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Executive Summary

This Draft Regulatory Impact Analysis (RIA) contains supporting documentation to the EPA
NPRM and addresses requirements in Clean Air Act Section 317. The preamble to the Federal
Register notice associated with this document provides the full context for the EPA proposed
rule, and it references this Draft RIA throughout.

The Environmental Protection Agency (EPA) is proposing to revise existing national
greenhouse gas (GHG) emissions standards for passenger cars and light trucks under section
202(a) of the Clean Air Act (CAA). Section 202(a) requires EPA to establish standards for
emissions of air pollutants from new motor vehicles which, in the Administrator’s judgment,
cause or contribute to air pollution which may reasonably be anticipated to endanger public
health or welfare. 42 U.S.C. 7521(a).

This proposal also responds to Executive Order (E.O.) 13990, “Protecting Public Health and
the Environment and Restoring Science To Tackle the Climate Crisis” (Jan. 20, 2021), which
directs EPA to consider taking the action proposed in this notice:*

“[T]he head of the relevant agency, as appropriate and consistent with applicable law, shall
consider publishing for notice and comment a proposed rule suspending, revising, or rescinding
the agency action[s set forth below] within the time frame specified.”

“Establishing Ambitious, Job-Creating Fuel Economy Standards: ... ‘The Safer Affordable
Fuel-Efficient (SAFE) Vehicles Rule for Model Years 2021-2026 Passenger Cars and Light
Trucks,” 85 FR 24174 (April 30, 2020), by July 2021. ... In considering whether to propose
suspending, revising, or rescinding the latter rule, the agency should consider the views of
representatives from labor unions, States, and industry.”

The proposed program would revise the light-duty vehicle GHG standards previously revised
by the SAFE rule and builds upon earlier EPA actions and supporting analyses that established
or maintained stringent light-duty vehicle GHG emissions standards. For example, in 2012, EPA
issued a final rule establishing light-duty vehicle GHG standards for model years (MY) 2017-
2025,° which were supported in analyses accounting for compliance costs, lead time and other
relevant factors.® That rule and its analyses also accounted for the development and availability
of advanced GHG emission-reducing technologies for gasoline-fueled vehicles, which
demonstrated that the standards were appropriate under section 202(a) of the CAA.¢ This
proposed rule provides additional analysis that takes into consideration updated data and recent
developments. Auto manufacturers are currently implementing an increasing array of advanced
gasoline vehicle GHG emission reduction technologies at a rapid pace throughout their vehicle
fleets. Vehicle electrification technologies are also advancing rapidly, as battery costs have
continued to decline, and automakers have announced an increasing diversity and volume of
zero-emission vehicle models. Meanwhile, in 2019, several auto manufacturers voluntarily

2 https://www.federalregister.gov/documents/2021/01/25/2021-01765/protecting-public-health-and-the-
environment-and-restoring-science-to-tackle-the-climate-crisis

Y EPA’s model year emission standards also apply in subsequent model years, unless revised, e.g., MY 2025
standards issued in the 2012 rule also applied to MY 2026 and beyond.

¢ 77 FR 62624, October 15, 2012.
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entered into agreements with the State of California to comply with GHG emission reduction
targets through MY 2026 across their national vehicle fleets (the “California Framework
Agreements”) that are more stringent than the EPA standards as revised by the SAFE rule. These
developments further support EPA’s decision to reconsider and propose revising the existing
EPA standards to be more stringent, particularly in light of factors indicating that more stringent
near-term standards are feasible at reasonable cost and would achieve significantly greater GHG
emissions reductions and public health and welfare benefits than the existing program. In
developing this proposal, EPA has conducted outreach with a wide range of interested
stakeholders, including labor unions, states, and industry as provided in E.O. 13990, and we will
continue to engage with these and other stakeholders as part of our regulatory development
process.

This proposal is limited to MY's 2023-2026, given lead time considerations under the CAA,
which is consistent with E.O. 13990’s direction to review the SAFE rule standards. We have
designed the proposed program based on our assessment that the proposed standards are
reasonable and appropriate and will achieve a significant level of GHG reductions for MY's
2023-2026 vehicles, with the expectation that a future, longer-term program for MY's 2027 and
later will build upon these near-term standards.

Proposed Revisions to Light-duty GHG Emissions Standards

As with EPA’s previous light-duty GHG programs, EPA is proposing footprint-based
standards curves for both passenger cars and trucks. Each manufacturer would have a unique
standard for the passenger cars category and another for the truck category® for each MY based
on the sales-weighted footprint-based CO> targets' of the vehicles produced in that MY. Figure 1
shows EPA’s proposed standards, expressed as average fleetwide GHG emissions targets (cars
and trucks combined), projected through MY 2026. For comparison, the figure also shows the
corresponding targets for the SAFE final rulemaking (FRM) and the 2012 FRM. The projected
fleet targets for this proposed rule increase in stringency in MY 2023 by about 10 percent (from
the existing SAFE rule standards in MY2022), followed by stringency increases thereafter of
nearly 5 percent year over year from MY2024 through MY2026. As with all EPA vehicle
emissions standards, the proposed MY2026 standards would then remain in place for all
subsequent MY's, unless and until they are revised in a subsequent rulemaking. Table 1 presents
the estimates of EPA’s proposed standards presented in Figure 1, again in terms of the projected
overall industry fleetwide COz2-equivalent emission compliance target levels. The industry fleet-
wide estimates in Table 1 are projections based on modeling EPA conducted for the proposed
rule, taking into consideration projected fleet mix and footprints for each manufacturer’s fleet in
each model year. Figure 1 presents projected industry fleet average year-over-year percent
reductions comparing the existing standards under the SAFE rule and the proposed revised
standards. See Chapter 2 for a full discussion of the proposed standards.

¢ Passenger cars include cars and smaller cross-overs and SUVs, while the truck category includes larger cross-overs
and SUVs, minivans, and pickup trucks.

f Because compliance is based on the full range of vehicles in a manufacturer’s car and truck fleets, with lower-
emitting vehicles compensating for higher-emitting vehicles, the emission levels of specific vehicles within the fleet
are referred to as targets, rather than standards.
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Figure 1 EPA Proposed Industry Fleet-Wide CO2 Compliance Targets, Compared to 2012 and SAFE Rules,
grams/mile, 2021-2026

Table 1 Projected Industry Fleet-wide CO2 Compliance Targets (grams/mi)

2022%* 2023 2024 2025 2026
Cars 180 165 157 149 142
Trucks 260 232 221 210 199
Combined Cars and Trucks 220 199 189 180 171

*SAFE rule targets included for reference.

The combined car/truck CO: targets are a function of assumed car/truck shares. For this
illustration, we assume an approximately 50/50% split in MYs 2023-2026. See Chapter 2 for
detail.

Table 2: Projected Industry Fleet Average Target Year-Over-Year Percent Reductions

SAFE Rule Proposal
Model Cars Trucks Combined Cars Trucks Combined
Year
2023 1.7% 1.5% 1.6% 8.3% 10.8% 9.8%
2024 1.1% 1.2% 1.2% 4.8% 4.7% 4.7%
2025 2.3% 2.0% 2.2% 5.1% 5.0% 4.9%
2026 1.8% 1.6% 1.7% 4.7% 5.2% 5.0%
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Proposed Compliance Incentives and Flexibilities

The existing Light-duty GHG program established in the 2010 and 2012 rules includes several
key flexibilities, such as credit programs and technology incentives, including:

e Credit Averaging, Banking, and Trading (ABT) with credit carry-forward, credit
carry-back, transferring of credits between a manufacturer’s car and truck fleets, and
credit trading between manufacturers (see Chapter 2.1.1)

e Off-cycle credits for GHG emissions reductions not captured by the test procedures
used for fleet average compliance with the footprint-based standards

e Air conditioning credits for system efficiency improvements and reduced refrigerant
leakage or use of low global warming potential refrigerants

e Multiplier incentives for advanced technology vehicles including electric vehicles,
fuel cell vehicles, and plug-in hybrid-electric vehicles

e Multiplier incentives for natural gas fueled vehicles (MY 2021-2026)

e Full-size pick-up incentives for hybridization or GHG improvements equivalent to
hybridization

EPA is proposing a limited, targeted set of extended or additional compliance flexibilities and
incentives that we believe are appropriate given the stringency and lead time of the proposed
standards. We are proposing four types of flexibilities/incentives, in addition to
flexibilities/incentives that already will be available for these MYs under EPA’s existing
regulations: 1) a limited extension of carry-forward credits generated in MYs 2016 through
2020; 2) an extension of the advanced technology vehicle multiplier credits for MY's 2022
through 2025 with a cumulative credit cap; 3) restoration of the 2012 rule’s full-size pickup truck
incentives for strong hybrids or similar performance-based credit for MY's 2022 through 2025
(provisions which were removed in the SAFE rule); and 4) an increase of the off-cycle credits
menu cap from 10 g/mile to 15 g/mile. We summarize these flexibilities and incentives below
and provide further detail in Chapter 2.1.1.

The GHG program includes existing provisions initially established in the 2010 rule, which
set the MY 2012-2016 GHG standards, for how credits may be used within the program. These
averaging, banking, and trading (ABT) provisions include credit carry-forward, credit carry-back
(also called deficit carry-forward), credit transfers (within a manufacturer), and credit trading
(across manufacturers). These ABT provisions define how credits may be used and are integral
to the program. The current program limits credit carry-forward to 5 years. EPA is proposing a
limited extension of credit carry-forward for credits generated in MYs 2016 through 2020. The
proposal would change the credit carry-forward time limitation for MY 2016 credits from five to
seven years and the carry-forward limit for MY's 2017-2020 from 5 to 6 years, as shown in Table
3 below.
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Table 3: EPA Proposed Extension of Credit Carry-forward Provisions

MY Credits MYs Credits Are Valid Under EPA’s Proposed Extension

are Banked | 2016 | 2017 | 2018 2019 2020 2021 2022 2023 2024 2025 2026
2016 X X X X X + +
2017 X X X X X +
2018 X X X X X +
2019 X X X X X +
2020 X X X X X +
2021 X X X X X

x = Current program. + = Proposed additional years.

The existing GHG program also includes temporary incentives through MY 2021 that
encourage the use of advanced technologies such as electric, hybrid, and fuel cell vehicles, as
well as incentives for full-size pickups using strong hybridization or technologies providing
similar emissions reductions to hybrid technology. The full-size pickup incentives originally
were available through MY 2025, but the SAFE rule removed these incentives for MY's 2022
through 2025. When EPA established these incentives in the 2012 rule, we recognized that they
would reduce the effective stringency of the standards and have the potential to increase or
decrease the costs of achieving a particular standard depending upon how the manufacturers
respond to the incentives. However, we believed that it was worthwhile to have a limited near-
term loss of emissions reduction benefits to increase the potential for far greater emissions
reduction and technology diffusion benefits in the longer term. Our rationale was that the
temporary regulatory incentives would help bring low emission technologies to market more
quickly than in the absence of incentives. With these same goals in mind for this program, we
are proposing multiplier incentives from MY 2022 though MY 2025 with a cap on multiplier
credits and to reinstate the full-size pickup incentives removed from the program by the SAFE
rule. These proposed incentives are intended as a temporary measure supporting the transition to
zero-emission vehicles and to provide additional flexibility in meeting the MY 2023-2026
proposed standards. For further details, see Chapters 1.1.2 and 2.1.1; and also see Section I1.B.1
within the Preamble to this proposed rule.

The current program also includes credits for real-world emissions reductions not reflected on
the test cycles used for measuring CO2 emissions for compliance with the fleet average
standards. There are credits for using technologies that reduce GHG emissions that aren’t
captured on EPA tests (“off-cycle” technologies) and improvements to air conditioning systems
that increase efficiency and reduce refrigerant leakage. These credit opportunities do not sunset
under the existing regulations, remaining a part of the program through MY 2026 and beyond
unless the program is changed by regulatory action. EPA is proposing to modify an aspect of the
off-cycle credits program to provide additional opportunities for manufacturers to generate
credits by increasing the pre-defined menu credit cap from 10 to 15 g/mile. EPA is also
proposing to modify some of the regulatory definitions that are used to determine whether a
technology is eligible for the menu credits. EPA is not proposing changes to the air conditioning
credit elements of the program.

Summary of Proposal Costs and Benefits

We estimate that this proposal would result in significant present value net benefits of $86
billion to $140 billion (annualized net benefits of $4.2 billion to $7.3 billion) — that is, the total
benefits far exceed the total costs of the program. Table 4 below summarizes EPA’s estimates of
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total discounted costs, fuel savings, and benefits. The results presented here project the
monetized environmental and economic impacts associated with the proposed standards during
each calendar year through 2050. The proposal also would have significant benefits for
consumers, as the fuel savings for American drivers would total $120 billion to $250 billion in
present-value through 2050. With these fuel savings, consumers would benefit from reduced
operating costs over the vehicle lifetime.

The benefits include climate-related economic benefits from reducing emissions of GHGs that
otherwise contribute to climate change, reductions in energy security externalities caused by U.S.
petroleum consumption and imports, the value of certain particulate matter-related health
benefits (including premature mortality), the value of additional driving attributed to the rebound
effect, and the value of reduced refueling time needed to fill up a more fuel efficient vehicle. The
analysis also includes estimates of economic impacts stemming from additional vehicle use, such
as the economic damages caused by crashes, congestion, and noise (from increased rebound
driving). See Chapter 10 for more information regarding these estimates.

Table 4 Monetized Discounted Costs, Benefits, and Net Benefits of the Proposed Program for Calendar
Years through 2050 (Billions of 2018 dollars)®-c%e

Present Value Annualized Value
3% Discount Rate | 7% Discount Rate | 3% Discount Rate | 7% Discount Rate
Costs $240 $150 $12 $12
Fuel Savings $250 $120 $13 $9.9
Benefits $130 $110 $6.9 $6.3
Net Benefits $140 $86 $7.3 $4.2
Notes:

2Values rounded to two significant figures; totals may not sum due to rounding. Present and annualized values
are based on the stream of annual calendar year costs and benefits included in the analysis (2021 — 2050) and
discounted back to year 2021.

b Climate benefits are based on reductions in CO,, CH4 and N20O emissions and are calculated using four
different estimates of the social cost of each greenhouse gas (SC-GHG model average at 2.5%, 3%, and 5%
discount rates; 95th percentile at 3% discount rate), which each increase over time. For the presentational
purposes of this table, we show the benefits associated with the average SC-GHGs at a 3% discount rate but the
Agency does not have a single central SC-GHG point estimate. We emphasize the importance and value of
considering the benefits calculated using all four SC-GHG estimates and present them later in this preamble. As
discussed in Chapter 3.3 of the RIA, a consideration of climate benefits calculated using discount rates below 3
percent, including 2 percent and lower, are also warranted when discounting intergenerational impacts.

¢The same discount rate used to discount the value of damages from future GHG emissions (SC-GHGs at 5, 3,
and 2.5 percent) is used to calculate the present and annualized values of climate benefits for internal consistency,
while all other costs and benefits are discounted at either 3% or 7%.

4 Net benefits reflect the fuel savings plus benefits minus costs.

¢Non-GHG impacts associated with the standards presented here do not include the full complement of health
and environmental effects that, if quantified and monetized, would increase the total monetized benefits. Instead,
the non-GHG benefits are based on benefit-per-ton values that reflect only human health impacts associated with
reductions in PM2.5 exposure.

Table 5 and Table 6 summarize EPA’s estimates of total discounted costs, fuel savings, and
benefits through the full lifetime of vehicles projected to be sold in MY's 2023-2026. ¢ The

¢ In the MY lifetime analysis, we look only at specific model-year vehicles and sum the costs and benefits of those
model-year vehicles over their full lifetimes. In the calendar year analysis, we sum the costs and benefits of all
vehicles of all vintages (i.e., all model-years and ages), that are in-service during the calendar years noted (in this
case calendar years 2021 through 2050).
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estimated results presented here project the monetized environmental and economic impacts
associated with the proposed standards. Note that standards continue at their MY2026 levels
beyond MY2026 in any scenario. At both a 3% and 7% discount rate all model years show
substantial fuel savings and net benefits.

Table 5 GHG Analysis of Lifetime Costs & Benefits to Meet the Proposed MY 2023-2026 GHG Standards,
3% discount rate (for Vehicles Produced in MY 2023-2026)*"¢ (Billions of 2018$)

MY Costs ‘ Fuel Savings | Benefits ‘ Net Benefits
Present Values
2023 $4.8 $3.6 $1.9 $0.68
2024 $5.9 $7 $3.6 $4.7
2025 $6.7 $8.6 $4.4 $6.2
2026 $8.1 $13 $7.2 $12
Sum $26 $33 $17 $24
Annualized Values
2023 $0.21 $0.16 $0.08 $0.029
2024 $0.26 $0.3 $0.16 $0.2
2025 $0.29 $0.37 $0.19 $0.27
2026 $0.35 $0.58 $0.31 $0.54
Sum $1.1 $1.4 $0.74 $1
Notes:

2The lifetime costs and benefits of each MY vehicle are discounted back to 2021.

b Climate benefits are based on reductions in CO,, CH4 and N20O emissions and are calculated
using four different estimates of the social cost of each greenhouse gas (SC-GHG model average at
2.5%, 3%, and 5% discount rates; 95th percentile at 3% discount rate), which each increase over
time. For the presentational purposes of this table, we show the benefits associated with the
average SC-GHGs at a 3% discount rate, but the Agency does not have a single central SC-GHG
point estimate. We emphasize the importance and value of considering the benefits calculated
using all four SC-GHG estimates and present them later in this preamble. As discussed in Chapter
3.3 of the RIA, a consideration of climate benefits calculated using discount rates below 3 percent,
including 2 percent and lower, are also warranted when discounting intergenerational impacts.

¢ The same discount rate used to discount the value of damages from future GHG emissions is used
to calculate the present and annualized value of SC-GHGs for internal consistency, while all other
costs and benefits are discounted at 3% in this table.

4Non-GHG impacts associated with the standards presented here do not include the full
complement of health and environmental effects that, if quantified and monetized, would increase
the total monetized benefits. Instead, the non-GHG benefits are based on benefit-per-ton values
that reflect only human health impacts associated with reductions in PM2.5 exposure.
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Table 6 GHG Analysis of Lifetime Costs & Benefits to Meet the Proposed MY 2023-2026 GHG Standards,
7% discount rate (for Vehicles Produced in MY 2023-2026)*"¢ (Billions of 2018$)

MY Costs ‘ Fuel Savings Benefits ‘ Net Benefits
Present Values
2023 $4.4 $2.6 $1.7 -$0.14
2024 $5.5 $4.7 $3.3 $2.4
2025 $6.1 $5.5 $3.9 $3.4
2026 $7.3 $8.2 $6.2 $7.2
Sum $23 $21 $15 $13
Annualized Values
2023 $0.33 $0.19 $0.085 -$0.053
2024 $0.41 $0.35 $0.16 $0.1
2025 $0.45 $0.41 $0.19 $0.15
2026 $0.55 $0.62 $0.31 $0.38
Sum $1.7 $1.6 $0.75 $0.58
Notes:

2The lifetime costs and benefits of each MY vehicle are discounted back to 2021.

b Climate benefits are based on reductions in CO,, CH4 and N20 emissions and are calculated using
four different estimates of the social cost of each greenhouse gas (SC-GHG model average at 2.5%,
3%, and 5% discount rates; 95th percentile at 3% discount rate), which each increase over time. For
the presentational purposes of this table, we show the benefits associated with the average SC-GHGs
at a 3% discount rate, but the Agency does not have a single central SC-GHG point estimate. We
emphasize the importance and value of considering the benefits calculated using all four SC-GHG
estimates and present them later in this preamble. As discussed in Chapter 3.3 of the RIA, a
consideration of climate benefits calculated using discount rates below 3 percent, including 2 percent
and lower, are also warranted when discounting intergenerational impacts.

¢The same discount rate used to discount the value of damages from future GHG emissions is used
to calculate the present and annualized value of SC-GHGs for internal consistency, while all other
costs and benefits are discounted at 7% in this table.

4Non-GHG impacts associated with the standards presented here do not include the full complement
of health and environmental effects that, if quantified and monetized, would increase the total
monetized benefits. Instead, the non-GHG benefits are based on benefit-per-ton values that reflect
only human health impacts associated with reductions in PM2.5 exposure.

Summary of the Analysis of Alternatives to the Proposal

Description of Alternatives

Along with the proposed standards, we analyzed both a more stringent and a less stringent
alternative. For the less stringent alternative, Alternative 1, we used the coefficients from the
California Framework for the 2.7 percent effective stringency level as the basis for the MY 2023
stringency level® and the 2012 rule MY 2025 standards' as the basis for the MY 2026 stringency
level, with linear year-over-year reductions between the two points for MY's 2024 and 2025. We
view the California Framework as a reasonable basis for the least stringent alternative since it
represents a level of stringency that five manufacturers have already committed to achieving.

h California Air Resources Board. California Framework Agreements on Clean Cars. Last accessed on the Internet
on 7/23/2021 at the following URL: https://ww2.arb.ca.gov/sites/default/files/2020-08/clean-car-framework-
documents-all-bmw-ford-honda-volvo-vw.pdf.
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We did not include incentive multipliers within the analysis for Alternative 1, as doing so would
only further reduce the effective stringency of this Alternative. Alternative 1 is the lower end of
stringency that we believe is appropriate through 2026.

For the more stringent alternative, Alternative 2, we used the 2012 rule standards as the basis
for MY 2023-2025 targets, with the standards continuing to increase in stringency in a linear
fashion for MY2026. Alternative 2 adopts the 2012 rule stringency levels in MY 2023 and
follows the 2012 rule standard target levels through MY2025. EPA extended the same linear
average year-over-year trajectory for MYs 2023-2025 to MY2026 for the final standards under
Alternative 2. We believe that it is important to continue to make progress in MY2026 beyond
the MY2025 standard levels in the 2012 rule. As with the proposal, Alternative 2 meets this
objective. We also did not include in Alternative 2 the proposed incentive multipliers with the
proposed cumulative credit cap in MY's 2022-2025, which would have had the effect of making
Alternative 2 less stringent.

EPA is proposing several changes to program flexibilities. Further details regarding program
flexibilities can be found in Chapter 2.1.1. These proposed program changes would apply to the
alternatives as well and the proposal except for the advanced technology multipliers. Table 7
below provides a list of the proposed flexibilities and their proposed applicability to the proposal
and alternatives.

Table 7 Applicability of Program Provisions to the Proposal and Alternatives

Provision Proposal Alternative 1 Alternative 2
Extension of credit carry-forward for MY 2016- Yes Yes Yes

2020 credits

Advanced technology incentive multipliers for MY's Yes No No
2022-2025 with cap

Increase of off-cycle menu cap from 10 to 15 g/mile Yes Yes Yes
Reinstatement of full-size pickup incentive for Yes Yes Yes

strong hybrids or equivalent technologies for MY's

2022-2025

Note:

EPA’s technical analysis, presented in Chapter 4, consists of model runs using a model capable of reflecting some
but not all of these provisions. The modeling includes consideration of advanced technology incentive multipliers
for the proposal but not for the alternatives. The model runs also include the 15 grams per mile off-cycle menu
cap as appropriate given the standards or targets to which a fleet being modeled is complying. Not included in the
model runs are the full-size pickup truck technology incentive credit or the extension of the emissions credit
carry-forward.

The fleet average targets for the two alternatives compared to the proposed standards are
provided in Table 8 below. As discussed in detail in Chapter 2.3.3, there has been a proliferation
of recent announcements from automakers signaling a rapidly growing shift in investment away
from internal-combustion technologies and toward high levels of electrification. EPA has also
heard from a wide range of stakeholders over the past several months, including but not limited
to the automotive manufacturers and the automotive suppliers, that the significant investments
being made now to develop and launch new EV product offerings and in the expansion of EV
charging infrastructure could enable higher levels of EV penetration to occur in the market place
by the MY 2026 time frame than we have projected in this proposal for both the proposed
MY2026 standards and the Alternative 2 MY2026 standards.
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Table 8 Projected Fleet Average Target Levels for Proposed Standards and Alternatives (CO2 grams/mile)

Model Year Proposal Projected Altemative 1 Altemative 2
Targets Projected Targets Projected Targets
2021 223* 223* 224*
2022 220* 220* 220*
2023 199 203 195
2024 189 194 186
2025 180 185 177
2026 171 177 169
* SAFE rule standards included here for reference.
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Figure 2 Proposed Standards Fleet Average Targets Compared to Alternatives

As shown in Figure 2, the range of alternatives that EPA has analyzed differ from the
proposed standard targets in any given MY in 2023-2026 by 2 to 6 g/mile. EPA believes this
approach is reasonable and appropriate considering the relatively limited lead time for the
proposed standards (especially for MY's 2023-2025), our assessment of feasibility, the existing
automaker commitments to meet the California Framework (representing about one-third of the
auto market), the standards adopted in the 2012 rule, and the need to reduce GHG emissions.
EPA provides further discussion of the feasibility of the proposed standard and alternatives and
the selection of the proposed standards within Chapter 2.2. The analysis of costs and benefits of
Alternatives 1 and 2 is shown in the Chapters 4, 5, 6, and 10.
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Summary of Costs and Benefits of the Alternatives

EPA estimates that Alternative 1 would result in significant present value net benefits of $76
to $130 billion (annualized net benefits of $4.1 to $6.6 billion) — that is, the total benefits far
exceed the total costs of the program. Table 9 below summarizes EPA’s estimates of total
discounted costs, fuel savings, and benefits for Alternative 1. The results presented here project
the monetized environmental and economic impacts associated with the proposed standards
during each calendar year through 2050. Alternative 1 also would have significant benefits for
consumers, as the fuel savings for American drivers would total $98 to $200 billion through
2050. With these fuel savings, consumers would benefit from reduced operating costs over the
vehicle lifetime.

The benefits include climate-related economic benefits from reducing emissions of GHGs that
otherwise contribute to climate change, reductions in energy security externalities caused by U.S.
petroleum consumption and imports, the value of certain particulate matter-related health
benefits (including premature mortality), the value of additional driving attributed to the rebound
effect, and the value of reduced refueling time needed to fill up a more fuel efficient vehicle. The
analysis also includes estimates of economic impacts stemming from additional vehicle use, such
as the economic damages caused by crashes, congestion, and noise (from increased rebound
driving). See the Chapters 4, 5, 6, and 10 for more information regarding these estimates.

Table 9 Monetized Discounted Costs, Benefits, and Net Benefits of Alternative 1 for Calendar Years through
2050 (Billions of 2018 dollars)»>cde

Present Value Annualized Value
3% Discount Rate | 7% Discount Rate | 3% Discount Rate | 7% Discount Rate
Costs $190 $110 $9.5 $9.2
Fuel Savings $200 $98 $10 $7.9
Benefits $120 $93 $6 $5.4
Net Benefits $130 $76 $6.6 $4.1
Notes:

2 Values rounded to two significant figures; totals may not sum due to rounding. Present and annualized values
are based on the stream of annual calendar year costs and benefits included in the analysis (2021 — 2050) and
discounted back to year 2021.

b Climate benefits are based on reductions in CO2, CH4 and N20 emissions and are calculated using four
different estimates of the social cost of each greenhouse gas (SC-GHG model average at 2.5%, 3%, and 5%
discount rates; 95th percentile at 3% discount rate), which each increase over time. For the presentational
purposes of this table, we show the benefits associated with the average SC-GHGs at a 3% discount rate but the
Agency does not have a single central SC-GHG point estimate. We emphasize the importance and value of
considering the benefits calculated using all four SC-GHG estimates and present them later in this preamble. As
discussed in Chapter 3.3 of the RIA, a consideration of climate benefits calculated using discount rates below 3
percent, including 2 percent and lower, are also warranted when discounting intergenerational impacts.

¢ The same discount rate used to discount the value of damages from future GHG emissions (SC-GHGs at 5, 3,
and 2.5 percent) is used to calculate the present and annualized values of climate benefits for internal consistency,
while all other costs and benefits are discounted at either 3% or 7%.

4Net benefits reflect the fuel savings plus benefits minus costs.

¢Non-GHG impacts associated with the standards presented here do not include the full complement of health
and environmental effects that, if quantified and monetized, would increase the total monetized benefits. Instead,
the non-GHG benefits are based on benefit-per-ton values that reflect only human health impacts associated with
reductions in PM2.5 exposure.
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Table 10 and Table 11 summarize EPA’s estimates of total discounted costs, fuel savings, and
benefits through the full lifetime of vehicles projected to be sold in MY's 2023-2026 under
Alternative 1. The estimated results presented here project the monetized environmental and
economic impacts associated with the Alternative 1 standards. Note that standards continue at
their MY 2026 levels beyond MY2026 in any scenario. At both a 3% and 7% discount rate all
model years show substantial fuel savings and net benefits.

Table 10 GHG Analysis of Lifetime Costs & Benefits to Meet the Alternative 1 MY 2023-2026 GHG
Standards, 3% discount rate (for Vehicles Produced in MY 2023-2026)*>4 (Billions of 2018$)

MY | Costs | Fuel Savings | Benefits | Net Benefits
Present Values
2023 $3.9 $3.4 $2 $1.5
2024 $4.9 $6.5 $3.7 $5.3
2025 $5.6 $7.7 $4.5 $6.5
2026 $6.4 $10 $6 $9.7
Sum $21 $28 $16 $23
Annualized Values
2023 $0.17 $0.15 $0.085 $0.067
2024 $0.21 $0.28 $0.16 $0.23
2025 $0.24 $0.33 $0.19 $0.28
2026 $0.28 $0.44 $0.26 $0.42
Sum $0.9 $1.2 $0.7 $1
Notes:

2 The lifetime costs and benefits of each MY vehicle are discounted back to 2021.

b Climate benefits are based on reductions in CO2, CH4 and N20 emissions and are calculated using four
different estimates of the social cost of each greenhouse gas (SC-GHG model average at 2.5%, 3%, and 5%
discount rates; 95th percentile at 3% discount rate), which each increase over time. For the presentational
purposes of this table, we show the benefits associated with the average SC-GHGs at a 3% discount rate, but the
Agency does not have a single central SC-GHG point estimate. We emphasize the importance and value of
considering the benefits calculated using all four SC-GHG estimates and present them later in this preamble. As
discussed in Chapter 3.3 of the RIA, a consideration of climate benefits calculated using discount rates below 3
percent, including 2 percent and lower, are also warranted when discounting intergenerational impacts.

¢ The same discount rate used to discount the value of damages from future GHG emissions is used to calculate
the present and annualized value of SC-GHGs for internal consistency, while all other costs and benefits are
discounted at 3% in this table.

¢Non-GHG impacts associated with the standards presented here do not include the full complement of health
and environmental effects that, if quantified and monetized, would increase the total monetized benefits. Instead,
the non-GHG benefits are based on benefit-per-ton values that reflect only human health impacts associated with
reductions in PM2.5 exposure.
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Table 11 GHG Analysis of Lifetime Costs & Benefits to Meet the Alternative 1 MY 2023-2026 GHG
Standards, 7% discount rate (for Vehicles Produced in MY 2023-2026)>>%¢ (Billions of 2018$)

MY | Costs | Fuel Savings | Benefits | Net Benefits
Present Values
2023 $3.7 $2.4 $1.7 $0.4
2024 $4.7 $4.3 $3.2 $2.8
2025 $5.1 $4.9 $3.8 $3.6
2026 $5.6 $6.2 $5 $5.6
Sum $19 $18 $14 $12
Annualized Values
2023 $0.28 $0.18 $0.091 -$0.0084
2024 $0.35 $0.32 $0.17 $0.14
2025 $0.38 $0.37 $0.2 $0.19
2026 $0.42 $0.47 $0.26 $0.31
Sum $1.4 $1.3 $0.72 $0.63
Notes:

2 The lifetime costs and benefits of each MY vehicle are discounted back to 2021.

b Climate benefits are based on reductions in CO2, CH4 and N20 emissions and are calculated using four
different estimates of the social cost of each greenhouse gas (SC-GHG model average at 2.5%, 3%, and 5%
discount rates; 95th percentile at 3% discount rate), which each increase over time. For the presentational
purposes of this table, we show the benefits associated with the average SC-GHGs at a 3% discount rate, but the
Agency does not have a single central SC-GHG point estimate. We emphasize the importance and value of
considering the benefits calculated using all four SC-GHG estimates and present them later in this preamble. As
discussed in Chapter 3.3 of the RIA, a consideration of climate benefits calculated using discount rates below 3
percent, including 2 percent and lower, are also warranted when discounting intergenerational impacts.

