section 8.1, and
willingness to purchase a relatively new
technology. We project BEV technology
adoption in the potential compliance
pathway as early as MY 2027 for certain
applications where we focused on depot
charging, and we project adoption of
BEV technology in applications that will
depend on public charging and FCEV
technology in the technology packages
for the potential compliance pathway
starting in MY 2030 for select
applications that travel longer distances
(i.e., coach buses, sleeper cab tractors
and day cab tractors). There has been
only limited development of FCEVs for
the HD market to date; therefore, our
assessment is that it is appropriate to

provide manufacturers with additional
lead time to design, develop, and
manufacture FCEV models, but that it is
feasible to do so by MY 2030, as
discussed in section II.D.3. With
substantial Federal investment in low-
GHG hydrogen production (see RIA
Chapter 1.8.2), we anticipate that
hydrogen supply will be sufficient and
the price of hydrogen fuel will fall in
the 2030 to 2035 timeframe to make HD
FCEVs cost-competitive with
comparable ICE vehicles for some duty
cycles, as discussed in section IL.E.5.1i.
We also note that the hydrogen
infrastructure is expected to need
additional time to further develop
compared to BEV depot charging
infrastructure, as discussed in greater
detail in RIA Chapter 1.8, but our
assessment is that refueling needs can
be met by MY 2030. We also recognize
the positive impact regulations can have
on technology and recharging/refueling
infrastructure development and
deployment.

EPA granted the California ACT
waiver request on March 30, 2023. The
approach we used to support the
feasibility of the final standards,
described in this section II, was to
develop technology packages on a
nationwide basis and including
nationwide production volumes,
including vehicles sold to meet the ACT
requirement in California and other
states that have adopted or may adopt
it under CAA section 177. With the
granting of the California ACT waiver,
we also considered how vehicles sold to
meet the ACT requirement in California
and other states that have adopted or
may adopt it under CAA section 177
would impact our reference case (that is,
the baseline from which we model
projected effects of the final rule). For
the final rule, to reflect the ZEV levels
projected from ACT in California and
other states, we included these
projected ZEV sales volumes in the
reference case.”43

We have finalized the new Phase 3
CO» emission standards using the
regulatory subcategories we adopted in
HD GHG Phase 2, as discussed in
section II.C. As we discuss later in this
subsection, the technology packages
vary across the 101 HD TRUCS vehicle
types and thus across the regulatory
subcategories. Our technology packages

743 Because it would have been improper to
prejudge the outcome of EPA’s disposition of
California’s request for a preemption waiver for its
ACT program, EPA did not include the full effects
of that program as an enforceable program in the
reference case (baseline) used at proposal, although
we did make certain estimates of ZEV sales in
California and other states that had adopted ACT
under CAA section 177. 88 FR 25989.

that support the feasibility of the final
rule standards—i.e., our modeled
potential compliance pathway—include
a projected mix of ICE vehicle, BEV, and
FCEV technologies that are discussed in
section ILF.1. Sections ILF.2 and ILF.3
include the costs and lead times
associated with these technologies that
we considered. In addition, for the final
rule, to further illustrate that there are
many potential pathways to compliance
for the final standards with 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, and
which only include vehicles with ICE
technologies (“additional example
potential compliance pathways”) in
section ILF.4.

We intend for the standards for each
individual year are severable from
standards for each of the other years,
including that the earlier MYs (MY 2027
through MY 2029) are severable from
the later MYs (MYs 2030 and later).
More specifically, our analysis supports
that the standards for each of the later
years are feasible and appropriate even
absent standards for each of the earlier
years, and vice versa. For example,
EPA’s revisions to certain MY 2027
standards are severable from the new
MY 2028 and later standards because
our analysis supports that the standards
for each of the later years are feasible
and appropriate even absent the revised
MY 2027 standards. Additionally, we
intend that the standards for each
category of vocational vehicles and
tractors for each individual model year
are severable, including from the
standards for all other categories for that
model year, and from the standards for
different model years. Thus, we intend
each of the Phase 3 emission standards
finalized in this rule to be entirely
separate from each of the other Phase 3
emission standards and other varied
components of this rule, and severable
from each other. EPA has considered
and adopted the Phase 3 emission
standards and the remaining portions of
the final rule independently, and each
is severable should there be judicial
review. For example, EPA notes that our
judgments regarding feasibility of the
Phase 3 standards for earlier years
largely reflect anticipated changes in the
heavy-duty vehicle market (which are
driven by other factors, such as the IRA
and manufacturers’ plans), while our
judgment regarding feasibility of the
standards in later years reflects those
trends plus the additional lead time for
further adoption of control technologies.
Thus, the standards for the later years
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are feasible even absent standards for
the earlier years, and vice versa.

Additionally, our judgments regarding
the standards for each separate vehicle
category are likewise independent and
do not rely on one another. For another
example, EPA notes that our judgments
regarding feasibility of the standards for
vocational vehicles reflects our
judgment regarding the general
availability of depot-charging
infrastructure in MY 2027 and for each
later model year under the modeled
potential compliance pathway, and that
judgment is independent of our
judgment regarding standards for
tractors that reflects our judgment
regarding more reliance on publicly
available charging infrastructure and
hydrogen refueling infrastructure in the
MY 2030 and for each later model year
under the modeled potential
compliance pathway. Similarly, within
the standards for vocational vehicles,
our judgments regarding the feasibility
of each model year of the standards for
each category of vocational vehicles
(LHD, MHD, and HHD) and for tractors
(day cab and sleeper cab) reflects our
judgments regarding the design
requirements and payback analysis for
each of the individual 101 vehicle types
analyzed in HD TRUCS and then
aggregated to the individual vehicle
category, independent of those same
kinds of judgments for the other vehicle
categories and independent from prior
MYs standards, under the modeled
potential compliance pathway. See
further discussion in RTC Chapter 2.10,
regarding how EPA’s analysis for the
modeled potential compliance pathway
supports the feasibility for each MY of
the Phase 3 final standards for each
vehicle category, including phase-in
factors up to MY 2032 and later that
EPA used for a given Phase 3 MY and
are independent of the prior Phase 3
MY (s) standards.

If a court were to invalidate any one
of these elements of the final rule, we
intend the remainder of this action to
remain effective. Importantly, we have
designed these different elements of the
program to function sensibly and
independently, the supporting basis for
each of these elements of the final rule
reflects that they are independently
justified and appropriate, and find each
portion appropriate even if one or more
other parts of the rule has been set
aside. For example, if a reviewing court
were to invalidate the MY 2027
standards for LHD vocational vehicles,
the other components of the rule,
including the other Phase 3 GHG
standards, remain fully operable as the
remaining components for the rule
would remain appropriate and feasible.

1. Technology Packages To Support the
Feasibility of the Final Standards

We support the feasibility of the final
standards through technology packages
that include both ICE vehicle and ZEV
technologies. In our analysis, the ICE
vehicles include a suite of technologies
that represent a vehicle that meets the
existing MY 2027 Phase 2 CO, emission
standards. These 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. Further adoption of these
Phase 2 ICE technologies beyond the
adoption rates used in the HD GHG
Phase 2 rule may be utilized as part of
other example potential compliance
pathways to meet the final standards, as
discussed in section II.F.4. In addition,
the heavy-duty industry continues to
develop CO»-reducing technologies such
as hybrid powertrains and H2-ICE
powered vehicles, also discussed in
section ILF.4 as part of other example
potential compliance pathways to meet
the final standards. These further
technology improvements are not part of
the technology packages for the
modeled potential compliance pathway
supporting the feasibility of the final
standards but are included as specified
in section IL.F.4 in the additional
example potential compliance pathways
supporting the feasibility of the final
standards. They are available to any
manufacturer determining its own
compliance pathway, and further
support that the final Phase 3 standards
are feasible and appropriate
performance-based standards.

In the transportation sector, new
technology adoption rates often follow
an S-shape. As discussed in the
preamble to the HD GHG Phase 2 final
rule, the adoption rates for a specific
technology are initially slow, followed
by a rapid adoption period, then
leveling off as the market saturates, and
not always at 100 percent.”4¢ Two
commenters agreed that technology
adoption follows an S-shape, as we
stated in the proposal.

In the proposal, we developed a
method to project utilization of BEV and
FCEV technologies in the HD vehicle
technology packages after considering
methods in the literature. There is
limited existing data to support
estimations of adoption rates of HD ZEV
technologies. The methods considered
and explored in the formulation of the
method used in the proposal was
developed by EPA after considering

74481 FR 73558, Oct 25, 2016.

methods in the literature to estimate the
relationship between payback period
and technology adoption in the HD
vehicle market. We noted at proposal
that we had explored the following
methods: (1) the methods described in
ACT Research’s ChargeForward
report,”45 (2) NREL’s Transportation
Technology Total Cost of Ownership
(T3CO) tool,746 (3) Oak Ridge National
Laboratory’s Market Acceptance of
Advanced Automotive Technologies
(MA3T) model,”47 (4) Pacific Northwest
National Laboratory’s Global Change
Analysis Model (GCAM),748 (5) ERM’s
market growth analysis done on behalf
of EDF,749 (6) Energy Innovation’s
United States Energy Policy Simulator
used in a January 2023 analysis by ICCT
and Energy Innovation,?5° and (7)
CALSTART’s Drive to Zero Market
Projection Model.751 DRIA at 231. Of
these methods explored for the
proposal, only ACT Research’s work
directly related payback period to
technology adoption rates. We stated in
the proposal that, based on our
experience, payback is the most relevant
metric to the HD vehicle industry. Thus,
for the proposal, we considered the ACT
Research method most relevant to assess
willingness to purchase and modified
their method, including to account for
the effects of our proposed regulation, as
described in DRIA Chapter 2.7.9.

There were many comments regarding
EPA’s use of a payback metric at

745 Mitchell, George. Memorandum to docket
EPA-HQ-OAR-2022-0985. ACT Research Co. LLC.
“Charging Forward”” 2020-2040 BEV & FCEV
Forecast & Analysis, updated December 2021.

746 National Renewable Energy Laboratory. T3CO:
Transportation Technology Total Cost of
Ownership. Available at: https://www.nrel.gov/
transportation/t3co.html.

747 Oak Ridge National Laboratory. “MA3T-
TruckChoice.” June 2021. Available at: https://
www.energy.gov/sites/default/files/2021-07/
van021 lin_2021 o 5-28 1126pm LR FINAL
ML.pdf.

748 Pacific Northwest National Laboratory. GCAM:
Global Change Analysis Model. https://
gcims.pnnl.gov/modeling/gcam-global-change-
analysis-model.

749 Robo, Ellen and Dave Seamonds. Technical
Memo to Environmental Defense Fund: Analysis of
Alternative Medium- and Heavy-Duty Zero-
Emission Vehicle Business-As-Usual Scenarios.
ERM. August 19, 2022. Available online: https://
www.erm.com/contentassets/
154d08e0d0674752925cd82c66b3e2b1/edf-zev-
baseline-technical-memo-16may2022.pdf.

750JCCT and Energy Innovation. ““‘Analyzing the
Impact of the Inflation Reduction Act on Electric
Vehicle Uptake in the United States”. January 2023.
Available online: https://theicct.org/wp-content/
uploads/2023/01/ira-impact-evs-us-jan23-2.pdyf.

751 Al-Alawi, Baha M., Owen MacDonnell,
Cristiano Facanha. “Global Sales Targets for Zero-
Emission Medium- and Heavy-Duty Vehicles—
Methods and Application”. February 2022.
Available online: https://globaldrivetozero.org/site/
wp-content/uploads/2022/02/CALSTART Global-
Sales White-Paper.pdf.


https://www.erm.com/contentassets/154d08e0d0674752925cd82c66b3e2b1/edf-zev-baseline-technical-memo-16may2022.pdf
https://www.erm.com/contentassets/154d08e0d0674752925cd82c66b3e2b1/edf-zev-baseline-technical-memo-16may2022.pdf
https://www.erm.com/contentassets/154d08e0d0674752925cd82c66b3e2b1/edf-zev-baseline-technical-memo-16may2022.pdf
https://www.erm.com/contentassets/154d08e0d0674752925cd82c66b3e2b1/edf-zev-baseline-technical-memo-16may2022.pdf
https://globaldrivetozero.org/site/wp-content/uploads/2022/02/CALSTART_Global-Sales_White-Paper.pdf
https://globaldrivetozero.org/site/wp-content/uploads/2022/02/CALSTART_Global-Sales_White-Paper.pdf
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https://www.energy.gov/sites/default/files/2021-07/van021_lin_2021_o_5-28_1126pm_LR_FINAL_ML.pdf
https://www.energy.gov/sites/default/files/2021-07/van021_lin_2021_o_5-28_1126pm_LR_FINAL_ML.pdf
https://www.energy.gov/sites/default/files/2021-07/van021_lin_2021_o_5-28_1126pm_LR_FINAL_ML.pdf
https://www.energy.gov/sites/default/files/2021-07/van021_lin_2021_o_5-28_1126pm_LR_FINAL_ML.pdf
https://theicct.org/wp-content/uploads/2023/01/ira-impact-evs-us-jan23-2.pdf
https://theicct.org/wp-content/uploads/2023/01/ira-impact-evs-us-jan23-2.pdf
https://gcims.pnnl.gov/modeling/gcam-global-change-analysis-model
https://gcims.pnnl.gov/modeling/gcam-global-change-analysis-model
https://gcims.pnnl.gov/modeling/gcam-global-change-analysis-model
https://www.nrel.gov/transportation/t3co.html
https://www.nrel.gov/transportation/t3co.html
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proposal as a means of developing a
potential compliance pathway that
included the use of ZEVs. Two
commenters said, considered alone,
payback is an incomplete metric. Other
factors to consider are reluctance to
utilize a new technology, effects of
inflation, vehicle suitability, resale
value, end of the IRA and other price
incentives, critical mineral availability,
and availability of supportive charging
infrastructure. One of these commenters
cited ACT Research’s own evaluation
that EPA should not have increased the
adoption rates for payback periods
greater than four years for MY 2032 and
that our analysis should not have
included payback-based adoption rates
for payback periods beyond ten years,
because this is beyond the payback
period that would be acceptable. In
addition, ACT Research did not agree
with EPA using two different adoption
schedules corresponding to MY 2027
and MY 2032. Another commenter
stated that our use of the payback period
table showing fleets purchasing BEVs
and FCEVs at payback periods of up to
15 years in MY 2027, and beyond 15
years in MY 2032 are “unrealistic”
because fleet owners look for payback
periods of two years or less. Another
commenter stated that EPA should
adopt a more conservative payback
schedule and suggested one in their
comments.