¢The same discount rate used to discount the value of damages from future GHG emissions is used to calculate
the present and annualized value of SC-GHGs for internal consistency, while all other costs and benefits are
discounted at 7% in this table.

4Non-GHG impacts associated with the standards presented here do not include the full complement of health

and environmental effects that, if quantified and monetized, would increase the total monetized benefits. Instead,
the non-GHG benefits are based on benefit-per-ton values that reflect only human health impacts associated with
reductions in PM2.5 exposure.

We estimated that Alternative 2 would result in significant present value net benefits of $110

to $180 billion (annualized net benefits of $5.7 to $9.1 billion) — that is, the total benefits far
exceed the total costs of the program. Table 12 below summarizes EPA’s estimates of total
discounted costs, fuel savings, and benefits for Alternative 2. The results presented here project
the monetized environmental and economic impacts associated with the proposed standards
during each calendar year through 2050. Alternative 2 also would have significant benefits for
consumers, as the fuel savings for American drivers would total $150 to $290 billion through
2050. With these fuel savings, consumers would benefit from reduced operating costs over the
vehicle lifetime.

The benefits include climate-related economic benefits from reducing emissions of GHGs that

otherwise contribute to climate change, reductions in energy security externalities caused by U.S.
petroleum consumption and imports, the value of certain particulate matter-related health
benefits (including premature mortality), the value of additional driving attributed to the rebound
effect, and the value of reduced refueling time needed to fill up a more fuel efficient vehicle. The
analysis also includes estimates of economic impacts stemming from additional vehicle use, such
as the economic damages caused by crashes, congestion, and noise (from increased rebound
driving). See the Chapters 4,5,6, and 10 for more information regarding these estimates.
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Table 12 Monetized Discounted Costs, Benefits, and Net Benefits of Alternative 2 for Calendar Years
through 2050 (Billions of 2018 dollars)>™cde

Present Value Annualized Value
3% Discount Rate | 7% Discount Rate | 3% Discount Rate | 7% Discount Rate
Costs $290 $180 $15 $14
Fuel Savings $290 $150 $15 $12
Benefits $170 $140 $8.8 $8
Net Benefits $180 $110 $9.1 $5.7
Notes:

?Values rounded to two significant figures; totals may not sum due to rounding. Present and annualized values
are based on the stream of annual calendar year costs and benefits included in the analysis (2021 — 2050) and
discounted back to year 2021.

b Climate benefits are based on reductions in CO2, CH4 and N20 emissions and are calculated using four
different estimates of the social cost of each greenhouse gas (SC-GHG model average at 2.5%, 3%, and 5%
discount rates; 95th percentile at 3% discount rate), which each increase over time. For the presentational
purposes of this table, we show the benefits associated with the average SC-GHGs at a 3% discount rate but the
Agency does not have a single central SC-GHG point estimate. We emphasize the importance and value of
considering the benefits calculated using all four SC-GHG estimates and present them later in this preamble. As
discussed in Chapter 3.3 of the RIA, a consideration of climate benefits calculated using discount rates below 3
percent, including 2 percent and lower, are also warranted when discounting intergenerational impacts.

¢ The same discount rate used to discount the value of damages from future GHG emissions (SC-GHGs at 5, 3,
and 2.5 percent) is used to calculate the present and annualized values of climate benefits for internal consistency,
while all other costs and benefits are discounted at either 3% or 7%.

4Net benefits reflect the fuel savings plus benefits minus costs.

¢Non-GHG impacts associated with the standards presented here do not include the full complement of health
and environmental effects that, if quantified and monetized, would increase the total monetized benefits. Instead,
the non-GHG benefits are based on benefit-per-ton values that reflect only human health impacts associated with
reductions in PM2.5 exposure.

Table 13 and Table 14 summarize EPA’s estimates of total discounted costs, fuel savings, and
benefits through the full lifetime of vehicles projected to be sold in MY's 2023-2026 under
Alternative 2. The estimated results presented here project the monetized environmental and
economic impacts associated with the proposed standards. Note that standards continue at their
MY2026 levels beyond MY2026 in any scenario. At both a 3% and 7% discount rate all model
years show substantial fuel savings and net benefits.
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Table 13 GHG Analysis of Lifetime Costs & Benefits to Meet the Alternative 2 MY 2023-2026 GHG
Standards, 3% discount rate (for Vehicles Produced in MY 2023-2026)>>%¢ (Billions of 2018$)

MY | Costs | Fuel Savings | Benefits | Net Benefits
Present Values
2023 $6.8 $7.7 $4.6 $5.5
2024 $7.7 $9.8 $5.7 $7.8
2025 $8.4 $11 $6.5 $9.1
2026 $9.2 $13 $7.8 $12
Sum $32 $42 $25 $34
Annualized Values
2023 $0.3 $0.33 $0.2 $0.24
2024 $0.33 $0.42 $0.25 $0.34
2025 $0.37 $0.48 $0.28 $0.39
2026 $0.4 $0.57 $0.34 $0.51
Sum $1.4 $1.8 $1.1 $1.5
Notes:

2 The lifetime costs and benefits of each MY vehicle are discounted back to 2021.

b Climate benefits are based on reductions in CO2, CH4 and N20 emissions and are calculated using four
different estimates of the social cost of each greenhouse gas (SC-GHG model average at 2.5%, 3%, and 5%
discount rates; 95th percentile at 3% discount rate), which each increase over time. For the presentational
purposes of this table, we show the benefits associated with the average SC-GHGs at a 3% discount rate, but the
Agency does not have a single central SC-GHG point estimate. We emphasize the importance and value of
considering the benefits calculated using all four SC-GHG estimates and present them later in this preamble. As
discussed in Chapter 3.3 of the RIA, a consideration of climate benefits calculated using discount rates below 3
percent, including 2 percent and lower, are also warranted when discounting intergenerational impacts.

¢The same discount rate used to discount the value of damages from future GHG emissions is used to calculate
the present and annualized value of SC-GHGs for internal consistency, while all other costs and benefits are
discounted at 3% in this table.

4Non-GHG impacts associated with the standards presented here do not include the full complement of health
and environmental effects that, if quantified and monetized, would increase the total monetized benefits. Instead,
the non-GHG benefits are based on benefit-per-ton values that reflect only human health impacts associated with
reductions in PM2.5 exposure.
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Table 14 GHG Analysis of Lifetime Costs & Benefits to Meet the Alternative 2 MY 2023-2026 GHG
Standards, 7% discount rate (for Vehicles Produced in MY 2023-2026)>>%¢ (Billions of 2018$)

MY | Costs | Fuel Savings | Benefits | Net Benefits
Present Values
2023 $6.3 $5.4 $4 $3.1
2024 $7 $6.5 $5 $4.4
2025 $7.4 $7.1 $5.5 $5.2
2026 $7.9 $8.2 $6.6 $6.9
Sum $29 $27 $21 $20
Annualized Values
2023 $0.48 $0.4 $0.21 $0.14
2024 $0.53 $0.49 $0.26 $0.22
2025 $0.56 $0.54 $0.29 $0.27
2026 $0.59 $0.61 $0.34 $0.37
Sum $2.2 $2 $1.1 $1
Notes:

2 The lifetime costs and benefits of each MY vehicle are discounted back to 2021.

b Climate benefits are based on reductions in CO2, CH4 and N20 emissions and are calculated using four
different estimates of the social cost of each greenhouse gas (SC-GHG model average at 2.5%, 3%, and 5%
discount rates; 95th percentile at 3% discount rate), which each increase over time. For the presentational
purposes of this table, we show the benefits associated with the average SC-GHGs at a 3% discount rate, but the
Agency does not have a single central SC-GHG point estimate. We emphasize the importance and value of
considering the benefits calculated using all four SC-GHG estimates and present them later in this preamble. As
discussed in Chapter 3.3 of the RIA, a consideration of climate benefits calculated using discount rates below 3
percent, including 2 percent and lower, are also warranted when discounting intergenerational impacts.

¢The same discount rate used to discount the value of damages from future GHG emissions is used to calculate
the present and annualized value of SC-GHGs for internal consistency, while all other costs and benefits are
discounted at 7% in this table.

4Non-GHG impacts associated with the standards presented here do not include the full complement of health
and environmental effects that, if quantified and monetized, would increase the total monetized benefits. Instead,
the non-GHG benefits are based on benefit-per-ton values that reflect only human health impacts associated with
reductions in PM2.5 exposure.

Summary of the Proposal's Costs and Benefits Compared to the Alternatives

Table 15 through Table 16 provide summaries of the proposal’s costs and benefits compared
to the costs and benefits of the two alternatives that were analyzed. The benefits include climate-
related economic benefits from reducing emissions of GHGs that otherwise contribute to climate
change, reductions in energy security externalities caused by U.S. petroleum consumption and
imports, the value of certain particulate matter-related health benefits (including premature
mortality), the value of additional driving attributed to the rebound effect, and the value of
reduced refueling time needed to fill up a more fuel efficient vehicle. The analysis also includes
estimates of economic impacts stemming from additional vehicle use, such as the economic
damages caused by crashes, congestion, and noise (from increased rebound driving). See
Chapters 4, 5, 6 and Chapter 10 for more information regarding these estimates.
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Table 15 Present Value Monetized Discounted Costs, Benefits, and Net Benefits of the Proposed Program
and Alternatives for Calendar Years through 2050 (Billions of 2018 dollars)®--d¢

3% Discount Rate 7% Discount Rate
Proposal Alternative 1 Alternative 2 Proposal Alternative 1 Alternative 2

Costs $240 $190 $290 $150 $110 $180
Fuel $250 $200 $290 $120 $98 $150
Savings

Benefits $130 $120 $170 $110 $93 $140
Net Benefits $140 $130 $180 $86 $76 $110
Notes:

2 Values rounded to two significant figures; totals may not sum due to rounding. Present and annualized values
are based on the stream of annual calendar year costs and benefits included in the analysis (2021 — 2050) and
discounted back to year 2021.

b Climate benefits are based on reductions in CO2, CH4 and N20 emissions and are calculated using four
different estimates of the social cost of each greenhouse gas (SC-GHG model average at 2.5%, 3%, and 5%
discount rates; 95th percentile at 3% discount rate), which each increase over time. For the presentational
purposes of this table, we show the benefits associated with the average SC-GHGs at a 3% discount rate but the
Agency does not have a single central SC-GHG point estimate. We emphasize the importance and value of
considering the benefits calculated using all four SC-GHG estimates and present them later in this preamble. As
discussed in Chapter 3.3 of the RIA, a consideration of climate benefits calculated using discount rates below 3
percent, including 2 percent and lower, are also warranted when discounting intergenerational impacts.

¢ The same discount rate used to discount the value of damages from future GHG emissions (SC-GHGs at 5, 3,
and 2.5 percent) is used to calculate the present and annualized values of climate benefits for internal consistency,
while all other costs and benefits are discounted at either 3% or 7%.

4Net benefits reflect the fuel savings plus benefits minus costs.

¢Non-GHG impacts associated with the standards presented here do not include the full complement of health
and environmental effects that, if quantified and monetized, would increase the total monetized benefits. Instead,
the non-GHG benefits are based on benefit-per-ton values that reflect only human health impacts associated with
reductions in PM2.5 exposure.
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Table 16 Annualized Monetized Discounted Costs, Benefits, and Net Benefits of the Proposed Program and
Alternatives for Calendar Years through 2050 (Billions of 2018 dollars)a,b,c,d,e

3% Discount Rate 7% Discount Rate

Proposal Alternative 1 Alternative 2 Proposal Alternative 1 Alternative 2
Costs $12 $9.5 $15 $12 $9.2 $14
Fuel $13 $10 $15 $9.9 $7.9 $12
Savings
Benefits $6.9 $6 $8.8 $6.3 $5.4 $8
Net Benefits $7.3 $6.6 $9.1 $4.2 $4.1 $5.7
Notes:

2Values rounded to two significant figures; totals may not sum due to rounding. Present and annualized values
are based on the stream of annual calendar year costs and benefits included in the analysis (2021 — 2050) and
discounted back to year 2021.

b Climate benefits are based on reductions in CO2, CH4 and N20 emissions and are calculated using four
different estimates of the social cost of each greenhouse gas (SC-GHG model average at 2.5%, 3%, and 5%
discount rates; 95th percentile at 3% discount rate), which each increase over time. For the presentational
purposes of this table, we show the benefits associated with the average SC-GHGs at a 3% discount rate but the
Agency does not have a single central SC-GHG point estimate. We emphasize the importance and value of
considering the benefits calculated using all four SC-GHG estimates and present them later in this preamble. As
discussed in Chapter 3.3 of the RIA, a consideration of climate benefits calculated using discount rates below 3
percent, including 2 percent and lower, are also warranted when discounting intergenerational impacts.

¢ The same discount rate used to discount the value of damages from future GHG emissions (SC-GHGs at 5, 3,
and 2.5 percent) is used to calculate the present and annualized values of climate benefits for internal consistency,
while all other costs and benefits are discounted at either 3% or 7%.

4Net benefits reflect the fuel savings plus benefits minus costs.

¢Non-GHG impacts associated with the standards presented here do not include the full complement of health
and environmental effects that, if quantified and monetized, would increase the total monetized benefits. Instead,
the non-GHG benefits are based on benefit-per-ton values that reflect only human health impacts associated with
reductions in PM2.5 exposure.

Table 17 and Table 18 summarize EPA’s estimates of total discounted costs, fuel savings, and
benefits through the full lifetime of vehicles projected to be sold in MY's 2023-2026. The
estimated results presented here project the monetized environmental and economic impacts
associated with the proposed standards. Note that standards continue at their MY2026 levels
beyond MY2026 in any scenario. At both a 3% and 7% discount rate all model years show
substantial fuel savings and net benefits.
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Table 17 Present Value GHG Analysis of Lifetime Costs & Benefits for MY 2023-2026 GHG Standards
under the Proposal and Alternatives, (for Vehicles Produced in MY 2023-2026)*"<¢ (Billions of 2018$)

3% Discount Rate 7% Discount Rate

Fuel Net Fuel Net

MY Costs Savings Benefits Benefits Costs Savings Benefits Benefits
Proposal
2023 $4.8 $3.6 $1.9 $0.68 $4.4 $2.6 $1.7 -$0.14
2024 $5.9 $7 $3.6 $4.7 $5.5 $4.7 $3.3 $2.4
2025 $6.7 $8.6 $4.4 $6.2 $6.1 $5.5 $3.9 $3.4
2026 $8.1 $13 $7.2 $12 $7.3 $8.2 $6.2 $7.2
Sum $26 $33 $17 $24 $23 $21 $15 $13
Alternative 1
2023 $3.9 $3.4 $2 $1.5 $3.7 $2.4 $1.7 $0.4
2024 $4.9 $6.5 $3.7 $5.3 $4.7 $4.3 $3.2 $2.8
2025 $5.6 $7.7 $4.5 $6.5 $5.1 $4.9 $3.8 $3.6
2026 $6.4 $10 $6 $9.7 $5.6 $6.2 $5 $5.6
Sum $21 $28 $16 $23 $19 $18 $14 $12
Alternative 2

2023 $6.8 $7.7 $4.6 $5.5 $6.3 $5.4 $4 $3.1
2024 $7.7 $9.8 $5.7 $7.8 $7 $6.5 $5 $4.4
2025 $8.4 $11 $6.5 $9.1 $7.4 $7.1 $5.5 $5.2
2026 $9.2 $13 $7.8 $12 $7.9 $8.2 $6.6 $6.9
Sum $32 $42 $25 $34 $29 $27 $21 $20

Notes:

2 The lifetime costs and benefits of each MY vehicle are discounted back to 2021.

b Climate benefits are based on reductions in CO2, CH4 and N20 emissions and are calculated using four
different estimates of the social cost of each greenhouse gas (SC-GHG model average at 2.5%, 3%, and 5%
discount rates; 95th percentile at 3% discount rate), which each increase over time. For the presentational
purposes of this table, we show the benefits associated with the average SC-GHGs at a 3% discount rate, but the
Agency does not have a single central SC-GHG point estimate. We emphasize the importance and value of
considering the benefits calculated using all four SC-GHG estimates and present them later in this preamble. As
discussed in Chapter 3.3 of the RIA, a consideration of climate benefits calculated using discount rates below 3
percent, including 2 percent and lower, are also warranted when discounting intergenerational impacts.

¢The same discount rate used to discount the value of damages from future GHG emissions is used to calculate
the present and annualized value of SC-GHGs for internal consistency, while all other costs and benefits are
discounted at 3% in this table.

4Non-GHG impacts associated with the standards presented here do not include the full complement of health
and environmental effects that, if quantified and monetized, would increase the total monetized benefits. Instead,
the non-GHG benefits are based on benefit-per-ton values that reflect only human health impacts associated with
reductions in PM2.5 exposure.
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Table 18 Annualized GHG Analysis of Lifetime Costs & Benefits for MY 2023-2026 GHG Standards under
the Proposal and Alternatives, (for Vehicles Produced in MY 2023-2026)*>4 (Billions of 2018$)

3% Discount Rate

7% Discount Rate

Fuel Net Fuel Net
MY Costs Savings Benefits Benefits Costs Savings Benefits Benefits
Proposal
2023 $0.21 $0.16 $0.08 $0.029 $0.33 $0.19 $0.085 -$0.053
2024 $0.26 $0.3 $0.16 $0.2 $0.41 $0.35 $0.16 $0.1
2025 $0.29 $0.37 $0.19 $0.27 $0.45 $0.41 $0.19 $0.15
2026 $0.35 $0.58 $0.31 $0.54 $0.55 $0.62 $0.31 $0.38
Sum $1.1 $1.4 $0.74 $1 $1.7 $1.6 $0.75 $0.58
Alternative 1
2023 $0.17 $0.15 $0.085 $0.067 $0.28 $0.18 $0.091 -$0.0084
2024 $0.21 $0.28 $0.16 $0.23 $0.35 $0.32 $0.17 $0.14
2025 $0.24 $0.33 $0.19 $0.28 $0.38 $0.37 $0.2 $0.19
2026 $0.28 $0.44 $0.26 $0.42 $0.42 $0.47 $0.26 $0.31
Sum $0.9 $1.2 $0.7 $1 $1.4 $1.3 $0.72 $0.63
Alternative 2
2023 $0.3 $0.33 $0.2 $0.24 $0.48 $0.4 $0.21 $0.14
2024 $0.33 $0.42 $0.25 $0.34 $0.53 $0.49 $0.26 $0.22
2025 $0.37 $0.48 $0.28 $0.39 $0.56 $0.54 $0.29 $0.27
2026 $0.4 $0.57 $0.34 $0.51 $0.59 $0.61 $0.34 $0.37
Sum $1.4 $1.8 $1.1 $1.5 $2.2 $2 $1.1 $1
Notes:

2 The lifetime costs and benefits of each MY vehicle are discounted back to 2021.

b Climate benefits are based on reductions in CO2, CH4 and N20 emissions and are calculated using four
different estimates of the social cost of each greenhouse gas (SC-GHG model average at 2.5%, 3%, and 5%
discount rates; 95th percentile at 3% discount rate), which each increase over time. For the presentational
purposes of this table, we show the benefits associated with the average SC-GHGs at a 3% discount rate, but the
Agency does not have a single central SC-GHG point estimate. We emphasize the importance and value of
considering the benefits calculated using all four SC-GHG estimates and present them later in this preamble. As
discussed in Chapter 3.3 of the RIA, a consideration of climate benefits calculated using discount rates below 3
percent, including 2 percent and lower, are also warranted when discounting intergenerational impacts.

¢The same discount rate used to discount the value of damages from future GHG emissions is used to calculate
the present and annualized value of SC-GHGs for internal consistency, while all other costs and benefits are
discounted at 3% in this table.

4Non-GHG impacts associated with the standards presented here do not include the full complement of health
and environmental effects that, if quantified and monetized, would increase the total monetized benefits. Instead,
the non-GHG benefits are based on benefit-per-ton values that reflect only human health impacts associated with
reductions in PM2.5 exposure.
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RIA Chapter Summary
This document contains the following Chapters:

Chapter 1: Background on the 2017 and Later Light-duty Vehicle GHG Standards and
Midterm Evaluation

This chapter provides background on previous Agency actions with respect to the light-duty
vehicle GHG emissions program and summaries of previous EPA analyses.

Chapter 2: Technology Feasibility, Effectiveness, Costs, and Lead-time

This chapter summarizes the proposed revisions to the model year 2023 and later light-duty
vehicle GHG standards. It also includes a summary of proposed GHG compliance incentives
and flexibilities and discusses technological feasibility and manufacturer's lead-time
considerations.

Chapter 3: Economic and Other Key Inputs

This chapter provides EPA's analyses of rebound effects, energy security impacts, the social
cost of greenhouse gases, and the costs associated with congestion and noise.

Chapter 4: Modeling GHG Compliance

This chapter discusses the analytical methodology used to model GHG emissions compliance
of the light-duty vehicle fleet with the proposed standards and then summarizes the resulting
estimated compliance costs and associated technology pathways necessary to comply with the
proposed revisions to the model year 2023 and later GHG standards.

Chapter 5: Projected Impacts on Emissions, Fuel Consumption, and Safety

This chapter documents EPA’s analysis of the emission, fuel consumption and safety impacts
of the emission standards for light-duty vehicles. Light-duty vehicles include passenger vehicles
such as cars, sport utility vehicles, vans, and pickup trucks. Such vehicles are used for both
commercial and personal uses and are significant contributors to the total United States (U.S.)
GHG emission inventory.

Chapter 6: Vehicle Program Costs and Fuel Savings

In this chapter, EPA presents our estimated costs associated with the proposed vehicle
program. This includes summaries of the vehicle level costs associated with new technologies
expected to be added to meet the model year 2023 and later GHG standards. The analysis also
provides costs associated with congestion, noise, fatalities and non-fatal crashes.

Chapter 7: Non-GHG Health and Environmental Impacts

In this chapter we discuss the health effects associated with non-GHG pollutants, specifically:
particulate matter, ozone, nitrogen oxides (NOx), sulfur oxides (SOx), carbon monoxide and air
toxics. These pollutants will not be directly regulated by the proposed revisions to the GHG
standards, but the proposed standards will affect emissions of these pollutants and precursors.

Chapter 8: Vehicle Sales, Employment, and Affordability and Equity Impacts
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This chapter presents the methodology and analytical results for EPA's modeling of vehicle
sales and employment impacts. It also includes an analysis of affordability and the potential
impacts on lower-income households, the used vehicle market, access to credit, and the low-
priced new vehicle segment.

Chapter 9: Small Business Flexibilities

This chapter discusses the flexibilities provided to small businesses under the proposed
revisions to the model year 2023 and later light-duty GHG standards.

Chapter 10: Summary of Costs and Benefits

This Chapter presents a summary of costs, benefits, and net benefits of the proposed program
and the alternatives.
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Chapter 1: Background on the 2017 and Later Light-duty Vehicle GHG

Standards and Midterm Evaluation

This proposal marks the fifth time that EPA has analyzed the feasibility and cost associated
with meeting stringent GHG standards in the 2021/2022 through 2025/2026 timeframe. These
analyses include the 2012 FRM, the 2016 Draft Technical Assessment Report (DTAR), the 2016
MTE Proposed Determination and a 2018 analysis performed to update the MTE analyses for the
previous administration. Through these five analyses EPA has applied four different initial fleets
and updated critical inputs such as fuel costs. We have continued to develop our cost and
effectiveness assessments and we have refined our analytical tools. With this proposal, we have
also used two different fleet analysis models and a subset of the inputs used by NHTSA in
developing the SAFE rule. As discussed below and summarized in Figure 1-1, the results have
been remarkably consistent.

In 2012, EPA established greenhouse gas (GHG) emissions standards for model year 2017
and later new passenger cars, light-duty trucks, and medium-duty passenger vehicles.! The
program was projected to reduce GHG emissions from model year 2025 light-duty vehicles by
50 percent relative to model year 2010 vehicles.

As part of the 2012 Final Rule, EPA made a regulatory commitment to conduct a Midterm
Evaluation (MTE) of the standards for MY 2022-2025. As a part of this process, EPA examined
a wide range of factors, such as developments in powertrain technology, vehicle electrification,
vehicle mass reduction and potential vehicle safety impacts, the penetration of fuel efficient
technologies in the marketplace, consumer acceptance of fuel efficient technologies, trends in
fuel prices and the vehicle fleet, employment impacts, and many other factors.

The 2012 Final Rule established three formal steps for the MTE process:

1. Draft Technical Assessment Report (TAR) to be issued jointly with the National
Highway Traffic Safety Administration (NHTSA) and the California Air Resources
Board (CARB) with opportunity for public comment. This was completed in July 2016.
2. The EPA Administrator was to make a Proposed Determination with opportunity for
public comment. The Proposed Determination was completed in November 2016.
3. The EPA Administrator was to make a final determination with regard to whether the
standards remained appropriate or should be changed no later than April 1, 2018. This
was completed in January 2017.
There were opportunities for public input on the Draft TAR and on Proposed Determination
and a formal Response to Comments document was issued by EPA along with a Final
Determination in January 2017.

A timeline for the original final rule, the MTE through January 2017, and subsequent MTE
and regulatory actions is summarized within Figure 1-1. Despite the extensive EPA economic,
scientific, and engineering analyses published as part of the MTE process through January 2017,
and the availability of an updated 2018 EPA MTE Analysis completed in January 2018, these
prior EPA analyses were not used as the basis of the Agency's March 2017 MTE
Reconsideration, April 2018 MTE Final Determination or the Agency's subsequent 2018 through
2020 regulatory actions under the Safer Affordable Fuel Efficient (SAFE) Vehicle Program.
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October 2012 July 2016 November 2016 January 2017
Final Rule for The Midterm Proposed Final Determination
MY2017 and L ater Ny Evaluation (MTE) | Determination of the N of the 2022-2025
LDV GHG 17| Draft Technical T+ 2022-2025LDV [+ LDV GHG

Emissions and Assessment Report GHG Standards Standards under the
CAFE Standards under the MTE MTE
March 2017 April 2018 August 2018 April 2020
Reconsideration of Midterm Evaluation SAFE Vehicles SAFE Vehicles
the Midterm Ny Final Determination [ > Proposed Rule for [ :> Final Rule for
Evaluation Final [+ Model Years 2021- Model Years 2021-
Determination 2026 2026

Figure 1-1: Regulatory Timeline for the Model Year (MY) 2017 and Later Light-duty Vehicle (LDV)
Greenhouse Gas (GHG) Emissions Standards, the Midterm Evaluation, and Subsequent Regulatory Actions.
The top row represents Agency actions that used EPA's MTE analyses as the basis.

1.1 Summary of 2012 Final Rulemaking
1.1.1 Light-duty Vehicle GHG Emissions Standards

The 2017 and later light-duty vehicle GHG standards were established within the 2012 Final
Rulemaking (2012 FRM) based upon CO2 emissions-footprint curves, where each vehicle uses a
different CO2 emissions compliance target depending on its characteristic footprint (i.e., the area
contained within the vehicle wheelbase and track width). In general, vehicles with a larger
footprint would meet higher corresponding vehicle CO2 emissions standards. As a result, the
burden of compliance within this program was distributed across all vehicles and all
manufacturers and each manufacturer would have its own fleet-wide standard that reflects the
vehicles it chooses to produce. The program also provided a wide range of credit programs and
flexibilities for manufacturers to meet 2017 and later GHG standards.

Table 1-1 shows the projected fleet-wide CO2 emission targets under footprint-based
approach used in the 2012 FRM. Passenger car COz emission levels were projected to increase in
stringency from 212 to 143 grams per mile (g/mi) between MY s 2017 and 2025. Similarly, fleet-
wide CO:z emission levels for trucks were projected to increase in stringency from 295 in MY
2017 to 203 g/mi in MY 2025. EPA projected that the average light-duty vehicle (combined car
and truck) tailpipe CO2 compliance level in MY 2017 would be 243 g/mi, phasing down by MY
2025 to 163 g/mi. These projected targets in the first three rows include the effects of credits and
flexibilities. In contrast, the final row provides the actual tailpipe emissions achieved by
manufacturers for 2016-2019 based on certification data and excludes the effects of credits and
flexibilities.
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Table 1-1: Projected Fleet-Wide Emissions Compliance Targets under the Footprint-Based CO: Standards in

the 2012 FRM

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

base
Passenger Cars (g/mi) 225 212 202 191 182 172 164 157 150 143
Light Trucks (g/mi) 298 295 285 277 269 249 237 225 214 203
Combined Cars & 250 243 232 222 213 199 190 180 171 163
Trucks (g/mi)
Actual Tailpipe CO,, 285 284 280 282
Cars & Trucks (g/mi)

Table Notes:
Actual Tailpipe CO, adapted from the 2020 EPA Automotive Trends Report.?

The difference between actual tailpipe CO2 emissions and the projected standards is due to
not only the credits and flexibilities, but also the difference between the projected car/truck sales
mix at the time of the 2012 FRM, and the actual sales mix for each model year. The 2012 FRM
projected car sales greater than 60% for all model years. However, manufacturers sales have
shifted significantly to more light trucks which has caused an effective increase in the standards.
Table 1-2 shows the projected sales mix from the original rule, the actual sales mix achieved, and
the effective increase in industry standards (in g/mi) for years 2016-2019 due solely to the
increase in truck sales share. For example, the combined standard of 222 g/mi projected for
2019 MY increased by 21 g/mi - to 243 g/mi - solely due to the 40% / 60% sales shares of
passenger vehicles and light trucks, respectively.

Table 1-2: Projected vs. Actual Car/Truck Sales Share, 2016-2019 Model Years

2016 2017 2018 2019
base
Proj Passenger Car Share 66% 63% 64% 64%
Proj Light Truck Share 34% 37% 36% 36%
Actual Passenger Car Share 51% 48% 43% 40%
Actual Light Truck Share 49% 52% 57% 60%
Car/Truck Shift Effect on Stds (g/mi) +11 +12 +17 +21

Figure 1-2 and Figure 1-3 show the vehicle footprint vs. CO2 emissions standards curves for
cars and trucks, respectively, from the 2012 FRM. For passenger cars, the CO2 compliance
values associated with the footprint curves reduced on average by approximately 5 percent per
year from the MY 2016 projected passenger car industry-wide compliance level through MY
2025. To separately address GHG compliance challenges faced while preserving the utility of
light-duty trucks (e.g., towing and payload capabilities), the GHG standards in the 2012 FRM
provided a lower annual rate of improvement for light-duty trucks during the initial years of the
program. The average annual rate of CO2 emissions reduction in MYs 2017 through 2021 were
3.5 percent per year, increasing to 5 percent per year for MYs 2022 through 2025.
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1.1.2 Flexibilities

EPA created flexibilities to ensure manufacturers could comply with the light-duty vehicle
GHG standards. Manufacturers create product plans with the goal of full compliance with EPA
regulations, however these product plans span many years and the flexibility to both bank credits
some years (over comply) and create debits (under comply) is a key flexibility within many EPA
regulations. Credit programs allow manufacturer to phase in new technologies during product
redesigns and new product introductions instead of redesigning all vehicles to comply at once.
Also, when executing product plans to meet our standards, manufacturers may need to respond to
changes in fuel prices, changes in consumer demand, and parts shortages such as the recent
semiconductor chip shortage? directly affect what manufacturers can build. EPA has anticipated
that manufacturers would need and would take advantage of program flexibilities within its light-
duty GHG programs. This includes both credits and incentives, such as car/truck credit transfers,
air conditioning credits, off-cycle credits, advanced technology vehicle multipliers, intermediate
volume manufacturer lead-time provisions, and hybrid and performance-based incentives for full
size pick-up trucks. See the 2017-2025 Preamble section III.C (EO12866 2017-2025 GHG-
CAFE Standards 2060-AQ54 FRM_ FRN 20120827 Final) for an extended discussion of these
credits.

1.2 2016-2018 Midterm Evaluation of 2021-2025 Light-duty Vehicle GHG Standards

The Draft Technical Assessment Report (TAR), issued jointly by EPA, NHTSA, and CARB
for public comment, was the first formal step in the MTE process.>* A wide range of technical
and economic issues relevant to the light-duty GHG emissions standards for MY2022-2025 were
examined and shared with the public within the Draft TAR. The analyses contained within the
approximately 1,200 pages of the Draft TAR and the subsequent public comments received on
the Draft TAR informed the EPA's development of the Proposed Determination (PD)>¢ and the
Final Determination (FD).”® The primary conclusions of the Draft TAR were:

e A wider range of technologies exist for manufacturers to use to meet the MY2022-
2025 standards, and at costs that are similar or lower, than those projected in the 2012
rule;

e Advanced gasoline vehicle technologies will continue to be the predominant
technologies, with modest levels of strong hybridization and very low levels of full
electrification (plug-in vehicles) needed to meet the standards;

e The car/truck mix reflects updated consumer trends that are informed by a range of
factors including economic growth, gasoline prices, and other macro-economic trends.
However, as the standards were designed to yield improvements across the light-duty
vehicle fleet, irrespective of consumer choice, updated trends are fully accommodated
by the footprint-based standards.

The analyses from the Draft TAR were further updated and published as part of an
approximately 700-page Technical Support Document’ (TSD) released in conjunction with the
PD and referenced within the FD. Key updates within the TSD included:

e Use of the fuel prices, vehicle sales volumes, and car/truck mix, from the 2016 Energy
Information Administration's Annual Energy Outlook (AE02016)'°
e Use of MY2015 for the base year vehicle fleet
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e Changes to EPA's vehicle simulation model to include the most recent data on
technology effectiveness from the EPA vehicle benchmarking testing program and
other sources

e Changes battery costs for electrified vehicles based on updated data from the ANL
BatPaC model

¢ Building in additional quality assurance checks of technology effectiveness estimates

e Changes to vehicle class definitions for effectiveness modeling and a greater
resolution of vehicle types to provide more accuracy and precision in representing
technology cost and effectiveness for the future vehicle fleet

e Better accounting for tire and aerodynamic improvements in the base year vehicle
fleet

The Administrator's November 2016 Proposed Determination was the following:

The MY2022-2025 light-duty GHG standards are feasible

The standards will achieve significant CO2 and oil reductions

The standards will provide significant benefits to consumers and the public

The auto industry is thriving and meeting the standards more quickly than required
Continued reductions in CO2 emissions are essential to help address the threat of climate
change

Nk W=

The Administrator also determined that there was ample evidence that supported
strengthening the standards; however, she chose not to propose revising the levels of the GHG
standards finalized in 2012. Comments received on the Draft TAR were addressed as part of a
formal response to comments within the appendices of the TSD. ! Comments on the PD and
TSD were addressed within a separate Response to Comments Document released as part of the
FD."

The Administrator's January 2017 Final Determination was:

1. The MY2022-2025 standards remain appropriate under section 202 (a)(1) of the Clean
Air Act.

The standards are feasible at reasonable cost, without need for extensive electrification
The standards will achieve significant CO2 and oil reductions

The standards will provide significant benefits to consumers and to the public

The auto industry is thriving and meeting the standards more quickly than required

Pl

1.2.1 Updated EPA 2018 MTE Analysis

EPA completed an analysis in January 2018 that further updated the analyses from the TSD.!?
Although conducted by EPA as part of the MTE and to inform an anticipated SAFE NPRM, the
updated EPA analysis was not used as part of the revised Final Determination of April 2018, the
SAFE NPRM, or the SAFE2 FRM. The following updates to the November 2016 TSD were
included within EPA's updated January 2018 MTE analysis:
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1.2.1.1 Updated Base Year Fleet Data:

The base year vehicle fleet was updated from MY2015 to MY2016. The EIA AEO sales
projections, car and truck percentages within the fleet, and fuel prices were updated to
AEO02017.'"* The OEM and vehicle class market share projections were updated using data
purchased from IHS Markit, Ltd. Improvements were also implemented in EPA's ALPHA
vehicle model and OMEGA compliance model to better characterize technologies within the
base year fleet. The improvements included conducting ALPHA vehicle model runs for each
vehicle configuration in the base year (road loads; engine, transmission, and accessory models)
and confirming model alignment with CO2 from EPA vehicle emissions certification data.

The resolution of technology characterization was improved within EPA's ALPHA vehicle
model and OMEGA GHG compliance model via the following changes:

e Increased number of engine maps for turbocharged/downsized engines (i.e., 3 different
engine maps, vs. 1 for TSD)

e Increased number of engine maps to represent port-fuel-injected (PFI) and gasoline
direct injection (GDI) engines (2 different engine maps each vs. 1 for the TSD)

e Use of fleet-wide technology characterization to characterize the GHG performance of
the 2016 fleet based primarily on certification data submitted by manufacturers to
EPA’s VERIFY Database

Additional data was also obtained from EPA's Test Car Database and technical specifications
that were not available in either the EPA VERIFY or Test Car databases (e.g. curb weight,
dimensions, power steering type) were obtained via other public and commercially available
sources of vehicle data such as Edmunds.com©, Wards Automotive (Penton©) and AllData
Repair (AllData LLCO). Further details of the 2016 base year fleet characterization can be
found in Bolon et al.'®

1.2.1.2 Updated Fuel Price and Fleet Projections

Future fuel prices were updated to reflect AEO2017 projections.'* Updated fleet volume and
car/truck percentage projections were based on preliminary AEO2018 projections and updated
IHS Markit forecasting. '®

1.2.1.3 Other Updates to the ALPHA Vehicle Model

ALPHA modeling process improvements were put into place to implement cloud computing
and improve computational efficiency. This allowed full combinatorial modeling of vehicle
technology packages, including all combinations of engines, transmissions, accessories and road
loads. The introduction of full combinatorial modeling allowed replacement of the Lumped
Parameter Model (LPM) previously used within the OMEGA model with peer-reviewed
response surface equations (RSEs) based entirely on ALPHA modeling. Under this approach,
packages applied to future vehicles contained only the technology combinations reflected within
ALPHA runs. This also eliminated any manual calibration of the LPM.

Mass reduction (MR) was applied in predefined steps based on the amount of MR required to
move a vehicle into a new estimated test weight (ETW) bin. Mass reduction in passenger cars
was thus not constrained by lower curb weight limits as was done for the previous TSD safety
analysis.
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BEVs, PHEVs and HEVs were mapped into unique vehicle types rather than being mapped
into ICE vehicle types. The total number of vehicle types increased to 42 from the 29 vehicle
types used within the TSD analysis, which allowed for greater granularity in both cost and
effectiveness calculations.

1.2.1.4 Updates to the Technologies Considered and Technology Effectiveness

Additional technologies were used in the updated analysis that were not used within the TSD
to better reflect recent vehicle product introductions. Effectiveness for engine technologies was
also updated based on EPA engine and chassis dynamometer benchmarking. Updates included:

e Addition of a new, dynamically-controlled cylinder deactivation technology
(deacFC)!” based on vehicle benchmarking of Tula’s Dynamic Skip Fire system, with
greater effectiveness than traditional fixed cylinder deactivation (deacPD), although at
higher costs due to the necessity for deactivation hardware for each cylinder

e Addition of a 2nd generation turbocharged downsized engine package based on EPA
benchmark testing of the Honda L15B7 1.5L turbocharged, direct-injection engine'®

e ALPHA modeling of 12V Start-Stop and 48V Mild Hybrids for every combination of
engine/trans/vehicle class instead of using constant effectiveness for these
technologies applied to each vehicle class within the TSD

e Use of an engine map for Atkinson (ATK2+CEGR) technology based on EPA
benchmark testing of the MY2018 Camry 2.5L A25A FKS engine'’ in place of using
developmental engine test data and GT-POWER engine modeling within the TSD

e Updates to both aerodynamic drag technologies and other road-load reducing
technologies'”

1.2.1.5 Updates to Cost Analysis

A significant number of updates were included within the cost analysis. This included updates
to the costs of vehicle electrification and other technology, some changes to indirect costs, and
use of a 2016 dollar basis in order to be consistent with AEO2017. The changes to the cost
analysis relative to the TSD included:

e Use of an updated ANL BatPaC model (BatPaC Version 3.1, 9 October 2017) as the
basis for BEV, PHEV, HEV and mild HEV battery costs

e The learning curves for battery costs were adjusted to ensure consistency between
BatPaC and OMEGA

e Non-battery BEV and PHEV costs were updated based on more recent teardown data
from California Air Resources Board, UBS, and other references.?*2!:2?

e Level 2 home charging costs were updated based on data provided by the California
Air Resources board on the cost of electric vehicle service equipment (EVSE).??

e BEV/PHEV battery and non-battery integration efforts were changed within OMEGA
to a "medium complexity" as opposed to the "high complexity" used in the TSD,
resulting in application of a reduced indirect cost markup

e Some additional cost savings were applied for BEVs since they did not need to add
additional technology to comply with light-duty Tier 3 criteria pollutant emissions
standards. Such costs were found to have been applied to BEVs within the TSD.
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e Markups on emerging and future technologies remained at near-term levels through
2025 instead of using near-term levels through 2018 or 2024 as was done in the TSD

e LUB2 & EFR2 were added as incremental technologies to LUBI and EFR1 in
OMEGA and both LUBI and EFR1 were included in all base year Exemplar vehicles.

e (Cooled EGR costs were changed to a single EGR loop when applied to ATK2 engines.
Previous Cooled EGR costs had assumed a higher cost low-pressure/higher pressure
dual loop system for application to highly boosted (27-bar BMEP) turbocharged
engines no longer used within the analysis.

1.2.1.6 Sensitivity Analyses

The range of sensitivities analyzed within the OMEGA model for the Updated EPA 2018
MTE Analysis included:

AEO2016 central, high, and low fuel price scenarios!®?

No additional mass reduction beyond what existed in MY2016 base year fleet
Technology adoption for 20 percent of trucks constrained to 2021 standards level
Limiting the adoption of advanced, non-turbo engine technology to 10 percent of fleet
No new adoption of advanced transmission technologies

No new adoption of advanced turbocharged/downsized engines

Added consideration of credit trading between manufacturers

No car-truck credit transfers within a manufacturer’s fleet

1.2.2 Comparison of Analytical Results Between the 2012 FRM and the MTE

Table 1-3 provides a comparison of MY2025 light-duty vehicle fleet-average technology
penetrations and per-vehicle costs for the central analytical case from the 2012 FRM and for
central analytical cases and sensitivity analyses for the Draft TAR, TSD, and EPA's Updated
2018 Analysis. Although EPA is proposing new standards for MY's 2023 through 2026, a
comparison of the CEMMS analytical results for the proposed MY2025 and MY2026 standards
(see draft RTA Chapter 4.1.2) shows remarkable consistency with analytical results over the last
10 years. Figure 1-4 shows a graphical representation comparing per vehicle costs for the same
2012 through 2018 EPA analyses. Table 1-4 compares the fuel prices, assumed car/truck fleet
mix and resulting fleet average CO2 g/mile emissions targets between these analyses and

Table 1-5 provides per vehicle costs in 2025 broken down separately for cars and trucks in the
light-duty vehicle fleet. The CEMMS analysis in draft RIA Chapter 4.1.2 found fleet-level per
vehicle costs of $771 and $1044 for MY2025 and MY?2026, respectively, and previous EPA
analyses ranged from $922 to $1228 per vehicle for a roughly comparable level of stringency.®

2 The CCEMS analysis for this proposal described in Chapter 2 uses AEO2021 for estimating gasoline prices. In
general, AEO2021 reference, high, and low estimates for the retail price of gasoline are lower than comparable cases
within AEO2016 and AEO 2017. For example, in 2025 the AEO2021 reference retail gasoline price in 20188 is
estimated to be $2.44 per gallon vs. $3.13 and $3.05 per gallon for AEO2016 and AEO2017, respectively.

b Please note, however, that there are differences in the "no action" cases used for determining costs between the
proposal and the previous 2012 - 2018 EPA analyses. For a complete description of the "no action" case used for
this proposal, please see draft RIA Chapter 4.
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Figure 1-4: Comparison of fleet average (car and truck), per-vehicle technology costs in 2025 from the 2012
FRM to subsequent analyses conducted by EPA during the MTE (20188). Vertical lines on top of the bars
represent the range of sensitivity analyses conducted.



Table 1-3: Comparison of technology penetrations into the light-duty fleet and per vehicle costs in 2025
(incremental to 2021) for the 2012 FRM compared to analyses conducted by EPA under the MTE. All per
vehicle costs are shown in 2018$ to maintain consistency with other analyses within this draft RIA.

Updated EPA 2018
Draft TAR [3] PD/FD TSD [4] P .
Analysis [5],[6],[7]
2012
Technolo .
1] gy Final Prima Range of Prima Range of Prima Range of
Rule [2] 1 Ty Sensitivities 1 Ty Sensitivities 1 Y Sensitivities
Analysis Analysis Analysis
Analyzed Analyzed Analyzed
Advanced High-
efficiency 93% 81% 58% to 86% 62% 36% to 82% 67% 56% to 73%
Engines [8]
SZ:;?s;ion not modeled morg:le d not modeled 49% 3% to  55% 28% 24% to  31%
8 speed and
frt;fsrrzivsf‘gz:d 91% 90% 89% to  91% 93% 92% to  94% 90% 90% to  94%
(%) [9]
=170 (0] (0] to (0] (0] (0] to (1) (0] (0] to (0]
?ga)silrg?”"“on 7% 6% 2% 6% 8% 1% 9% 4% 2% 5%
0
Off-cycle not o o o not
technology (%) not modeled modeled not modeled 26% 8% to 53% modeled not modeled
Stop-start (%) 15% 20% 15% to 31% 15% 12% to 39% 16% 12%  to 20%
Mild Hybrid (%) 26% 18% 13% to 38% 18% 16% to 27% 1% 0% to 3%
(Sog;’ng Hybrid 5% 26% | 2.0% to  3.0% 2% 2% to 3% 2% 1% o 2%
PHEV (%) [11] 0% 1.7% 2% to 2% 2% 2% to 2% 1% 1% to 1%
BEV (%) [11] 2% 2.6% 2.0% to 3.0% 3% 2% to 4% 2% 1% to 2%
f;(;l";gde cost | §1.208 $969 | $938 to $1,125 $922 | $840 to $1,175 | $976 | $942 to $1,242
Table Notes:

[1] Technology penetrations shown are absolute and MY2025 vehicle costs are incremental to MY2021.

[2] The 2012 FRM values are based on the AEO2012 Early Release "Reference Case" and analytical results were originally reported as average
per vehicle costs of $1070 in 20108$.

[3] The Draft TAR values are based on the AEO 2015 "Reference Case" and analytical results were originally reported as average per vehicle
costs of $894 in 20138$.

[4] The Proposed/Final Determination values are based on the AEO 2016 "Reference Case", which included a 53%/47% car/truck mix.
Analytical results were originally reported as average per vehicle costs of $875 in 20158$.

[5] The 2018 Updated Analysis values are based on the AEO 2017 "Reference Case", which included a 42%/58% car/truck mix. Analytical
results were originally reported as average per vehicle costs of $935 in 20168.

[6] Advanced high-efficiency engines updated based on benchmarking of MY2016 and MY2017 OE engines.

[7] Lumped parameter modeling was completely removed in favor of peer reviewed response surface equations based entirely on ALPHA
vehicle modeling.

[8] Includes both turbocharged/downsized and Atkinson Cycle engines.

[9] Including continuously variable transmissions (CVT).

[10] The mass reductions are fleet average % reduction in curb weight relative to the ‘null’ package.

[11] BEV and PHEV penetrations include the California Zero Emission Vehicles (ZEV) program.




As EPA analyses were updated for the MTE through 2018, projected 2025 fuel prices
decreased, the car/truck fleet mix shifted to a higher percentage of trucks, and the fleet CO2
g/mile targets increased relative to the analysis for the 2012 FRM (Table 1-4).

The MTE analyses reflect an estimate of an approximately $200 decrease in per vehicle fleet
costs relative to the 2012 FRM analysis. Some of the MTE sensitivity analyses have per vehicle
costs that are approaching or approximately equivalent to that of the 2012 FRM analysis. Despite
considerable updates to the EPA analyses between 2012 and 2018, and a significant increase in
the percentage of trucks in light-duty fleet (from 33 percent in the 2012 FRM analysis to 58
percent in the 2018 analysis), per vehicle costs for either the light-duty vehicle fleet (Figure 1-4)
or separately for light-duty car or trucks (Table 1-5) have remained remarkably stable as EPA
analyses and EIA-AEO projections were updated from 2012 to 2018.

Table 1-4: Comparison of fuel price, percentage of cars and trucks in the fleet, and CO: fleet average
emissions targets when taking into consideration the car and truck fleet mix for the 2012 FRM compared to
analyses conducted by EPA under the MTE.

2012 Final Rule Updated EPA 2018
1] Draft TAR [2] | PD/FD TSD [3] Analysis [4]
2025 Fuel Price $4.44 $3.20 $3.13 $3.05
2025 Car/Truck Fleet Mix[5] 67%/33% 52%/48% 53%/47% 42%/58%
2025 Fleet CO, Target
(g CO/mi) 163 175 173 180
Table Notes:

[11 AEO 2011 Reference Case, fuel price converted to 2018$

[2] AEO 2015 Reference Case, fuel price converted to 2018$

[3] AEO 2016 Reference Case, fuel price converted to 2018$

[4] AEO 2017 Reference Case, fuel price converted to 2018$

[5] Car/Truck definitions used by EPA for GHG standards differ from those used by AEO. The Car/Truck Fleet Mix in 2025 is based upon
EPA's regulatory car and truck definitions.

Table 1-5: Comparison per vehicles costs for passenger cars, light-duty trucks and the combined light-duty
vehicle fleet in 2025 (incremental to 2021) for the 2012 FRM compared to analyses conducted by EPA under
the MTE. Per vehicle costs are shown in 20183 to maintain consistency with other analyses within this draft

RIA.
2012 Final Rule [1] Draft TAR [2] PD/FD TSD [3] Updated EPA 2018 Analysis [4]
(sensitivity range in parentheses)
Car $1,101 $766 $790 $805
(8805 - $1,021)
Truck $1,487 $1,191 $1,073 $1,098
($1,010 - $1,454)
Fleet $1,228 $969 $922 $976
(8942 - $1,242)
Table Notes:

[1] AEO 2011 Reference Case, converted to 2018$
[2] AEO 2015 Reference Case, converted to 20188

[3] AEO 2016 Reference Case, converted to 2018$
[4] AEO 2017 Reference Case, converted to 2018$

1.3 Agency Actions, March 2017 - April 2020
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1.3.1 2017 Reconsideration of the MTE Final Determination and 2018 MTE Final
Determination

On March 15, 2017 EPA announced that the final determination, issued on January 12, 2017,
would be reconsidered in coordination with NHTSA. On April 2, 2018, a new Mid-term
Evaluation Final Determination was signed, which withdrew the previous Final Determination
and found that the model year 2022-2025 greenhouse gas standards were not appropriate and
should be revised.?*

1.3.2 SAFE2

In April 2020, EPA published " The Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule
for Model Years 2021-2026 Passenger Cars and Light Trucks", a final rule amending the 2012
FRM beginning with MY2021 by establishing new and substantially less stringent GHG
standards for MY2021 and later light-duty vehicles.?®

On January 20, 2021, President Biden signed Executive Order 13990, which issued the
following directives to EPA and other federal agencies:

"Section 1. Policy. Our Nation has an abiding commitment to empower our workers and
communities; promote and protect our public health and the environment, and conserve our
national treasures and monuments, places that secure our national memory. Where the Federal
Government has failed to meet that commitment in the past, it must advance environmental
Justice. In carrying out this charge, the Federal Government must be guided by the best science
and be protected by processes that ensure the integrity of Federal decision-making. It is,
therefore, the policy of my Administration to listen to the science, to improve public health and
protect our environment, to ensure access to clean air and water; to limit exposure to dangerous
chemicals and pesticides, to hold polluters accountable, including those who disproportionately
harm communities of color and low-income communities; to reduce greenhouse gas emissions;
to bolster resilience to the impacts of climate change; to restore and expand our national
treasures and monuments; and to prioritize both environmental justice and the creation of the
well-paying union jobs necessary to deliver on these goals.

To that end, this order directs all executive departments and agencies (agencies) to
immediately review and, as appropriate and consistent with applicable law, take action to
address the promulgation of Federal regulations and other actions during the last 4 years that
conflict with these important national objectives, and to immediately commence work to confront
the climate crisis.

Sec. 2. Immediate Review of Agency Actions Taken Between January 20, 2017, and January
20, 2021. (a) The heads of all agencies shall immediately review all existing regulations, orders,
guidance documents, policies, and any other similar agency actions (agency actions)
promulgated, issued, or adopted between January 20, 2017, and January 20, 2021, that are or
may be inconsistent with, or present obstacles to, the policy set forth in section 1 of this order.
For any such actions identified by the agencies, the heads of agencies shall, as appropriate and
consistent with applicable law, consider suspending, revising, or rescinding the agency actions.
In addition, for the agency actions in the 4 categories set forth in subsections (i) through (iv) of
this section, the head of the relevant agency, as appropriate and consistent with applicable law,



shall consider publishing for notice and comment a proposed rule suspending, revising, or
rescinding the agency action within the time frame specified.

...(1i) Establishing Ambitious, Job-Creating Fuel Economy Standards: 'The Safer Affordable
Fuel-Efficient (SAFE) Vehicles Rule Part One: One National Program,' 84 FR 51310
(September 27, 2019), by April 2021; and 'The Safer Affordable Fuel-Efficient (SAFE) Vehicles
Rule for Model Years 2021-2026 Passenger Cars and Light Trucks,’ 85 FR 24174 (April
30,2020), by July 2021. In considering whether to propose suspending, revising, or rescinding
the latter rule, the agency should consider the views of representatives from labor unions, States,
and industry."®

With respect to § 2(ii) of Executive Order 13990, we are referring to 84 FR 51310 as
"SAFE1" and 85 FR 24174 as "SAFE2". The revision of MY2023 to MY2026 Light-duty
Vehicle GHG standards under SAFE?2 is the purpose of the Notice of Proposed Rulemaking of
which this draft Regulatory Impact Analysis is a part. Reconsideration of SAFE] is the subject of
a separate Agency action.?’

In response to this Executive Order, EPA has considered taking action under the Clean Air
Act relating to the SAFE GHG emissions standards. As described in further detail in Preamble
Section VI and elsewhere in the preamble to this proposed rulemaking, we are proposing revised,
more stringent GHG standards under our Clean Air Act authority.

1.3.2.1 New GHG Compliance Flexibilities Established Under SAFE2

As part of the amendment of MY2021 and later GHG emissions standards under SAFE2, a
small number of flexibilities related to real world fuel efficiency improvements were finalized.
EPA continued to allow manufacturers to make improvements related to air conditioning
refrigerants and leakage and credit those improvements toward compliance with GHG standards.
EPA made no changes to the 10 g-CO2/mi off-cycle credit cap. EPA also extended the ‘0 g/mi
upstream’’ incentive for electric vehicles through 2026 beyond its original sunset of MY 2021
and established a new credit multiplier for natural gas vehicles through the 2026 model year. For
natural gas vehicles, both dedicated and dual-fueled, EPA established a multiplier of 2.0 for
model years 2022-2026.

In order to support easier use of certain real world fuel efficiency improvements, EPA added
high efficiency alternators and advanced A/C compressors to the off-cycle credit menu to help
streamline the program by allowing manufacturers to select the menu credit g/mi values rather
than continuing to seek credits through the public approval process. The credit levels added to
the menu were based on data previously submitted by multiple manufacturers through the oft-
cycle credits application process. The high efficiency alternator credit is scalable with
efficiency, providing an increasing credit value of 0.16 grams/mile CO2 per percent improvement
as the efficiency of the alternator increases above a baseline level of 67 percent efficiency. The
advanced A/C compressor credit value is 1.1 grams/mile for both cars and light trucks. For more
information on any aspect of these changes see 84 FR 24174, April 30, 2020. For a summary
of the proposed revisions to flexibilities and incentives for MY2023 and later, see Chapter 2.1.1.
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Chapter 2: Technology Feasibility, Effectiveness, Costs, and Lead-time

EPA is proposing to revise existing national greenhouse gas (GHG) emissions standards for
passenger cars and light trucks under section 202(a) of the Clean Air Act (CAA). Section 202(a)
requires EPA to establish standards for emissions of air pollutants from new motor vehicles
which, in the Administrator’s judgment, cause or contribute to air pollution which may
reasonably be anticipated to endanger public health or welfare. The transport sector is currently
the largest source of anthropogenic GHG emissions in the U.S. There are technically feasible and
cost-effective technologies to achieve additional reductions for MY2023 through MY2026 light-
duty vehicles at reasonable cost per vehicle and without compromise to vehicle utility or safety.
As in many prior EPA mobile source rulemakings, the decision on what standard to set is largely
based on the availability, capability, and cost of the emissions control technology along with the
need for reductions of GHG and the benefits of doing so. This proposal would also establish a
path toward more significant reductions in the years following 2026.

2.1 Proposed Standards

As with the existing and previous light-duty vehicle GHG standards, EPA is proposing
separate car and truck standards; that is, vehicles defined as cars would have one set of footprint-
based curves, and vehicles defined as trucks would have a different set. In general, for a given
footprint, the CO2 g/mile target® for trucks is higher than for a car with the same footprint. The
curves are described mathematically by a family of piecewise linear functions (with respect to

vehicle footprint) that gradually and continually ramp down from the MY 2022 curve established
in the SAFE rule.

Written in mathematic notation, the function is as follows:®
Passenger Car Target = min (b,max(a, ¢ * footprint+d))

Table 2-1: Proposed Coefficients for Passenger Car GHG Targets

Model Year
Coefficient 2023 2024 2025 2026+
a 145.6 138.6 131.9 125.6
b 199.1 189.5 180.3 171.6
c 3.56 3.39 3.23 3.07
d -0.4 -0.4 -0.3 -0.3

2 Because compliance is based on the full range of vehicles in a manufacturer’s car and truck fleets, with lower
emitting vehicles compensating for higher emitting ones, the emission levels of specific vehicles within the fleet are
referred to as targets, rather than standards.

b See Regulatory text for the official proposed coefficients and equation. The information presented here is a
summary.
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Figure 2-1: CO: vs Footprint Compliance Curves for Cars

Light Truck Target = min (b,max(a, ¢ * footprint+d))
Table 2-2: Proposed Coefficients for Light-duty Truck GHG Targets

Model Year
Coefficient 2023 2024 2025 2026+
a 181.1 172.1 163.5 155.4
b 312.1 296.5 281.8 267.8
c 3.97 3.77 3.58 341
d 18.4 17.4 16.6 15.8
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Figure 2-2: CO:z vs Footprint Compliance Curves for Trucks

The MY 2023 car curve shape is similar to the MY 2022 curve. By contrast, the truck curve
returns to the cutpoint of 74 sq ft originally established in the 2012 rule, but changed in the
SAFE rule, for MY2023.! The gap between the 2022 curves and the 2023 curves is indicative of
design of the standards described earlier, where the increase in stringency in MY 2023 is roughly
twice that of MY's 2024-2026. EPA is proposing to return the truck cutipoint to 74 sq ft because
it is consistent both with the 2012 FRM standards for MYs beyond 2022 and the California
Framework agreements cutpoint value, and because EPA is relying heavily on its past analyses
of technological feasibility and those analyses were done in consideration of the 74 sq ft
cutpoint.

Figure 2-3 shows EPA’s proposed standards, expressed as year-over-year fleetwide GHG
emissions targets (cars and trucks combined), projected through model year 2026 and beyond.
For comparison, the figure also shows the corresponding targets for the recent SAFE FRM and
the 2012 FRM. The proposed fleet targets pick up from the existing SAFE FRM targets for
model years 2021 and 2022, but then ramp down considerably in model year 2023, nearly
reaching the 2012 FRM targets for that model year. The proposed fleet targets then parallel the
2012 FRM targets through model year 2025 (the last year of that program), and then continue
that same downward slope for one additional model year, to model year 2026 (the last year of the
SAFE program). As with all EPA light-duty GHG rules, the targets would then remain in place at
the same level for all subsequent model years unless replaced by a subsequent rulemaking.

Table 2-3 presents the estimates of EPA’s proposed standards presented in Figure 2-3, again
in terms of the projected overall fleetwide CO2-equivalent emission compliance target levels. See
Section I1.B below for a full discussion of the proposed standards and presentations of the
footprint curves.

2-3



240
230
220

210

200 ceeses SAFE FRM

190 2012 FRM

180 Proposed

170
160
150

2020 2021 2022 2023 2024 2025 2026 2027

Figure 2-3: Proposed Fleet-Wide COz-Equivalent g/mi Compliance Targets, Compared to 2012 and SAFE
Rules, 2021-2026.

Table 2-3: Estimates of EPA’s proposed standards in terms of the projected overall fleetwide COz-equivalent
g/mi emission compliance target levels.

Model Year 2023 2024 2025 2026
Cars 165 157 149 142
Trucks 232 221 210 199
Combined Cars and Trucks 198 189 180 171
Car Share 50.0% | 49.9% | 49.7% | 49.7%
Truck Share 50.0% | 50.1% | 50.3% | 50.3%

2.1.1 Proposed Compliance Incentives and Flexibilities

The proposed Light-duty GHG standards include flexibilities initially established in the 2010
Light-Duty GHG Final Rule for how credits may be used within the program.?> Averaging,
banking, and trading (ABT) provisions include credit carry-forward, credit carry-back (also
called deficit carry-forward), credit transfers (within a manufacturer), and credit trading (across
manufacturers). These ABT provisions define how credits may be used and are integral to the
program. The current program limits credit carry-forward to 5 years. EPA is proposing a limited
extension of credit carry-forward for credits generated in model years 2016 through 2020. The
proposal would change the credit carry-forward for MY2016 credits from five to seven years and
the carry-forward limit for MYs 2017-2020 from 5 to 6 years, as shown in Table 2-4.



Table 2-4: EPA Proposed Extension of Credit Carry-forward Provisions

MY Credits MYs Credits Are Valid Under EPA’s Proposed Extension
are Banked
2016 | 2017 2018 2019 | 2020 | 2021 2022 | 2023 2024 | 2025 2026
2016 X X X X X v v
2017 X X X X X v
2018 X X X X X v
2019 X X X X X
2020 X X X X X v
2021 X X X X X

x = Current program. v'= Proposed additional years.

The current Light-duty GHG program includes temporary incentives through model year 2021
that encourage the use of advanced technologies such as electric, hybrid electric, and fuel cell
vehicles, as well as incentives for full-size pickups using strong hybridization or technologies
providing similar emissions reductions to hybrid technology. The full-size pickup incentives
originally extended out through model year 2025, but the SAFE rule removed the incentives for
model years 2022 through 2025. When EPA established these incentives in the 2012 rule, EPA
recognized that temporary regulatory incentives would reduce the effective stringency of the
standards, but believed that such incentives would lead to greater benefits in the longer run by
encouraging the development and broader application of advanced vehicle technologies.®> EPA
believed that such temporary regulatory incentives might help bring some technologies to market
more quickly than in the absence of incentives.* With these same goals in mind for this
program, EPA is proposing to increase and extend multiplier incentives though model year 2025
with a cap on multiplier credits and also to reinstate the full-size pickup incentives removed from
the program by the SAFE rule.