Some commenters advocated for more
stringent standards (see section II.B.1.i
of this preamble). One of these
commenters spoke to the length of a
payback period, noting that payback
periods well within a vehicle’s lifetime
should be sufficient, noting especially
that vocational vehicles have long
ownership periods. They also
questioned the purportedly relatively
low percentages of projected ZEVs
where EPA had estimated payback
periods of 1-2 years. Another
commenter noted that EPA’s projected
compliance path showed less ZEV
utilization than many estimates in the
literature, citing BloombergNEF, as well
as various of the ICCT White Papers and
the levels required in California’s
Advanced Clean Fleet program. Another
commenter noted generally that total
cost of ownership of BEVs would
necessarily be less than for ICE vehicles
due to their simpler drivetrains, which
would occasion less maintenance costs.

As further detailed in RTC sections
2.4 and 3.12.2, some of these
commenters criticized EPA’s use at
proposal of the data from ACT
Research’s payback equation. The
critique from these commenters was
both for lack of transparency—stating
that the equation was proprietary and so

did not appear in the DRIA making
comment difficult without getting
access—and one commenter obtained
the equation and asserted that they
found no substantive basis for it. As just
noted, in one commenter’s submitted
comment, ACT Research itself reviewed
the NPRM and stated that EPA had
misapplied the equation by leaving out
various factors, including a
consideration of total cost of ownership
in addition to payback period. Some
commenters believed the total cost of
ownership approach used in NREL’s
Transportation Energy & Mobility
Pathway Options (TEMPO) Model
(Muratori et al., 2021) was a better way
to assess the shape of the payback curve.
One of these commenters stated that the
NREL model “overcomes key
deficiencies of the ACT Research-based
curve by being based on validated
empirical data, subject to peer-review,
and freely available to the public.” 752
One commenter also provided an
alternate distribution of adoption rate
based on payback period developed
from their assessment of the inputs from
a NREL study using the TEMPO
Model.”53 This commenter also
suggested standards of significantly
increased stringency using the data from
the TEMPO model. The other
commenter provided an alternate curve
based on payback period developed
from their assessment of the inputs and
results from a NREL study using the
TEMPO Model. Another commenter
preferred an alternative method for
assessing a ZEV-based acceptance. Their
model uses a logit function less
sensitive to price, developed by the
Pacific Northwest Laboratory, and also
uses a 15 percent discount rate.

We agree with the assessment asserted
in comment that the approach
developed by NREL for use in the
TEMPO model is more transparent.”54
Furthermore, for the final rule, we
further evaluated and found NREL’s
TEMPO model and approach to be
robust. The NREL TEMPO model is
peer-reviewed and applicable to our use
because it specifically evaluated HD ICE
vehicles, BEVs, and FCEVs. We
evaluated NREL’s approach to
determining technology choices
modeled in TEMPO using a discrete
choice logit formulation.”55 We also

752]CCT Comments to the HD GHG Phase 3
NPRM. EPA-HQ-OAR-2022-0985-1553-A1, p. 2.
753 EDF Comments to Docket. EPA-HQ-OAR~

2022-0985-1644—-A1, p. 58-59.

754 See also RIA Chapter 2.7 and RTC section
3.11.2 for additional discussion on the comments
received.

755 NREL describes “TEMPO is a transportation
demand model that covers the entire U.S.
transportation sector” including the HD market.

evaluated the work conducted by one
commenter in development of their
suggested alternative curve, which was
derived from the TEMPO outputs. Our
purpose was to assess the
reasonableness of utilizing the TEMPO
results for adoption rates and payback
period relationships. We found the
approach to be robust, and we were able
to reproduce similar adoption rates for
each payback period bin relative to
those provided by the commenter.
Therefore, based on our assessment that
NREL’s TEMPO model is robust and the
adoption rates to payback period
relationship is reproducible, for the
final rule, we are continuing to use the
same payback period method we used
in the proposal, but have revised the
adoption rates that correspond to the
payback period bins based on data from
NREL’s TEMPO model instead of the
use of the ACT Research-based model.
See RIA Chapter 2.7 for additional
details.

In the proposal, we applied an
additional constraint (which at times we
refer to as a “cap”’) within HD TRUCS
that limited the maximum penetration
(i.e., adoption percentage) of the BEV
and FCEV technologies to 80 percent for
any given vehicle type. This limit was
developed after consideration of the
actual needs of the purchasers related to
two primary areas of our analysis. Our
first consideration was that this volume
limit takes into account that we sized
the batteries, power electronics, e-
motors, and infrastructure for each
vehicle type based on the 90th
percentile of the average VMT. As
explained in section II.D.5, we utilized
this technical assessment approach
because we do not expect heavy-duty
OEMs to design ZEV models for the
100th percentile VMT daily use case for
vehicle applications, as this could
significantly increase the ZEV
powertrain size, weight, and costs for a
ZEV application for all users, when only
a relatively small part of the market will
need such specifications. Therefore, the
ZEVs we analyzed and have included in
the technology packages and cost
projections for the proposal and this

Furthermore, they express “TEMPO finds pathways
to achieve energy/emissions goals and estimates
implications of different scenarios and decisions.”
A part of this decision process includes inputs such
as vehicle cost and performance, fuel costs,
charging and refueling availability, and travel
behavior. The model receives this information and
applies a technology adoption to various inputs and
provides technology based on market segment as a
part of the outputs for TEMPO. The method they
used is based on a logit formulation to describe a
relationship between consumer adoption and
aforementioned inputs, cost coefficients and
financial horizon. One commenter worked with
NREL to provide the relationship between adoption
rate and payback period.
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final rule in the timeframe at issue are
likely not appropriate for 100 percent of
the vehicle applications in the real-
world. Our second consideration for
including a limit for BEVs and FCEVs is
that we recognize there is a wide variety
of real-world operation even for the
same type of vehicle. For example, some
owners may not have the ability to
install charging infrastructure at their
facility, or some vehicles may need to be
operational 24 hours a day. Under the
technology pathway projected to
support the feasibility for these final
standards, ICE vehicle technologies
continue to be included and available in
volumes to address these specific
vehicle applications.

The TEMPO model, as shown in RIA
Chapter 2.7.1, would attribute 100
percent adoption to vehicles that have
an immediate payback (payback less
than or equal to 0 year). A number of
commenters questioned the 80 percent
limit in the HD TRUCS analysis. Two
commenters found some merit to EPA’s
premise that a cap reflected that ZEVs
would not be suitable for all
applications, but both of these
commenters maintained that this would
be less and less over time.
Consequently, these commenters
thought EPA’s methodology should at
the least increase the cap in the
standards’ out years. One of these
commenters also submitted an analysis
without a cap (i.e., with a 100 percent
cap) where their model showed
immediate payback. Under this
alternative methodology, the commenter
projected higher ZEV penetration for
many of the vehicle Class 2—4 and 6-7
trucks, refuse trucks, and almost all bus
segments. This commenter also noted
these estimates did not consider the
effects of the IRA. Both of these
commenters also maintained that 80
percent was too conservative even for
MY 2027, especially when coupled with
the 90th percentile sizing VMT for the
battery. Another commenter supported a
cap of 90 percent.

Another commenter challenged the 80
percent cap as inconsistent with that
commenter’s purportedly extensive
telematics data that showed the 90th
percentile VMTs we used in the NPRM
for day cab and sleeper cab tractors were
too low, and suggested that Class 4—7
ZEVs with payback rates of <0 years
would have an adoption rate of 73
percent, and Class 8 ZEVs with payback
rates of <0 years would have an
adoption rate of 36 percent, noting that
these rates are consistent with CARB’s
2019 initial market assessment for the
ACT rule. This commenter also
questioned why EPA’s cap for those
categories can be higher, that is, less

restrictive, than the applicable levels
considered in ACT. Another commenter
stated that the results from EPA’s HD
TRUCS would need to be further
discounted to reflect that the charging
and H2 fueling infrastructure would not
be in place to meet the proposed MY
2027 through 2032 standards.

After consideration of comments,
including concerns raised by
manufacturers, we re-evaluated the
maximum penetration constraints and
“caps” in HD TRUCS for the final rule.
The constraints discussed in the
proposal, such as the methodology to
size the batteries and the recognition of
the variety of real-world applications of
heavy-duty trucks, still apply to the
final rule analysis. Furthermore, we are
taking a phased-in approach to the
constraints to recognize that the
development of the ZEV market will
take time to develop. We broadly
considered the lead time necessary to
increase heavy-duty battery production
(as discussed in preamble section
I1.D.2.ii), including growth in the
planned battery production capacity
from now through 2032 and other issues
including availability of critical
minerals and related supply chains, and
time for manufacturers to design,
develop, and manufacture ZEVs (as
discussed in preamble section ILF.3).
We also have generally accounted for
the time required to deploy
infrastructure (as discussed in preamble
section ILF.3), including the potential
need for distribution grid buildout
through 2032 as informed by our
analysis and by the DOE’s TEIS (as
discussed in preamble section I1.D.2.iii).
We see a similar trend in the growth of
the infrastructure to support H2
refueling for FCEVs (as discussed in
preamble section I1.D.3.v).

In recognition of these considerations,
for the final rule we applied more
conservative maximum penetration
constraints within HD TRUCS than were
used in the proposal and which are
consistent with a balanced and
measured approach generally, which in
our assessment are appropriate and also
address concerns raised by
manufacturers. We limited the
maximum penetration of the ZEV
technologies in HD TRUCS to 20
percent in MY 2027, 37 percent in MY
2030 and 70 percent in MY 2032 for any
given vehicle type. These caps are based
upon an exercise of technical judgment
after reviewing the entire record and
reflect consideration of and address
concerns about infrastructure readiness,
willingness to purchase, and critical
mineral and supply chain availability,
reflecting that infrastructure, technology
familiarity, and material availability

will have more limitations in MY 2027
(and thus taking a conservative
approach to the levels of the caps in
those earlier model years) but will be
further developed by MY 2032, while
also capping each vehicle type in HD
TRUCS below the proposed value of 80
percent utilization of ZEV technologies
including in MY 2032.

Put another way, depending on the
MY, these caps in HD TRUCS reflect a
balanced and measured approach to
consideration of a combination of
extreme use situations (including
extremes of daily VMT), extreme usages
such as continuous operation, and
ensuring adequate lead time for the
various considerations just explained.
These real world constraints are not
reflected in the TEMPO model used to
develop payback; rather, the caps are
part of EPA’s appropriate consideration
of these issues. Regarding additional
responses to comments summarized
here, please see RTC sections 2.4, 3.3.1
and 3.11.2, and see also RIA Chapter
2.7.

The payback schedule used in HD
TRUCS for the final rule is shown in
Table II-28. The schedule utilizes lower
rates of technology acceptance than
those used in the proposal for payback
periods greater than four years. The
schedule shows that when the payback
is immediate, we project that up to 20
percent of that type of vehicle could use
BEV technology in MY 2027 for the
reasons just discussed, with
diminishing adoption as the payback
period increases to more than 4 years.”56
After consideration of comments from
stakeholders, we also set the adoption
rates to zero for payback bins that were
greater than 10 years. The length of
ownership of new tractors varies. One
study found that first ownership is
customarily four to seven years for For-
Hire companies and seven to 12 years
for private fleets.”5”7 Another survey
found that the average trade-in cycle for
tractors was 8.7 years.”58 Whereas, EMA
and NADA stated that tractors typically
have three to five year trade cycles.”59

756 See RIA Chapter 2.7.9 for additional
information on the development of the adoption
rate schedule for HD TRUCS for the final rule.

757 Roeth, Mike, et al. “Barriers to Increased
Adoption of Fuel Efficiency Technologies in Freight
Trucking,” Page 24. July 2013. International
Council for Clean Transportation. Available at
https://theicct.org/sites/default/files/publications/
ICCT-NACFE-CSS_Barriers_Report Final
20130722.pdf.

758 American Transportation Research Institute.
“An Analysis of the Operational Costs of Trucking:
2021 Update.” November 2021. Page 14.