The current program also includes credits for real-world emissions reductions not reflected on
the test cycles used for determining CO2 emissions compliance with fleet average GHG
standards. These are credits for using technologies that reduce emissions that aren’t captured on
EPA tests (“off-cycle” technologies) and improvements to air conditioning systems that increase
efficiency and reduce HFC refrigerant leakage. These credit opportunities currently do not
sunset, remaining a part of the program through model year 2026 and beyond unless the program
is changed as part of a regulatory action. EPA is proposing to modify the off-cycle credits
program to provide additional opportunities for manufacturers to generate credits based on the
current pre-defined credits menu by increasing the menu credit cap from 10 to 15 g/mile. EPA is
also proposing to modify some of the regulatory definitions that are used to determine whether a
technology is eligible for the menu credits. EPA is not proposing changes to the air conditioning
credits elements of the program.

2.2 Light-duty Vehicle Technology Feasibility
2.2.1 Feasibility of the Proposed Standards

Based upon the light-duty vehicle fleet compliance analysis summarized within Chapter 4 of
this draft RIA, and consistent with the extensive public record established by EPA with its
publication of the 2012 FRM, July 2016 Draft TAR, November 2016 Proposed Determination
and the January 2017 Final Determination, the proposed revisions of the MY2023 and later light-
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duty GHG standards are feasible using existing vehicle technologies that are already widely
available within the current light-duty vehicle fleet.

The feasibility of the proposed standards is best understood within the context of the decade-
long light-duty vehicle GHG emissions reduction program in which the automotive industry has
innovated a wide range of GHG-reducing technologies. Over this time period, the industry has
had the ability to plan for increasingly stringent GHG emissions requirements. The result has
been the widespread and continual introduction of new and improved GHG-reducing
technologies across the industry, many of which were in the early stages of development at the
beginning of the program in 2012. See Chapter 2.3 for a discussion of technological progression,
status of technology penetration, and Chapter 4.1.3 for our assessment of the continuing
technology penetration across the fleet required to meet the proposed standards.

The technological achievements already developed and already increasing in application to
vehicles within the current new vehicle fleet (Chapter 2.3) will enable the industry to achieve the
proposed standards even without the development and implementation of additional
technologies. Compliance with the proposed standards, adjustment to the pace of technology
penetration of existing GHG reduction technologies, and adjustment to the management of both
existing GHG credits and generation of credits under the revised light-duty GHG program
particularly should be considered within the full context of the revised incentives and flexibilities
that will be available under the proposal. As we discuss in Chapter 2.3.2, our assessment shows
that a large portion of the current fleet (MY2021 vehicles), across a wide range of vehicle
segments, already meets future standards and that there are clearly opportunities for automakers
to focus their sales and marketing on these more efficient products.

The multi-year nature of automotive design and engineering development also means that the
industry’s product plans that were developed in response to the EPA’s GHG standards finalized
in 2012 for MYs 2017-2025 has largely continued despite the relaxation of GHG standards under
SAFE that were promulgated in April 2020 with implementation beginning in MY 2021. This
can also be seen within the increased penetration of GHG reducing technologies (Chapter 2.3). In
previous comments on EPA’s light-duty GHG and other light-duty vehicle programs, automakers
have broadly stated that they require approximately five years to design, develop, and produce a
new vehicle model. Thus, in most cases, vehicles that automakers intend to sell during the first
years of these proposed MY2023 and later GHG standards were already designed under the
original, and more stringent, GHG standards finalized in 2012 for those model years. At the time
of this proposal, the relaxed GHG standards under the SAFE rule have been in place for little
more than one year, and the ability of the industry to rely on the standards relaxed under SAFE,
especially for MY2023 and later, were under a cloud of regulatory uncertainty in light of pending
litigation. During this time, the automobile industry continually expressed concern over the
uncertain future of the SAFE standards. In fact, due in part to this uncertainty surrounding the
SAFE standards, five automakers voluntarily agreed to more stringent national standards under
the California Framework Agreement.> Therefore, based on the automakers’ own past
comments regarding product plan development and the regulatory and litigation history of the
GHG standards since 2012, we believe that automakers continue to be largely on track in terms
of technological readiness within their product plans to meet the approximate trajectory of
increasingly stringent light-duty vehicle GHG standards initially promulgated in 2012.
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Although we do not believe that automakers have significantly changed their product plans
yet in response to the SAFE final rule issued in 2020, any that may have would have done so
relatively recently and we would anticipate that their earlier product plans could be reinstated or
adapted with minimal change. It is important to note that we have considered the need for
manufacturers to transition from the SAFE standards (or the California Framework Agreement)
to standards that are similar in stringency to the 2012 standards and have structured the proposed
standards to be less stringent than the 2012 standards for model years 2023 2024, and 2025.

EPA considers this an important aspect of its analysis that mitigates concerns about lead-time for
manufacturers to meet the proposed standards beginning with the 2023 model year. We see no
reason to expect that the major GHG-reducing technologies that automakers have already
developed and have increasingly introduced (see Chapter 2.3), or have already been planning for
near-term implementation, will not be available for MY2023 and later vehicles. Thus, in contrast
to the situation that existed prior to EPA’s adoption of the initial light-duty GHG standards in the
2012 rule, automakers now have had the benefit of at least 8-9 years of planning and
development in preparation for meeting these proposed standards.

Another important factor in considering the feasibility of the proposed standards is the fact
that five automakers voluntarily entered into the California Framework Agreements with the
California Air Resources Board, first announced in July 2019, to meet more stringent GHG
standards nationwide than those relaxed by the SAFE rule.” These voluntary actions by
automakers that collectively represent approximately one-third of the U.S. light-duty vehicle
market speak directly to the feasibility of meeting standards at least as stringent as those under
the California Framework. The California Framework voluntary targets were a key
consideration in our development and assessment of the proposed EPA light-duty vehicle GHG
standards.

It is important to note that our conclusion that the proposed program is technologically
feasible is based in part on a projection that the standards will be met largely with the kinds of
advanced light-duty vehicle engine technologies, transmission technologies, electric drive
systems, aerodynamics, tires, and vehicle mass reduction already in place in vehicles within
today’s fleet. Furthermore, the proposed standards do not rely on a significant penetration of
electric vehicles into the fleet during the 2023-2026 model years. Our updated analysis projects
that approximately 8 percent of vehicles meeting the MY 2026 proposed standards would be
EV/PHEVs (see Chapter 4). Given manufacturers’ public announcements about their ambitious
plans to transition fleets to electric vehicles, we believe it is likely that an even higher percentage
of the industry-wide light-duty vehicle fleet could be electrified during the time period of our
proposed MY2023 and later standards. Moreover, EPA is committed to encouraging the rapid
development and broad acceptance of zero-emission vehicles (ZEVs), and the proposed light-
duty vehicle GHG program includes incentives to support this transition (see Chapter 2.1.1).

2.2.2 Alternatives to the Proposed Standards

In addition to the proposed standards, we analyzed both a more stringent and a less stringent
alternative. For the less stringent alternative, Alternative 1, we used the coefficients in the
California Framework® for the 2.7 percent effective stringency level as the basis for the MY 2023
stringency level and the 2012 rule MY 2025 standards as the basis for the MY 2026 stringency
level, with linear year-over-year reductions between the two points for MYs 2024 and 2025.
EPA views the California Framework as a reasonable basis for the least stringent alternative that
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we would consider finalizing, since it represents a level of stringency that five manufacturers
have already committed to achieving. We did not include incentive multipliers for Alternative 1,
as doing so would only further reduce the effective stringency of this Alternative, and we view
Alternative 1 as the lower end of stringency that we believe is appropriate through 2026.

For the more stringent alternative, Alternative 2, we used the 2012 rule standards as the basis
for MY 2023-2025 targets, with the standards continuing to increase in stringency in a linear
fashion for MY2026. Alternative 2 adopts the 2012 rule stringency levels in MY 2023 and
follows the 2012 rule standard target levels through MY2025. We extended the same linear
average year-over-year trajectory for MYs 2023-2025 to MY2026 for the final standards under
Alternative 2. We believe that it is important to continue to make progress in MY2026 beyond
the MY2025 standard levels in the 2012 rule, and as with the proposal, Alternative 2 meets this
objective. We also did not include in Alternative 2 the proposed incentive multipliers with the
proposed cumulative credit cap in MY's 2022-2025, which would have had the effect of making
Alternative 2 less stringent.

The fleet average targets for the two alternatives compared to the proposed standards are
provided in Table 2-5 below. As discussed in detail in detail in Chapter 2.3.3, there has been a
proliferation of recent announcements from automakers signaling a rapidly growing shift in
investment away from internal-combustion technologies and toward high levels of
electrification. EPA has also heard from a wide range of stakeholders over the past several
months, including but not limited to the automotive manufacturers and the automotive suppliers,
that the significant investments being made now to develop and launch new EV product
offerings and in the expansion of EV charging infrastructure could enable higher levels of EV
penetration to occur in the market place by the MY 2026 time frame than we have projected as
the basis for both the proposed MY2026 standards and the Alternative 2 MY2026
standards. The information concerning the investment landscape potentially accelerating to an
even greater extent market penetration of EV products is the basis on which EPA is relying on
for Alternative 2 with respect to the potential for a more stringent MY2026 standard that would
reflect this information and related considerations.

Table 2-5: Projected Fleet Average Target Levels for Proposed Standards and Alternatives (CO2 grams/mile)
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Model Year Proposal Projected Alternative 1 Alternative 2
Targets Projected Targets Projected Targets
2021 223% 223% 224%*
2022 220% 220%* 220%*
2023 199 203 195
2024 189 194 186
2025 180 185 177
2026 171 177 169
* SAFE rule standards included here for reference.
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Figure 2-4: Proposed Standards Fleet Average Targets Compared to Alternatives

As shown in Figure 2-4, the range of alternatives that we are considering is fairly narrow,
with the proposed standard targets differing from the alternatives in any given MY in 2023-2026
by 2 to 6 g/mile. We believe that this approach is reasonable and appropriate considering the
relatively short lead time for the proposed standards, especially for MYs 2023-2025, our
assessment of feasibility, the existing automaker commitments to meet the California Framework
(representing about one-third of the auto market), the standards adopted in the 2012 rule, and the
need to reduce GHG emissions. The analysis of costs and benefits of Alternatives 1 and 2 is
shown in the Chapters 4, 5, 6, and 10.

The proposed standards and both alternatives all incorporate year-over-year increases in GHG
stringency, with varying starting stringencies in MY2023, and varying ending stringencies in
MY2026, and with fairly linear increases in stringency between MY2023 and 2026 that would
essentially follow the same slope as the 2012 program. All three potential programs would also
result, by MY2026, in standards at least as stringent as the last year (MY2025) of the 2012
program.

For Alternative 1, the standards would reach the model year 2025 level of the 2012 rule (the
final increase in stringency of the 2012 program) in model year 2026, resulting in a less stringent
program compared to the 2012 rule until MY2026. Chapter 5.1.1.2 shows the associated lower
amount of GHG reductions achieved under Alternative 1 compared to the proposal. Again, given
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the urgent need for GHG reductions to address the climate crisis, we believe Alternative 1 does
not go far enough and would thus be inappropriate.

For Alternative 2, the standards by MY2025 would nearly match the stringency level of the
MY2025 standards in the 2012 rule and would continue to increase in stringency for one
additional year in MY2026. Consistent with EPA’s previous discussions regarding feasibility,
compliance costs, and lead time, we believe that Alternative 2 may be feasible. Several
arguments can be made in support of Alternative 2 that are similar to those that support the
proposed standards.

2.3 Vehicle Technologies

For a summary of the effectiveness and cost of technologies used by EPA for modeling
compliance with the proposed standards, see Chapter 4.1 of this draft RIA. A complete summary
of vehicle technologies and associated GHG effectiveness for internal combustion engine
technologies, transmission technologies, vehicle electrification, aerodynamics, tires, and vehicle
mass reduction can be found within Chapter 2.2 of the Technical Support Document (TSD) for
the November 2016 Proposed Determination.® We still believe this document to be a sound and
thorough examination of the available technologies and their GHG effectiveness for the
timeframe of this rulemaking. In fact, some vehicle manufacturers have recently made public
statements regarding their plans to discontinue the development of conventional, internal
combustion engine-based technologies to focus on the electrified vehicle technologies’. If the
automakers choose to follow through with their announcements, this will further support that the
technologies described in the TSD are comprehensive of all technologies that the manufacturers
will apply on the road to full electrification. In their press release announcing their goal to be
carbon neutral in 2040, GM stated that "The company will also continue to increase fuel
efficiency of its traditional internal combustion vehicles in accordance with regional fuel
economy and greenhouse gas regulations. Some of these initiatives include fuel economy
improvement technologies, such as Stop/Start, acrodynamic efficiency enhancements, downsized
boosted engines, more efficient transmissions and other vehicle improvements, including mass
reduction and lower rolling resistance tires."® Although some manufacturers have indicated a
reduced focus on ICE technologies, EPA has continued its independent evaluation of advanced
engine and transmission technologies and update and improve our assessment of light-duty
vehicle GHG emissions over the intervening 4 years since publication of the TSD.? The results

of these analyses have been published in over a dozen peer-reviewed technical and journal
papers, 10111213,14,15,16,17,18,19.20,21,22,23,24

The percentage share of specific MY2015 to MY2020 engine and transmission technologies
are summarized from EPA Automotive Trends Report data in Table 2-6 and Table 2-7
respectively.?® In MY2020, hybrid electric vehicles (HEV) accounted for approximately 6.5
percent of vehicle sales, while plug-in electric hybrids (PHEV) and battery electric vehicles
(BEV) together comprised 4 percent of sales. Thus, powertrain electrification of all types has
increased more than 3-fold from MY2015 to MY2020. The pace of introduction of new EV
models is rapidly increasing. Nearly 100 pure electric EV models are expected to be introduced
in the United States by the end of 2024.2° The sales of vehicles with 12V start/stop systems has
increased from approximately 7 percent to approximately 42 percent between MY2015 and
MY2020.
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Table 2-6: Production Share by Engine Technologies for MY2015-2020

Powertrain Technologies Engine Technologies
Model Year |Gasoline| Gasoline | Diesel | PHEV | BEV | GDI Port |Avg.Displ.| HP | VVT | CD | Turbo |Stop/ Start
HEV @®)
2015 95.9% 2.4% 0.9% | 0.2% |0.5% | 41.9% | 56.7% 2.90 229 97.2%|10.5% | 15.7% 7.1%
2016 96.9% 1.8% 0.5% | 0.3% [0.5% | 48.0% | 51.0% 2.85 230 [98.0% | 10.4% | 19.9% 9.6%

2017 96.1% 2.3% 0.3% | 0.8% |0.6% | 49.7% | 49.4% 2.85 234 | 98.1% | 11.9% | 23.4% | 17.8%

2018 95.1% 2.3% 0.4% | 0.8% [1.4% | 50.2% | 48.0% 2.82 241 196.4% [ 12.5% | 30.0% | 29.8%

2019 94.4% 3.8% 0.1% | 0.5% [1.2% | 52.9% | 45.7% 2.85 245 197.2% | 14.9% | 30.0% | 36.9%

2020 (prelim) | 88.5% 6.5% 1.0% | 0.7% [3.3% | 55.3% | 40.3% 2.75 247 194.0% [ 13.8% | 35.3% | 42.2%

Note: Adapted from the 2020 EPA Automotive Trends Report.”

As of MY2020, more than half of light-duty gasoline spark ignition engines now use direct
injection (GDI) and more than a third are turbocharged.®?” Nearly half of all light-duty vehicles
have planetary automatic transmissions with 8 or more gear ratios, and a fourth are using
continuously variable transmissions (CVT). We anticipate that these GHG reducing technologies
will continue to increasingly penetrate into the light-duty vehicle fleet for MY2023-2026.

Table 2-7: Production Share by Transmission Technologies for MY2015-2020

Model Year | Manual | Automatic | Automatic CVT CVT 4 Gears |5 Gears | 6 Gears | 7 Gears |8+ Gears| Average
with Lockup| without | (Hybrid) | (Non- |[Or Fewer No. of
Lockup Hybrid) Gears

2015 2.6% 72.3% 1.4% 2.2% 21.5% 1.5% 4.5% | 542% | 3.1% | 13.0% 59
2016 2.2% 72.3% 2.6% 1.7% 21.2% 1.1% 3.0% | 54.9% | 2.9% | 153% 6.0
2017 2.1% 71.5% 2.6% 1.9% 21.8% 1.0% 24% | 49.0% | 3.4% | 20.5% 6.1
2018 1.6% 72.8% 3.2% 1.7% 20.6% 1.9% 2.0% | 37.6% | 3.7% | 32.5% 6.4
2019 1.4% 72.1% 2.4% 2.2% 21.9% 1.5% 1.6% | 26.1% | 2.6% | 44.0% 6.6
2020 (prelim) | 1.5% 66.1% 4.4% 3.1% 25.0% 3.4% 1.3% | 15.8% | 2.4% | 49.0% 6.6

Note: Adapted from the 2020 EPA Automotive Trends Report.”

2.3.1 Recent Advances in Internal Combustion Engines

The Automotive Trends Report does not separately track the introduction of HEV and non-
HEV applications of Atkinson Cycle and Miller Cycle engines, however their application has
been increasing over the past five years. Atkinson Cycle and Miller Cycle engines represent
technologies that improve efficiency via use of increased expansion when compared to
convention (Otto cycle) spark ignition engines. Although Atkinson and Miller Cycles are
sometimes used interchangeably, EPA's use of the nomenclature refers specifically to either

¢ A technical assessment of the particulate matter (PM) emissions impacts of MY2020-2021 light-duty vehicles
using engines equipped with gasoline direct injection (GDI) and port fuel injection is included within a memo to the
docket for this NPRM.
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naturally-aspirated (Atkinson) or turbocharged (Miller) implementations. Recent
implementations also include use of fast, wide-range of authority camshaft phasing to allow
variation of effective compression ratio for load control and additional reduction of pumping
losses. Most implementations over the last six years use gasoline direct injection (GDI) for
additional knock mitigation. For additional information on these technologies, see Chapter
2.2.1.2 "Descriptions of Technologies and Key Developments since the FRM" within the
Technical Support Document for the November 2016 Proposed Determination (2016 TSD).°

Atkinson Cycle engines have been common in HEV applications for more than two decades.
More recently, Toyota, Mazda, and Hyundai/Kia have been expanding the use of these engines
in non-HEV applications to reduce fuel consumption and comply with GHG emissions
standards. Since the publication of the 2016 TSD, there has also been a broader range of product
introductions with Atkinson Cycle engines combined with gasoline direct injection (GDI) and
either cylinder deactivation or cooled EGR. Mazda introduced fixed cylinder deactivation® on
the base 2.5L Atkinsons Cycle engine in the MY2018 CX-5 CUV and Mazda 6 passenger car. It
was also introduced in the MY2019 Mazda 3. Based on comparisons of certification data for
comparable chassis and trim levels, Mazda's implementation of fixed cylinder deactivation
provides an incremental effectiveness of approximately 2 percent beyond that of a 4-cylinder
Atkinson Cycle engine without fixed cylinder deactivation.

Atkinson Cycle with cooled EGR has been applied to a broad range of both HEV and non-
HEYV passenger cars and crossover utility vehicles (CUV). Examples include the Toyota's
"Dynamic Force" range of engines added as part of the Toyota New Global Architecture
(TNGA).?82%:30:31.32. Cooled EGR is used to reduce pumping losses and to mitigate combustion
knock. These include the following Toyota engines: the M15A-FKS, M20A-FKS, and A25A-
FKS non-HEV engines; and the M15A-FXE, M20A-FXS, and A25A-FXS HEV-specific engines
used in the Toyota Corolla, Camry, Avalon, C-HR, RAV4, Highlander, Lexus ES and Lexus
UX. In 2018, EPA conducted engine dynamometer benchmark testing of the Toyota 2.5L
A25A-FKS engine with Atkinson Cycle and cooled EGR.!° During testing on Federal Tier 2
certification fuel, the Toyota A25A-FKS engine demonstrated a peak break thermal efficiency
(BTE) of approximately 40 percent, the highest published BTE for a production, non-HEV
engine. This represents a significant improvement over the peak BTE (typically 35-37 percent)
of the naturally aspirated GDI engines that make up a majority of MY2020 vehicle fleet.
Atkinson Cycle engines were estimated to have GHG effectiveness of approximately 3.2 to 3.8
percent relative to over otherwise comparable naturally-aspirated GDI engines in non-HEV
applications. EPA estimates that the addition of cooled EGR to an Atkinson Cycle engine further
reduces 2-cycle GHG emissions by an additional 4.4 percent over Atkinson Cycle alone.

Both engine-dynamometer developmental work and benchmarking of production engines by
EPA identified synergies between the use of fixed cylinder deactivation and cooled EGR on
Atkinson Cycle engines when used in non-HEV applications.**343>1 Both EPA and other
researchers have also identified synergies between the use of dynamic cylinder deactivation and
cooled EGR on Atkinson Cycle engines. '°,*¢ EPA estimates that the addition of either fixed

4 Knock is an abnormal and potentially damaging form of combustion characterized by a very high rate of increase
in cylinder pressure and high peak cylinder pressure.
¢ Fixed cylinder deactivation disables a fixed number of engine cylinders to reduce pumping losses at light load.
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cylinder deactivation or dynamic cylinder deactivation’ to an Atkinson Cycle engine with cooled
EGR would provide an additional 2.3 percent or 7.9 percent reduction in 2-cycle GHG
emissions, respectively. '

VW now offers EA888-3B 2.0L Miller Cycle engine as the base engine in the Passat and
Arteon passenger cars and the Atlas and Tiguan CUVs. The MY2022 Taos CUV will use the
EA211 1.5L evo Miller Cycle engine as the base engine, which has a peak break thermal
efficiency of 38.1 percent.’” A hybrid-specific version of this engine is under development by
VW. When equipped with cooled-EGR and a variable-geometry turbo, it demonstrated a peak
BTE of 41.5 percent.®’

2.3.2 Changes to Engine Technologies Represented in the Analysis for the Proposal

Analytical revisions to the modeling of light-duty vehicle compliance with the proposed
standards and the resulting GHG emissions and vehicle technology costs are summarized within
Chapter 4.1. Key revisions to engine technologies are summarized within Table 4-1.

Within EPA's analysis, HCRO represents an implementation of Atkinson Cycle with GDI.
HCRI1 represents, on average, the addition of either cooled EGR or fixed cylinder deactivation to
an Atkinson Cycle engine with GDI and thus represents most non-HEV implementations of
Atkinson Cycle within the light-duty vehicle fleet starting in MY2018. HCR2 represents the
addition of dynamic cylinder deactivation and cooled EGR within non-HEV Atkinson Cycle
engine applications. For HEV applications, HCR2 represents the application of GDI, cooled
EGR, higher compression and expansion ratio, and the use of a dedicated hybrid electric/engine
powertrain strategy.®

The restriction within the analysis of HCR technologies to naturally aspirated engines with
cylinder counts of 6 or less during compliance modeling was a means of restricting Atkinson
Cycle from application to trucks and other applications having a specific need for additional
torque reserve (e.g., trailer towing or high payload applications).

2.3.3 Vehicle Electrification

While we anticipate that the proposed standards will be met primarily through the continued
penetration of conventional powertrain (e.g., internal combustion engine, transmission)
improvements and road-load reductions as outlined previously within the draft TAR,® the PD
TSD,3? and in the previous sections of this chapter, we anticipate that the design of a future,
longer-term program beyond 2026 will further incorporate accelerating advances in zero-
emission technologies.

A proliferation of recent announcements from automakers signals a rapidly growing shift in
investment away from internal-combustion technologies and toward high levels of
electrification. These automaker announcements are supported by continued advances in

f Dynamic cylinder deactivation is a newer, more capable system than fixed cylinder deactivation. Any number of
cylinders can be deactivated or activated on a cycle resolved basis. The first production examples became available
on GM full-frame trucks in MY2019.

¢ Dedicated hybrid engines combine an engine and electric drive within a powertrain and calibrated in a synergistic
manner that increases engine efficiency and avoids areas of engine operation prone to knock and/or low-speed
preignition.
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automotive electrification technologies, and further driven by the need to compete in a global
market as other countries implement aggressive zero-emission transportation policies.

For example, in January 2021, General Motors announced plans to become carbon neutral by
2040, including an aspirational goal to shift its light-duty vehicles entirely to zero-emissions by
2035.4° In March 2021, Volvo announced plans to make only electric cars by 2030,*' and
Volkswagen announced that it expects half of its U.S. vehicle sales will be all-electric by 2030.4
In April 2021, Honda announced a full electrification plan to take effect by 2040, with 40 percent
of its North American vehicle sales expected to be fully electric or fuel cell vehicles by 2030, 80
percent by 2035 and 100 percent by 2040.%* In May 2021, Ford announced that they expect 40
percent of their global light-duty vehicle sales will be all-electric by 2030.4* In June 2021, Fiat
announced a move to all electric vehicles by 2030,* and in July 2021 its parent corporation
Stellantis announced an intensified focus on electrification across all of its brands.*® Also in July
2021, Mercedes-Benz announced that all of its new architectures would be electric-only from
2025, with plans to become ready to go all-electric by 2030 where possible.*’

These announcements and others like them continue a pattern over the past several years of
many manufacturers taking steps to aggressively pursue zero-emission technologies, introduce a
wide range of ZEV models, and reduce their reliance on the internal-combustion engine in
various markets around the globe.*®*’ These goals and investments have been coupled with a
rapidly increasing availability of plug-in vehicle models in the U.S.>° For example, the number
of battery electric vehicle (BEV) and plug-in hybrid electric vehicle (PHEV) models available
for sale in the U.S. more than doubled from about 24 in MY 2015 to about 60 in MY 2021, with
offerings in a growing range of vehicle segments.’!,>? Recent model announcements indicate
that this number will increase to more than 80 models by MY 2023, with many more expected to
reach production before the end of the decade.’® Many of the ZEVs already on the market today
cost less to drive than conventional vehicles,** offer improved performance and handling,
and can be charged at a growing network of public chargers as well as at home.>’

Recent BEV product announcements also include a growing number of dedicated battery
electric vehicle platforms, such as the GM BEV2 light-duty vehicle (LDV) and BEV3 light-duty-
truck (LDT) platforms, the Tesla Model 3/Model Y LDV and crossover utility vehicle (CUV)
platform, the VW MEB LDV and CUV platform, and the Hyundai E-GMP LDV and CUV
platform.>® Dedicated BEV platforms eliminate provisions for internal combustion engine (ICE)
powertrain, exhaust emissions, evaporative emissions, and fuel systems that would otherwise
need to be accommodated on platforms that are shared between BEV, PHEV, HEV, and
conventional ICE vehicle models. This dedicated BEV platform approach typically allows
integration of the battery pack entirely within the vehicle floor structure, reduces vehicle weight,
reduces manufacturing costs, increases available passenger and cargo volume, and in some cases,
has the battery pack integrated as part of the vehicle's crash mitigation structure.

An increasing number of global jurisdictions and U.S. states are planning to take actions to
shift the light-duty fleet toward zero-emissions technology. In 2020, California announced an
intention to require increasing volumes of ZEVs to meet the goal that, by 2035, all new light-
duty vehicles sold in the state be ZEVs. Massachusetts and New York are also poised to adopt
similar targets and requirements to take effect by 2035.%%6%6! Several other states may adopt
similar provisions by 2050 as members of the International Zero-Emission Vehicle Alliance.
Globally, at least 12 countries, as well as numerous local jurisdictions, have announced similar
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goals to shift all new passenger car sales to ZEVs in the coming years, including Norway (2025),
the Netherlands, Denmark, Iceland, Ireland, Sweden, and Slovenia (2030), Canada and United
Kingdom (2035), France and Spain (2040) and Costa Rica (2050).93%* Together, these countries
represent approximately 13 percent of the global market for passenger cars, in addition to that
represented by the aforementioned U.S. states and other global jurisdictions.®

The BEV production announcements by manufacturers - combined with the regulatory actions
announced by governing bodies worldwide regarding ZEVs - could mean that there will be less
of a need for regulatory incentives for producing ZEVs. However, long-term GHG reduction
goals will require a far greater penetration of ZEVs than this proposal would require through
MY2026. The need for substantial increases in fleet penetration of ZEVs over the long term is
supported by the recommendations of the National Academy of Sciences, which states in its
2021 Light-duty Vehicle Technology Assessment: "The agencies should use all their delegated
authority to drive the development and deployment of ZEVs, because they represent the long-
term future of energy efficiency, petroleum reduction, and greenhouse gas emissions reduction in
the light-duty fleet".® EPA believes that the inclusion of regulatory incentives for ZEVs in this
proposal through MY?2026 is consistent with the need to promote rapid development and
deployment of ZEVs over the longer term.

2.4 Analysis of Manufacturers Generation and Use of GHG Credit

EPA believes that the multi-year nature of auto design and development means that the
industry’s product plans originally developed in response to the EPA’s 2012 GHG standards
rulemaking for MY's 2017-25 have largely continued notwithstanding the SAFE rule that was
promulgated in April 2020 and relaxed standards beginning in MY 2021. Thus, in most cases,
the vehicles that automakers will be producing during the first years of the proposed MY 2023-
26 program were already designed under the original, more stringent GHG standards for those
model years finalized in 2012. Manufacturers are also already demonstrating the ability to
comply with the proposed 2023 model year standards with many vehicles currently for sale.

For this proposal, EPA performed an analysis of 2021 model year vehicles to assess how
changes in sales mix could help facilitate vehicle manufacturer compliance to more stringent
standards. This analysis analyzed certification and projected sales data for 2021 model year
vehicles. EPA assumed that manufacturers continue to utilize credits for off-cycle technologies,
as well as A/C credits for reduced refrigerant leakage and improved efficiency. The level of off-
cycle credits was based on average manufacturer's MY2019 off-cycle credits for cars and trucks,
respectively (so it does not reflect the proposed increased cap to 15 g/mi of menu off-cycle
credits). EPA applied the industry-average of 19 g/mi and 24 g/mi of total A/C credits for car
and truck models, respectively. Table 2-8 and Table 2-9 show the availability of "credit
generators" (vehicle models that outperform their proposed individual footprint-based standard
for 2023 model year), grouped by market segment. The smallest market segments, by total sales
volume, are shaded in gray and collectively represent only about 5 percent of all sales. Projected
performance is based on actual 2021 tailpipe CO2 emissions and adjusting for assumed A/C and
off-cycle credits.

The analysis accounted for the various trim levels by manufacturers, as there are 1370 unique
vehicle model types in the 2021 model year. Of those 1370 unique vehicles, 216 models (over
16 percent of all models sold) already outperform the proposed 2023 standards. 125 of these
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models are advanced gasoline or hybrid vehicles while an additional 91 models are plug-in
hybrids or battery electric vehicles.

Table 2-8: Distribution of 2021 MY Vehicle Models and Number of Vehicles Which Generate Credits vs. 2023
MY Standards (All Vehicles)

Credit % of 2021

Vehicle Category Total Generators % CG's Sales
Minicompact Cars 35 1 3% 0%
Subcompact Cars 119 9 8% 2%
Compact Cars 116 15 13% 6%
Two Seaters 64 0 0% 0%
Midsize Cars 158 28 18% 13%
Large Cars 87 21 24% 5%
<Small Station Wagons 31 12 39% 3%
Midsize Station Wagons 12 0 0% 0%
Minivans 8 3 38% 2%
Vans 16 0 0% 1%
Small SUVs 140 32 23% 28%
Standard SUVs 288 34 12% 25%
Small Pick-up Trucks 40 0 0% 3%
Standard Pick-up Trucks 256 61 24% 13%
Totals 1370 216 16%

Note: Gray shading denotes niche vehicle segments at or below 3 percent of total sales
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Table 2-9: Distribution of 2021 MY Vehicle Models and Number of Vehicles Which Generate Credits vs. 2023
MY Standards (Gasoline ICE and Hybrid Vehicles)

Credit % of 2021

Vehicle Category Total Generators % CG's Sales
Minicompact Cars 34 0 0% 0%
Subcompact Cars 110 0 0% 2%
Compact Cars 107 6 6% 6%
Two Seaters 63 0 0% 0%

Midsize Cars 143 13 9% 13%
Large Cars 70 7 10% 5%
Small Station Wagons 22 3 14% 3%
Midsize Station Wagons 12 0 0% 0%
Minivans 7 2 29% 2%

Vans 16 0 0% 1%

Small SUVs 131 23 18% 28%

Standard SUVs 264 10 4% 25%

Small Pick-up Trucks 40 0 0% 3%
Standard Pick-up Trucks 256 61 24% 13%

Totals 1275 125 10%

Note: Gray shading denotes niche vehicle segments at or below 3 percent of total sales

Some niche market segments (shaded in gray within Table 2-8throughTable 2-10), including
the smallest vehicles (minicompact and subcompact cars), two-seaters, and small pickup trucks;
show limited or no credit-generating models. However, credit-generators are currently available
to manufacturers in market segments that total nearly 95 percent of the total sales volume.

Manufacturers are already well-positioned to earn significant credits against the 2022 model
year standards with their 2021 vehicles. These credits can be banked to provide margin for later
years as a potential compliance strategy.

Using the same analytical approach, these 2021 model year vehicles offer additional credits
and more opportunities against the 2022 model year standards. Table 2-10 displays the 2021
model year offerings against the 2022 model year standards.
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Table 2-10: Distribution of 2021 MY Vehicle Models and Number of Vehicles Which Generate Credits vs.
2022 MY Standards (All Vehicles)

Credit % of 2021
Total Generators % CG's Sales
Minicompact Cars 35 1 3% 0%
Subcompact Cars 119 9 8% 2%
Compact Cars 116 25 22% 6%
Two Seaters 64 0 0% 0%
Midsize Cars 158 40 25% 13%
Large Cars 87 29 33% 5%
Small Station Wagons 31 14 45% 3%
Midsize Station Wagons 12 0 0% 0%
Minivans 8 5 63% 2%
Vans 16 8 50% 1%
Small SUVs 140 52 37% 28%
Standard SUVs 288 61 21% 25%
Small Pick-up Trucks 40 0 0% 3%
Standard Pick-up Trucks 256 92 36% 13%
Totals 1370 336 25%

Note: Gray shading denotes niche vehicle segments at or below 3 percent of total sales
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Chapter 3: Economic and Other Key Inputs

3.1 Rebound
3.1.1 Accounting for the Fuel Economy Rebound Effect

In the context of light-duty vehicles (LDVs), rebound effects might occur when an increase in
vehicle fuel efficiency results in individuals driving more as a result of the lower cost per mile of
driving. Because this additional driving consumes fuel and generates emissions, the magnitude of
the rebound effect is one determinant of the actual fuel savings and emission reductions that will
result from adopting GHG emissions standards. The rebound effect generally refers to the
additional energy consumption that may arise from the introduction of a more efficient, lower
cost energy service. This effect offsets, to some degree, the energy savings benefits of that
efficiency improvement. -3

The rebound effect for personal vehicles can, in theory, be estimated directly from the change
in vehicle use, in terms of vehicle miles traveled (VMT), which results from a change in vehicle
fuel efficiency.? In practice, any attempt to quantify this "VMT rebound effect" (sometimes also
labeled the "direct rebound effect,” or "direct VMT rebound effect") is complicated by the
difficulty in identifying an applicable data source from which the response to a significant
improvement in fuel efficiency can be estimated.>* Analysts, instead, often estimate the VMT
rebound indirectly, as the change in vehicle use that results from a change in fuel cost per mile
driven or a change in fuel price. When a fuel cost per mile approach is used, it does not
distinguish the relative contributions of changes in fuel efficiency and changes in fuel price to
the rebound effect, since both factors are determinants of fuel cost per mile.© When expressed as
positive percentages, the elasticities give the percentage increase in vehicle use that is presumed
to result from an increase in fuel efficiency or a decrease in fuel price.

The VMT rebound effect can also be divided into: (1) the short- to medium-run and (2) the
long-run rebound effect. Typically, studies estimating the short- to medium-run VMT rebound
effect are based upon a time period of roughly one to two years when the vehicle stock and land
use patterns are not changing significantly. The long-run rebound effect is estimated over a
longer time period when households can adjust where they work and live and the vehicle stock
can change more significantly than in the short/medium-run time frame.

While we focus on the VMT rebound effect in our analysis of this LDV proposal, there are at
least two other types of rebound effects discussed in the transportation policy and economics
literature: the “indirect rebound effect,” which typically refers to the purchase of other energy-
consuming goods or services using the cost savings from energy efficiency improvements and

2 Vehicle fuel efficiency is sometimes measured in terms of fuel consumption (gallons per mile) rather than fuel
economy (miles per gallon) in rebound estimates.

® Many of time series studies of the LDV rebound effect examine time periods before 2010. U.S. LDV fleet-wide
fuel economy has only been increasing since 2005. From 2005 to 2010, U.S. LDV fleet-wide fuel economy
improvements were fairly modest. Thus, there may be insufficient variability in LDV fuel economy to estimate a
relationship between fuel economy and VMT. See reference citation [4].

¢ Fuel cost-per mile is equal to the price of fuel in dollars per gallon divided by fuel economy in miles per gallon (or
multiplied by fuel consumption in gallons per mile), so this figure declines when a vehicle’s fuel efficiency
increases.
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the “economy-wide rebound effect.” The economy-wide rebound effect refers to the increased
demand for energy throughout the whole economy, in response to the reduced market price of
energy that results from energy efficiency improvements.

Because research on indirect and economy-wide rebound effects is scant, the rebound effect
discussed in this section refers solely to the effect of increased fuel efficiency on vehicle use.
The terms "VMT rebound effect," "direct VMT rebound effect," and "rebound effect" are used
interchangeably, and are distinguished from other rebound effects that could potentially impact
the fuel savings and emissions reductions from EPA's proposed LDV standards, including the
indirect and the economy-wide rebound effects.

3.1.2 Summary of Historical Literature on the LDV Rebound Effect

This section provides a brief summary of historical literature on the LDV rebound effect. It
is important to note that a majority of the studies previously conducted rely on data from the
1950 —1990s. While these older studies provide useful information on the potential magnitude of
the rebound effect, studies based on more recent information (e.g., within the last decade)
provide more reliable estimates of how the proposed standards will affect future driving
behavior. A number of more recent studies on LDV rebound effects (i.e., after 2010) are
summarized in Section 3.1.3 below.

Estimates from published studies covering the period from roughly 2010 and earlier using
data from 1950-2004 have found long-run rebound effects on the order of 10-30 percent. Some
of these studies are summarized in Table 3-1, Estimates of the Rebound Effect Using U.S.
Aggregate Time-Series Data on Vehicle Travel and Table 3-2, Estimates of the Rebound Effect
Using U.S./State and Canadian/Province Level Data. In addition, Table 3-3 provides estimates of
the rebound effect using U.S. household survey data.

Table 3-1: Estimates of the Rebound Effect Using U.S. Aggregate Time-Series Data on Vehicle Travel

Author (year) Short-Run Long-Run Time Period
Mayo & Mathis (1988) 22% 26% 1958-1984
Gately (1992) 9% 9% 1966-1988
Greene (1992) Linear 5-19% Linear 5-19% 1957-1989
Log-linear 13% Log-linear 13%

Jones (1992) 13% 30% 1957-1989
Schimek (1996) 5-7% 21-29% 1950-1994
Source: Sorrell and Dimitropolous (2007) Table 4.6.3

Table 3-2: Estimates of the Rebound Effect Using U.S./State and Canadian/Province Level Data

Author (year) Short-Run Long-Run Time Period
Haughton & Sarkar 9-16% 22% 1973-1992
(1996)

Small and Van 5% 22% 1966-2001
Dender (2007) 2% 11% 1997-2001
Hymel, Small and 3% 14% 1966-2004
Van Dender (2010) 5% 16% 1984-2004
Barla et al. (2009) 8% 18% 1990-2004

Province data.

Source: Sorrell and Dimitropolous (2007) Table 4.7, with the addition of Small and Van Dender (2007),
Hymel, Small and Van Dender (2010) and Barla et al. (2009). The Barla et al. study is based upon Canadian

3-2




Table 3-3: Estimates of the Rebound Effect Using U.S. Household Survey Data

Author (year) Estimate of Rebound Effect Time Period
Goldberg (1996) 0% 1984-1990
Greene, Kahn, and 23% 1979-1994
Gibson (1999)

Pickrell & Schimek 4-34% 1995
(1999)

Puller & Greening 49% 1980-1990
(1999)

West (2004) 87% 1997
Bento et al. (2009) 34% 2001
Source: Sorrell and Dimitropolous (2007) with the addition of Bento et al. (2009).

While studies using national (Table 3-1) and state-level (Table 3-2) data have found a
relatively consistent range of long-run estimates of the rebound effect, household surveys display
more variability (Table 3-3). One explanation for this variability is that these studies consistently
find that the magnitude of the rebound effect differs according to the number of household
vehicles, and the average number of household vehicles differs among the surveys used to derive
these estimates. Still another possibility is that it is difficult to distinguish the impact of fuel cost
per mile on vehicle use from other, unobserved factors. For example, commuting distance might
influence both the choice of the vehicle and VMT. Residential density may also influence both
fuel cost per mile and VMT since households in urban areas are likely to simultaneously face
both higher fuel prices and shorter travel distances. Also, given that household data tends to be
collected on an annual basis, there may not be enough variability in the fuel price data to
estimate the magnitude of the rebound effect.®

Since there has been little variation in fuel economy over the time frame of most studies,
isolating the impact of fuel economy on VMT can be difficult using econometric analysis of
historical data. Therefore, studies that estimate the rebound effect using time series data often
examine the impact of gasoline prices or fuel cost per mile (i.e., the combined impact of both
gasoline prices and fuel economy) on VMT. However, if drivers are more responsive to changes
in fuel price or the cost of driving than to the variable directly of interest, fuel economy, these
studies may overstate the potential impact of the rebound effect resulting from this proposed
rule. For example, drivers may respond more to changes in fuel prices that are highly visible
(i.e., salient) than to changes in fuel economy from vehicle standards that are gradually
implemented over time.

Another important distinction among studies is whether they assume that the rebound effect is
constant or varies over time in response to the absolute levels of fuel costs, personal income, or
household vehicle ownership. Most studies using aggregate annual data for the U.S. assume a
constant rebound effect, although some test whether the effect can vary as changes in retail fuel
prices or average fuel efficiency alter fuel cost per mile driven. Many studies using household
survey data estimate significantly different rebound effects for households owning varying
numbers of vehicles, with most finding that the rebound effect is larger among households that
own more vehicles.

Some of the studies, such as Small and Van Dender (2007) and Hymel, Small and Van
Dender (2010), using a combination of state-level and national data, conclude that the rebound
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effect varies directly in response to changes in personal income, as well as fuel costs. These
studies indicate that the rebound effect has decreased over time as incomes have risen. One
reason that the rebound effect could vary over time is that the responsiveness to the fuel cost of
driving will be larger when it is a larger proportion of the total cost of driving. For example, as
incomes rise, the responsiveness to the fuel cost per mile of driving will decrease if households
view the time cost of driving — which is likely to be related to their income levels — as a larger
component of the total cost.

Small and Van Dender (2007) combine time series data for each of the 50 states and the
District of Columbia to estimate the rebound effect, allowing the magnitude of the rebound to
vary over time.” For the time period 19662001, their study finds a long-run rebound effect of
22 percent, which is generally consistent with previously published studies. But for the five-year
period (1997-2001) estimated in their study, the long-run rebound effect decreases to 11 percent.
Hymel, Small and Van Dender (2010) extend the Small and Van Dender model by adding
congestion’s impact on driving behavior.® Controlling for congestion modestly increases their
estimates of the rebound effect in the study. For the time period 1966-2004, they estimate a
long-run rebound effect of 14 percent. For the time period, 1984-2004, they find a long-run
rebound effect of 16 percent, while for the most recent year in their data set, 2004, they estimate
a long-run rebound effect of 9 percent.

Barla et al. (2009) uses Canadian, province-level, panel data from 1990-2004 of light-duty
vehicles to estimate a VMT rebound effect.” The model uses a similar methodological approach
as Small and Van Dender (2007) use, with a simultaneous three-equation model of aggregate
demand for vehicle kilometers traveled, vehicle stock and fuel efficiency. Barla et al. find short-
and long-run VMT rebound effects of 8 percent and 18 percent, respectively.

Of the studies listed in Table 3-3, one of the more recent is by Bento et al. (2009).!° Bento et
al. combine, for more than 20,000 U.S. households, their demographic characteristics, the
manufacturer and model of each vehicle they owned, and the annual usage of each vehicle from
the 2001 National Household Travel Survey (NHTS), with detailed data on fuel economy and
other attributes for each vehicle model. The authors aggregate vehicle models into 350
categories, representing combinations of manufacturer, vehicle type, and age. They use the
resulting data to estimate the parameters of a complex model of households’ joint choices of the
number and types of vehicles to own, and their annual use of each vehicle. Bento et al. find an
estimate of a rebound effect of 34 percent, depending upon household composition, vehicle size
and type, and vehicle age.

There is some evidence in the literature that consumers are more responsive to an increase in
fuel prices than to a decrease in fuel prices. At the aggregate level, Dargay and Gately (1997)
and Sentenac-Chemin (2012) provide some evidence that demand for transportation fuel is
asymmetric.!! In other words, given the same magnitude of change, the response to a decrease
in gasoline price is smaller than the response to an increase. Gately (1993) shows that the
response to an increase in oil prices can be on the order of five times larger than the response to a
price decrease.!? Furthermore, Dargay and Gately and Sentenac-Chemin also find evidence that
consumers respond more to a large shock than to a small, gradual change in fuel prices. Since
these proposed standards would decrease the cost of driving gradually over time, it is possible
that the rebound effect would be much smaller than some of the historical estimates included in
the literature.
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3.1.3 Review of Recent Literature on LDV Rebound

More recent studies on LDV rebound effects have become available in the last decade (i.e.,
since 2010) and are summarized in Section 3.1.3 below.

A national, U.S. study by Greene (2012) concludes that the magnitude of the rebound effect
"is by now on the order of 10 percent."'® In this study, Greene looks at how VMT is influenced
by the gasoline price fluctuations, light-duty fuel consumption patterns, U.S. real personal
income, and the number of registered vehicles in the U.S., among other factors. Over the entire
time period analyzed, 1966—2007, Greene finds that fuel prices have a statistically significant
impact on VMT, while fuel efficiency did not. From this perspective, if the impact of fuel
efficiency on VMT is not statistically significant, the VMT rebound effect could be zero. Like
Small and Van Dender, Greene finds that the VMT rebound effect is declining modestly over
time as household incomes rise and travel costs increase. When using Greene’s preferred
functional form, the projected rebound effect is approximately 12 percent in 2008, and drops to
10 percent in 2020 and to 9 percent in 2030.

Using data on household characteristics and vehicle use from the 2009 NHTS, Su (2012)
analyzes the effects of locational and demographic factors on household vehicle use and
investigates how the magnitude of the rebound effect varies with vehicles’ annual use.!* Using
variation in the fuel economy and per-mile cost of driving and detailed controls for the
demographic, economic, and locational characteristics of the households that owned them (e.g.,
road and population density) and each vehicle’s main driver (as identified by survey
respondents), Su employs specialized regression methods to capture the variation in the rebound
effect across ten different categories of vehicle use.

Su estimates that the overall rebound effect for all vehicles in the sample averages 13 percent,
and that its magnitude varies from 11-19 percent among the ten different categories of annual
vehicle use. The smallest rebound effects were estimated for vehicles at the two extremes of the
distribution of annual use — those vehicles driven comparatively little, and those vehicles used
most intensively — while the largest estimated effects applied to vehicles that were driven slightly
more than average. Controlling for the possibility that high-mileage drivers respond to the
increased importance of fuel costs by choosing vehicles that offer higher fuel economy narrowed
the range of Su’s estimates of rebound effects slightly (to 11-17 percent), but did not alter the
finding that they are smallest for lightly- and heavily-driven vehicles and largest for those with
slightly above average use. The 2009 NHTS is based upon data collected from April 2008 to
April 2009. This time period may have been an unusual time period, since it was during the time
period of the Great Recession. It is not clear how the impacts of employment and output losses
from the Great Recession influenced, and resulted in, unusual travel patterns in the U.S.

Frondel and Vance (2013) use panel estimation methods and household diary travel data
collected in Germany between 1997-2009 to identify an estimate of a private transport rebound
value."® The study focuses on single-car households that did not change their car ownership over
the timeframe each household was surveyed, up to a maximum of three years. Frondel and
Vance find a rebound effect for single-vehicle households of 46—70 percent.

Liu et al. (2014) employ the 2009 NHTS to develop an elaborate model of an individual
household’s choices about how many vehicles to own, what types and ages of vehicles to
purchase, and how much combined driving to do using all of the household’s vehicles.'® Their
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analysis uses a complex mathematical formulation and statistical methods to represent and
measure the interdependence among households’ choices of the number, types, and ages of
vehicles to purchase, as well as how intensively to use them. The complexity of the relationships
among a number of factors incorporated in their model — the number of vehicles owned, their
specific types and ages, fuel economy levels, and use — requires them to measure these effects by
introducing variation in income, neighborhood attributes, and fuel costs, and observing the
response of households’ annual driving. Their results imply a rebound effect of approximately
40 percent in response to a significant (25-50 percent) variation in fuel costs, with almost exactly
symmetrical responses to increases and declines in fuel costs.

Like Su and Liu et al., Linn (2016) also uses the 2009 NHTS to develop an approach to
estimate the relationship between the VMT of vehicles belonging to each household and a
variety of different factors: fuel costs, vehicle characteristics other than fuel economy (e.g.,
horsepower, the overall “quality” of the vehicle), and household characteristics (e.g., age,
income).!” Linn reports a fuel economy rebound effect with respect to VMT of between 20—40
percent.

One interesting result of the study is that when the fuel efficiency of all vehicles on the road
increases — which would be the long-run effect of rising fuel efficiency standards — two factors
have opposing effects on the VMT of a particular vehicle in a multi-vehicle household. First,
VMT increases when a vehicle’s own fuel economy increases. But the increase in fuel economy
of the household’s other vehicles cause the vehicle’s own VMT to decrease. Since the vehicle’s
own VMT response to a fuel economy increase is larger in magnitude than the VMT response to
changes in other vehicles’ fuel economy, VMT increases if the fuel economy of all vehicles
increases proportionately. Linn also finds that VMT responds much more strongly to vehicle fuel
economy than to gasoline prices, which is at variance with the Hymel et al. and Greene results
discussed above.

Gillingham (2014) examines a period of significant swings in retail gasoline prices, along
with media reports of changing household driving habits, to examine how households respond to
changes in gasoline prices.'® This study uses a vehicle-level dataset of all new vehicles registered
in California in 2001-2003, and subsequently given a smog check (i.e., odometer readings) over
the 2005-2009 time frame, a period of steady economic growth but rapidly increasing gasoline
prices. Gillingham estimates the effect of differences in average monthly fuel price on monthly
vehicle use — at a county level. The primary empirical result of the responsiveness of new vehicle
VMT to gasoline prices is a medium-run estimate of 22 percent. There is evidence of
considerable heterogeneity in this responsiveness across buyer types, demographics, and
geographic conditions.

In a follow-up paper, Gillingham (2020) states that this 2014 study examines the response to
the 2008 gasoline price shock in California, an unusual period when gasoline prices were
particularly salient to consumers.'? Thus, according to Gillingham, the results of his 2014 study
should not be used for developing an estimate of the VMT rebound effect for fuel
economy/GHG standards. Gillingham points to his own PhD dissertation (2011) which examines
travel patterns for California drivers from 2001 to 2009 using odometer readings as more
suggestive of the VMT rebound effect of LDV fuel economy/GHG standards.?’ His PhD
estimates a VMT rebound effect of one percent.
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Gillingham’s results in his 2014 paper find that vehicle-level responsiveness to fuel price
increases with income, which is the opposite of the conclusions that Hymel, Small and Van
Dender and Greene find in previous studies. Gillingham hypothesizes that the increase in the
per-vehicle rebound effect with higher incomes may relate to wealthier households having more
discretionary driving, or to switching between flying and driving. Alternatively, wealthier
households tend to own more vehicles, and it is possible that within-household switching of
vehicles may account for the greater responsiveness at higher income levels.

Wang and Chen (2014) examine the responsiveness of VMT to fuel prices across income
groups, using a system of structural equations with VMT and fuel efficiency (i.e., miles per
gallon) from the 2009 NHTS.?! They find that the rebound effect is only significant for the
lowest income households (up to $25,000). Wang and Chen hypothesize that low income
households have numerous unfilled travel needs. Thus, fuel efficient vehicles spur more driving
by low income households.

Hymel and Small (2015) revisit the simultaneous equations methodology of Small and Van
Dender (2007) and Hymel, Small and Van Dender (2010), to see whether their previous
estimates of the VMT rebound effect have changed by adding in more recent data (2005—
2009).% Their estimates of the long-run light-duty vehicle rebound effect over 2000-2009 is 4—
18 percent, when evaluated at average values of income, fuel cost, and urbanization in the U.S.
during this time period. These results show strong evidence of asymmetry in responsiveness to
fuel price increases and decreases. Results suggest that a rebound adjustment to fuel price rises
takes place quickly; the rebound response is large in the year of, and the first year following, a
price rise, then diminishes to a smaller value. The rebound response to price decreases occurs
more slowly. GHG standards result in lowering the price of driving, so the lower end of the 4-18
percent range is likely most applicable when assessing GHG standards. Consistent with previous
results using the same modeling framework used previously in other published studies, the VMT
rebound effect declines with increasing income and urbanization and increases with increasing
fuel cost. By far the most important of these sources of variation is income, the effect of which
is large enough to reduce the projected rebound effect for time periods of interest for this
proposed rule.

The study by Hymel and Small also finds a strengthening of the VMT rebound effect for the
years 2003-2009 when compared to their earlier results, suggesting that some additional,
unaccounted for factors have increased the rebound effect. Three potential factors are
hypothesized to have caused the upward shift in the VMT rebound effect in the 2003—2009 time
period: (1) media coverage, (2) price volatility, and (3) asymmetric responses to fuel price
changes.? While media coverage and volatility are important for understanding the rebound
effect based upon fuel prices, they may not be as relevant to influencing the rebound effect due
to fuel efficiency from LDV standards.

Hymel and Small find that there is an upward shift in the rebound effect of 2.5-2.8 percent
starting in 2003. Results suggest that the media coverage and volatility variables may explain

4 The media coverage variable is measured by constructing measures of media coverage based upon gasoline-price
related articles appearing in the New York Times newspaper. Using the ProQuest historical database, they tally the
annual number of article titles containing the words gasoline (or gas) and price (or cost). They then form a variable
equal to the annual fraction of all New York Times articles that are gasoline-price-related. This fraction ranged from
roughly 1/4000 during the 1960s to a high of 1/500 in 1974.
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about half of the upward shift in LDV rebound in the 2003—-2009 time period. Nevertheless,
these influences are small enough that they do not fully offset the downward trend in VMT
response due to higher incomes and other factors. Hence, even assuming that the variables retain
their 2003—2009 values into the indefinite future, they will not prevent a further diminishing of
the magnitude of the rebound effect if incomes continue to grow through time.

West et al. (2017) attempt to estimate the VMT rebound effect with household level data from
Texas, using a discontinuity in the eligibility requirements for the 2009 U.S. Car Allowance
Rebate System (CARS). This program, known as “Cash for Clunkers,” incentivized eligible
households to purchase more fuel-efficient vehicles.?* Households that owned “clunkers” —
defined as vehicles with a fuel economy of 18 miles per gallon (MPG) or less — were eligible for
the subsidy, as long as their replacement vehicle was at least 22 MPG. The empirical strategy of
the paper is to compare the fuel economy of vehicle purchases and subsequent VMT of “barely
eligible” households to those households who were “barely ineligible.”

Based upon odometer data reporting VMT, the paper finds a meaningful discontinuity in the
fuel economy of new vehicles purchased by CARS-eligible relative to ineligible households.
West et al. report that the increases in fuel economy realized by households who utilized the
program were not accompanied by increased use of the higher-MPG replacement vehicles. They
suggest this is because of the replacement vehicles’ other attributes. Because households chose to
buy cheaper, smaller, and lower-performing vehicles, they did not drive any additional miles
after the purchase of the fuel-efficient vehicle. They conclude there is no evidence of a rebound
effect in response to improved fuel economy from the CARS program.

It is difficult to generalize the VMT response from the CARS program to a program for LDV
GHG standards. This was a one-time program for a fixed fleet of existing vehicles with specific
characteristics. The change in vehicle attributes from the program may not be representative of
any vehicle attribute changes from LDV GHG standards. Thus, this study does not provide
useful implications about the likely response of vehicle use to increases in LDV GHG standards.

Gillingham et al. (2015) use detailed annual vehicle-level emissions inspection test data from
Pennsylvania for 2000-2010 — including odometer readings, inspection zip codes, and extensive
vehicle characteristics — to examine both the responsiveness of driving to changing gasoline
prices, and heterogeneity in this responsiveness by geography, the fuel economy of the vehicle,
and the age of the vehicle.?* The study finds a short-run driving response (i.e., VMT) to gasoline
prices of 10 percent.

Leung (2015) examines how VMT is allocated across a typical household’s vehicles in
response to a gasoline price increase.? Leung uses 2009 NHTS data to decompose household
decreased demand for gasoline in response to a gasoline price increase into: (1) changes to VMT
and (2) changes to fuel economy or MPG (via a household reallocating its VMT to a vehicle with
a different MPG). Leung finds a VMT responsiveness to gasoline prices of 10 percent.

Langer et al. (2017) develop a model of motorists' demand for automobile travel that
explicitly accounts for heterogeneity across drivers and their vehicles for the state of Ohio. The
study estimates drivers' responses to changes in the marginal cost of driving. The study is based
upon data from State Farm Mutual Automobile Insurance Company on individual drivers who, in
return for a discount on their insurance, allowed a private firm to remotely record their vehicles'
VMT from odometer readings from 2009—2013. The model allows for a comparison of the
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effects of gasoline and VMT taxes on fuel consumption, among other factors. They find a
responsiveness of VMT with respect to the price of automobile travel is 12 percent.?¢

Knittel and Sandler (2018) estimate the VMT responsiveness to gasoline price, in the context
of the gasoline tax as an emission reduction policy tool. The study looks at California LDVs over
the period of 1998—2008, using odometer readings (i.e., Smog Check data).?” They find an
average VMT responsiveness of 13 percent. They also observe significant heterogeneity across
different types of vehicles, suggesting that VMT responsiveness to gasoline prices can vary
significantly based upon the specific sub-classes of vehicles considered.

One interesting study of VMT rebound is by De Borger et al. (2016). They analyze the
response of vehicle use to changes in fuel economy among a sample of nearly 350,000 Danish
households owning a single vehicle, of which almost one-third replaced it with a different model
during the 20012011 time period.?® By comparing the change in households’ driving between
those who replaced their vehicles during the intervening period to those who did not, the authors
attempt to isolate the effect of changes in fuel economy on vehicle use from those of other
factors. Their data allow them to control for the effects of household characteristics and vehicle
features other than fuel economy on vehicle use. The authors use complex statistical methods to
account for the fact that some households replacing their vehicles may have done so in
anticipation of changes in their driving demands (rather than the reverse), as well as for the
possibility that some households who replaced their cars may be doing so because their driving
behavior is more sensitive to fuel prices than other households.

De Borger et al. measure the rebound effect from the change in households’ vehicle use in
response to changes in fuel economy that are a consequence of their decisions to replace their
vehicles. Thus, the authors are able to directly estimate the fuel economy rebound effect itself, in
contrast to studies that rely on indirect measures, such as fuel prices or the costs per mile of
driving. Their preferred estimates of the fuel economy rebound effect range from 8—10 percent.
De Borger et al. also find no evidence that the rebound effect is smaller among lower-income
households than among their higher-income counterparts.

Gillingham et al. (2016) undertake a summary and review of the general rebound literature,
including rebound effects from LDV studies considered for this proposed rule, as well as
electricity used in stationary applications.?’ According to Gillingham et al., the literature
suggests that differences in estimates of the rebound effect stem from its varying definitions, as
well as variation in the quality of data and empirical methodologies used to estimate it.
Gillingham et al. seek to clarify the definition of each of the channels of the rebound effect, and
to critically assess the state of the literature that estimates its magnitude.

Gillingham et al. note that most analyses assume a “zero cost breakthrough” (ZCB) — their
term for an improvement in efficiency that results in energy savings and related energy or fuel
cost savings but does not have associated increased costs of technology or implementation. Thus,
the authors argue, most analyses do not reflect the true costs of a “policy-induced improvement.”
Gillingham et al. also caution that failing to account for the increased costs of equipment and/or
implementation of a policy-induced improvement may result in different estimates of the
rebound effect, compared to a ZCB improvement in efficiency.

Wenzel and Fujita (2018) examine the responsiveness of driving to changes in the price of
gasoline and driving costs.>® Using detailed odometer readings from over 30 million vehicles in
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four urban areas of Texas from 2005-2010, they estimate that the responsiveness of the demand
for VMT with respect to the price of gasoline in Texas is 9 percent, after accounting for
differences in vehicle models. They also use the rated combined city/highway fuel economy of
each vehicle to calculate the cost of driving, in cents per mile, since a vehicle’s previous
inspection. They find a VMT responsiveness with respect to the cost of driving of 16 percent.

A study by Gillingham and Munk-Nielsen (2019) provides an estimate for the fuel price
elasticity of driving for Denmark in the time period from 1998—2011.3! They find a one-year
elasticity of 30 percent. An interesting aspect of this study is that it finds two tails of more
responsive drivers. The first tail is drivers living in the outskirts of cities with long commutes,
but with adequate access to public transport. The second tail is composed of drivers who
commute very little and tend to live in cities. Households with long commutes can readily switch
to public transport, while households who commute very little largely use their vehicles for a
diverse set of non-work trips, many of which can be readily switched to other modes of transport.

The finding of the two tails may explain differences in the results in fuel price elasticities
between the U.S. and Europe, according to Gillingham and Munk-Nielsen. The Gillingham and
Munk-Nielsen study finds a price responsiveness of driving of 30 percent for Denmark drivers
but, if ample access to public transport is eliminated, this responsiveness changes to 13 percent.
This is more in line with recent estimates from the U.S. for the fuel price responsiveness of
driving.

In an additional study, Gillingham (2020) develops a rationale for the use of a 10 percent
VMT rebound effect, and argues that the 20 percent used by the agencies in the most recent joint
LDV rulemaking for the 2020-2026 GHG/fuel economy standards is too high.*>* Gillingham
points out that the agencies argue that odometer reading data is the most reliable data when they
are discussing the relationship between vehicle miles traveled and vehicle age, but do not make
this distinction in the discussion of the VMT rebound effect. Gillingham argues that, when
reviewing VMT rebound studies and attempting to develop a single value of a VMT rebound
effect, studies based upon odometer readings should be given greater weight. This is because
odometer reading data is more reliable, since it is measured rather than self-reported, and may be
more representative of travel behavior by covering nearly the entire LDV fleet in a region.

Based upon a list of recent VMT studies that the agencies reviewed in the proposed 2022—
2026 LDV standards, Gillingham presents a summary of literature relevant for his central
estimate of the rebound effect of fuel economy standards in the U.S. He restricts his review to
publicly available U.S.-based literature from the past decade. His review excludes estimates from
outside of the U.S., in particular Europe, as travel behavior has been shown to be different due to
a variety of factors including different urban forms and public transportation access. Second,
Gillingham excludes some estimates from unpublished work that is inaccessible, or that
estimates something other than the VMT rebound effect (i.e., response of gasoline demand to
fuel price). Third, Gillingham excludes estimates that are inappropriate for using as an estimate
of the rebound effect, based upon individual author’s judgements. For example, as mentioned
above, Gillingham excludes his own study published in 2014, which examines the driving
response to the 2008 gasoline price shock, an unusual period when gasoline prices were
particularly salient to consumers.