759 See NADA’s comments at Docket # EPA-HQ-
OAR-20220-0985-1592—-A1 at pp. 7-8 and EMA’s
comments at Docket # EPA-HQ-OAR-20220-0985—
2668—A1 at p.48.
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As we discussed in the HD GHG Phase

2 rulemaking, vocational vehicles
generally accumulate far fewer annual
miles than tractors and will lead owners
of these vehicles to keep them for longer
periods of time.760 To the extent
vocational vehicle owners may be
similar to owners of tractors in terms of
business profiles, they are more likely to
resemble private fleets or owner-
operators than for-hire fleets. See 81 FR
73719 (“the usual period of ownership
for a vocational vehicle reflects a
lengthy trade cycle that may often
exceed seven years”). In addition, EMA
and NADA stated that heavy-duty trucks

typically have trade cycles of seven to
ten years for most operations.”61

The issues raised by commenters were
thus considered, and issues raised by
manufacturers were thus addressed, in
our final rule’s approach to HD TRUCS
and the projected technology packages:
by applying the MY 2027, MY 2030 and
MY 2032 caps, as discussed, and
through lower ZEV adoption in the
technology packages for payback
periods that are longer than 4 years
(including setting adoption to zero for
payback bins greater than ten years) and
higher (than longer payback periods)
ZEV adoption when payback is 4 years
or sooner. The relationship between

adoption and payback period that was
created from TEMPO outputs differ from
the ACT payback schedule used in the
proposal and is reflective of a more
typical S-curve, where adoption starts
slow and then speeds up. Note, the 70
percent constraint we imposed and
explained in this subsection limits the
adoption of the shortest payback bins
for MY 2032.

The schedule shown in Table 1I-28
was used in HD TRUCS to evaluate the
use of BEV or FCEV technologies for
each of the 101 HD TRUCS vehicle
types based on its payback period for
MYs 2027, 2030, and 2032.

Table 1I-28 Payback Schedule in HD TRUCS

Payback | MY 2027 MY 2030 MY 2032
(year) |for BEVs | for BEVS and FCEVs | for BEVS and FCEVs
<0 20% 37% 70%
0-1 20% 37% 70%
1-2 20% 37% 70%
2-4 20% 26% 39%
4-7 14% 14% 14%
7-10 5% 5% 5%
>10 0% 0% 0%

After the technology assessment, as
described in section IL.D and RIA
Chapter 2, and technology cost and
payback analysis, as described in
section ILE and RIA Chapter 2.7.2, EPA
determined the technology mix of ICE
vehicle and ZEV for each regulatory
subcategory in the technology packages
for the potential compliance pathway.

76081 FR 73678 and 73719, October 25, 2016.

We first determined the ZEVs that are
appropriate based on their payback for
each of the 101 vehicle types for MYs
2027, 2030, and 2032, which can be
found in RIA Chapter 2.8.3.1. We then
aggregated the projected ZEVs for the
specific vehicle types into their
respective regulatory subcategories
relative to the vehicle’s sales weighting,

761 See NADA’s comments at Docket # EPA-HQ—
OAR-20220-0985-1592—A1 at pp. 7-8 and EMA’s

as described in RIA Chapter 2.10.1. The
resulting projected ZEVs (shown in
Table 1I-29) and projected ICE vehicles
that achieve a level of CO, emissions
performance equal to the existing MY
2027 emission standards (shown in
Table 1I-30) were built into our
technology packages for the potential
compliance pathway.

comments at Docket # EPA-HQ-OAR-20220-0985—
2668—-A1 at p.48.
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Table 1I-29 Projected Percentage ZEVs in the MYs 2027-2032 Technology Packages for the Modeled
Potential Compliance Pathway
Regulatory Subcategory MY 2027 | MY 2028 | MY 2029 | MY 2030 | MY 2031 | MY 2032

LHD Vocational 17% 22% 27% 32% 46% 60%

MHD Vocational 13% 16% 19% 22% 31% 40%

HHD Vocational 0% 0% 13% 15% 23% 30%

MHD All Cab and HHD Day Cab Tractors 0% 8% 12% 16% 28% 40%

Sleeper Cab Tractors 0% 0% 0% 6% 12% 25%

Heavy Haul Tractors 0% 0% 1% 1% 3% 5%

Optional Custom Chassis: School Bus 13% 16% 19% 22% 31% 40%

Optional Custom Chassis: Other Bus 0% 0% 13% 15% 23% 30%

Optional Custom Chassis: Coach Bus 0% 0% 0% 0% 0% 0%

Optional Custom Chassis: Refuse Hauler 0% 5% 10% 15% 16% 16%

Optional Custom Chassis: Concrete Mixer 0% 0% 0% 0% 0% 0%

Optional Custom C_hassis: 0% 0% 0% 0% 0% 0%
Emergency Vehicles

Optional Custom Chassis: 0% 0% 0% 0% 0% 0%
Recreational Vehicles

Optional Custom Chassis: Mixed Use 0% 0% 0% 0% 0% 0%

Table I1-30 Projected Percentage of ICE Vehicles with CO2-Reducing Technologies that Meet Phase 2 MY
2027 CO2 standards in the MY 2027-2032 Technology Packages for the Modeled Potential Compliance

Pathway

Regulatory Subcategory MY 2027 MY 2028 MY 2029 MY 2030 MY 2031 MY 2032
LHD Vocational 83% 78% 73% 68% 54% 40%
MHD Vocational 87% 84% 81% 78% 69% 60%
HHD Vocational 100% 100% 87% 85% 77% 70%
MHD All Cab and HHD Day 100% 92% 88% 84% 73% 60%
Cab Tractors
Sleeper Cab Tractors 100% 100% 100% 94% 88% 75%
Heavy Haul Tractors 100% 100% 99% 99% 97% 95%
Optional Custom Chassis: 87% 84% 81% 78% 69% 60%
School Bus
Optional Custom Chassis: 100% 100% 87% 85% 77% 70%
Other Bus
Optional Custom Chassis: 100% 100% 100% 100% 100% 100%
Coach Bus
Optional Custom Chassis: 100% 90% 90% 85% 84% 84%
Refuse Hauler
Optional Custom Chassis: 100% 100% 100% 100% 100% 100%
Concrete Mixer
Optional Custom Chassis: 100% 100% 100% 100% 100% 100%
Emergency Vehicles
Optional Custom Chassis: 100% 100% 100% 100% 100% 100%
Recreational Vehicles
Optional Custom Chassis: 100% 100% 100% 100% 100% 100%
Mixed Use

As shown in Table II-30, under the
modeled potential compliance pathway
the majority of sales of new HD vehicles
in MYs 2027 through 2032 are projected
to be ICE vehicles with GHG-reducing
technologies. These values represent the
total national HD ZEV and ICE vehicle
sales, including those accounted for in

the reference case as described in
section V.A. The portion of the overall
HD sales in MY 2027 that are ZEVs
included in the reference case is 7
percent, compared to 11 percent of sales
being ZEVs across the nation due to the
final rule under our modeled potential
compliance pathway, as shown in Table

I1-31. Similarly, in the MY 2032
reference case, 20 percent of the HD
sales are projected to be ZEVs, versus 45
percent ZEVs in the HD national fleet
with the potential compliance pathway
modeled for the final rule, respectively.
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Table 11-31 HD ZEV Nationwide Percentages in Reference Case and Modeled Potential Compliance Pathway

MY 2027

MY 2028 MY 2029

MY 2030

MY 2031 MY 2032

Reference Case 7%

10% 13% 16%

18% 20%

Modeled Potential 11%

Compliance Pathway

15% 19% 23%

34% 45%

The composition of the overall HD on-
road fleet in future years with the final
rule under our modeled potential
compliance pathway and accounting for
ZEVs in the reference case, is projected
to include the following:

e In 2027: 1 percent of the on-road
fleet are ZEVs.

e In 2032: 7 percent of the on-road
fleet are ZEVs.

e In 2040: 22 percent of the on-road
fleet are ZEVs.

For the final standards, EPA did not
revise (i.e., is not finalizing the
proposed revision to) the MY 2027 or
2028 CO, emission standards for the
HHD vocational vehicles but have set
new CO; emission standards for HHD
vocational vehicles beginning in MYs
2029 through 2032. Similarly, we are
not revising the MY 2027 day cab tractor
standards, but have set new standards
beginning in MY 2028. Our reference
case modeling does include some HHD
vocational and day cab tractor ZEVs in
MY 2027 and HHD vocational ZEVs in
MY 2028. This is our best estimate of
ZEV technology penetration for the
reference case. Nonetheless, we
recognize the significant uncertainties
associated with the commercializing of
these technologies in the HHD space,
which are still in their infancy today.
We also recognize that vehicle
manufacturers may have different
technology pathway plans to
demonstrate compliance with ACT, and
we acknowledge that certain vehicle
manufacturer comments stated that they
do not expect to produce a significant
number of HHD ZEVs by MY 2028
because the HHD vocational vehicles
will be one of the most challenging
groups in which to utilize such
technologies. Our revised analysis for
the final rule projects lower levels of
HHD ZEVs in the compliance pathways
for MYs 2027-2032 than the proposal. It
also delays the start of the Phase 3
standards for day cabs by one year,
beginning in MY 2028. We recognize
that the manufacturers’ resources will
require them to make practical business
decisions to first develop products that
will have a better business case. Our
assessment of the final program as a
whole is that it takes a balanced
approach while still applying
meaningful requirements in MY 2027 to
reducing GHG emissions from the HD
sector. In light of these challenges and

uncertainties, including those
associated with utilizing such
technologies in the nearest term for
HHD vocational vehicles, the potential
disparities between manufacturers in
the need for lead time and their
corresponding compliance strategies,
and the overall strengthening of the
program in MY 2027 under Phase 3, we
think it is reasonable to not revise the
HHD vocational vehicle emission
standards for MY 2027 or 2028. In
addition, we are not revising the day cab
tractor emission standards for MY 2027
for similar reasons.

The HD GHG Phase 2 program
includes optional custom chassis
emission standards for eight specific
vehicle types. Those vehicle types may
either meet the primary vocational
vehicle program standards or, at the
vehicle manufacturer’s option, may
comply with these optional standards.
The existing optional custom chassis
standards are numerically less stringent
than the primary HD GHG Phase 2
vocational vehicle standards, but the
ABT program is more restrictive for
vehicles certified to these optional
standards. Banking and trading of
credits is not permitted, with the
exception that small businesses may use
traded credits to comply with the
optional custom-chassis standards.
Averaging is only allowed within each
specific custom chassis regulatory
subcategory for vehicles certified to
these optional standards. If a
manufacturer wishes to make use of the
full ABT program, from the production
of some or all of their custom-chassis
vehicles in a given model year, they
may certify them to the primary
vocational vehicle standards.

In this final action, as presented
previously in this section, we are
adopting more stringent standards for
some, but not all, of these optional
custom chassis subcategories. We are
revising MY 2027 emission standards
and establishing new MY 2028 through
MY 2032 and later emission standards
for the school bus optional custom
chassis regulatory subcategory. We are
also establishing new MY 2028 through
MY 2032 and later emission standards
for refuse hauler optional custom
chassis subcategory and new MY 2029
through MY 2032 and later emission

standards for the other bus optional
custom chassis subcategory.762

We are finalizing the approach we
proposed for several other optional
custom chassis categories. We are
finalizing our proposed approach to not
set Phase 3 standards for motor homes
certified to the optional custom chassis
regulatory subcategory after
consideration of projected technologies
for motor homes, including the
projected impact of the weight of
batteries in BEVs in the MYs 2027—
2032, as described in RIA Chapter 2.8.1.
This approach was supported by two
commenters. The existing Phase 2
optional custom chassis standards for
this subcategory will continue to apply.
Furthermore, we also are not finalizing
Phase 3 standards for emergency
vehicles certified to the optional custom
chassis regulatory subcategory due to
our assessment that these vehicles have
unpredictable operational requirements
and after considering suitability of
projected technologies, including that
emergency vehicles may have limited
access to recharging facilities while
handling emergency situations in the
MYs 2027-2032 timeframe. Finally, we
are not adopting new standards for
mixed-use vehicle optional custom
chassis regulatory subcategory because
of our assessment that these vehicles
(such as hazardous material equipment
or off-road drill equipment) are
designed to work inherently in an off-
road environment or are designed to
operate at low speeds such as to be
unsuitable for normal highway
operation and, after consideration of
suitability of projected technologies,
including that they therefore may have
limited access to on-site depot or public
charging facilities in the MYs 2027—
2032 timeframe.?63 The existing Phase 2
optional custom chassis standards for
this subcategory will continue to apply.

We also are not finalizing Phase 3
standards for two other optional custom
chassis categories. Several stakeholders
raised significant concerns related to the
ability of coach buses to perform their

762 See 40 CFR 1037.105(h)(1) for the final
standards that apply for custom chassis vehicles.
See existing 40 CFR 1037.105(h)(2) for restrictions
on averaging, banking, and trading for vehicles
optionally certified to the custom chassis standards.

763 Mixed-use vehicles must meet the criteria as
described in 40 CFR 1037.105(h)(1), 1037.631(a)(1),
and 1037.631(a)(2).
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mission (transporting people and their
cargo) using battery electric technology.
Furthermore, commenters raised
concerns regarding the infrastructure
needs for electrified motorcoaches
because these vehicles would need to
rely on public enroute charging. As
noted in RIA Chapter 1.5.5, there are
currently two manufacturers of coach
buses that produce BEV versions of the
vehicles. We note that there are a variety
of different applications of a coach bus.
In some instances, it may be used for a
day trip or for commuting and require
minimal underfloor luggage space and
may not require a restroom. Another
common use is for trips with longer
distances such that passengers travel
with luggage or sports equipment that
requires underfloor storage. EPA
contracted FEV to conduct analysis of
the packaging feasibility of a FCEV
powertrain on a coach bus to inform the
final rule. FEV found that a FCEV
powertrain would require the loss of 2—
4 seats and 30 percent of the luggage
volume.”64 The capacity loss was driven
by the space needed for the hydrogen
tanks, fuel cell with BOP, and/or
batteries. Our assessment is that the
weight and volume required for
packaging a BEV powertrain would be
greater than the requirements for a
FCEV powertrain, and therefore result
in even greater capacity losses. After
further consideration of suitability of
projected technologies, including EPA
re-analyzing the packaging space
available for battery electric and fuel
cell powertrains on coach buses, EPA
now agrees with the commenters that
feasibility demonstrations for new Phase
3 optional custom chassis standards for
coach buses during the timeframe of the
final rule should not include
application of BEV or FCEV technology
due to the packaging space required to
meet commercial range requirements
while also having adequate luggage
space. Therefore, EPA’s optional custom
chassis standards for Coach Buses will
remain unchanged from the existing
Phase 2 MY 2027+ CO, emission
standards. However, as discussed in RIA
Chapter 2.9.1.2, we project that there
will be some applications of coach
buses that will be appropriate as ZEVs
and we therefore have considered these
types of vehicles in the technology
package that supports the modeled
potential compliance pathway for the
primary vocational vehicle standards.
Several manufacturers and
associations raised concerns regarding

764 FEV Consulting. “Heavy Duty Commercial
Vehicles Class 4 to 8: Technology and Cost
Evaluation for Electrified Powertrains—Final
Report”. Prepared for EPA. March 2024.

the ability of concrete mixers and
pumpers to electrify. They point to
issues related to higher PTO usage,
traveling at loads higher than those used
in EPA’s HD TRUCS analysis, and
weight sensitivity. One commenter
maintains that energy used by concrete
mixers is significantly higher than what
is represented in GEM and suggests the
underestimated load requirements (and
therefore energy requirements) result in
smaller battery sizes and lower costs in
HD TRUCS than what that commenter
expects. The commenter states that, as
a result, concrete mixers should have
unique standards from other vocational
vehicles based on lower adoption rates.
On the other hand, another commenter
provided links to several electrified
concrete mixer and pumpers where
prototypes have been supplied to
customers in Europe. Additionally,
another commenter stated that EPA
should set more stringent standards for
concrete mixers based on their
emissions impact on overburdened
communities. For the final rule, EPA
increased the PTO loads required for
concrete mixers and pumpers in our HD
TRUCS analysis based on consideration
of information provided by another
commenter, and therefore these vehicles
have larger power demands and battery
sizes in the final rule HD TRUCS
analysis than the vehicles had in the
NPRM analysis. In recognition of the
uncertainty related to the payload
weight and PTO demands of these
vehicles, EPA determined that the
optional custom chassis standards for
Concrete Mixers/Pumpers and Mixed-
Use Vehicles will remain unchanged
from the existing Phase 2 custom
chassis emission standards. See RIA
Chapter 2.9.1.1. However, because there
are prototypes for some electrified
concrete mixers and pumpers, we
continued to include several of these
vehicle types within HD TRUCS where
they are modeled as part of the
compliance pathway for HHD
vocational vehicles. See RIA Chapter
2.9.1.1.

We note that we do not have concerns
that manufacturers of any of the custom
chassis types of vehicles could
inappropriately circumvent the final
vocational vehicle standards or the final
optional custom chassis standards. This
is because vocational vehicles are built
to serve a purpose which is readily
identifiable. For example, a
manufacturer cannot certify a box truck
to the emergency vehicle custom chassis
standards.

2. Summary of Costs Assessment To
Meet the Final Emission Standards

We supported the feasibility of the
final standards through a potential
compliance pathway’s projected
technology packages that include both
ICE vehicle and ZEV technologies. To
assess the projected costs of the final
Phase 3 emission standards, we thus
assess the costs of the potential
compliance pathway’s projected
technology packages. In our analysis,
the ICE vehicles include a suite of
technologies that represent a vehicle
that meets the existing MY 2027 Phase
2 CO; emission standards and HD 2027
NOx emission standards. We accounted
for these technology costs as part of the
HD GHG Phase 2 final rule and the HD
2027 NOx rule. Therefore, our
technology costs for the ICE vehicles in
our analysis are considered to be $0
because we did not add additional CO»-
reducing technologies to the ICE
vehicles in the technology packages for
this final rule beyond those already
required under the existing regulations.
The incremental cost of a heavy-duty
ZEV in our analysis is the marginal cost
of ZEV powertrain components
compared to ICE powertrain
components on a comparable ICE
vehicle. This includes the removal of
the associated costs of ICE-specific
components from the baseline vehicle
and the addition of the ZEV components
and associated costs. RIA Chapter 2.3.2
and 2.4.3 includes the ICE powertrain
and BEV powertrain cost estimates for
each of the 101 HD vehicle types that
are included in our technology packages
to support the compliance pathway. RIA
Chapter 2.5.2 includes the FCEV
powertrain cost projections for the
applicable vehicles.

i. Manufacturer Costs

Table II-32 and Table II-33 show the
ZEV technology costs for manufacturers
relative to the reference case described
in section V.A.1, including the direct
manufacturing costs that reflect learning
effects, the indirect costs, and the IRA
section 13502 Advanced Manufacturing
Production Credit, on average
aggregated by regulatory group for MYs
2027 and 2032, respectively.”65 The
incremental ZEV adoption rate in our
modeled potential compliance pathway
technology package reflects the
difference between the ZEV adoption
rates in the technology packages that
support the feasibility of our final
standards and the reference case. As
shown in Table II-32 through Table II—
34, we project that some vocational

765 [ndirect costs are described in detail in section
IV.B.2.
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BEVs will cost less to produce than than a comparable ICE vehicle.”66 ICCT
comparable ICE vehicle types by MY similarly found that “although zero-
2032 or earlier. Our analysis is emission trucks are more expensive in
consistent with other studies. For the near-term than their diesel
example, an EDF/Roush study found equivalents, electric trucks will be less
that by MY 2027, BEV transit buses, expensive than diesel in the 2025-2030
school buses, delivery vans, and refuse  time frame, due to declining costs of
haulers would each cost less upfront batteries and electric motors as well as

increasing diesel truck costs due to
emission standards compliance.” 767
These studies were developed prior to
passage of the IRA, and therefore we
would expect the cost comparisons to be
even more favorable after considering
the IRA provisions.

BILLING CODE 6560-50-P

Table II-32 Manufacturer Costs to Meet the Final MY 2027 Standards Through the Potential Compliance
Pathway Relative to the Reference Case (20229)

Incremental
ZEV Adoption Per-ZEV Fleet-Average Per-
Regulatory Group Rate in Manufacturer RPE | Vehicle Manufacturer
Technology on Average RPE
Package
LHD Vocational Vehicles 7% -$4,100 -$283
MHD Vocational Vehicles 6% $3,959 $242
HHD Vocational Vehicles 0% N/A $0
Day Cab and Heavy Haul 0% N/A $0
Tractors
Sleeper Cab Tractors 0% N/A $0

Note: The average costs represent the average across the regulatory group. For example, the first
row represents the average across all LHD vocational vehicles.

Table 11-33 Manufacturer Costs to Meet the Final MY 2030 Standards Through the Potential Compliance
Pathway Relative to the Reference Case (2022$)

Incremental
ZEV Adoption Per-ZEV Fleet-Average Per-
Regulatory Group Rate in Manufacturer RPE | Vehicle Manufacturer
Technology on Average RPE
Package
LHD Vocational Vehicles 7% -$10,637 -$723
MHD Vocational Vehicles 5% -$6,164 -$296
HHD Vocational Vehicles 4% -$7,582 -$273
Day Cab and Heavy Haul 79 $32 $2
Tractors
Sleeper Cab Tractors 4% $41,877 $1,717

Note: The average costs represent the average across the regulatory group. For example, the first
row represents the average across all LHD vocational vehicles.

766 Nair, Vishnu; Sawyer Stone; Gary Rogers; Sajit  blogs.edf.org/climate411/files/2022/02/EDF-MDHD-
Pillai; Roush Industries, Inc. “Technical Review: Electrification-v1.6_20220209.pd.

Medium and Heavy Duty Electrification Costs for
MY 2027-2030.” February 2022. Page 18. Last
accessed on February 9, 2023 at https://

767 Hall, Dale and Nic Lutsey. “‘Estimating the
Infrastructure Needs and Costs for the Launch of

Zero-Emission Trucks.” February 2019. Page 4. Last
accessed on February 9, 2023 at https://theicct.org/
wp-content/uploads/2021/06/ICCT_EV_HDVs_
Infrastructure_20190809.pdyf.
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Table I1-34 Manufacturer Costs to Meet the Final MY 2032 Standards Through the Potential Compliance
Pathway Relative to the Reference Case (2022%)

Incremental
ZEV Adoption Per-ZEV Fleet-Average Per-
Regulatory Group Rate in Manufacturer RPE | Vehicle Manufacturer
Technology on Average RPE
Package
LHD Vocational Vehicles 30% -$9,776 -$2,923
MHD Vocational Vehicles 20% -$5,033 -$981
HHD Vocational Vehicles 16% -$3,989 -$654
Day Cab and Heavy Haul 30% $10,816 $3,202
(V]
Tractors
Sleeper Cab Tractors 20% $53,295 $10,819

Note: The average costs represent the average across the regulatory group. For example, the first
row represents the average across all LHD vocational vehicles.

ii. Purchaser Costs

We also evaluated the costs of the
final standards for purchasers on
average by regulatory group, as shown
in Table II-35 through Table II-37. Our
assessment of the upfront purchaser
costs includes the incremental cost of a
ZEV relative to a comparable ICE
vehicle after accounting for the two IRA

tax credits (IRA section 13502,

“Advanced Manufacturing Production

Credit,” and IRA section 13403,
“Qualified Commercial Clean
Vehicles”) including the applicable FET
and sales tax, and the associated EVSE
costs (including IRA section 13404,
“Alternative Fuel Refueling Property
Credit”), if applicable. We also assessed
the incremental annual operating costs
of a ZEV relative to a comparable ICE
vehicle, which include the refueling/
charging costs, maintenance and repair

costs, and insurance costs. The
operating costs for BEVs include
charging costs that reflect either depot
charging or public charging, depending
on the vehicle type. The payback
periods shown reflect the number of
years it is projected to take for the
annual operating savings to offset the
increase in total upfront costs for the
purchaser for the sales-weighted average
within a regulatory group.

Table 11-35 MY 2027 Purchaser Per-ZEV Upfront Costs, Operating Costs, and Payback Period (20228%)
Incremental Total Annual
Adoption Per-ZEV RPE Incremental Incremental | Payback
Ratl; in Cost on Average | EVSE Costs | Upfront Per- Overatin PZrio d
Regulatory Group Technolo (before IRA Per-ZEV on | ZEV Costs on C([))sts Perg- (year) on
81" Purchase Tax Average Average Y
Package . . ZEYV on Average
Credit and Including Average
Taxes) Taxes g
LHD Vocational Vehicles 17% -$4,100 $11,623 $7,165 -$3,383 3
MHD Vocational Vehicles 13% $3,959 $17,084 $17,283 -$4,692 5
HHD Vocational Vehicles 0% N/A N/A N/A N/A N/A
Day Cab and Heavy Haul 0% N/A N/A N/A N/A N/A
Tractors
Sleeper Cab Tractors 0% N/A N/A N/A N/A N/A

Note: The average costs represent the average across the regulatory group, for example the first row represents the average

across all LHD vocational vehicles.
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Table 11-36 MY 2030 Purchaser Per-ZEV Upfront Costs, Operating Costs, and Payback Period (2022%)
Incremental
Total
Per-ZEV RPE | EVSE Costs Incremental Annual
Adoption Cost on Per-ZEV on Incremental | Payback
. Upfront Per- . .
Rate in Average Average Operating Period
Regulatory Group ZEV Costs on
Technology | (before IRA Costs Per- | (year) on
Average
Package | Purchase Tax h ZEV on Average
. Including
Credit and Average
Taxes
Taxes)
LHD Vocational Vehicles 32% -$10,637 $11,800 $629 -$3,626 1
MHD Vocational 22% -$6,164 $16,133 §9,325 -$5,020 3
Vehicles
HHD Vocational 15% $7,582 $48,099 $34,532 -$10,412 4
Vehicles
Day Cab and Heavy Haul | 6o $32 §14,272 $7,168 -$5.708 3
ractors
Sleeper Cab Tractors 6% $41,877 $0 $11,709 -$9,034 3

Note: The average costs represent the average across the regulatory group, for example the first row represents the
average across all LHD vocational vehicles.

Table 11-37 MY 2032 Purchaser Per-ZEV Upfront Costs, Operating Costs, and Payback Period (20228%)

Incremental Total
Per-ZEV RPE | EVSE Costs Incremental Annual
Adoption Cost on Per-ZEV on Incremental | Payback
. Upfront Per- . .
Rate in Average Average Operating Period
Regulatory Group ZEYV Costs on
Technology | (before IRA Costs Per- | (year) on
Average
Package Purchase Tax . ZEV on Average
. Including
Credit and Average
Taxes
Taxes)
LHD Vocational Vehicles 60% -$9,776 $11,736 $1,470 -$3,682 2
MHD Vocational 40% -$5,033 $15,304 $9,678 -$5,132 3
Vehicles
HHD Vocational 30% -$3,989 $46,204 $34,505 -$10,514 4
Vehicles
Day Cab and Heavy Haul | 00, $10,816 $5,952 $4.418 -$5,516 2
Tractors
Sleeper Cab Tractors 25% $53,295 $0 $22.366 -$8,303 5

Note: The average costs represent the average across the regulatory group, for example the first row represents the
average across all LHD vocational vehicles.

BILLING CODE 6560-50-C

As shown in Table II-37, we estimate
that the average upfront cost per vehicle
to purchase a new MY 2032 vocational
ZEV and associated EVSE compared to
a comparable ICE vehicle (after
accounting for two IRA tax credits, IRA
section 13502, “Advanced
Manufacturing Production Credit,” and
IRA section 13403, “Qualified
Commercial Clean Vehicles”), will be
offset by operational costs (i.e., savings
that come from the lower costs to
operate, maintain, and repair ZEV
technologies), such that we expect the
upfront cost increase will be recouped
due to operating savings in two to four
years on average for vocational vehicles,
two years on average for day cab

tractors, and five years on average for
sleeper cab tractors. We discuss this in
more detail and provide the payback
period for each of the HD TRUCS
vehicle types in RIA Chapter 2.7.