According to Gillingham, a few clear findings are apparent. First, there is a relatively wide
range of estimates. In general, studies using household survey data tend to have much higher
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rebound effect estimates than those using odometer reading data. Second, the average rebound
effect over all studies that are considered by Gillingham is 14 percent, and the average over all
studies using just odometer readings is 8 percent. According to Gillingham, based upon his
review of relevant studies, he casts doubt on the argument for a central case estimate of 20
percent for the VMT rebound effect of U.S. LDV GHG/fuel economy standards.*

A study by the Dimitropoulos et al. (2018) presents a meta-analysis of 76 empirical studies
and 1,138 estimates of elasticities of travel from 18 countries (i.e., the U.S., European countries,
China and India) over the last fifty years, which can serve as possible measures of the VMT
rebound effect.>> Some of the most recent U.S. state-level studies using odometer readings data
such as Knittel and Sandler (2018), Langer et al. (2017) and Wenzel and Fujita (2018) are not
included in the meta-analysis. The meta-analysis uses an econometric approach to assess the
sources of heterogeneity in rebound effect estimates across the studies. The overall world VMT
rebound effect is estimated to be, on average, around 12 percent in the short-run, and roughly 32
percent in the long-run, across all of the studies considered. Other findings by Dimitropoulos et
al. suggest that studies using household survey data typically produce long-run rebound
estimates twice or more as large as studies based on aggregate data. The meta-analysis also finds
that the VMT rebound effect is declining worldwide, at a rate of roughly 0.7 percentage points
per year.

Dimitropoulos et al. provide VMT rebound estimates that vary by the price of gasoline,
population density, and gross domestic product (GDP) per capita, based upon the meta-analysis
results. They conclude that the VMT rebound effect increases with the price of gasoline and
population density, and decreases with per capita GDP, making rebound estimates from different
countries not directly comparable. Using 2018 U.S. values for gasoline price ($0.63/liter),
population density (33.75/km?2), and GDP per capita ($51,552) for the U.S., Dimitropoulos et al.
results predict a long-run VMT rebound effect of roughly 20 percent for the U.S.3°

In a Report entitled, “Science Advisory Board (SAB) Consideration of the Scientific and
Technical Basis of the EPA’s Proposed Rule titled The Safer Affordable Fuel-Efficient (SAFE)
Vehicles Rule for Model Years 2021-2026 Passenger Cars and Light Trucks”,>” EPA’s
Scientific Advisory Board (SAB) provides comments on the VMT rebound estimate used in the
proposed SAFE rule. On the magnitude of the 20 percent rebound value used, the SAB provides
several recommendations. First, the SAB suggests that the Agency’s consider several recent
odometer-based VMT rebound studies (e.g., Langer et al. (2017); Knittel and Sandler (2018);
and Wenzel and Fujita (2018)) 2627° which were not considered for the proposed SAFE rule.
The SAB also recommends that the Agency not over-generalize on the importance of the
rebound effect, assuming the implications of increased efficiency will be seen uniformly across
sectors. Finally, the SAB recommends that the Agency consider the relative saturation of
demand for VMT, the increasing role that the travel behaviors of Millennials, Baby Boomers and
ride sharing services have in reducing the magnitude of the U.S. VMT rebound effect. In a
concluding statement, the SAB comments, ”Due to these concerns, the SAB recommends that
the rebound estimate be reconsidered to account for the broader literature, and that it be
determined through a full assessment of the quality and relevance of the individual studies rather
than a simple average of results. A more in-depth analysis will allow the Agency to weight
papers based on their quality and applicability: recent papers using strong methodology and U.S.
data should be weighted more heavily than older papers, or those from outside the U.S., or those
with weaker methodology”.
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3.1.4 Basis for Rebound Effect Used in this Proposed LDV Rule

EPA uses a single point estimate for the direct VMT rebound effect as an input to the agency's
analyses for this proposed LDV GHG rule (2023-2026). Based on a review of estimates of the
VMT rebound effect from recent analyses (i.e., since 2010) and some of the insights from VMT
rebound studies completed before 2010, EPA is using a value of 10 percent for the long-run
direct rebound effect for this proposed rule. In Chapter 10.4, as sensitivities, EPA presents
estimates of the impacts of using a five percent and 15 percent VMT rebound effect.

There is a wide variety of estimates of the VMT rebound effect from the recent analyses, in
part, due to the many different methodologies and data sources used to try to quantify this
impact. Given the broad range of values, EPA believes it is important to critically evaluate which
studies are most likely to be reflective of the rebound effect that is relevant to the proposed
standards (2023—-2026). In other words, one cannot just take the “average” rebound estimates
from literature to use for the VMT rebound effect for this proposed rule.

EPA weights the following critical factors when choosing a VMT rebound estimate for this
proposed rulemaking:

1. Geographic/Timespan relevance: Priority is given to U.S., as opposed to international
rebound studies, since U.S. studies are based upon U.S. LDV travel, land use patterns,
and socio-economic conditions. U.S. national-level studies are most useful since they are
based upon the geographic scale of this proposed rulemaking. Priority is given to studies
that are based on U.S. demographic/land use patterns over timespans most relevant to this
rulemaking’s analytical timeframe (e.g., 2023—2050). Thus, we focus on studies relying
upon time series data rather than single-year studies. Even well-executed single year
studies have difficulty in controlling for confounding factors influencing the VMT
rebound effect, so these studies are not given significant weight;

2. Time period of study: Priority is given to more recent rebound studies in the last decade,
since their driving patterns are more likely to resemble driving patterns over the time
frame of this upcoming proposed LDV rule;

3. Reliability/Replicability of study: Priority is given to studies that use measured
odometer reading data for VMT. Many household survey studies rely on self-reported
VMT data, which may not produce as reliable estimates of the VMT rebound effect as
studies based on measured data. Also, odometer reading data is likely to more
representative of travel behavior by covering nearly the entire LDV fleet in a region.
Finally, the 2009 NHTS data was collected during the Great Recession time period. It is
not clear how representative travel patterns in the U.S. were during this time period for
developing estimates over timespans most relevant to this rulemaking’s analytical
timeframe (e.g., 2023-2050); and

4. Strong statistical/methodological basis: Priority is given to studies using strong
statistical methods that effectively attempt to control and isolate the impacts of the VMT
rebound effect.
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The critical factors listed above are consistent with the SAB’s recommendations on how to
determine a preferred estimate of the magnitude of the VMT rebound effect for use in this
proposed LDV GHG rule. EPA undertakes a comprehensive, overall, in-depth assessment of the
full range of VMT rebound studies relevant for developing a preferred VMT rebound estimate
for this proposed rule. EPA weighs the applicability and quality of each individual VMT rebound
study in this overall assessment. EPA does not simply average the results of the relevant VMT
studies in developing a VMT rebound estimate for this proposed rule. EPA gives more weight to
U.S. rebound studies as opposed to international VMT rebound studies. In addition, EPA gives
more weight to recent rebound studies (i.e., in the last decade). The application of the critical
factors listed above to the relevant VMT rebound literature is presented below.

Studies that provide a U.S. estimate of the LDV VMT rebound effect are most applicable to
estimating the overall VMT effects of the proposed LDV standards. The most recent national,
U.S. studies are by Hymel and Small (2015), which estimates a rebound effect ranging from 4—
18 percent, and Greene (2012), which concludes that the rebound effect “is by now on the order
of 10 percent.” Since GHG standards, which result in improved vehicle efficiency, lower the cost
of driving, and Hymel and Small found an asymmetric response to the costs of driving, the lower

end of the range in the Hymel and Small estimates is more applicable for evaluating the proposed
LDV GHG standards.

Both studies, Greene (2012) and Hymel and Small (2015), are based upon U.S. vehicle travel
patterns, as opposed to relying on international (i.e., outside the U.S.) travel patterns. Both
studies have been published in the last decade and are based upon the geographic scale of this
proposed rulemaking — the national, U.S. level. Both studies estimate the VMT rebound effect
looking at travel behavior over many years, as opposed to studies that rely on only a single year.
As noted above, even well executed, single year studies may have difficulty in controlling for
confounding factors influencing the VMT rebound effect. Both studies use solid statistical
methods that are generally effective at isolating the impacts of the VMT rebound effect. See
Table 3-4 below for the list of national, U.S. studies given significant weight in developing an
estimate of the VMT rebound effect for this proposed rule.

The set of studies at the U.S. state-level using odometer readings further support the 10
percent VMT rebound estimate for the U.S. as a whole. These studies, for Pennsylvania:
Gillingham et al. (2015); for California: Gillingham (2011)/Knittel and Sandler (2018); for Ohio:
Langer et al. (2017); and for Texas: Wenzel and Fujita (2018), find VMT rebound effects of 10,
1, 13, 12, and 9-16 percent, respectively. See Table 3-4 below for the list of U.S. state-level,
odometer studies given significant weight in developing an estimate of the VMT rebound effect
for this proposed rule.

Table 3-4: Studies Given Significant Weight in Developing an Estimate of the VMT Rebound Effect for this

Proposed Rule
Author Year Estimate of Rebound Effect Description/
Time Period
U.S. National
Greene 2012 10% Aggregate
1966-2007
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Hymel and 2015 4-18% State-level
Small 2000-2009
State-Level Odometer
Gillingham 2011 1% California
2001-2009
Gillingham et al. 2015 10% Pennsylvania
2000-2010
Langer et al. 2017 12% Ohio
2009-2013
Wenzel and 2018 9-16% Texas
Fujita 2005-2010
Knittel and 2018 13% California
Sandler 1998-2010

All of the state-level studies are based upon U.S. vehicle travel patterns, as opposed to relying
on international (i.e., outside the U.S.) travel patterns. All five of the studies have been published
in the past decade. These state-level studies use odometer readings to measure VMT, as opposed
to self-reported data, which provides more confidence in the reliability of their results. In
addition, odometer reading data is likely to be more representative of travel behavior by covering
nearly the entire LDV fleet in a region. Also, these studies all use time series, rather than single
year, data to estimate the VMT rebound effect, avoiding possible confounding effects of using a
single year’s data. All of the U.S. state-level studies use solid statistical methods that are
generally effective at isolating the impacts of the VMT rebound effect. The Gillingham (2014)
study, which found a 22 percent VMT rebound effect in California, is excluded from
consideration in the set of state-level rebound studies using odometer data. As Gillingham points
out, this study assesses the response to driving from a salient 2008 gasoline price shock, which is
quite different than gradual changes in fuel economy from the proposed LDV standards.

The four states considered in the studies — Pennsylvania, Ohio, Texas and California — are
geographically diverse, with different population sizes, incomes, demographic characteristics,
and vehicle fleet characteristics. Nevertheless, these studies provide estimates of VMT rebound
effects that are roughly clustered in the 10 percent range. Thus, these U.S. state-level studies,
based on odometer readings, provide support for the use of a 10 percent rebound effect in
developing a single VMT rebound estimate for the U.S. nation as a whole.

The West et al. study (2017) on the CARS (Cash for Clunkers) program did not find a VMT
rebound effect (i.e., a VMT rebound effect of zero). This study uses odometer data from the state
of Texas. But the VMT response to a vehicle scrappage program could be very different than for
a program that results in a gradual increase in fuel economy over time, such as the LDV proposal
considered here. For example, West el al. find that vehicle attribute changes (i.e., lower curb
weight/horsepower) offset the lower costs of driving, resulting in a zero rebound effect. It is not
clear how vehicle attributes will change with this proposed LDV rule. Therefore, little to no
weight is given to the West et al. study in determining a VMT rebound effect for this proposed
rule.

Su (2012), Liu et al. (2014), Leung (2015) and Linn (2016), each using NHTS 2009 data, find
rebound effects that vary from 10—40 percent. Wang and Chen (2014), using the 2009 NHTS
data as well, find a rebound effect only for low income households. These widely different
results based upon the same dataset suggest that these studies may not provide reliable estimates
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of the VMT rebound effect. The concern is that different methodological approaches with the
same set of data yield different results. All of the household survey studies are based on self-
reported VMT data, suggesting that the results may not be as reliable as studies based on
odometer readings. Further, the NHTS data is for a single year. Even well executed studies based
upon a single year of data may have difficulty controlling for confounding factors influencing
estimates of the VMT rebound effect. Also, travel and household data from the 2009 NHTS was
collected while the U.S. was in the midst of the Great Recession. The Great Recession led to
significant employment and output losses in the U.S., which may have possibly led to unusual
travel patterns.

This proposed rule uses AEO 2021 as the basis for projecting economic and fuel market
trends during time frame of analysis of this proposed rule.*® The AEO 2021 projects that U.S.
Gross Domestic Product will increase over time. Some of the national, aggregate studies of the
U.S., Hymel and Small (2015) and Greene (2012), find that the VMT rebound effect decreases as
household incomes rise. As incomes rise, the value of time spent driving is typically assumed to
rise as well. Thus, the time cost of travel becomes a larger fraction of total travel costs, so
vehicle use may become less responsive to variations in fuel costs. Wang and Chen find that only
low-income households have a rebound effect, which is consistent with the VMT rebound effect
diminishing with increases in income. On the other hand, Gillingham, (2014) finds that the VMT
rebound effect increases with household income. But the Gillingham (2014) study examines the
travel response to a salient gasoline price increase, which is somewhat different than a gradual
improvement in fuel economy from this proposed LDV rule. Thus, the evidence of how the
rebound effect varies with income is somewhat mixed. While the relationship between the VMT
rebound effect and income is supported by some of the national, aggregate studies, less weight is
given to this factor in determining a VMT rebound value for this proposed rule.

In summary, the 10 percent VMT rebound value chosen for use in these proposed LDV GHG
standards (2023-2026) is based upon applying a set of critical factors — geographic/timespan
relevance, time period, repeatability/reliability, and statistical/methodological basis — and the
weight of evidence from multiple recent studies (i.e., studies since 2010), based upon an updated
and rigorous review of the large body of literature on this topic. A combination of the recent
U.S., national VMT rebound studies and recent, odometer-based, VMT rebound studies for
different states — Pennsylvania, Ohio, Texas and California — that are geographically diverse,
with different population sizes, incomes, demographic characteristics, and vehicle fleet
characteristics, support a single point value of 10 percent for the direct VMT rebound effect. All
of the studies estimate the VMT rebound effect over many years, as opposed to a single year, and
use strong statistical methods. Thus, we believe that this combination of studies provides a very
reliable estimate of the VMT rebound effect, 10 percent, and we have used this value within this
LDV GHG proposal.

3.2 Energy Security Impacts

This NPRM is designed to require improvements in the fuel economy of light-duty vehicles
(LDV) and thereby reduce fuel consumption and GHG emissions. In turn, this proposed rule
helps to reduce U.S. petroleum imports. A reduction of U.S. petroleum imports reduces both
financial and strategic risks caused by potential sudden disruptions in the supply of imported
petroleum to the U.S., thus increasing U.S. energy security. In other words, reduced U.S. oil
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imports act as a “shock absorber” when there is a supply disruption in world oil markets. This
section summarizes the agency’s estimates of U.S. oil import reductions and energy security
benefits of the proposed light-duty GHG standards for model years 2023-2026.

Energy independence and energy security are distinct but related concepts, and an analysis of
energy independence informs our analysis of energy security.> The goal of U.S. energy
independence is the elimination of all U.S. imports of petroleum and other foreign sources of
energy.*’ U.S. energy security is broadly defined as the continued availability of energy sources
at an acceptable price.*! Most discussions of U.S. energy security revolve around the topic of the
economic costs of U.S. dependence on oil imports.**?

The U.S.’s oil consumption has been gradually increasing in recent years (2015-2019) before
dropping dramatically as a result of the Covid pandemic in 2020.%* The U.S. has increased its
production of oil, particularly “tight” (i.e., shale) oil, over the last decade.** As a result of the
recent increase in U.S. oil production, the U.S. became a net exporter of crude oil and product in
2020 and is now projected to be a net exporter of crude oil and product through 2023 to 2050, the
time frame of this analysis.*> This is a significant reversal of the U.S.’s net export position since
the U.S. has been a substantial net importer of crude oil and product starting in the early 1950s.4

Given that the U.S. is projected to be a net exporter of crude oil and product for the
foreseeable future, one could reason that the U.S. does not have a significant energy security
problem anymore. However, U.S. refineries still rely on significant imports of heavy crude oil
from potentially unstable regions of the world. Also, oil exporters with a large share of global
production have the ability to raise or lower the price of oil by exerting the monopoly power
associated with a cartel, the Organization of Petroleum Exporting Countries (OPEC), to restrict
oil supply relative to demand. These factors contribute to the vulnerability of the U.S. economy
to episodic oil supply shocks and price spikes, even when the U.S. is projected to be an overall
net exporter of crude oil and product.

3.2.1 Review of Historical Energy Security Literature

Energy security discussions are typically based around the concept of the o1l import premium.
The oil import premium is the extra cost of importing oil beyond the price of the oil itself as a
result of: (1) potential macro-economic disruption and increased oil import costs to the economy
from o1l price spikes or “shocks” and (2) monopsony impacts. Monopsony impacts stem from
changes in the demand for imported oil, which changes the price of all imported oil.

The so called oil import premium gained attention as a guiding concept for energy policy in
the aftermath around of the oil shocks of the 1970’s (Bohi and Montgomery 1982, EMF 1982).4
Plummer (1982) provided valuable discussion of many of the key issues related to the oil import
premium as well as the analogous oil stockpiling premium.*® Bohi and Montgomery (1982)
detailed the theoretical foundations of the oil import premium and established many of the
critical analytic relationships.*’ Hogan (1981) and Broadman and Hogan (1986, 1988) revised
and extended the established analytical framework to estimate optimal oil import premia with a
more detailed accounting of macroeconomic effects.’*>! Since the original work on energy

¢ The issue of cyberattacks is another energy security issue that could grow in significance over time. For example,
one of the U.S.’s largest pipeline operators, Colonial Pipeline, was forced to shut down after being hit by a
ransomware attack. The pipeline carries refined gasoline and jet fuel from Texas to New York.
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security was undertaken in the 1980’s, there have been several reviews on this topic by Leiby,
Jones, Curlee and Lee (1997) and Parry and Darmstadter (2004).5%3

The economics literature on whether oil shocks are the same level of threat to economic
stability as they once were, is mixed. Some of the literature asserts that the macroeconomic
component of the energy security externality is small. For example, the National Research
Council (2009) argued that the non-environmental externalities associated with dependence on
foreign oil are small, and potentially trivial,>* Analyses by Nordhaus (2007) and Blanchard and
Gali (2010) questioned the impact of oil price shocks on the economy in the early 2000 time
frame.>> They were motivated by attempts to explain why the economy actually expanded
during the oil shock in the early 2000 time frame, and why there was no evidence of higher
energy prices being passed on through higher wage inflation. One reason, according to Nordhaus
and Blanchard and Gali, is that monetary policy has become more accommodating to the price
impacts of oil shocks. Another reason is that consumers have simply decided that such
movements are temporary and have noted that price impacts are not passed on as inflation in
other parts of the economy.

Hamilton (2012) reviewed the empirical literature on oil shocks and suggested that the results
are mixed, noting that some work (e.g. Rasmussen and Roitman (2011)) finds less evidence for
economic effects of oil shocks or declining effects of shocks (Blanchard and Gali (2010)), while
other work continues to find evidence regarding the economic importance of oil shocks.*® For
example, Baumeister and Peersman (2011) find that an “oil price increase of a given size seems
to have a decreasing effect over time, but noted that the declining price-elasticity of demand
means that a given physical disruption had a bigger effect on price and turned out to have a
similar effect on output as in the earlier data”.>” Hamilton observed that “a negative effect of oil
prices on real output has also been reported for a number of other countries, particularly when
nonlinear functional forms have been employed” (citing as examples Kim (2012), Engemann,
Kliesen, and Owyang (2011)).°%> Alternatively, rather than a declining effect, Ramey and Vine
(2010) find “remarkable stability in the response of aggregate real variables to oil shocks once
we account for the extra costs imposed on the economy in the 1970s by price controls and a
complex system of entitlements that led to some rationing and shortages.”®

Some of the literature on oil price shocks emphasizes that economic impacts depend on the
nature of the oil shock, with differences between price increases caused by a sudden supply loss
and those caused by rapidly growing demand. Recent analyses of oil price shocks have
confirmed that “demand-driven” oil price shocks have greater effects on oil prices and tend to
have positive effects on the economy while “supply-driven” oil shocks still have negative
economic impacts (Baumeister, Peersman and Robays (2010)).°! A paper by Kilian and
Vigfusson (2014), for example, assigned a more prominent role to the effects of price increases
that are unusual, in the sense of being beyond the range of recent experience.®® Kilian and
Vigfussen also concluded that the difference in response to oil shocks may well stem from the
different effects of demand- and supply-based price increases: “One explanation is that oil price
shocks are associated with a range of oil demand and oil supply shocks, some of which stimulate
the U.S. economy in the short-run and some of which slow down U.S. growth (see Kilian
2009a)”.%

The general conclusion that oil supply-driven shocks reduce economic output is also reached
in a paper by Cashin et al. (2014) which focused on 38 countries from 1979-2011.%* They

3-17


Keri Davidson

Keri Davidson

Keri Davidson

Keri Davidson

Keri Davidson

Keri Davidson

Keri Davidson

Keri Davidson


stated: “The results indicate that the economic consequences of a supply-driven oil-price shock
are very different from those of an oil-demand shock driven by global economic activity, and
vary for oil-importing countries compared to energy exporters”. Cashin et al. continues “oil
importers (including the U.S.) typically face a long-lived fall in economic activity in response to
a supply-driven surge in oil prices”. But almost all countries see an increase in real output for an
oil-demand disturbance.

EPA’s assessment of the energy security literature finds that there are benefits to the U.S.
from reductions in oil imports. But there is some debate as to the magnitude, and even the
existence, of energy security benefits from U.S. oil import reductions. Over the last decade,
differences in economic impacts from oil demand and oil supply shocks have been distinguished.
The oil security premium calculations in this analysis are based on price shocks from potential
future supply events only. Oil supply shocks, which reduce economic activity, have been the
predominant focus of oil security issues since the oil price shocks/oil embargoes of the 1970’s.

3.2.2 Review of Recent Energy Security Literature

There have also been a handful of more recent studies undertaken in the last few years that are
relevant for the issue of energy security: one by Resources for the Future (RFF), two studies by
Oak Ridge National Laboratory (ORNL), and a couple of studies, Newell and Prest and
Bjornland et al., on the responsiveness of U.S. tight oil (i.e., shale oil) to world oil price changes.
We provide a brief review and high-level summary of each of these studies below.

The RFF study (2017) attempts to develop updated estimates of the relationship among gross
domestic product (GDP), oil supply and oil price shocks, and world oil demand and supply
elasticities.®® The RFF work argues that there have been major changes that have occurred in
recent years which have reduced the impacts of oil shocks on the U.S. economy. First, the U.S. is
less dependent on imported oil than in the early 2000s due in part to the “fracking revolution”
(i.e., tight/shale oil), and to a lesser extent, increased production of renewable fuels. In addition,
RFF argues that the U.S. economy is more resilient to oil shocks than in the earlier 2000 time
frame. Some of the factors that make the U.S. more resilient to oil shocks include increased
global financial integration and greater flexibility of the U.S. economy (especially labor and
financial markets), many of the same factors that Nordhaus and Blanchard and Gali pointed to as
discussed above.

In the RFF effort, a number of comparative modeling scenarios are conducted by several
economic modeling teams using three different types of energy-economic models to examine the
impacts of oil shocks on U.S. GDP. The first is a dynamic stochastic general equilibrium model
developed by Balke and Brown.® The second set of modeling frameworks use alternative
structural vector autoregressive models of the global crude oil market.®”-%%:% The last of the
models utilized is the National Energy Modeling System (NEMS).”°

Two key parameters are focused upon to estimate the impacts of oil shock simulations on U.S.
GDP: oil price responsiveness (i.e., the short-run price elasticity of demand for oil) and GDP
sensitivity (i.e., the elasticity of GDP to an oil price shock). The more inelastic (i.e., the less
responsive) short-run oil demand is to changes in the price of oil, the higher will be the price
impacts of a future oil shock. Higher price impacts from an oil shock result in higher GDP
losses. The more inelastic (i.e., less sensitive) GDP is to an oil price change, the less the loss of
U.S. GDP with future oil price shocks.
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For oil price responsiveness, RFF reports three different values: a short-run price elasticity of
oil demand from their assessment of the “new literature”, -0.17; a “blended” elasticity estimate; -
0.05, and short-run oil price elasticities from the “new models” RFF uses, ranging from -0.20 to -
0.35. The “blended” elasticity is characterized by RFF in the following way: “Recognizing that
these two sets of literature [old and new] represent an evolution in thinking and modeling, but
that the older literature has not been wholly overtaken by the new, Benchmark-E [the blended
elasticity] allows for a range of estimates to better capture the uncertainty involved in calculating
the oil security premiums.”

The second parameter that RFF examines is the GDP sensitivity. For this parameter, RFF’s
assessment of the “new literature” finds a value of -0.018, a “blended elasticity” estimate of -
0.028, and a range of GDP elasticities from the “new models” that RFF uses that range from -
0.007 to -0.027. One of the limitations of the RFF study is that the large variations in oil price
over the last fifteen years are believed to be predominantly “demand shocks™: for example, a
rapid growth in global oil demand followed by the Great Recession and then the post-recession
recovery.

The only supply-side oil shock in the last several years was the attack on the Saudi Aramco
Abqaiq oil processing facility and the Khurais oil field (which took place after the publication of
RFF’s study). On September 14th, 2019, a drone and cruise missile attack damaged the Saudi
Aramco Abqaiq oil processing facility and the Khurais oil field in eastern Saudi Arabia. The
Abqaiq oil processing facility is the largest crude oil processing and stabilization plant in the
world, with a capacity of roughly 7 MMBD or roughly seven percent of global crude oil
production capacity.”! On September 16th, the first full day of commodity trading after the
attack, both Brent and West Texas Intermediate (WTI) crude oil prices surged by $7.17/barrel
and $8.34/barrel, respectively, in response to the attack, the largest price increase in roughly a
decade.

However, by September 17th, Saudi Aramco reported that the Abqaiq plant was producing 2
MMBD, and they expected its entire output capacity to be fully restored by the end of
September.”” Tanker loading estimates from third-party data sources indicated that loadings at
two Saudi Arabian export facilities were restored to the pre-attack levels.”® As a result, both
Brent and WTI crude oil prices fell on September 17th, but not back to their original levels. The
oil price spike from the attack on the Abqaiq plant and Khurais oil field was prominent and
unusual, as Kilian and Vigfusson (2014) describe. While pointing to possible risks to world oil
supply, the oil price shock was short-lived, and generally viewed by market participants as being
transitory, so it did not influence oil markets over a sustained time period. Thus, there is little
recent empirical evidence to estimate the response of the U.S. economy to an oil supply shock of
a significant magnitude.’

A second set of recent studies related to energy security are from ORNL. In the first study,
ORNL (2018) undertakes a quantitative meta-analysis of world oil demand elasticities based
upon the recent economics literature.”* The ORNL study estimates oil demand elasticities for

f The Hurricanes Katrina/Rita in 2005 primarily caused a disruption in U.S. oil refinery production, with a more
limited disruption of some crude supply in the U.S. Gulf Coast area. Thus, the loss of petroleum product exceeded
the loss of crude oil, and the regional impact varied even within the U.S. The Katrina/Rita Hurricanes were a
different type of oil disruption event than is quantified in the Stanford EMF risk analysis framework, which provides
the oil disruption probabilities than ORNL is using.
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two sectors (transportation and non-transportation) and by world regions (OECD and Non-
OECD) by meta-regression. To establish the dataset for the meta-analysis, ORNL undertakes a
literature search of peer reviewed journal articles and working papers between 2000 and 2015
that contain estimates of oil demand elasticities. The dataset consisted of 1,983 observations
from 75 published studies. The study finds a weighted short-run price elasticity of world oil
demand of -0.07 and a long-run price elasticity of world oil demand of -0.26.

The second relevant ORNL (2018) study from the standpoint of energy security is a meta-
analysis that examines the impacts of oil price shocks on the U.S. economy as well as many
other net oil-importing economies.’” Nineteen studies after the year 2000 were identified that
contain quantitative/accessible estimates of the economic impacts of oil price shocks. Almost all
studies included in the review were published since 2008. The key result that the study finds is a
short-run oil price elasticity of U.S. GDP, roughly one year after an oil shock, of -0.021, with a
68 percent confidence interval of -0.006 to -0.036.

Only in recent years have the implications of the “tight oil revolution” been felt in the
international oil market where U.S. production of oil is rising to be roughly on par with Saudi
Arabia and Russia. Recent economics literature of the tight (i.e., shale/unconventional) oil
expansion in the U.S. has a bearing on the issue of energy security as well. It could be that the
large expansion in shale oil has eroded the ability of OPEC to set world oil prices to some
degree, since OPEC cannot directly influence shale oil production decisions. Also, the growth in
U.S. oil supply is reducing the share of global oil supply controlled by OPEC, also possibly
limiting OPEC's degree of market power. But given that the shale oil expansion is a relatively
recent trend, it is difficult to know how much of an impact the increase in shale oil is having, or
will have, on OPEC behavior.

Two recent studies have examined the characteristics of tight oil supply that have relevance
for the topic of energy security. In the context of energy security, the question that arises is: can
tight oil respond to an oil price shock more quickly and substantially than conventional 0il?7® If
so, then tight oil could potentially lessen the impacts of future oil shocks on the U.S. economy by
moderating the price increases from a future oil supply shock.

Newell and Prest (2019) look at differences in the price responsiveness for oil wells, using a
detailed dataset of 164,000 oil wells, during the time frame of 2000-2015 in five major oil-
producing states: Texas, North Dakota, California, Oklahoma, and Colorado.”” They find that
unconventional oil wells are more price responsive than conventional oil wells, mostly due to
their much higher productivity, but the estimated price elasticity is still small. Newell and Prest
also estimate a medium-run price elasticity of oil supply of 0.12. Newell and Prest note that the
shale oil supply response still takes more time to arise than is typically considered for a “swing
producer”, referring to a supplier able to increase production quickly, within 30 to 90 days. In the
past, only Saudi Arabia and possibly one or two other oil producers in the Middle East, have
been able to ramp up oil production in a short period of time. From the standpoint of energy
security, the most relevant time frame of analysis is roughly a year, considered the short-run
responsiveness of oil demand to price.

Another study, by Bjornland et al. (2021), uses a well-level monthly production data set
covering more than 15,000 crude oil wells in North Dakota to examine differences in supply
responses between conventional and tight oil/shale o0il.”® They find a short-run (i.e., one-month)
supply elasticity with respect to oil price for tight oil wells of 0.076, whereas the one-month
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response of conventional oil supply was not statistically different from zero. Both the results

from the Newell and Prest and Bjornland et al. suggest that tight oil may have a larger supply
response to oil prices in the short-run than conventional oil, although the estimated short-run

elasticity is still small.

Finally, despite continuing uncertainty about oil market behavior and outcomes and the
sensitivity of the U.S. economy to oil shocks, it is generally agreed that it is beneficial to reduce
petroleum fuel consumption from an energy security standpoint. U.S. oil markets are expected to
remain tightly linked to trends in the world crude oil market. It is not just U.S. crude oil imports
alone, but both imports and consumption of petroleum from all sources and their role in
economic activity, that exposes the U.S. to risk from price shocks in the world oil price. The
relative significance of petroleum consumption and import levels for the macroeconomic
disturbances that follow from oil price shocks is not fully understood. Recognizing that
changing petroleum consumption will change U.S. imports, this assessment of oil costs focuses
on those incremental social costs that follow from the resulting changes in net imports,
employing the usual oil import premium measure.