The average per-vehicle purchaser
costs shown in Table II-35 for MY 2027
are higher than the MY 2032 per-vehicle
costs. The reduction in costs over time
are reflective of technology learning, as
discussed in section IV.B. It is worth
noting that though the upfront costs of
a BEV MHD vocational vehicle, for
example, are higher when one considers
both the vehicle and the EVSE,
purchasers will still recoup these
upfront costs within three years of
ownership on average. This is within
the period of first ownership, as

explained in the previous subsection.
Also of note, our MY 2027 technology
package for this final rule has a
significantly lower adoption rate for
these MHD vocational vehicles in MY
2027 than in MY 2032, reflecting the
higher cost in MY 2027 than in MY
2032. Purchasers considering a ZEV also
will have the option to consider
alternatives to purchasing an EVSE at
the time of purchasing a vehicle. For
example, depending on the location of
the vehicle, heavy-duty public charging
may be a better solution than depot
charging. Instead of spending upfront
for EVSE, the purchaser could instead
spread the cost over time through public
charging where the EVSE costs would
be built into the electricity cost or
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through the use of Charging as a Service.
Purchasers of course could choose an
ICE vehicle as well if that best suits their
needs.

3. Lead Time Assessment

Two of the significant aspects of the
IRA are the tax credit available for the
manufacturing of batteries and the tax
credit available for the purchase of HD
ZEVs, where the IRA provisions’
qualifications are met. The tax credits
significantly reduce, and in many cases
erase, the incremental cost of
purchasing a HD ZEV when compared
to the cost of purchasing a comparable
ICE vehicle. Therefore, as explained in
our payback analysis, we expect the IRA
will incentivize the demand and
willingness to purchase for HD ZEVs.
However, demand and willingness to
purchase are only two of the factors we
considered when evaluating the
feasibility and suitability of HD ZEV
technologies in the MY 2027 through
MY 2032 timeframe, for inclusion in the
potential compliance pathway’s
technology packages to support the
feasibility of the Phase 3 standards in
that timeframe. We also considered the
lead time required for manufacturers to
design, develop, and produce the ZEV
and ICE vehicle technologies in the
projected technology packages, in
addition to lead time considerations
relating to availability of charging and
hydrogen refueling infrastructure, and
availability of critical minerals and
resiliency of related supply chains.

As noted in the proposal for this rule,
heavy-duty manufacturers have
indicated it could take two to four or
more years to design, develop, and
prove the safety and reliability of a new
HD vehicle. 88 FR 25998. A typical
design process includes the design and
building of prototype or demonstration
vehicles that are evaluated over several
months or years in real world operation.
The manufacturers need to accumulate
miles and experience a wide variety of
environmental conditions on these
prototype vehicles to demonstrate the
product’s durability and reliability.
Then manufacturers would work to
commercialize the vehicle and in turn
build it in mass production. We also
considered that manufacturers are likely
limited in terms of the financial
resources, human resources, and testing
facilities to redesign all of their vehicles
at the same time and, instead, focus on
the applications with the best business
case because these would be where the
customers would be most willing to
purchase. Manufacturers reiterated the
need for lead time in their comments on
the proposed rule. See RTC section
2.3.3.

The final Phase 3 standards phase in
over time from MY 2027 through MY
2032. For HD BEVs in the potential
compliance pathway, we considered
that BEV technology has been
demonstrated to be technically feasible
in heavy-duty transportation and that
manufacturers will learn from the
research and development work that has
gone into developing the significant
number of LD and HD electric vehicle
models that are on the road today, as
noted in section I1.D.2 and RIA Chapter
1.5.5. The feasibility of our final
standards is supported by technology
packages with increasing BEV adoption
rates beginning in MY 2027 (see also our
discussion in this section IL.D.2.iii
regarding our consideration of adequate
time for infrastructure development for
HD BEVs). For HD FCEVS, as discussed
in section II.D.3 and I.D.4, along with
RIA Chapter 1.7.5, fuel cell technology
in other sectors has been in existence for
decades, it has been demonstrated to be
technically feasible in heavy-duty
transportation, and there are a number
of HD FCEV models that are
commercially available today with more
expected to become available by 2024.
However, we included this technology
as part of potential compliance
pathway’s technology packages
supporting the feasibility of our final
standards starting in MY 2030 in part to
take into consideration lead time to
allow manufacturers to design, develop,
and manufacture HD FCEV models (see
also our discussion in this subsection
regarding our consideration of adequate
time for infrastructure development for
HD FCEVs).

We discuss in sections II.D.1 and
II.F.1 the need for ICE vehicles to
continue to install CO,-reducing
technologies, such as advanced
aerodynamics, advanced transmissions,
efficient powertrains, and lower rolling
resistance tires to meet the previously
promulgated MY 2027 Phase 2
standards. In our technology assessment
for this final rule and the potential
compliance pathway’s technology
packages to support the feasibility of the
Phase 3 standards, we included ICE
vehicle technologies for a portion of
each of the technology packages, and
those ICE vehicle technologies mirrored
the technology packages we considered
in setting the previously promulgated
Phase 2 MY 2027 CO, emission
standards. Each of these technologies
exists today and continues to be
developed by manufacturers. As noted
in 2016 when we issued the HD GHG
Phase 2 final rule, at that time we
provided over ten years of lead time to
the manufacturers to continue the

development and deployment of these
technologies. Our current assessment is
that these ICE vehicle technologies
continue to have adequate lead time and
be feasible in the MY 2027 and later
timeframe, as discussed in section
II.D.1.

As a new vehicle is being designed
and developed, our projected
technology packages include
consideration that manufacturers will
also need time to significantly increase
HD ZEV production volumes from
today’s volumes. In particular, our
analysis for the potential compliance
pathway considers that manufacturers
will need to build new powertrains or
to modify existing manufacturing
production lines to assemble the new
products that include ZEV powertrains.
Our analysis for our potential
compliance pathway also considered
that manufacturers will require time to
source new components, such as heavy-
duty battery packs, motors, fuel cell
stacks, and other ZEV components,
including the sourcing of the critical
minerals, as discussed in section
II.D.2.ii. As described in section II.D.5,
our potential compliance pathway’s
technology packages project that
manufacturers will not develop vehicles
utilizing ZEV technologies to cover all
types of HD vehicles at once but will
focus on those with the most favorable
business case first, increase the
adoption of those vehicles over time,
and then develop other applications. We
also note that we have added temporary
compliance flexibilities to the rule,
including the ability to average, bank,
and trade credits across averaging sets
for certain HD vehicles as described in
section III.A, and have done so to
facilitate compliance flexibility
(although, as noted in section I1.G.2,
these flexibilities are not necessary to
EPA’s determination that the final
standards are feasible, provide sufficient
lead time, and are appropriate within
the meaning of CAA section 202(a)(1)).

Several of the Phase 3 standards
commence in MY 2027, but certain
standards do not; namely, the Phase 3
standards for HHD vocational vehicles
commence in MY 2029, the day cab
tractors commence in MY 2028, and the
standards for sleeper cab tractors
commence in MY 2030. We believe our
approach described in section II1.D.5
demonstrates the feasibility of the final
standards through our potential
compliance pathway’s technology
packages, including through the
technology packages reflecting the ZEV
adoption rates for the applications we
have determined are achievable in the
MY 2027 and later timeframe.
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Purchasers of BEVs will also need to
consider how they will charge their
vehicles. Our assessment of EVSE
technology and costs associated with
charging is included in sections IL.E.2,
ILE.5, and II.F .4 of this preamble, RIA
Chapter 1, and RIA Chapter 2. We
anticipate that many first-time BEV
owners may opt to purchase and install
EVSE at or near the time of vehicle
purchase for charging at their depot, and
we therefore account for these capital
costs upfront. As noted in RIA Chapter
1, we expect significant increases in HD
charging infrastructure due to a
combination of public and private
investments. This includes Federal
funding available through the BIL 768
and the IRA.769 As discussed in section
I1.D.2.iii and RTC section 7
(Distribution), OEMs, utilities, EVSE
providers and others are also investing
in and supporting the deployment of
charging infrastructure. We also there
discuss demand on the grid posed by
the transportation sector (both light-
duty and heavy-duty) on a national
level, both in the areas of the high-
volume freight corridors that are the
most likely targets for deployment of
heavy-duty BEVs during the rule’s time
frame and on a parcel level in particular
states and nationally. Our conclusions,
as there discussed, are that there is
adequate lead time for deployment of
distribution grid buildout for both depot
and public charging, and we include
consideration of costs in our analysis.

In addition to the anticipated build
out of charging infrastructure and
electric distribution grids which we
analyzed, innovative charging solutions
can further reduce lead times to
deploying HD BEVs. As discussed in
section I.D.2.iii of this preamble, one
approach is for utilities to make non-
firm capacity available immediately as
they construct distribution system
upgrades. In California, Southern
California Edison (SCE) proposed a two-
year Automated Load Control
Management Systems (LCMS) Pilot.770

768 Infrastructure Investment and Jobs Act, Pub. L.
No. 117-58. 135 Stat. 429 (2021), available at
https://www.congress.gov/117/plaws/publ58/
PLAW-117publ58.pdf.

769 Inflation Reduction Act, Pub. L. 117-169, 136
Stat. 1818 (2022).

770 The program would use third-party owned
LCMS equipment approved by SCE to accelerate the
connection of new loads, including new EVSE,
while “SCE completes necessary upgrades in areas
with capacity constraints.” SCE would use the
LCMS to require new customers to limit
consumption during periods when the system is
more constrained, while providing those customers
access to the distribution system sooner than would
otherwise be possible. Once SCE completes
required grid upgrades, the LCMS limits will be
removed, and participating customers will gain
unrestricted distribution service. SCE hopes to

Plans like SCE’s to use LCMS to
connect new EV loads faster in
constrained sections of the grid will be
bolstered by standards for load control
technologies. UL, an organization that
develops standards for the electronics
industry, drafted the UL 3141 Outline of
Investigation (OOI) for Power Control
Systems (PCS). Once finalized,
manufacturers will be able to use this
standard for developing devices that
utilities can use to limit the energy
consumption of BEVs. The OOI
identifies five potential functions for
PCS. One of these functions is to serve
as a Power Import Limit (PIL) or Power
Export Limit (PEL). In these use cases,
the PCS controls the flow of power
between a local electric power system
(local EPS, most often the building
wiring on a single premises) and a
broader area electric power system (area
EPS, most often the utility’s system).
Critically, the standardized PIL function
will enable the interconnection of new
BEV charging stations faster by
leveraging the flexibility of BEVs to
charge in coordination with other loads
at the premise. With this standard in
place and manufacturer completion of
conforming products, utilities will have
a clear technological framework
available to use in load control
programs that accelerate charging
infrastructure deployment for their
customers.”71

EPA notes that it regards our analysis
of adequacy and timeliness of
distribution grid buildout as
conservative, since it (intentionally)
does not account for these innovative
measures undertaken by some utilities;
nor does it consider other than basic
mitigative measures that BEV
purchasers can undertake to reduce
demand. Even with this conservative
approach, we found that the rule affords
adequate lead time for such buildout.
We note that our analysis was informed
significantly by studies from, and

evaluate the extent to which LCMS can be used to
“support distribution reliability and safety, reduce
grid upgrade costs, and reduce delays to customers
obtaining interconnection and utility power
service.” SCE states that prior CPUC decisions have
expressed clear support for this technology and SCE
is commencing the LCMS Pilot immediately
Southern California Edison. “Establishment of
Southern California Edison Company’s Customer-
Side, Third Party Owned, Automated Load Control
Management Systems Pilot”. November 2023.
Available online: https://edisonintl.sharepoint.com/
teams/Public/TM2/Shared % 20Documents/Public/
Regulatory/Filings-Advice % 20Letters/Pending/
Electric/ELECTRIC_5138-E.pdf?CT=
1704322883028&OR=ItemsView.

771 UL LLC. January 11, 2024. “UL 3141: Outline
for Investigation of Power Control Systems.”
Available online: https://
www.shopulstandards.com/ProductDetail.
aspx?productld=UL3141 1 O 20240111.

discussions with, the Department of
Energy.

We have also carefully considered the
adequacy of lead time to procure
minerals critical to battery production,
for supply chains respecting those
minerals to be resilient enough to
support battery production, and for
sufficiency of battery production. We
have found that there is sufficient lead
time within the rule’s timeframe
respecting all of these. See section
I1.D.2.c.ii of this preamble, and RTC
section 17.2. Our findings here are
likewise supported by DOE studies, and
by our consultation with the DOE.

Purchasers of FCEVs will need to
consider how they will obtain hydrogen
to refuel the vehicles. Our assessment of
hydrogen infrastructure and costs
associated with refueling are in sections
I1.D.3.v, IL.LE.5.ii, and IL.F.4 of this
preamble, RIA Chapter 1, and RIA
Chapter 2. We expect significant private
investment as a result of public
investment through BIL and IRA in the
coming years. In the final rule, we
project that hydrogen consumption from
FCEVs would be a small proportion
(less than 1 percent) of total hydrogen
expected to be produced through 2030
in the United States, as discussed in RIA
Chapter 1.8.3.4. After evaluating the
existing and projected future hydrogen
refueling infrastructure,”’72 we
considered FCEV technologies only in
the MY 2030 and later timeframe to
better ensure we have provided
adequate time for early market
infrastructure development and because
we expect that projected refueling needs
in the technology packages can be met
by MY 2030, as discussed also in RIA
Chapter 2.1.

Giving consideration to these factors,
our analysis for the potential
compliance pathway supports that there
is sufficient lead time to meet the final
standards, which manufacturers may
comply with through application of BEV
technologies, FCEV technologies, or
further improvements to ICE vehicles
(which can include additional
technologies like PHEV technologies or
other potential advanced technologies
like H2—ICE powered vehicles) to their
fleets. As just discussed, we also believe
that there will be sufficient
corresponding infrastructure to support
technologies under our modeled
potential compliance pathway, and that
availability of critical minerals and
supply chains will not be a constraining
factor. To further demonstrate the

7721U.S. Department of Energy. ‘‘Pathways to
Commercial Liftoff: Clean Hydrogen”. March 2023.
Auvailable online: https://liftoff.energy.gov/wp-
content/uploads/2023/03/20230320-Liftoff-Clean-
H2-vPUB.pdf.


https://edisonintl.sharepoint.com/teams/Public/TM2/Shared%20Documents/Public/Regulatory/Filings-Advice%20Letters/Pending/Electric/ELECTRIC_5138-E.pdf?CT=1704322883028&OR=ItemsView
https://edisonintl.sharepoint.com/teams/Public/TM2/Shared%20Documents/Public/Regulatory/Filings-Advice%20Letters/Pending/Electric/ELECTRIC_5138-E.pdf?CT=1704322883028&OR=ItemsView
https://edisonintl.sharepoint.com/teams/Public/TM2/Shared%20Documents/Public/Regulatory/Filings-Advice%20Letters/Pending/Electric/ELECTRIC_5138-E.pdf?CT=1704322883028&OR=ItemsView
https://edisonintl.sharepoint.com/teams/Public/TM2/Shared%20Documents/Public/Regulatory/Filings-Advice%20Letters/Pending/Electric/ELECTRIC_5138-E.pdf?CT=1704322883028&OR=ItemsView
https://edisonintl.sharepoint.com/teams/Public/TM2/Shared%20Documents/Public/Regulatory/Filings-Advice%20Letters/Pending/Electric/ELECTRIC_5138-E.pdf?CT=1704322883028&OR=ItemsView
https://liftoff.energy.gov/wp-content/uploads/2023/03/20230320-Liftoff-Clean-H2-vPUB.pdf
https://liftoff.energy.gov/wp-content/uploads/2023/03/20230320-Liftoff-Clean-H2-vPUB.pdf
https://liftoff.energy.gov/wp-content/uploads/2023/03/20230320-Liftoff-Clean-H2-vPUB.pdf
https://www.shopulstandards.com/ProductDetail.aspx?productId=UL3141_1_O_20240111
https://www.shopulstandards.com/ProductDetail.aspx?productId=UL3141_1_O_20240111
https://www.shopulstandards.com/ProductDetail.aspx?productId=UL3141_1_O_20240111
https://www.congress.gov/117/plaws/publ58/PLAW-117publ58.pdf
https://www.congress.gov/117/plaws/publ58/PLAW-117publ58.pdf
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performance-based nature of the final
Phase 3 standards, we also included
additional examples of compliance
pathway’s technology packages in
section IL.F.4 that support the feasibility
of the final standards. In this final rule,
we also considered but did not adopt
alternative standards that would have
been supported by technology packages
with a slower phase-in of CO, emission-
reducing technologies, including a
slower phase in of HD ZEV technologies
in the projected technology packages, as
described and for the reasons discussed
in section IL.H.

Additionally, while we believe there
is sufficient time for the charging and
refueling infrastructure to develop for
the reasons explained in this section,
EPA recognizes that under the potential
compliance pathway in this final rule
such infrastructure for BEVs and FCEVs
is important for the success of the
increasing development and adoption of
these technologies. EPA carefully
considered that there are significant
efforts already underway to develop and
expand heavy-duty electric charging
and hydrogen refueling infrastructure
both at the local, state and Federal
government level as well as from private
industry, as discussed in RIA Chapters
1 and 2 and this section II. Those are
important early actions that will support
the increase in ZEV charging and
refueling infrastructure needed for the
future growth of ZEV technology of the
magnitude EPA is projecting in this
rule’s technology packages. As
discussed in section II.B.2.iii, EPA has
a vested interest in monitoring
industry’s performance in complying
with mobile source emission standards,
including the highway heavy-duty
industry, and is committing to do so for
Phase 3. Monitoring the availability of
supporting infrastructure is a critical
element of that post-promulgation effort
by EPA.

4. Additional Example Compliance
Pathway Technology Packages To
Support the Final Standards

While the potential compliance
pathway’s technology packages that
include both vehicles with ICE and ZEV
technologies discussed in section ILF.1
and RIA Chapter 2.10 support the
feasibility of the final standards and was
modeled for rulemaking purposes, there
are many other examples of possible
compliance pathways for meeting the
final standards that do not involve the
widespread adoption of BEV and FCEV
technologies. In this section, and RIA
Chapter 2.11, we provide further
support for the feasibility of the final
standards by describing examples of
additional potential compliance

pathways that are based on nationwide
production volumes, including
compliance pathways that involve only
technologies for vehicles with ICE
across a range of electrification (i.e.,
without producing additional ZEVs to
comply with this rule).

In this section, we discuss our
analysis for the technologies included in
the additional example compliance
pathways of the impacts on reductions
of GHG emissions; the technical
feasibility and technology effectiveness;
the lead time necessary to implement
the technologies; costs to manufacturers;
and willingness to purchase (including
purchaser costs and payback). In short,
EPA finds that, even without
manufacturers producing additional
ZEVs to comply with this rule, it would
be technologically feasible to meet the
final standards in the lead time
provided and taking into consideration
compliance costs. Regarding reductions
of GHG emissions, these additional
example potential compliance pathways
meet the final Phase 3 MY 2027 through
MY 2032 and later CO, emission
standards, and therefore achieve the
same level of vehicle CO, emission
reductions and downstream CO»
emission reductions as presented in
preamble section V and RIA Chapter 4.
Regarding technical feasibility and lead
time, depending on the technology, we
determined that either no further
development of the technology is
required (only further application) or
that the technology is technically
feasible and being actively developed by
manufacturers to be commercially
available for MY 2027 and later, and
that there is sufficient lead time to
deploy it. Similar to the approach we
considered for BEVs and FCEVs in this
preamble section II, for relevant
technologies we also included a phased
approach to provide lead time to meet
the corresponding charging and
refueling infrastructure needs under the
final rule’s additional example potential
compliance pathways. Regarding costs
of compliance, consistent with our
Phase 2 assessment, we conclude that
the estimated costs for all model years
are reasonable for one of the additional
example potential compliance
pathways, for example based on our
estimate that the MY 2032 fleet average
per-vehicle cost to manufacturers by
regulatory group will be $3,800 for LHD;
$7,600 for MHD vocational vehicles;
and $7,700 for HHD vocational vehicles,
and range between $10,300 for day cab
tractors and $10,400 for sleeper cab
tractors. For another additional example
potential compliance pathway, which
we developed and assessed because

manufacturers may choose to offer
technologies (such as PHEVs) that have
a higher projected upfront cost but also
have a shorter payback period, we
estimated higher costs of compliance
(e.g., approximately 18 percent of the
price of a new tractor for MY 2032) and
conclude these costs are also reasonable
here given consideration of the
corresponding business case for
manufacturers to successfully deploy
these technologies when considering
willingness to purchase, including the
payback period of these technologies
and the IRA purchaser tax credits for
PHEVs. Regarding our assessment of
impacts on purchasers and willingness
to purchase, the technologies we
assessed generally pay back within 10
years or less. As we explain elsewhere
in this preamble section II, businesses
that operate HD vehicles are under
competitive pressure to reduce
operating costs, which should
encourage purchasers to identify and
adopt vehicle technologies that provide
a reasonable payback period. For H2—
ICE tractors, our assessment is that the
operating costs exceed the operating
costs of ICE tractors, but there may be
other reasons that purchasers would
consider this technology such as that
the vehicles emit nearly zero CO,
emissions at the tailpipe, the low
engine-out exhaust emissions from H2—
ICE vehicles provide the opportunity for
efficient and durable after-treatment
systems, and the efficiency of H2-ICE
vehicles may continue to improve with
time. Overall, the fact that such a fleet
as the examples assessed in this section
are possible underscores both the
feasibility and the flexibility of the
performance-based standards, and
confirms that manufacturers are likely
to continue to offer vehicles with a
diverse range of technologies, including
advanced vehicle with ICE technologies
as well as ZEVs for the duration of these
standards and beyond.

The vehicles considered in these
additional pathways include a suite of
technologies ranging from
improvements in aerodynamics and tire
rolling resistance in ICE tractors, to the
use of lower carbon fuels like CNG and
LNG, to hybrid powertrains (HEV and
PHEV) and H2-ICE. As described in this
section, these technologies either exist
today or are actively being developed by
manufacturers to be commercially
available for MY 2027 and later.

This section presents our analysis of
the effectiveness of reducing CO»
emissions, the associated lead time, and
the technology package costs for the
technologies considered in these
additional possible pathways in
preamble sections IL.F.4.i and II.F.4.ii
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(we discuss the technologies themselves
in preamble section I1.D.1). We then
created technology packages based on
adoption rates of aggregated individual
technologies into three scenarios for
MYs 2027, 2030, and 2032 that
represent additional example potential
compliance pathways that further
support the feasibility of the final
standards in preamble section II.F.4.iii.
The technology packages and adoption
rates include a mix of vehicles with ICE
technologies. For example, the
additional example potential
compliance pathways include some
vocational vehicles with the technology
package that supported the Phase 2 MY
2027 CO> vocational vehicle emission
standards (shown in Table II-4 in
preamble section I1.D.1, and that
include technologies such as low rolling
resistance tires; tire inflation systems;
efficient engines, transmissions, and
drivetrains; weight reduction; and idle
reduction technologies) as well as
additional natural gas engine, H2—ICE
vehicle, hybrid powertrain, and PHEV
technologies for vocational vehicles. For
another example, the additional
example potential compliance pathways
include tractors with further

aerodynamic and tire improvements in
addition to the technology package that
supported the Phase 2 MY 2027 CO»
tractor emission standards (shown in
Table II-3 in preamble section I1.D.1,
and that include technologies such as
improved aerodynamics; low rolling
resistance tires; tire inflation systems;
efficient engines, transmissions,
drivetrains, and accessories; and
extended idle reduction for sleeper
cabs) as well as additional natural gas
engine, H2-ICE vehicle, hybrid
powertrain, and PHEV technologies for
tractors. The technology packages also
include our projected reference case (see
RIA Chapter 4) ZEV adoption rates.
Scenario 1 meets the MY 2032 standards
with higher adoption of vehicles with
H2-ICE technology. Scenario 2 meets
the MY 2032 standards with higher
adoption of PHEV technology. Finally,
we assessed the manufacturer costs
under these additional example
potential compliance pathways, in
preamble section II.F.4.iv, and
purchaser costs and payback in
preamble section II.F.4.v.773

The vehicle manufacturers that
certified to EPA standards for MY 2022
and/or MY 2023 are those listed in

Table 1I-38.77¢ Manufacturers used a
wide variety of technologies to meet the
standards. The manufacturer names
with “*’ indicate that they have EPA
certifications for vehicles that use
natural gas. The manufacturer names
with ‘-’ indicate they have EPA
certifications for vehicles with hybrid
powertrains. Since the public
certification data for these MYs doesn’t
identify which vehicles are certified
with hybrid powertrains, we relied on
information identified in Chapter 1.4 of
the RIA. As for hydrogen-fueled internal
combustion engines, no manufacturers
have certified to EPA standards for MY
2022 with the technology, however a
number of manufacturers have indicated
that they are developing an engine that
can run on hydrogen.?75 Finally, there
are a number of manufacturers that have
certified ICE vehicles that have
projected CO, FEL that are lower than
the Phase 2 MY 2027 standards. The
manufacturer names with ‘#” indicate
that they have one or more vehicles
families that currently meet the Phase 2
MY 2027 standards, and which we thus
project will have CO, FEL that are lower
than the Phase 2 MY 2027 standards in
MY 2027.

Table 11-38 Vehicle Manufacturers Certified to EPA HDV Emission Standards in MY 2022

ARBOC Specialty Vehicles, LLC *

General Motors LLC *

Rosenbauer Motors LLC

Autocar, LLC ** Gillig LLC *» SEA Electric
Battle Motors, Inc.* Global Environment Product Inc * Seagrave Fire Apparatus LLC
Blue Bird Body Company * Grove US LLC Spartan Fire LLC

BYD Auto Industry Company Ltd

Hino Motors, Ltd *

Temsa Skoda Sabanci Ulasim
Araclari A.S.*

Daimler Coaches North America *

HME Inc

Terex Corporation

Daimler Truck North America LLC #

Isuzu Motors Limited *

The Shyft Group

Dennis Eagle Inc *

Motor Coach Industries *

Tiffin Motor Homes Inc

Eldorado National-California Inc *

Navistar, Inc *

Van Hool N.V.

Envirotech Drive Systems Inc

New Flyer of America, Inc *

Vicinity Motor (Bus) Corp *

Volvo Group Trucks, Technology,

E-One Inc Nikola Corporation Powertrain Engineering, a Division
of Mack Trucks *

FCAUSLLC* Oshkosh Corporation * XO08, Inc

Ferrara Fire Apparatus Inc PACCAR Inc ** Zeus Electric Chassis, Inc

Ford Motor Co * Proterra Operating Company, Inc

“*” indicate that they have EPA certifications for vehicles that use natural gas.
‘" indicate they have EPA certifications for vehicles with hybrid powertrains.
‘#’ indicate that they have one or more vehicles families that currently meet the Phase 2 MY 2027 standards

773 We also developed another set of technology
packages that do not include our projected
reference case ZEV adoption rates (i.e., they are
potential compliance pathways that support the
feasibility of the standards with only technologies
for vehicles with ICE, with zero nationwide
adoption of ZEV technologies) which is presented
in RIA Chapter 2.11.