3.2.3 Cost of Existing U.S. Energy Security Policies

An additional often-identified component of the full economic costs of U.S. oil imports is the
costs to the U.S. taxpayers of existing U.S. energy security policies. The two primary examples
are maintaining the Strategic Petroleum Reserve (SPR) and maintaining a military presence to
help secure a stable oil supply from potentially vulnerable regions of the world.

The SPR is the largest stockpile of government-owned emergency crude oil in the world.
Established in the aftermath of the 1973/1974 oil embargo, the SPR provides the U.S. with a
response option should a disruption in commercial oil supplies threaten the U.S. economy. While
the costs for building and maintaining the SPR are more clearly related to U.S. oil use and
imports, historically these costs have not varied in response to changes in U.S. oil import levels.
Thus, while the effect of the SPR in moderating price shocks is factored into the analysis that
EPA is using to estimate the macroeconomic oil security premiums, the cost of maintaining the
SPR is excluded.

EPA also has considered the possibility of quantifying the military benefits components of
energy security but has not done so here for several reasons. The literature on the military
components of energy security has described four broad categories of oil-related military and
national security costs, all of which are hard to quantify. These include possible costs of U.S.
military programs to secure oil supplies from unstable regions of the world, the energy security
costs associated with the U.S. military’s reliance on petroleum to fuel its operations, possible
national security costs associated with expanded oil revenues to “rogue states” and relatedly the
foreign policy costs of oil insecurity.

Of these categories listed above, the one that is most clearly connected to petroleum use and
is, in principle, quantifiable is the first: the cost of military programs to secure oil supplies and
stabilize oil supplying regions. There is an ongoing literature on the measurement of this
component of energy security, but methodological and measurement issues — attribution and
incremental analysis — pose two significant challenges to providing a robust estimate of this
component of energy security. The attribution challenge is to determine which military programs
and expenditures can properly be attributed to oil supply protection, rather than some other

3-21


Keri Davidson

Keri Davidson

Keri Davidson

Keri Davidson


objective. The incremental analysis challenge is to estimate how much the petroleum supply
protection costs might vary if U.S. oil use were to be reduced or eliminated. Methods to address
both of these challenges are necessary for estimating the effect on military costs arising from a
modest reduction (not elimination) in oil use attributable to this proposed rule.

Since “military forces are, to a great extent, multipurpose and fungible” across theaters and
missions (Crane et al. 2009), and because the military budget is presented along regional
accounts rather than by mission, the allocation to particular missions is not always clear.”
Approaches taken usually either allocate “partial” military costs directly associated with
operations in a particular region, or allocate a share of total military costs (including some that
are indirect in the sense of supporting military activities overall) (Koplow and Martin 1998).%¢
The challenges of attribution and incremental analysis have led some to conclude that the
mission of oil supply protection cannot be clearly separated from others, and the military cost
component of oil security should be taken as near zero (Moore et al. 1997).%!

Stern (2010), on the other hand, argues that many of the other policy concerns in the Persian
Gulf follow from oil, and the reaction to U.S. policies taken to protect oil.®? Stern presents an
estimate of military cost for Persian Gulf force projection, addressing the challenge of cost
allocation with an activity-based cost method. He uses information on actual naval force
deployments rather than budgets, focusing on the costs of carrier deployment. As a result of this
different data set and assumptions regarding allocation, the estimated costs are much higher,
roughly 4 to 10 times, than other estimates. Stern also provides some insight on the analysis of
incremental effects, by estimating that Persian Gulf force projection costs are relatively strongly
correlated to Persian Gulf petroleum export values and volumes. Still, the issue remains of the
marginality of these costs with respect to Persian Gulf oil supply levels, the level of U.S. oil
imports, or U.S. oil consumption levels.

Delucchi and Murphy (2008) seek to deduct from the cost of Persian Gulf military programs
the costs associated with defending U.S. interests other than the objective of providing more
stable oil supply and price to the U.S. economy.®* Excluding an estimate of cost for missions
unrelated to oil, and for the protection of oil in the interest of other countries, Delucchi and
Murphy estimated military costs for all U.S. domestic oil interests of between $24 and $74
billion annually. Delucchi and Murphy assume that military costs from oil import reductions can
be scaled proportionally, attempting to address the incremental issue.

Crane et al. considers force reductions and cost savings that could be achieved if oil security
were no longer a consideration. Taking two approaches and guided by post-Cold War force draw
downs and by a top-down look at the current U.S. allocation of defense resources, they
concluded that $75-$91 billion, or 12—15 percent of the current U.S. defense budget, could be
reduced.

Finally, an Issue Brief by Securing America’s Energy Future (SAFE) (2018) found a
conservative estimate of approximately $81 billion per year spent by the U.S. military protecting
global oil supplies.® This is approximately 16 percent of the recent U.S. Department of
Defense’s budget. Spread out over the 19.8 million barrels of oil consumed daily in the U.S. in
2017, SAFE concludes that the implicit subsidy for all petroleum consumers is approximately
$11.25 per barrel of crude oil, or $0.28 per gallon. According to SAFE, a more comprehensive
estimate suggests the costs could be greater than $30 per barrel, or over $0.70 per gallon.®
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As in the examples above, an incremental analysis can estimate how military costs would vary
if the oil security mission is no longer needed, and many studies stop at this point. It is
substantially more difficult to estimate how military costs would vary if U.S. oil use or imports
are partially reduced, as is projected to be a consequence of this proposed rule. Partial reduction
of U.S. oil use surely diminishes the magnitude of the security problem, but there is uncertainty
that supply protection forces and their costs could be scaled down in proportion, and there
remains the associated goal of protecting supply and transit for U.S. allies and other importing
countries, if they do not decrease their petroleum use as well.®¢ EPA is unaware of a robust
methodology for assessing the effect on military costs of a partial reduction in U.S. oil use.
Therefore, we are unable to quantify this effect resulting from the projected reduction in U.S. oil
use attributable to this proposal.

3.2.4 U.S. Oil Import Reductions from this Proposed Rule

Over the time frame of analysis for this proposed rule, 2023-2050, the U.S. Department of
Energy’s (DOE) Energy Information Administration’s (EIA) Annual Energy Outlook (AEO)
2021 (Reference Case) projects that the U.S. will be both an exporter and an importer of crude
0il.¥” The U.S. produces more light crude oil than its refineries can refine. Thus, the U.S. exports
lighter crude oil and imports heavier crude oils to satisfy the needs of U.S. refineries, which are
configured to efficiently refine heavy crude oil. U.S. crude oil exports are projected to be
gradually increasing from 3 million barrels per day (MMBD) in 2023 to 3.5 MMBD in 2026 and
remain above 3 MMBD through 2050. U.S. crude oil imports, meanwhile, are projected to
decline modestly from 7.8 MMBD in 2023 to 7.5 MMBD in 2026. U.S. crude oil imports
continue to decrease modestly to 6.9 MMBD by 2030, before rising to the 7.6 MMBD in 2050.

The AEO 2021 projects that U.S. net oil product exports will be 5.3 MMBD in 2023 and rise
modestly to 5.6 MMBD in 2026. After 2026, U.S. net oil product exports are projected to be
somewhat greater than five MMBD until 2045, before decreasing modestly to 4.6 MMBD in
2050. Given the pattern of U.S. crude oil exports/imports, and U.S. net oil product exports, the
U.S. is projected to be a net petroleum (crude oil and product) exporter from 2023 through 2050.
For example, from 2023 to 2026, the U.S. net crude oil and product exports increase steadily
from 0.5 to 1.6 MMBD. U.S. net crude oil and product exports increase to roughly 2 MMBD in
the 2030 to 2035 time frame, before tapering off to 0.1 MMBD by 2050.

Since the U.S. is projected to continue importing significant quantities of crude oil through
2050, EPA’s assessment is that the U.S. it is not expected to achieve the overall goal of U.S.
energy independence during the analytical time frame of this rule. However, the U.S. is projected
to be a net exporter of crude oil and products through 2050.

U.S. oil consumption is projected to be fairly steady for the time period from 2023 to 2050.
From 2023 to 2040, projected U.S. oil consumption is fairly constant at roughly 20 MMBD
before increasing modestly to roughly 21 MMBD in the 2045-2050 time period. During the
2023-2050 time frame, the AEO projects that the U.S. will continue to consume significant
quantities of oil and will likewise continue to rely on significant quantities of crude oil imports.

Estimated petroleum consumption changes from this proposed GHG rule are presented in
Chapter 6.2. Based on a detailed analysis of differences in U.S. fuel consumption, crude oil
imports/exports and exports of petroleum products for the time frame 2023-2050, and using the
AEO 2021 (Reference Case) and two alternative sensitivity cases, i.e., (Low Economic Growth)
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and (High Economic Growth), EPA estimates that approximately 91 percent of the change in
fuel consumption resulting from the proposed LDV GHG standards is likely to be reflected in
reduced U.S. imports of crude oil.2 The 91 percent oil import factor is calculated by taking the
ratio of the changes in U.S. net crude oil and product imports divided by the change in U.S. oil
consumption in the different AEO cases. Thus, on balance, each gallon of petroleum reduced as a
result of the proposed LDV GHG Rule is anticipated to reduce total U.S. imports of petroleum
by 0.91 gallons.

Based upon the changes in oil consumption estimated in Chapter 6.2 and the 91 percent oil
import reduction factor, the reduction in U.S. oil imports as a result of the proposed LDV GHG
standards are estimated in Table 3-5 below for the 2023-2050 time frame. For comparison
purposes, based upon the AEO 2021 (Reference Case), Table 3-5 also shows the U.S.’s
projected crude oil exports and imports, net oil product exports, net crude oil/product exports and
U.S. oil consumption for the years 2023-2050.%

Table 3-5: Projected Trends in U.S. Oil Exports/Imports, Net Oil Product Exports, Net Crude Oil/Product
Exports, Oil Consumption and U.S. Oil Import Reductions Resulting from the Proposed LDV GHG rule
from 2023 to 2050 (Millions of barrels per day (MMBD))*

U.S. Net Crude U.S. Oil Import
U.S. Crude | U.S. Crude U.S. Net Oil Oil and Product U.S.oil Reductions from
Year | Oil Exports | Oil Imports | Product Exports Exports Consumption Proposal
2023 3.0 7.8 53 0.5 20.0 0.0
2024 34 7.8 54 0.9 20.1 0.0
2025 33 7.5 5.6 14 20.2 0.1
2026 3.5 7.5 5.6 1.6 20.2 0.1
2030 3.1 6.9 59 2.0 20.2 0.3
2035 33 7.0 5.6 1.9 20.4 0.5
2040 32 7.5 5.5 1.2 20.6 0.6
2045 3.1 7.3 5.1 1.0 21.0 0.6
2050 3.1 7.6 4.6 0.1 21.6 0.6

3.2.5 Oil Security Premiums Used for this Proposed Rule

In order to understand the energy security implications of reducing U.S. oil imports, EPA has
worked with Oak Ridge National Laboratory (ORNL), which has developed approaches for
evaluating the social costs and energy security implications of oil use. The energy security
estimates provided below are based upon a methodology developed in a peer-reviewed study
entitled, “The Energy Security Benefits of Reduced Oil Use, 2006-2015,” completed in 2008.%
This ORNL study is an updated version of the approach used for estimating the energy security
benefits of U.S. oil import reductions developed in a 1997 ORNL Report.”® This approach has
been used to estimate energy security benefits for the LDV GHG and fuel economy standards
(2012-2016)/(2017-2025) and the HDV GHG/fuel economy standards Phase I (2014-2018) and
Phase II (2018 and later).?!:9%%3

¢ We looked at changes in U.S. crude oil imports/exports and net petroleum products in the AEO 2021 Reference
Case, Table 11. Petroleum and Other Liquids Supply and Disposition, in comparison to two alternative Cases from
the AEO 2021. See the spreadsheet, “AEO 2021 Change in oil product demand on imports”.
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When conducting this analysis, ORNL considers the full cost of importing petroleum into the
U.S. The full economic cost (i.e., labeled oil security premiums below) is defined to include two
components in addition to the purchase price of petroleum itself. These are: (1) the higher
costs/benefits for oil imports resulting from the effect of U.S. demand on the world oil price (i.e.,
the “demand” or “monopsony” costs/benefits); and (2) the risk of reductions in U.S. economic
output and disruption to the U.S. economy caused by sudden disruptions in the supply of
imported oil to the U.S. (i.e., the avoided macroeconomic disruption/adjustment costs).

For this proposed LDV GHG rule, EPA is using oil security premiums estimated using
ORNL’s methodology, which incorporates the oil price projections and energy market and
economic trends, particularly regional oil supplies and demands at a global level (i.e.,
U.S./OPEC/rest of the world), from the AEO 2018 into its model. For the final LDV GHG rule,
EPA plans to update its energy security analysis based upon the AEO 2021. EPA only
considered the avoided macroeconomic disruption/adjustment costs oil security premiums (i.e.,
labeled macroeconomic oil security premiums below), since the monopsony impacts of this
proposed rule are considered transfer payments. See the EPA analysis within the draft TAR for a
discussion of the monopsony oil security premiums.**

In addition, EPA and ORNL have worked together to revise the oil security premiums based
upon recent energy security literature. Based upon EPA/ORNL’s review of the recent energy
security literature, EPA is updating its macroeconomic oil security premiums for this proposed
LDV GHG rule. The recent economics literature (discussed in Section 3.2.2 above) focuses on
three factors that can influence the macroeconomic oil security premiums. We discuss each
factor below and provide a rationale for how we are updating two out of three of the factors to
develop new estimates of the macroeconomic oil security premiums. We are not accounting for
how shale oil is influencing the macroeconomic oil security premiums in this proposed rule.

First, we assess the price elasticity of demand for oil. In previous EPA vehicle rulemakings,
EPA has used a short-run elasticity of demand for oil of -0.045.% From the recent RFF study,
the “blended” price elasticity of demand for oil is -0.05. The ORNL meta-analysis estimate of
this parameter is -0.07. We find the elasticity estimates from what RFF characterizes as the “new
literature”, -0.175, and from the “new models” that RFF uses, -0.20 to -0.33, somewhat high.
Most of the world’s oil demand is concentrated in the transportation sector and there are
currently limited alternatives to oil use in this sector. According to the IEA, the share of global
oil consumption attributed to the transportation sector grew from 60 percent in 2000 to 66
percent in 2018.°® The next largest sector by oil consumption, and an area of recent growth, is
petrochemicals. Thus, we believe it would be surprising if short-run oil demand responsiveness
has changed in a dramatic fashion. Increases in future electric vehicle use could influence the
price elasticity of demand for oil, but there is little empirical evidence available to assess this
issue. We may attempt to address this issue in the future if new information and data becomes
available.

The ORNL meta-analysis estimate encompasses the full range of the economics literature on
this topic and develops a meta-analysis estimate from the results of many different studies in a

structured way, while the RFF study’s “new models” results represent only a small subset of the
economics literature’s estimates. Thus, for the analysis of this proposed rule, we are increasing
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the short-run price elasticity of demand for oil from -0.045 to -0.07, a 56 percent increase." This
increase has the effect of lowering the macroeconomic oil security premiums estimated for this
rulemaking.

Second, we consider the elasticity of GDP to an oil price shock. For previous EPA vehicle
rulemakings, a GDP elasticity to an oil shock of -0.032 was used.’” The RFF “blended” GDP
elasticity is -0.028, the RFF’s “new literature” GDP elasticity is -0.018, while the RFF “new
models” GDP elasticities range from -0.007 to -0.027. The ORNL meta-analysis GDP elasticity
is -0.021. We believe that the ORNL meta-analysis value is representative of the recent literature
on this topic since it considers a wider range of recent studies and does so in a structured way.
Also, the ORNL meta-analysis estimate is within the range of GDP elasticities of RFF’s
“blended” and “new literature” elasticities.

For this proposed rule, EPA is using a GDP elasticity of -0.023, a 28 percent reduction from
the GDP elasticity used previously (i.e., the -0.032 value).! This GDP elasticity is in between the
ORNL meta-analysis estimate and the elasticity EPA has used in previous vehicle rulemakings.
Finally, we have not factored in how increases in U.S. tight oil might influence U.S. oil security
values, other than how they significantly reduce net oil imports, given the complexity of this
issue.

Table 3-6 below provides estimates of ORNL’s macroeconomic oil security premium
estimates for selected years from 2023-2050. For the final rule, EPA intends to update the
macroeconomic oil security premium methodology to use the AEO 2021. As U.S. oil production
has increased and U.S. oil imports have declined steadily through the last decade, the
macroeconomic oil security premiums have been declining modestly over time. Thus, the use of
the AEO 2018 for calculating macroeconomic oil security premiums may modestly overestimate
the energy security benefits of this proposed rule.

In terms of cents per gallon, the macroeconomic oil security premiums range from 8.6
cents/gallon in 2023 to 9 cents/gallon in 2026. In the later years of the time frame of this
analysis, the macroeconomic oil security premiums range from 9.5 cents/gallon in 2030 to 13.2
cents/gallon in 2050.

" EPA and ORNL worked together to develop an updated estimate of the short-run elasticity of demand for oil for
use in the ORNL model.

I EPA and ORNL worked together to develop an updated estimate of the GDP elasticity to an oil shock for use in the
ORNL model. This slightly different value also was produced by an earlier draft of the ORNL meta-analysis.
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Table 3-6: Macroeconomic Qil Security Premiums for Selected Years from 2023-2050 (2018$/Barrel)*

Year (range) Macroeconomic Oil Security Premiums
& (Range)
$3.63
2023 ($1.22— $6.13)
$3.68
2024 ($1.20 — $6.20)
$3.72
2025 (118 $6.27)
$3.78
2026 (S1.17 - $6.37)
$3.99
2030 (S1.13 - $6.74)
$4.30
2035 ($1.14- $7.35)
$4.66
2040 ($1.26 — $7.96)
$5.12
2045 ($1.52 - $8.72)
$5.57
2050 ($1.89 — $9.53)
* Top values in each cell are the midpoints, the values in parentheses are the 90 percent confidence
intervals. The macroeconomic oil security premium estimates for the years 2023, 2024 and 2026 are
linearly interpolated values from ORNL estimates, which are reported in five-year time intervals.

3.2.6 Energy Security Benefits of the Proposed Rule

Using the ORNL oil security premium methodology with: (1) estimated oil savings calculated
by EPA, (2) an oil import reduction factor of 91 percent, and (3) updated oil security premium
estimates based upon the recent energy security literature and the AEO 2018, EPA presents the
annual energy security benefits of the proposed LDV GHG standards for selected years from
2023-2050 in Table 3—7 below. We do not consider military cost impacts or the monopsony
effect of oil import changes in the energy security benefits provided below.

Table 3-7: Annual Energy Security Benefits of the Proposed LDV GHG/Fuel Economy Proposed Rule for
Selected Years 2023-2050 (in Billions of 2018%)

Year Benefits (2018%)
2023 0.0
2026 0.1
2030 0.5
2035 0.8
2040 1.1
2050 1.5
PV, 3% 12.5
PV, 7% 6.1
Annualized, 3% 0.6
Annualized, 7% 0.5
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3.3 Social Cost of Greenhouse Gases

We estimate the climate benefits for this proposed rulemaking using measures of the social
cost of three greenhouse gases: carbon, methane, and nitrous oxide. The social cost of each gas
(i.e., the social cost of carbon (SC-CO2), methane (SC-CHa4), and nitrous oxide (SC-N20)) is the
monetary value of the net harm to society associated with a marginal increase in emissions in a
given year, or the benefit of avoiding that increase. Collectively, these values are referenced as
the “social cost of greenhouse gases” (SC-GHGQG). In principle, SC-GHG includes the value of all
climate change impacts, including (but not limited to) changes in net agricultural productivity,
human health effects, property damage from increased flood risk and natural disasters, disruption
of energy systems, risk of conflict, environmental migration, and the value of ecosystem
services. The SC-GHG therefore, reflects the societal value of reducing emissions of the gas in
question by one metric ton. The SC-GHG is the theoretically appropriate values to use in
conducting benefit-cost analyses of policies that affect CO2, CH4, and N2O emissions.

We estimate the global social benefits of CO2, CH4, and N2O emission reductions expected
from this proposed rule using the SC-GHG estimates presented in the Technical Support
Document: Social Cost of Carbon, Methane, and Nitrous Oxide Interim Estimates under
Executive Order 13990.”® These SC-GHG estimates are interim values developed under
Executive Order (E.O.) 13990 for use in benefit-cost analyses until updated estimates of the
impacts of climate change can be developed based on the best available science and economics.
The SC-GHG estimates used in this draft RIA are the same as those used in the July 2016 Draft
Technical Assessment Report: Midterm Evaluation of Light-Duty Vehicle Greenhouse Gas
Emission Standards and Corporate Average Fuel Economy Standards for Model Years 2022-
2025, adjusted for inflation to 2018 dollars.

The SC-GHG estimates presented here were developed over many years, using transparent
process, peer-reviewed methodologies, the best science available at the time of that process, and
with input from the public. Specifically, in 2009, an interagency working group (IWG) that
included the EPA and other executive branch agencies and offices was established to ensure that
agencies were using the best available science and to promote consistency in the SC-COz2 values
used across agencies. The IWG published SC-CO:z2 estimates in 2010 that were developed from
an ensemble of three widely cited integrated assessment models (IAMs) that estimate global
climate damages using highly aggregated representations of climate processes and the global
economy combined into a single modeling framework. The three [AMs were run using a
common set of input assumptions in each model for future population, economic, and CO2
emissions growth, as well as equilibrium climate sensitivity (ECS) — a measure of the globally
averaged temperature response to increased atmospheric CO2 concentrations. These estimates
were updated in 2013 based on new versions of each IAM.?%19%:1%1 In August 2016 the IWG
published estimates of the social cost of methane (SC-CHa4) and nitrous oxide (SC-N20) using
methodologies that are consistent with the methodology underlying the SC-CO: estimates. In
2015, as part of the response to public comments received to a 2013 solicitation for comments on
the SC-CO: estimates, the IWG announced a National Academies of Sciences, Engineering, and
Medicine review of the SC-COz estimates to offer advice on how to approach future updates to
ensure that the estimates continue to reflect the best available science and methodologies. In
January 2017, the National Academies released their final report, Valuing Climate Damages:
Updating Estimation of the Social Cost of Carbon Dioxide, and recommended specific criteria
for future updates to the SC-COz estimates, a modeling framework to satisfy the specified
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criteria, and both near-term updates and longer-term research needs pertaining to various
components of the estimation process.'?? Shortly thereafter, in March 2017, President Trump
issued Executive Order 13783, which disbanded the IWG, withdrew the previous TSDs, and
directed agencies to ensure SC-CO:2 estimates used in regulatory analyses are consistent with the
guidance contained in OMB’s Circular A-4, “including with respect to the consideration of
domestic versus international impacts and the consideration of appropriate discount rates” (E.O.
13783, Section 5(c)). Benefit-cost analyses following E.O. 13783, including the benefit-cost
analysis in the SAFE rule RIA,’ used SC-CO: estimates that attempted to focus on the domestic
impacts of climate change as estimated by the models to occur within U.S. borders and were
calculated using two discount rates recommended by Circular A-4, 3 percent and 7 percent. All
other methodological decisions and model versions used in SC- COz calculations remained the
same as those used by the IWG in 2010 and 2013, respectively.

On January 20, 2021, President Biden issued Executive Order 13990, which re-established the
IWG and directed it to ensure that the U.S. Government’s estimates of the social cost of carbon
and other greenhouse gases reflect the best available science and the recommendations of the
National Academies.!*> The IWG was tasked with first reviewing the SC-GHG estimates
currently used in Federal analyses and publishing interim estimates within 30 days of the E.O.
that reflect the full impact of GHG emissions, including by taking global damages into account.
The interim SC-GHG estimates published in February 2021 are used here to estimate the climate
benefits for this proposed rulemaking. The E.O. instructs the IWG to undertake a fuller update of
the SC-GHG estimates by January 2022 that takes into consideration the advice of the National
Academies and other recent scientific literature.!%?

The February 2021 TSD provides a complete discussion of the IWG’s initial review
conducted under E.O. 13990. In particular, the IWG found that the SC-GHG estimates used
under E.O. 13783 fail to reflect the full impact of GHG emissions in multiple ways. First, the
IWG found that a global perspective is essential for SC-GHG estimates because climate impacts
occurring outside U.S. borders can directly and indirectly affect the welfare of U.S. citizens and
residents. Thus, U.S. interests are affected by the climate impacts that occur outside U.S.
borders. Examples of affected interests include direct effects on U.S. citizens and assets located
abroad, international trade, and tourism, and spillover pathways such as economic and political
destabilization and global migration. In addition, assessing the benefits of U.S. GHG mitigation
activities requires consideration of how those actions may affect mitigation activities by other
countries, as those international mitigation actions will provide a benefit to U.S. citizens and
residents by mitigating climate impacts that affect U.S. citizens and residents. Therefore, in this
proposed rule EPA centers attention on a global measure of SC-GHG. This approach is the same
as that taken in EPA regulatory analyses over 2009 through 2016. As noted in the February 2021
TSD, the IWG will continue to review developments in the literature, including more robust
methodologies for estimating SC-GHG values based on purely domestic damages, and explore
ways to better inform the public of the full range of carbon impacts, both global and domestic.
As a member of the IWG, EPA will continue to follow developments in the literature pertaining
to this issue.

i The values used in the SAFE rule RIA were interim values developed under E.O. 13783 for use in regulatory
analyses. EPA followed E.O. 13783 by using SC-CO, estimates reflecting impacts occurring within U.S. borders
and 3% and 7% discount rates in our central analysis for the proposal RIA.
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Second, the IWG found that the use of the social rate of return on capital (7 percent under
current OMB Circular A-4 guidance) to discount the future benefits of reducing GHG emissions
inappropriately underestimates the impacts of climate change for the purposes of estimating the
SC-GHG. Consistent with the findings of the National Academies and the economic literature,
the IWG continued to conclude that the consumption rate of interest is the theoretically
appropriate discount rate in an intergenerational context (IWG 2010, 2013, 2016a, 2016b), and
recommended that discount rate uncertainty and relevant aspects of intergenerational ethical
considerations be accounted for in selecting future discount rates.*102:103.104.105.106 Aq 3 member
of the IWG involved in the development of the February 2021 TSD, EPA agrees with this
assessment and will continue to follow developments in the literature pertaining to this issue.

While the IWG works to assess how best to incorporate the latest, peer reviewed science to
develop an updated set of SC-GHG estimates, it set the interim estimates to be the most recent
estimates developed by the IWG prior to the group being disbanded in 2017. The estimates rely
on the same models and harmonized inputs and are calculated using a range of discount rates. As
explained in the February 2021 TSD, the IWG has determined that it is appropriate for agencies
to revert to the same set of four values drawn from the SC-GHG distributions based on three
discount rates as were used in regulatory analyses between 2010 and 2016 and subject to public
comment. For each discount rate, the IWG combined the distributions across models and
socioeconomic emissions scenarios (applying equal weight to each) and then selected a set of
four values for use in benefit-cost analyses: an average value resulting from the model runs for
each of three discount rates (2.5 percent, 3 percent, and 5 percent), plus a fourth value, selected
as the 95th percentile of estimates based on a 3 percent discount rate. The fourth value was
included to provide information on potentially higher-than-expected economic impacts from
climate change, conditional on the 3 percent estimate of the discount rate. As explained in the
February 2021 TSD, this update reflects the immediate need to have an operational SC-GHG for
use in regulatory benefit-cost analyses and other applications that was developed using a
transparent process, peer-reviewed methodologies, and the science available at the time of that
process. Those estimates were subject to public comment in the context of dozens of proposed
rulemakings as well as in a dedicated public comment period in 2013.

Table 3-8, Table 3-9, and Table 3-10 summarize the interim global SC-CO2, SC-CH4, and SC-
N20 estimates for the years 2015 to 2070.! These estimates are reported in 2018 dollars but are

X GHG emissions are stock pollutants, where damages are associated with what has accumulated in the atmosphere
over time, and they are long lived such that subsequent damages resulting from emissions today occur over many
decades or centuries depending on the specific greenhouse gas under consideration. In calculating the SC-GHG, the
stream of future damages to agriculture, human health, and other market and non-market sectors from an additional
unit of emissions are estimated in terms of reduced consumption (or consumption equivalents). Then that stream of
future damages is discounted to its present value in the year when the additional unit of emissions was released.
Given the long time horizon over which the damages are expected to occur, the discount rate has a large influence
on the present value of future damages.

! The February 2021 TSD provides SC-GHG estimates through emissions year 2050. Estimates were extended for
the period 2051 to 2070 using the IWG methods, assumptions, and parameters identical to the 2020-2050 estimates.
Specifically, 2051-2070 SC-GHG estimates were calculated in Mimi.jl, an open-source modular computing platform
used for creating, running, and performing analyses on IAMs (www.mimiframework.org). For CO,, the 2051-2054
SC-GHG values were calculated by linearly interpolating between the 2050 TSD values and the 2055 Mimi-based
values. The annual unrounded 2051-2070 values used in the calculations in this RIA are available in the rule docket,
and the replication code is available upon request.
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otherwise identical to those presented in the IWG’s 2016 TSD. For purposes of capturing
uncertainty around the SC-GHG estimates in analyses, the IWG’s February 2021 TSD
emphasizes the importance of considering all four of the SC-GHG values. The SC-GHG
increases over time within the models — i.e., the societal harm from one metric ton emitted in
2030 is higher than the harm caused by one metric ton emitted in 2025 — because future
emissions produce larger incremental damages as physical and economic systems become more
stressed in response to greater climatic change, and because GDP is growing over time and many
damage categories are modeled as proportional to GDP.

Table 3-8: Interim Global Social Cost of Carbon Values, 2020-2070 (2018$/Metric Tonne CO)*

Emissions Discount Rate and Statistic
Year
5% 3% 2.5% 3%

Average Average Average 95th Percentile
2020 $14 $50 $74 $147
2025 $16 $55 $81 $164
2030 $19 $60 $87 $181
2035 $22 $66 $93 $200
2040 $24 §71 $100 $218
2045 $28 $77 $107 $235
2050 $31 $82 $113 $252
2055 $34 $86 $119 $258
2060 $37 $91 $124 $268
2065 $42 $98 $132 $292
2070 $48 $105 $139 $318
Note: The 2020-2050 SC-CO, values are identical to those reported in the 2016 TSD (IWG 2016a) adjusted for
inflation to 2018 dollars using the annual GDP Implicit Price Deflator values in the U.S. Bureau of Economic
Analysis’ (BEA) NIPA Table 1.1.9 (U.S. BEA 2021). The estimates were extended for the period 2051 to 2070
using methods, assumptions, and parameters identical to the 2020-2050 estimates. The values are stated in
$/metric tonne CO; and vary depending on the year of CO, emissions. This table displays the values rounded to
the nearest dollar; the annual unrounded values through 2050 are available on OMB’s website:
<https://www.whitehouse.gov/briefing-room/blog/2021/02/26/a-return-to-science-evidence-based-estimates-of-
the-benefits-of-reducing-climate-pollution/>. The annual unrounded 2051-2070 values used in the calculations in
this draft RIA are available in the rule docket.
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Table 3-9: Interim Global Social Cost of Methane Values, 2020-2070 (2018$/Metric Tonne CHy) %

Emissions Discount Rate and Statistic
Year
5% 3% 2.5% 3%
Average Average Average 95th Percentile

2020 $650 $1,400 $1,900 $3,800
2025 $780 $1,700 $2,200 $4,400
2030 $910 $1,900 $2,400 $5,000
2035 $1,100 $2,200 $2,700 $5,800
2040 $1,200 $2,400 $3,100 $6,500
2045 $1,400 $2,700 $3,400 $7,200
2050 $1,600 $3,000 $3,700 $7,900
2055 $1,700 $3,100 $3,800 $8,100
2060 $1,800 $3,300 $4,000 $8,300
2065 $2,400 $4,100 $4,800 $11,000
2070 $3,000 $4,800 $5,700 $14,000

Note: The 2020-2050 SC-CH4 values are identical to those reported in the 2016 TSD (IWG 2016a) adjusted for
inflation to 2018 dollars using the annual GDP Implicit Price Deflator values in the U.S. Bureau of Economic
Analysis’ (BEA) NIPA Table 1.1.9 (U.S. BEA 2021). The estimates were extended for the period 2051 to 2070
using methods, assumptions, and parameters identical to the 2020-2050 estimates. The values are stated in
$/metric tonne CH4 and vary depending on the year of CH4 emissions. This table displays the values rounded to
the nearest dollar; the annual unrounded values through 2050 are available on OMB’s website:
<https://www.whitehouse.gov/briefing-room/blog/2021/02/26/a-return-to-science-evidence-based-estimates-of-
the-benefits-of-reducing-climate-pollution/>. The annual unrounded 2051-2070 values used in the calculations in
this draft RIA are available in the rule docket.