7741U.S. EPA. “Heavy-Duty Highway Gasoline and
Diesel Certification Data (Model Years: 2015—
Present” February 2024. Available online:
www.epa.gov/compliance-and-fuel-economy-data/
annual-certification-data-vehicles-engines-and-
equipment.

775 Cummins. “Cummins to Reveal Zero-Carbon
H2-ICE Concept Truck at IAA Expo Powered by the
B6.7H Hydrogen Engine”. September 13, 2022.
Available Online: https://www.cummins.com/news/
releases/2022/09/13/cummins-reveal-zero-carbon-
h2-ice-concept-truck-iaa-expo-powered-b67h.


https://www.cummins.com/news/releases/2022/09/13/cummins-reveal-zero-carbon-h2-ice-concept-truck-iaa-expo-powered-b67h
https://www.cummins.com/news/releases/2022/09/13/cummins-reveal-zero-carbon-h2-ice-concept-truck-iaa-expo-powered-b67h
https://www.cummins.com/news/releases/2022/09/13/cummins-reveal-zero-carbon-h2-ice-concept-truck-iaa-expo-powered-b67h
http://www.epa.gov/compliance-and-fuel-economy-data/annual-certification-data-vehicles-engines-and-equipment
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i. Technology Effectiveness and Lead
Time

We evaluated the potential for lower
CO; emissions from further
aerodynamic and tire improvements to
ICE tractors as well as natural gas
engine, H2-ICE vehicle, hybrid
powertrain, and PHEV technologies for
both vocational vehicles and tractors, as
discussed in section IL.D.1 of this
preamble. See section I1.D.1 for further
discussion of EPA’s assessment that
these technologies are technically
feasible.

a. Aerodynamic and Tire Improvements
for Tractors

In these additional technology
pathways, for further aerodynamic and
tire improvements to the technology
packages that supported the Phase 2 MY
2027 CO- emission standards we
evaluated technologies to reduce CO,
emissions from ICE tractors. Tractors
with ICEs have the potential to have
lower CO» emissions than required by
the Phase 2 MY 2027 CO, emission
standards by further reducing the
aerodynamic drag of the tractor and by
reducing the tire rolling resistance.
These technologies are already being
used by manufacturers to certify their
tractors to the Phase 2 standards.
Therefore, EPA assessed this potential
technology package applicable to
tractors through a combination of
aerodynamic improvements and lower
rolling resistant tires.

For this Phase 3 analysis, consistent
with our approach in Phase 2 for
evaluating technology effectiveness, we
evaluated the technologies to reduce
aerodynamic drag, as discussed in
preamble section I1.D.1.i. The
aerodynamic drag performance is

determined through aerodynamic
testing. The results of the test determine
the aerodynamic bin (Bin I through VII)
and therefore input to GEM that is used
to determine a vehicle’s CO, emissions.
The aerodynamic Bin I level represents
tractor bodies which prioritize
appearance or special duty capabilities
over aerodynamics. These Bin I tractors
incorporate few, if any, aerodynamic
features and may have several features
which detract from aerodynamics, such
as bug deflectors, custom sunshades, B-
pillar exhaust stacks, and others. Bin V
represents the most aerodynamic MY
2022 tractors.

The aerodynamic technology already
existed for the tractors to achieve Bin IV
and Bin V performance in MY 2021,
therefore, our assessment is that there is
sufficient lead time for tractor
manufacturers to increase application of
these aerodynamic designs by MY 2027
and to produce more low and mid roof
tractors at a Bin IV level of performance
and more high roof tractors at a Bin V
performance. Because no further
development of aerodynamic
technology is required, only further
application of the technologies, under
the additional example potential
compliance pathways our assessment is
that there is sufficient lead time to
include in those technology packages
the entire tractor aerodynamic
performance to these levels.

For this Phase 3 analysis, we also
evaluated technologies to reduce tire
rolling resistance on tractors, as
discussed in section I1.D.1.ii of this
preamble. In Phase 2, we developed four
levels of tire rolling resistance. The
baseline tire rolling resistance level
represents the average tire rolling
resistance on tractors in 2010. Levels 1,

2, and 3 are lower rolling resistance
tires, with each level representing
approximately 15 percent lower rolling
resistance than the previous level. In the
MY 2021 certification data, we found
that the average rolling resistance of the
steer tires installed on the day cab and
sleeper cab tractors was approximately
Level 2. The average rolling resistance
of the drive tires installed on day cab
and sleeper cab tractors was between
Level 1 and Level 2 performance. The
exception was for high roof sleeper cabs
where the average drive tire rolling
resistance was at Level 2. The lowest
rolling resistance tires used on each of
the day cab and sleeper cab
configurations was 4.7 N/kN and 4.8 N/
kN ton rolling resistance of the steer and
drive tires, respectively, which is better
than the Level 3 performance. Our
assessment for the additional example
potential compliance pathways is that
tractor tire rolling resistance can shift to
a 50/50 split of Level 2 and Level 3 tire
rolling resistance for both the steer and
drive tires in MY 2027

We used the technology effectiveness
inputs and technology adoption rates
discussed in this section of the
preamble for aerodynamics and tire
rolling resistance, along with the other
vehicle technologies used in the Phase
2 MY 2027 technology package to
demonstrate compliance with the Phase
2 MY 2027 tractor standards to develop
the GEM inputs for each subcategory of
Class 7 and 8 tractors. The set of GEM
inputs are shown in Table II-39. Note
that we have analyzed one technology
pathway for each level of stringency, but
tractor manufacturers are free to use any
combination of technologies that meet
the standards on average.
BILLING CODE 6560-50-P
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Table II-39 GEM Inputs for Tractor ICE Vehicle Technologies that Achieve a 4% CO: Reduction Relative to
the Phase 2 MY 2027 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 g;)gol;
Engine Fuel Map
2027MY | 2027MY | 2027MY | 2027MY | 2027MY | 2027MY | 2027MY | 2027MY | 2027MY
11L 11L 11L 15L 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 (CyA in m?)
475 | 585 | 570 | 475 | 585 | 520 | 475 | 585 | 490
Steer Tire Rolling Resistance (CRR in kg/metric ton)
53 | 53 | 53 5.3 5.3 5.3 53 | 53 | 53
Drive Tire Rolling Resistance (CRR in kg/metric ton)
55 | s5 | s5 | 55 | 55 | 55 | 55 | 55 | 55
Extended Idle Reduction Weighted Effectiveness
NA | NA ] o NnA | o NA ] o NA ] NA T 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% | 0.03% | 003% | 0.03%
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%

The results from GEM for this
technology package are shown in Table

1I-40. As shown, this technology

package within the additional example
potential compliance pathway achieves

4 percent lower CO, emissions than the

Table 11-40 GEM Results for Phase 3 Additional Compliance Pathway for Tractors

Phase 2 MY 2027 tractor 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;%l;
Phase 2 MY 2027 Standards (g CO»/ton-mile)
96.2 [103.4 [100.0 [73.4 [78.0 [75.7 [64.1 [69.6 [64.3
Phase 3 MY 2027 Additional Pathway GEM Results (g CO,/ton-mile)
91.4 [98.7 [95.2 [70.1 |74.7 [72.6 [61.2 | 66.6 161.9

BILLING CODE 6560-50-C

In conclusion, under the additional
example compliance pathways we
project that improvements in ICE
vehicle technologies above and beyond

available for manufacturers to use for

the improvements needed to meet the

Phase 2 MY 2027 standards will be

tractors and estimate use of those
improvements would result in an
additional emissions reduction of 4
percent.

We note that in these additional

pathways, like in our modeled

compliance pathway, the ICE vocational
vehicles portion of the pathway emit at
the Phase 2 MY 2027 level. Therefore,
we did not add any additional
technologies or costs associated with the
vocational ICE vehicles with Phase 2
MY 2027 technologies. We also note
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that the Phase 2 standards for vocational
vehicles did not include the use of
aerodynamic technologies and were
projected to be met with the use of
improvements in tire rolling resistance
and other technologies. Thus, the
corresponding ICE vehicle technology
package used within the additional
example compliance pathway analysis
for a portion of the vocational vehicles
encompasses the same set of
technologies used to demonstrate
compliance with the Phase 2 MY 2027
standards, as described in section IL.D.1.

b. Natural Gas Fueled Internal
Combustion Engines

To estimate the technology
effectiveness of natural gas-fueled
engines compared to diesel fueled
engines in the Phase 3 additional
example potential compliance
pathways, we used the publicly
available MY 2023 heavy-duty engine
certification data for CO, emissions.”76
We compared GHG certification data
between three engines of similar
displacement, power ratings, and

intended model application fueled on
CNG and conventional diesel. Family
Certification CO; Levels for the transient
Federal Test Procedure (FTP) and
Supplemental Emission Test (SET) duty
cycles were compared to determine the
CO; reductions possible by applying
natural gas engine technology, as shown
in Table II-41. The comparison shows
that natural gas engine technology could
achieve CO; reductions up to 7 percent
for vocational vehicles and 6 percent for
tractors compared to a similar diesel
fueled ICE.

Table 11-41 Heavy-Duty Engine CO2 Comparison

. - o
CNG FTP CO, CNG SET CO» Diesel FTP Diesel SET %0 Average
(g/hp-hr) (g/hp-hr) CO: CO: CO:
(g/hp-hr) (g/hp-hr) Reduction
Vocational 514 424 524 478 7%
Tractor 501 427 518 470 6%

We also considered the availability of
the natural gas fueling stations.
According to the U.S. Department of
Energy there are 1,464 compressed
natural gas and liquified natural gas
filling stations in the United States.”?7
Of these stations, approximately 90
percent of them are CNG stations and 10
percent are LNG stations. These stations
are a combination of publicly accessible
(783) and privately operated (681). Of
the publicly accessible fueling stations,
all will accommodate Class 3 through 5
HD vehicles and 1,246 will
accommodate HD Class 5 through 8
vehicles. After evaluating the existing,
and taking into account potential future,
natural gas refueling infrastructure,
similar to the approach we considered
for BEVs and FCEVs in this preamble
section II to ensure adequate lead time
for corresponding infrastructure,, we
determined that there was adequate lead
time for 5 percent adoption of natural
gas vehicles in the additional example
potential compliance pathways based
on our balancing that these technologies
are currently available and used as well
as the additional consideration of the
corresponding infrastructure needed for
the level of adoption under these
pathways by MY 2027.

776 U.S. EPA. “Annual Certification Data for
Heavy-Duty Vehicles”. January 2023. Available
Online: https://www.epa.gov/system/files/
documents/2023-01/heavy-duty-gas-and-diesel-
engines-2015-present.xIsx.

777 Department of Energy, Energy Efficiency and
Renewable Energy, Alternative Fuels Data Center,
Alternative Fuel Station Locator. February 2024.

c. Hydrogen-Fueled Internal
Combustion Engines

Since neat hydrogen fuel does not
contain any carbon, H2-ICE fueled with
neat hydrogen produce zero HC, CHa,
CO, and CO» engine-out emissions.?78
However, as explained in section
III.C.2.xviii, we recognize that, like CI
ICE, there may be negligible, but non-
zero, CO, emissions at the tailpipe 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 40 CFR part 1036 we are finalizing an
engine testing 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 this final rule, consistent
with treatments of such contributions
from the aftertreatment system from
urea decomposition for diesel ICE
vehicles, we are not including such
contributions as vehicle emissions for
H2-ICE vehicles.”7® 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 40 CFR part 1037.
Therefore, the technology effectiveness

Available online: https://afdc.energy.gov/stations/#/
find/nearest?fuel=CNG&country=US.

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

779 The results from the fuel mapping test
procedures prescribed in 40 CFR 1036.535 are fuel
consumption values, therefore the CO, emissions

(in other words CO» emission reduction)
for the vehicles that are powered by this
technology is 100 percent.

The lead time consideration for H2—
ICE vehicles consists of two parts. The
first part is the engine technology design
and development, along with the
integration of the engine, aftertreatment,
and fuel storage integration into the
vehicle. The second part is the hydrogen
refueling infrastructure availability.

An H2-ICE is very similar to existing
ICEs and engine manufacturers can
leverage the extensive technical
expertise they have developed with
existing products. Many H2-ICE engine
components can be produced using an
engine manufacturer’s existing tooling
and manufacturing processes. Similarly,
H2-ICE vehicles can be built on the
same assembly lines as other ICE
vehicles, by the same workers and with
many of the same component suppliers.
For example, Cummins has announced
the launch of a fuel-agnostic combustion
engine X10 for MY 2026 that can run on
hydrogen fuel.”80 Many design aspects
of the integration of a H2-ICE into a
vehicle can be done in parallel with the
H2-ICE ramp up to the production
launch of an engine. However, there
may be final validation vehicle
development steps that will require the
final H2-ICE and therefore may take an

from urea decomposition is not included in the
results.

780 Cummins. “Cummins Announces New X10
Engine, Next in The Fuel-Agnostic Series,
Launching in North America in 2026.” February
2023. Available Online: https://www.cummins.com/
news/releases/2023/02/13/cummins-announces-
new-x10-engine-next-fuel-agnostic-series-
launching-north.


https://www.epa.gov/system/files/documents/2023-01/heavy-duty-gas-and-diesel-engines-2015-present.xlsx
https://www.epa.gov/system/files/documents/2023-01/heavy-duty-gas-and-diesel-engines-2015-present.xlsx
https://www.epa.gov/system/files/documents/2023-01/heavy-duty-gas-and-diesel-engines-2015-present.xlsx
https://afdc.energy.gov/stations/#/find/nearest?fuel=CNG&country=US
https://afdc.energy.gov/stations/#/find/nearest?fuel=CNG&country=US
https://www.cummins.com/news/releases/2023/02/13/cummins-announces-new-x10-engine-next-fuel-agnostic-series-launching-north
https://www.cummins.com/news/releases/2023/02/13/cummins-announces-new-x10-engine-next-fuel-agnostic-series-launching-north
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additional year after the launch of an
H2-ICE. Therefore, from the technology
development perspective, we project
H2-ICE technology will be available in
MYs 2027 and later.

The discussion in RIA Chapter 1.8.3
details our assessment of hydrogen
refueling infrastructure. After evaluating
the existing and projected future
hydrogen refueling infrastructure and
similar to the approach we considered
for publicly-charged BEVs and FCEVs in
this preamble section II, we considered
H2-ICE vehicle technology only in the
MY 2030 and later timeframe for the
additional example potential
compliance pathways, to better ensure
that our additional example potential
compliance pathways provide adequate
time for early hydrogen market
infrastructure development. We
included the H2-ICE technology in the
additional compliance pathway relative
to the reference case in MY 2031 and
later, which provides nearly seven years
of lead time for the H2 refueling
infrastructure buildout to phase in.

d. Hybrid and Plug-in Hybrid
Powertrains

As discussed in section I1.D.1.v,
hybrid powertrains have lower CO,
emissions than ICE powertrains due to
a combination of regenerative braking
and the ability to optimize the ICE
operation within the hybrid powertrain
system. For this Phase 3 analysis we
used the approach described in Chapter
2.2.2.1.3 of the RIA to determine the
effectiveness of hybrids based on the
amount of braking energy recovered
from regenerative braking. In summary,
to calculate percent energy recovery
available, we estimated the braking
energy and divided by the total tractive
energy (i.e., the energy required to move
the vehicle) for each drive cycle and
then weighted the results using the
respective GEM test cycle weighting
factors. We then multiplied these values
by the weighted energy consumption
per mile to get energy recovered per
mile from regenerative braking. The
average regeneration energy as a
percentage of total tractive energy was
10 percent and 5 percent, for vocational
vehicles and tractors, respectively. For
both tractors and vocational vehicles,
we project that hybrid technology can
achieve an additional 5 percent of
effectiveness by optimizing how the
engine is operated. For example, the
engine could be operated in the
minimum brake-specific fuel
consumption region of the engine more
often in a hybrid powertrain. In
addition, the electric motor could be
used to limit engine transient operation,
or the engine could be downsized. This

leads to an overall CO, emission
reduction of 15 percent for vocational
vehicle hybrids and 10 percent for
tractor hybrids.

For hybrid electric vehicles, the
projected effectiveness is further
supported by powertrain testing that
was conducted by Eaton at Argonne
National Laboratory. The testing was
performed with a Cummins X15 engine
and three transmissions. The
transmissions were an Eaton P2/P3
hybrid, Eaton Endurant, and an Allison
4500 RDS. For each of the three
powertrain configurations, the test
procedures prescribed in 40 CFR
1036.545 were followed to generate
powertrain fuel maps. Each of these fuel
maps were input into GEM Version
3.5.1 to determined gCO,/ton-mile
emissions from a number of
representative vehicle configurations.
For the heavy heavy-duty vocational
vehicles, the average CO, emission
reductions were 22, 8, and 25 percent
for multi-purpose, regional, and urban
regulatory subcategories respectively.
The average CO, reductions for day cab
and sleeper cab tractors was 9 percent.
The data from the powertrain tests
supports the estimated CO, emission
reduction of 15 percent for vocational
vehicle hybrids, as it is expected that
vocational vehicle hybrids will be
certified as multi-purpose or urban. The
data from the powertrain tests also
supports the estimated CO, emission
reduction of 10 percent for tractor
hybrids, since many of the individual
tractors had greater than 10 percent CO,
emission reduction, with the average at
9 percent.

In addition, other studies have also
shown CO, emission reductions from
heavy-duty hybrid vehicles. For
example, a New Flyer hybrid transit bus
achieves 10—-29 percent reduction,
depending on route.”8! Similarly, a
NovaBus hybrid transit bus found up to
30 percent reduction in CO, emissions
at speeds ranging between 9—-18 mph.782
A NREL report of a reduction of 75
percent CO; in idle emissions during
PTO use 783 where idle operation is over
30 percent of vehicle operating time and
uses 10 percent of the fuel.784 A study

781 New Flyer. ‘“‘Hybrid-electric mobility.”
Available online: https://www.newflyer.com/bus/
xcelsior-hybrid/.

782 NovaBus. “Nova LFS HEV”. Available online:
https://novabus.com/blog/bus/Ifs_hev/.

783 Ragatz, Adam, Jonathan Burton, Eric Miller,
and Matthew Thornton. “Investigation of Emissions
Impacts from Hybrid Powertrains” National
Renewable Energy Lab. January 2020. Available
online: https://www.nrel.gov/docs/fy200sti/
75782.pdf.

784 Konan, Arnaud, Adam Duran, Kenneth Kelly,
Eric Miller, and Robert Prohaska. “Characterization
of PTO and Idle Behavior for Utility Vehicles”.

with a Pierce Manufacturing hybrid fire
truck showed 1,500 gallons of diesel
saved in one month which also leads to
a reduction in CO, emissions.”85

Hybrid technology is currently being
used on heavy-duty vehicles. RIA
Chapter 1.4.5 details the HD truck and
bus models that are currently offered as
hybrid vehicles. As shown, both Allison
and BAE offer heavy-duty hybrid
systems for use in vehicles. Our
assessment, based on currently available
hybrid technology that is being
produced in vehicles today, is that there
is adequate lead time for manufacturers
to increase the adoption of the
technology for LHD and MHD
vocational vehicles in MY 2027 and for
HHD vocational vehicles and tractors in
MY 2030 to the adoption levels
included in the additional pathways.

Plug-in hybrid electric vehicles run
on both electricity and fuel. The utility
factor is the fraction of miles the vehicle
travels in electric mode relative to the
total miles traveled. The percent CO»
emission reduction is directly related to
the utility factor. The greater the utility
factor, the lower the tailpipe CO»
emissions from the vehicle. The utility
factor depends on the size of the battery
and the operator’s driving habits. For
PHEVs, we project that for MY 2027 and
MY 2032 tractors, a CO, emission
reduction (effectiveness) of 30 percent is
achievable by adding a high-voltage
battery that could achieve a utility factor
of 22 percent. For MY 2027 vocational
vehicles, we project an effectiveness of
30 percent could be achieved by adding
a high-voltage battery with a utility
factor of 18 percent. For MY 2030
vocational vehicles, we project an
effectiveness of 50 percent could be
achieved by adding a high-voltage
battery with a utility factor of 41
percent. With utility factors between 18
to 41 percent, a significantly smaller
battery would be needed for a PHEV in
comparison to the battery needed for a
corresponding battery electric vehicle.

For heavy-duty PHEVs, the projected
effectiveness is further supported by
powertrain testing that was conducted
by Eaton at Argonne National
Laboratory. To evaluate the emissions
reductions of a plug-in hybrid
powertrain, Eaton used a combination of
GEM simulations and powertrain test
results. The results of the analysis
showed that a vocational vehicle with a

National Renewable Energy Lab. Available online:
https://www.nrel.gov/docs/fy170sti/66747.pdf.

785 Pierce. ‘‘Pierce Volterra Platform of Electric
Vehicles”. Available online: https://
www.piercemfg.com/electric-fire-trucks/pierce-
volterra.


https://www.newflyer.com/bus/xcelsior-hybrid/
https://www.newflyer.com/bus/xcelsior-hybrid/
https://www.nrel.gov/docs/fy20osti/75782.pdf
https://www.nrel.gov/docs/fy20osti/75782.pdf
https://www.nrel.gov/docs/fy17osti/66747.pdf
https://novabus.com/blog/bus/lfs_hev/
https://www.piercemfg.com/electric-fire-trucks/pierce-volterra
https://www.piercemfg.com/electric-fire-trucks/pierce-volterra
https://www.piercemfg.com/electric-fire-trucks/pierce-volterra
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plug-in hybrid powertrain could reduce
CO; emission by 52 percent.786

In our lead time assessment for
PHEVs, we believe it will take longer for
vehicle manufacturers to integrate this
technology into vehicles than it will for
hybrid technologies. We determined
that approximately 3—4 years would be
necessary to develop this technology.
Therefore, we conservatively included
PHEVs in limited applications (HHD
vocational vehicle and day cab tractors)
beginning in MY 2030 and included a
scenario in MY 2032 with and without
PHEVs in the technology packages that
also include our projected reference
case ZEV adoption rates. PHEVs, like
BEVs, require an external charging
source to provide electricity to the
vehicle. However, the recharging
demand for a PHEV is much lower than

a comparable BEV. Therefore, most
heavy-duty PHEVs could use Level 1
charging by plugging it into a standard
240 V outlet. Truck operators would
have access to these outlets at depots
and other businesses without having to
require special installation of EVSE
equipment. Operators would need to
create access to such an outlet, but this
would not be a constraining factor for
lead time and such costs would be low
for purchasers. Similar to the approach
we considered for BEVs and FCEVs in
this preamble section II, we determined
there is adequate lead time to meet the
projected charging infrastructure needs
that correspond to the technology
packages for the final rule’s additional
example potential compliance
pathways. Furthermore, because the

recharging demand for PHEVs will be
lower than the levels for BEVs in our
modeled potential compliance pathway,
the demand on the grid would be less
than assessed with our modeled
potential compliance pathway
discussed in preamble section II.D.2.iii.

e. Summary of the Technology
Effectiveness

Table II-42 shows the summary of the
technology effectiveness (percent CO»
emission reduction) of each of the
technologies discussed in this
subsection relative to the Phase 2 MY
2027 standards.

Table II-42 Effectiveness of
Technologies of Vehicles with ICE
Relative to the MY 2027 Phase 2
Standards

Table 11-42 Effectiveness of Technologies of Vehicles with ICE Relative to the MY 2027 Phase 2 Standards

MY 2027 4% 6% 10% 30% 100%
Tractor MY 2030 4% 6% 10% 30% 100%
MY 2032 4% 6% 10% 30% 100%
MY 2027 0% 7% 15% 30% 100%
Vocational MY 2030 0% 7% 15% 50% 100%
MY 2032 0% 7% 15% 50% 100%

ii. Technology Package Costs

In this section, we present the
incremental technology package costs
for each technology relative to the
comparable baseline vehicles that meet
the Phase 2 MY 2027 emission
standards.787

a. ICE Vehicle Improvements

The costs for the additional
aerodynamic and low rolling resistance
tire technologies were developed based
on the cost assessment in the Phase 2
final rule.”88 These technology costs
developed for the Phase 2 analysis
remain appropriate because the
technologies are the same and the costs
including learning through MY 2027. As
discussed in RIA Chapter 2.11.2.1, the
incremental technology package cost of
increased application of aerodynamic
technologies and low rolling resistance

786 Sanchez, James. Memorandum to Docket EPA—
HQ-0OAR-2022-0985. “Eaton Hybrid Powertrain
Results” February 2024.

787 The costs presented in this section do not
include the learning effects after MY 2027, and
therefore are higher than they would be if they

tires is $1,978 for sleeper cab tractors
and $1,715 for day cab tractors.

b. Natural Gas Fueled Internal
Combustion Engines

EPA contracted FEV to conduct a
technology and cost study for a variety
of powertrains applicable to Class 4, 5,
7, and 8 heavy-duty vehicles.”89 FEV
also costed three (15L for Class 8, 10L.
for Class 7, and 6.6L for Class 45) diesel
ICE powertrains that would meet the
emission standards as required by the
Low NOx Rule and the Phase 2 CO,
emission standards in MY 2027. These
were used to calculate the incremental
cost of the alternative powertrain to the
comparable diesel ICE powertrain
baseline, as described in RIA Chapter
2.11.2.2.

The costs presented in Table 11-43
include both the direct and indirect
costs of compliance for manufacturers
and represent a market stable scenario

included learning (i.e., are conservative in the
overestimating sense).

7881J.S. EPA. Regulatory Impact Analysis
Greenhouse Gas Emissions and Fuel Efficiency
Standards for Medium- and Heavy-Duty Engines
and Vehicles—Phase 2. Chapter 2. EPA—420-R-16—
900. August 2016.

where the technologies are mature,
which is appropriate because natural
gas technologies have been used in the
heavy-duty marketplace for decades.
The costs represent the incremental
costs of a spark-ignited (SI) CNG engine
because that is the predominant
technology being offered today in the
heavy-duty market.790

One difference in costs between a
CNG powertrain and the baseline diesel
powertrain is the fuel ‘tank.” A CNG
vehicle requires pressurized fuel tanks
typically made with carbon fiber in
order to hold the fuel at required
pressures of 250 bar. These tank types
are much higher in cost than a tank to
hold diesel fuel which does not require
the capability to store fuel under
pressure. The larger the vehicle and/or
the longer the distance traveled per day
dictates the number and size of the
tanks required. Cost of tanks for the
CNG Class 8 day cab and sleeper cab

789 FEV Consulting. “Heavy Duty Commercial
Vehicles Class 4 to 8: Technology and Cost
Evaluation for Electrified Powertrains—Final
Report”. Prepared for EPA. March 2024.

790 Cummins. Natural Gas Engine Portfolio.
Available online: https://mart.cummins.com/
imagelibrary/data/assetfiles/0063969.pdf.
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