Table 3-10: Interim Global Social Cost of Nitrous Oxide Values, 2020-2070 (2018$/Metric Tonne N20) 8

Emissions Discount Rate and Statistic
Year
5% 3% 2.5% 3%
Average Average Average 95th Percentile

2020 $5,600 $18,000 $26,000 $47,000
2025 $6,600 $20,000 $29,000 $53,000
2030 $7,600 $22,000 $32,000 $59,000
2035 $8,800 $24,000 $35,000 $65,000
2040 $10,000 $27,000 $38,000 $72,000
2045 $11,000 $29,000 $41,000 $79,000
2050 $13,000 $32,000 $44,000 $86,000
2055 $14,000 $35,000 $47,000 $92,000
2060 $16,000 $37,000 $50,000 $98,000
2065 $19,000 $42,000 $55,000 $110,000
2070 $22,000 $46,000 $60,000 $130,000

Note: The 2020-2050 SC-N,O values are identical to those reported in the 2016 TSD (IWG 2016a) adjusted for
inflation to 2018 dollars using the annual GDP Implicit Price Deflator values in the U.S. Bureau of Economic
Analysis’ (BEA) NIPA Table 1.1.9 (U.S. BEA 2021). The estimates were extended for the period 2051 to 2070
using methods, assumptions, and parameters identical to the 2020-2050 estimates. The values are stated in
$/metric tonne N>O and vary depending on the year of N>O emissions. This table displays the values rounded to
the nearest dollar; the annual unrounded values through 2050 are available on OMB’s website:
<https://www.whitehouse.gov/briefing-room/blog/2021/02/26/a-return-to-science-evidence-based-estimates-of-
the-benefits-of-reducing-climate-pollution/>. The annual unrounded 2051-2070 values used in the calculations in
this draft RIA are available in the rule docket.
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There are a number of limitations and uncertainties associated with the SC-GHG estimates
presented in Table 3-8 through Table 3-10. Some uncertainties are captured within the analysis,
while other areas of uncertainty have not yet been quantified in a way that can be modeled.
Figure 3-1, Figure 3-2, and Figure 3-3 present the quantified sources of uncertainty in the form
of frequency distributions for the SC-CO2, SC-CHa4, and SC-N20 estimates for emissions in
2030. The distributions of SC-GHG estimates reflect uncertainty in key model parameters such
as the equilibrium climate sensitivity, as well as uncertainty in other parameters set by the
original model developers. To highlight the difference between the impact of the discount rate
and other quantified sources of uncertainty, the bars below the frequency distributions provide a
symmetric representation of quantified variability in the SC-GHG estimates for each discount
rate. As illustrated by the figures, the assumed discount rate plays a critical role in the ultimate
estimate of the SC-GHG. This is because GHG emissions today continue to impact society far
out into the future, so with a higher discount rate, costs that accrue to future generations are
weighted less, resulting in a lower estimate. As discussed in the February 2021 TSD, there are
other sources of uncertainty that have not yet been quantified and are thus not reflected in these
estimates.
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Figure 3-1: Frequency Distribution of SC-CO: Estimates for 2030 ™

™ Although the distributions and numbers are based on the full set of model results (150,000 estimates for each
discount rate and gas), for display purposes the horizontal axis is truncated with 0.02 to 0.68 percent of the estimates
falling below the lowest bin displayed and 0.12 to 3.11 percent of the estimates falling above the highest bin
displayed, depending on the discount rate and GHG.
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The interim SC-GHG estimates presented in Table 3-8 through Table 3-10 have a number of
other limitations. First, the current scientific and economic understanding of discounting
approaches suggests discount rates appropriate for intergenerational analysis in the context of
climate change are likely to be less than 3 percent, near 2 percent or lower.!®® Second, the IAMs
used to produce these interim estimates do not include all of the important physical, ecological,
and economic impacts of climate change recognized in the climate change literature and the
science underlying their “damage functions” —i.e., the core parts of the IAMs that map global
mean temperature changes and other physical impacts of climate change into economic (both
market and nonmarket) damages—lags behind the most recent research. For example, limitations
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include the incomplete treatment of catastrophic and non-catastrophic impacts in the integrated
assessment models, their incomplete treatment of adaptation and technological change, the
incomplete way in which inter-regional and intersectoral linkages are modeled, uncertainty in the
extrapolation of damages to high temperatures, and inadequate representation of the relationship
between the discount rate and uncertainty in economic growth over long time horizons.
Likewise, the socioeconomic and emissions scenarios used as inputs to the models do not reflect
new information from the last decade of scenario generation or the full range of projections.

The modeling limitations do not all work in the same direction in terms of their influence on
the SC-GHG estimates. However, as discussed in the February 2021 TSD, the IWG has
recommended that, taken together, the limitations suggest that the SC-GHG estimates used in
this proposed rule likely underestimate the damages from GHG emissions. In particular, the
Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report, which was the
most current [PCC assessment available at the time when the IWG decision over the ECS input
was made, concluded that SC-COz2 estimates “very likely...underestimate the damage costs” due
to omitted impacts.'?” Since then, the peer-reviewed literature has continued to support this
conclusion, as noted in the IPCC’s Fifth Assessment report and other recent scientific
assessments, 108109 HO.HL T2 13,114,115 Thege assessments confirm and strengthen the science,
updating projections of future climate change and documenting and attributing ongoing changes.
For example, sea level rise projections from the IPCC’s Fourth Assessment report ranged from
18 to 59 centimeters by the 2090s relative to 1980-1999, while excluding any dynamic changes
in ice sheets due to the limited understanding of those processes at the time.'”” A decade later,
the Fourth National Climate Assessment projected a substantially larger sea level rise of 30 to
130 centimeters by the end of the century relative to 2000, while not ruling out even more
extreme outcomes.''® The February 2021 TSD briefly previews some of the recent advances in
the scientific and economic literature that the IWG is actively following and that could provide
guidance on, or methodologies for, addressing some of the limitations with the interim SC-GHG
estimates. The IWG is currently working on a comprehensive update of the SC-GHG estimates
(to be released by January 2022 under E.O. 13990) taking into consideration recommendations
from the National Academies of Sciences, Engineering and Medicine, recent scientific literature,
public comments received on the February 2021 TSD and other input from experts and diverse
stakeholder groups.''® To complement the IWG process, and as an active member of the IWG,
the EPA is also soliciting comment on the interim SC-GHG estimates presented in this draft
RIA.

Table 3-11 through Table 3-13 shows the estimated global climate benefits from changes in
COz2, CHa4, N20,respectively and Table 3-14 through Table 3-16 shows the combined total
climate benefits expected to occur over 2023-2070 under the proposed GHG standards and the
two alternatives considered (see Chapter 2.2.2 and also Sections I.G and II.C of the preamble to
the proposed rule for more detail on the alternatives considered by EPA). EPA estimated the
dollar value of the GHG-related effects for each analysis year between 2023 through 2050 by
applying the SC-GHG estimates, shown in Tables 3-8 through 3-10, to the estimated changes in
GHG emissions inventories resulting from including tailpipe emissions from light-duty cars and
trucks, and the upstream emissions associated with the fuels used to power those vehicles." EPA

" According to OMB’s Circular A-4 (2003), an “analysis should focus on benefits and costs that accrue to citizens
and residents of the United States”, and international effects should be reported separately. To correctly assess the
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then calculated the present value and annualized benefits from the perspective of 2021 by
discounting each year-specific value to the year 2021 using the same discount rate used to
calculate the SC-GHG.

Table 3-11: Estimated Global Climate Benefits from Changes in CO2 Emissions 2023 — 2050 for the Proposal

(Billions of 2018$)
Discount Rate and Statistic
Calendar Year 5% Average 3% Average 2.5% Average % 95th percentile

2023 $0.1 $0.2 $0.3 $0.6
2024 $0.1 $0.4 $0.5 $1.0
2025 $0.2 $0.6 $0.9 $2.0
2026 $0.3 $1.0 $1.0 $3.0
2027 $0.4 $1.0 $2.0 $4.0
2028 $0.6 $2.0 $3.0 $6.0
2029 $0.8 $2.0 $4.0 $7.0
2030 $0.9 $3.0 $4.0 $9.0
2031 $1.0 $4.0 $5.0 $11.0
2032 $1.0 $4.0 $6.0 $13.0
2033 $2.0 $5.0 $7.0 $14.0
2034 $2.0 $5.0 $7.0 $16.0
2035 $2.0 $6.0 $8.0 $17.0
2036 $2.0 $6.0 $9.0 $19.0
2037 $2.0 $7.0 $9.0 $20.0
2038 $2.0 $7.0 $10.0 $21.0
2039 $3.0 $7.0 $10.0 $22.0
2040 $3.0 $8.0 $11.0 $24.0
2041 $3.0 $8.0 $11.0 $24.0
2042 $3.0 $8.0 $11.0 $25.0
2043 $3.0 $8.0 $12.0 $26.0
2044 $3.0 $9.0 $12.0 $27.0
2045 $3.0 $9.0 $12.0 $27.0
2046 $3.0 $9.0 $12.0 $28.0
2047 $3.0 $9.0 $13.0 $28.0
2048 $3.0 $9.0 $13.0 $29.0
2049 $4.0 $9.0 $13.0 $29.0
2050 $4.0 $10.0 $13.0 $30.0
PV $20.0 $87.0 $130.0 $260.0

Annualized $1.3 $0.4 $6.4 $13.0

Climate benefits are based on changes (reductions) in CO, emissions and are calculated using four different estimates of the social cost of
carbon (SC-CO,) (model average at 2.5 percent, 3 percent, and 5 percent discount rates; 95th percentile at 3 percent discount rate). We
emphasize the importance and value of considering the benefits calculated using all four SC-CO, estimates. As discussed in the Technical
Support Document: Social Cost of Carbon, Methane, and Nitrous Oxide Interim Estimates under Executive Order 13990 (IWG 2021), a
consideration of climate benefits calculated using discount rates below 3 percent, including 2 percent and lower, are also warranted when
discounting intergenerational impacts.

total climate damages to U.S. citizens and residents, an analysis must account for impacts that occur within U.S.
borders, climate impacts occurring outside U.S. borders that directly and indirectly affect the welfare of U.S. citizens
and residents, and spillover effects from climate action elsewhere. The SC-GHG estimates used in regulatory
analysis under revoked E.O. 13783, including in the RIA for the SAFE rule, were an approximation of the climate
damages occurring within U.S. borders only (e.g., $7/mtCO, and $11/mtCO, (2018 dollars) using a 3% discount rate
for emissions occurring in 2023 and 2050, respectively; $207/mtCH, and $376/mtCH4 (2018 dollars) using a 3%
discount rate for emissions occurring in 2023 and 2050, respectively; and $2437/mtN,O and $3986/mtN,O (2018
dollars) using a 3% discount rate for emissions occurring in 2023 and 2050, respectively). Applying the same
estimates (based on a 3% discount rate) to the GHG emission reduction expected from the proposed rule would yield
benefits from climate impacts within U.S borders of $28 million in 2023, increasing to $1.3 billion in 2050 for CO»;
$1 million in 2023, increasing to $54 million in 2050 for CHa; $0.25 million in 2023, increasing to $16 million in
2050 for N,O; and combined GHG benefits of $30 million in 2023, increasing to $1.4 billion in 2050. However, as
discussed at length in the IWG’s February 2021 TSD, estimates focusing on the climate impacts occurring solely
within U.S. borders are an underestimate of the benefits of CO, mitigation accruing to U.S. citizens and residents, as
well as being subject to a considerable degree of uncertainty due to the manner in which they are derived.
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Table 3-12: Estimated Global Climate Benefits from Changes in CH4 Emissions 2023 — 2050 for the Proposal

(Billions of 2018$)
Discount Rate and Statistic
Calendar Year 5% Average 3% Average 2.5% Average 3% 95th percentile

2023 $0.0 $0.0 $0.0 $0.0
2024 $0.0 $0.0 $0.0 $0.0
2025 $0.0 $0.0 $0.0 $0.1
2026 $0.0 $0.0 $0.1 $0.1
2027 $0.0 $0.1 $0.1 $0.1
2028 $0.0 $0.1 $0.1 $0.2
2029 $0.1 $0.1 $0.1 $0.3
2030 $0.1 $0.1 $0.2 $0.3
2031 $0.1 $0.1 $0.2 $0.4
2032 $0.1 $0.2 $0.2 $0.4
2033 $0.1 $0.2 $0.2 $0.5
2034 $0.1 $0.2 $0.3 $0.6
2035 $0.1 $0.2 $0.3 $0.6
2036 $0.1 $0.3 $0.3 $0.7
2037 $0.1 $0.3 $0.3 $0.7
2038 $0.1 $0.3 $0.4 $0.8
2039 $0.2 $0.3 $0.4 $0.8
2040 $0.2 $0.3 $0.4 $0.9
2041 $0.2 $0.3 $0.4 $0.9
2042 $0.2 $0.4 $0.4 $0.9
2043 $0.2 $0.4 $0.5 $1.0
2044 $0.2 $0.4 $0.5 $1.0
2045 $0.2 $0.4 $0.5 $1.0
2046 $0.2 $0.4 $0.5 $1.0
2047 $0.2 $0.4 $0.5 $1.0
2048 $0.2 $0.4 $0.5 $1.0
2049 $0.2 $0.4 $0.5 $1.0
2050 $0.2 $0.4 $0.5 $1.0
PV $1.3 $3.6 $5.0 $9.7
Annualized $0.1 $0.2 $0.2 $0.5

Climate benefits are based on changes (reductions) in CH4 emissions and are calculated using four different
estimates of the social cost of methane (SC-CHy4) (model average at 2.5 percent, 3 percent, and 5 percent discount
rates; 95th percentile at 3 percent discount rate). We emphasize the importance and value of considering the
benefits calculated using all four SC-CHj estimates. As discussed in the Technical Support Document: Social
Cost of Carbon, Methane, and Nitrous Oxide Interim Estimates under Executive Order 13990 IWG 2021), a
consideration of climate benefits calculated using discount rates below 3 percent, including 2 percent and lower,
are also warranted when discounting intergenerational impacts.
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Table 3-13: Estimated Global Climate Benefits from Changes in N2O Emissions 2023 — 2050 (Billions of

2018%)
Discount Rate and Statistic
Calendar Year 5% Average 3% Average 2.5% Average 3% 95th percentile

2023 $0.0 $0.0 $0.0 $0.0
2024 $0.0 $0.0 $0.0 $0.0
2025 $0.0 $0.0 $0.0 $0.0
2026 $0.0 $0.0 $0.0 $0.0
2027 $0.0 $0.0 $0.0 $0.0
2028 $0.0 $0.0 $0.0 $0.1
2029 $0.0 $0.0 $0.0 $0.1
2030 $0.0 $0.0 $0.1 $0.1
2031 $0.0 $0.0 $0.1 $0.1
2032 $0.0 $0.1 $0.1 $0.1
2033 $0.0 $0.1 $0.1 $0.1
2034 $0.0 $0.1 $0.1 $0.2
2035 $0.0 $0.1 $0.1 $0.2
2036 $0.0 $0.1 $0.1 $0.2
2037 $0.0 $0.1 $0.1 $0.2
2038 $0.0 $0.1 $0.1 $0.2
2039 $0.0 $0.1 $0.1 $0.2
2040 $0.0 $0.1 $0.1 $0.2
2041 $0.0 $0.1 $0.1 $0.3
2042 $0.0 $0.1 $0.1 $0.3
2043 $0.0 $0.1 $0.1 $0.3
2044 $0.0 $0.1 $0.2 $0.3
2045 $0.0 $0.1 $0.2 $0.3
2046 $0.0 $0.1 $0.2 $0.3
2047 $0.1 $0.1 $0.2 $0.3
2048 $0.1 $0.1 $0.2 $0.3
2049 $0.1 $0.1 $0.2 $0.3
2050 $0.1 $0.1 $0.2 $0.3
PV $0.3 $1.1 $1.6 $2.8
Annualized $0.0 $0.1 $0.1 $0.1

Climate benefits are based on changes (reductions) in N>O emissions and are calculated using four different
estimates of the social cost of nitrous oxide (SC-N,O) (model average at 2.5 percent, 3 percent, and 5 percent
discount rates; 95th percentile at 3 percent discount rate). We emphasize the importance and value of considering
the benefits calculated using all four SC-N,O estimates. As discussed in the Technical Support Document: Social
Cost of Carbon, Methane, and Nitrous Oxide Interim Estimates under Executive Order 13990 IWG 2021), a
consideration of climate benefits calculated using discount rates below 3 percent, including 2 percent and lower,
are also warranted when discounting intergenerational impacts.
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Table 3-14: Estimated Global Climate Benefits from Changes in GHG Emissions 2023 — 2050 (Billions of

2018%)
Discount Rate and Statistic
Calendar Year 5% Average 3% Average 2.5% Average 3% 95th percentile
2023 $0.1 $0.2 $0.3 $0.6
2024 $0.1 $0.4 $0.6 $1.0
2025 $0.2 $0.6 $0.9 $2.0
2026 $0.3 $1.0 $1.0 $3.0
2027 $0.5 $1.0 $2.0 $4.0
2028 $0.6 $2.0 $3.0 $6.0
2029 $0.8 $3.0 $4.0 $8.0
2030 $1.0 $3.0 $5.0 $10.0
2031 $1.0 $4.0 $5.0 $11.0
2032 $1.0 $4.0 $6.0 $13.0
2033 $2.0 $5.0 $7.0 $15.0
2034 $2.0 $5.0 $8.0 $17.0
2035 $2.0 $6.0 $8.0 $18.0
2036 $2.0 $6.0 $9.0 $20.0
2037 $2.0 $7.0 $10.0 $21.0
2038 $3.0 $7.0 $10.0 $22.0
2039 $3.0 $8.0 $11.0 $24.0
2040 $3.0 $8.0 $11.0 $25.0
2041 $3.0 $8.0 $12.0 $26.0
2042 $3.0 $9.0 $12.0 $26.0
2043 $3.0 $9.0 $12.0 $27.0
2044 $3.0 $9.0 $13.0 $28.0
2045 $3.0 $9.0 $13.0 $28.0
2046 $4.0 $9.0 $13.0 $29.0
2047 $4.0 $10.0 $13.0 $30.0
2048 $4.0 $10.0 $14.0 $30.0
2049 $4.0 $10.0 $14.0 $30.0
2050 $4.0 $10.0 $14.0 $31.0
PV $22.0 $91.0 $140.0 $280.0
Annualized $1.4 $4.7 $6.7 $14.0

Climate benefits are based on changes (reductions) in CO,, CHa4, and N,O emissions and are calculated using four
different estimates of the social cost of carbon (SC-CO,), the social cost of methane (SC-CHs), and the social cost
of nitrous oxide (SC-N,0) (model average at 2.5 percent, 3 percent, and 5 percent discount rates; 95th percentile
at 3 percent discount rate). We emphasize the importance and value of considering the benefits calculated using
all four SC-CO,, SC-CHy, and SC-N,O estimates. As discussed in the Technical Support Document: Social Cost
of Carbon, Methane, and Nitrous Oxide Interim Estimates under Executive Order 13990 (IWG 2021), a
consideration of climate benefits calculated using discount rates below 3 percent, including 2 percent and lower,
are also warranted when discounting intergenerational impacts.
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Table 3-15 Estimated Global Climate Benefits from Changes in GHG Emissions 2023 — 2050 for Alternative 1

(Billions of 2018$)
Discount Rate and Statistic
Calendar Year 5% Average 3% Average 2.5% Average 3% 95th percentile
2023 $0.1 $0.2 $0.3 $0.6
2024 $0.1 $0.3 $0.5 $1.0
2025 $0.2 $0.6 $0.8 $2.0
2026 $0.3 $0.8 $1.0 $2.0
2027 $0.4 $1.0 $2.0 $4.0
2028 $0.5 $2.0 $2.0 $5.0
2029 $0.6 $2.0 $3.0 $6.0
2030 $0.8 $2.0 $4.0 $7.0
2031 $0.9 $3.0 $4.0 $9.0
2032 $1.0 $3.0 $5.0 $10.0
2033 $1.0 $4.0 $5.0 $11.0
2034 $1.0 $4.0 $6.0 $13.0
2035 $2.0 $5.0 $6.0 $14.0
2036 $2.0 $5.0 $7.0 $15.0
2037 $2.0 $5.0 $7.0 $16.0
2038 $2.0 $6.0 $8.0 $17.0
2039 $2.0 $6.0 $8.0 $18.0
2040 $2.0 $6.0 $9.0 $19.0
2041 $2.0 $6.0 $9.0 $20.0
2042 $2.0 $7.0 $9.0 $20.0
2043 $2.0 $7.0 $9.0 $21.0
2044 $3.0 $7.0 $10.0 $21.0
2045 $3.0 $7.0 $10.0 $22.0
2046 $3.0 $7.0 $10.0 $22.0
2047 $3.0 $7.0 $10.0 $22.0
2048 $3.0 $7.0 $10.0 $23.0
2049 $3.0 $8.0 $10.0 $23.0
2050 $3.0 $8.0 $10.0 $23.0
PV $17.0 $70.0 $110.0 $210.0
Annualized $1.1 $3.6 $5.1 $11.0

Climate benefits are based on changes (reductions) in CO,, CHa4, and N,O emissions and are calculated using four
different estimates of the social cost of carbon (SC-CO,), the social cost of methane (SC-CHs), and the social cost
of nitrous oxide (SC-N,0) (model average at 2.5 percent, 3 percent, and 5 percent discount rates; 95th percentile
at 3 percent discount rate). We emphasize the importance and value of considering the benefits calculated using
all four SC-CO,, SC-CHy, and SC-N,O estimates. As discussed in the Technical Support Document: Social Cost
of Carbon, Methane, and Nitrous Oxide Interim Estimates under Executive Order 13990 (IWG 2021), a
consideration of climate benefits calculated using discount rates below 3 percent, including 2 percent and lower,
are also warranted when discounting intergenerational impacts.
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Table 3-16: Estimated Global Climate Benefits from Changes in GHG Emissions 2023 — 2050 for Alternative

2 (Billions of 2018$)
Discount Rate and Statistic
Calendar Year 5% Average 3% Average 2.5% Average 3% 95th percentile

2023 $0.2 $0.6 $0.9 $2.0

2024 $0.3 $0.9 $1.0 $3.0

2025 $0.4 $1.0 $2.0 $3.0

2026 $0.5 $2.0 $2.0 $5.0

2027 $0.6 $2.0 $3.0 $6.0

2028 $0.8 $3.0 $4.0 $8.0
2029 $1.0 $3.0 $5.0 $10.0
2030 $1.0 $4.0 $5.0 $11.0
2031 $1.0 $4.0 $6.0 $13.0
2032 $2.0 $5.0 $7.0 $15.0
2033 $2.0 $6.0 $8.0 $17.0
2034 $2.0 $6.0 $9.0 $19.0
2035 $2.0 $7.0 $10.0 $20.0
2036 $2.0 $7.0 $10.0 $22.0
2037 $3.0 $8.0 $11.0 $23.0
2038 $3.0 $8.0 $11.0 $25.0
2039 $3.0 $8.0 $12.0 $26.0
2040 $3.0 $9.0 $12.0 $27.0
2041 $3.0 $9.0 $13.0 $28.0
2042 $3.0 $9.0 $13.0 $29.0
2043 $4.0 $10.0 $14.0 $30.0
2044 $4.0 $10.0 $14.0 $30.0
2045 $4.0 $10.0 $14.0 $31.0
2046 $4.0 $10.0 $14.0 $32.0
2047 $4.0 $11.0 $15.0 $33.0
2048 $4.0 $11.0 $15.0 $33.0
2049 $4.0 $11.0 $15.0 $34.0
2050 $4.0 $11.0 $16.0 $35.0
PV $25.0 $100.0 $160.0 $320.0
Annualized $1.6 $5.3 $7.7 $16.0

Climate benefits are based on changes (reductions) in CO,, CHa4, and N,O emissions and are calculated using four
different estimates of the social cost of carbon (SC-CO,), the social cost of methane (SC-CHs), and the social cost
of nitrous oxide (SC-N,0) (model average at 2.5 percent, 3 percent, and 5 percent discount rates; 95th percentile
at 3 percent discount rate). We emphasize the importance and value of considering the benefits calculated using
all four SC-CO,, SC-CHy, and SC-N,O estimates. As discussed in the Technical Support Document: Social Cost
of Carbon, Methane, and Nitrous Oxide Interim Estimates under Executive Order 13990 (IWG 2021), a
consideration of climate benefits calculated using discount rates below 3 percent, including 2 percent and lower,
are also warranted when discounting intergenerational impacts.
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3.4 Drive Surplus, Congestion and Noise

As discussed in Chapter 3.1, the assumed rebound effect might occur when an increase in
vehicle fuel efficiency encourages people to drive more as a result of the lower cost per mile of
driving. Along with the safety considerations associated with increased vehicle miles traveled
(described in Chapter 5.3), additional driving can lead to other costs and benefits that can be
monetized.

The increase in travel associated with the rebound effect produces additional benefits to
vehicle drivers, which reflect the value of the added (or more desirable) social and economic
opportunities that become accessible with additional travel. Consistent with assumptions used in
the SAFE FRM, this analysis estimates the economic benefits from increased rebound-effect
driving as the owner/operator surplus from the additional accessibility it provides.

The equation for the calculation of the Drive Value:
Drive Value = (1/2) (VMTrebound) [($/ mile)Noaction — ($/7201€) Action]

The economic value of the increased owner/operator surplus provided by added driving is
estaimted as one half of the product of the decline in vehicle operating costs per vehicle-mile and
the resulting increase in the annual number of miles driven. Because it depends on the extent of
improvement in fuel consumption, the value of benefits from increased vehicle use changes by
model year and varies among alternative standards.

In contrast to the benefits of additional driving are the costs associated with that driving. If net
operating costs of the vehicle decline, then we expect a positive rebound effect. Increased vehicle
use associated with a positive rebound effect also contributes to increased traffic congestion and
highway noise. Depending on how the additional travel is distributed throughout the day and
where it takes place, additional vehicle use can contribute to traffic congestion and delays by
increasing traffic volumes on facilities that are already heavily traveled during peak periods.
These added delays impose higher costs on other road users in the form of increased travel time
and operating expenses. Because drivers do not take these external costs into account in deciding
when and where to travel, they must be accounted for separately as a cost of the added driving
associated with the rebound effect.

EPA relies on estimates of congestion and noise costs developed by the Federal Highway
Administration to estimate the increased external costs caused by added driving due to the
tebound effect.!'” EPA employed estimates from this source previously in the analysis
accompanying the light-duty 2010 and 2012 vehicle rulemakings and the 2016 Draft TAR and
Proposed Determination. We continue to find them appropriate for this analysis after reviewing
the procedures used by FHWA to develop them and considering other available estimates of
these values.

FHWA'’s congestion cost estimates focus on freeways because non-freeway effects are less
serious due to lower traffic volumes and opportunities to re-route around the congestion. The
agencies, however, applied the congestion cost to the overall VMT. The results of this analysis
potentially overestimate the congestions costs associated with increased vehicle use, and thus
lead to a conservative estimate of net benefits.
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EPA has used FHWA’s “Middle” estimates for marginal congestion and noise costs caused by
increased travel from vehicles. This approach is consistent with the methodology used in our
prior analyses. The values used are shown in Table 3-17.

These congestion costs differ from those used in the SAFE FRM and, as stated, are consistent
with those used in the 2016 Draft TAR and the Proposed Determination. —

Table 3-17: Costs Associated with Congestion and Noise (2018 dollars per vehicle mile)

Passenger cars Van/SUVs Pickups
Congestion 0.0634 0.0634 0.0566
Noise 0.0009 0.0009 0.0009
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Chapter 4: Modeling GHG Compliance

4.1 Compliance Modeling, Analytical Updates, and Analytical Revisions

The modeling runs presented within this draft RIA are not meant to be the sole technical
justification underlying the proposed revisions to the 2023-2026 GHG standards. That
justification is based upon nearly a decade of analyses presented by EPA in the 2010 and 2012
final rules, the 2016 Draft TAR, during both the Proposed and Final Determinations. %343
Please see Chapter 1.2 for further discussion of these EPA analyses. The analysis represented
within this chapter of the draft RIA is intended primarily for direct comparison to the SAFE final
rulemaking (FRM). EPA’s extensive record has made clear that more stringent GHG standards
are both feasible and at reasonable costs and result in significant GHG emission reductions and
public health and welfare benefits.. The analysis presented here is meant to show that, once
again, when estimating standards of similar stringency to those set forth in the 2012 rule, the
results are similar to those presented within previous EPA analyses. Those previous analytical
results are summarized and discussed in Chapter 1 of this draft RIA.

To estimate compliance costs and the associated technology pathways that manufacturers
might choose to comply with proposed GHG standards, EPA has traditionally used its
Optimization Model for reducing Emissions of Greenhouse Gases (OMEGA). However, in
considering modeling tools to support the analysis for today’s proposed GHG standards, EPA
has chosen to use the CAFE Compliance and Effects Modeling System (CCEMS) for modeling
light-duty GHG compliance and costs for the revised MY2023-2026 GHG standards uses and to
use the same version of that model used in support of the SAFE FRM. EPA has made this choice
for a number of reasons:

e The proposed GHG emissions standards are meant to revise the standards put into
place in the SAFE FRM. EPA’s OMEGA model was not used to support the analyses
conducted for the SAFE FRM. Instead, CCEMS was used. EPA believes that using
that same compliance modeling tools, with changes to a number of critical inputs as
discussed in Table 4-1, provides strong support for the changes proposed here.

e Direct comparisons between the analysis presented within this draft RIA and the
analysis presented in support of the SAFE FRM are inevitable, particularly since the
SAFE FRM was published only a year ago. Those comparisons are made easier if the
same tool is used.

e By using the same tool along with a select set of inputs considered more appropriate
by EPA than the inputs used for last year's SAFE analyses, we can illustrate the
importance of carefully selecting model inputs, carefully considering and responding
to stakeholder comments regarding the inputs, and providing a complete rationale and
documentation of the inputs selected.

To be clear, modeling inputs are critically important to EPA analyses. As long as the
underlying structure of a modeling tool is sound, which is the case with both CCEMS and with
the OMEGA model, then it is not so much the specific tool used by EPA that is of paramount
importance but the inputs for the tools that are of the most importance within our GHG
compliance modeling efforts. This was made clear within the preamble to the SAFE FRM which
stated, “...inputs do not define models; models use inputs. Therefore, disagreements about inputs
do not logically extend to disagreements about models. Similarly, while models determine
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resulting outputs, they do so based on inputs.”® This statement was a response to public
comments received on the SAFE NPRM, some of which argued that EPA should use its own
modeling tools to support EPA actions. During development of the SAFE FRM, EPA staff had
significant input on the CCEMS and considered the FRM version of the model, given changes
made in response to public comments and EPA staff, to be an suitable modeling tool for that
analysis. Similarly, we believe the SAFE FRM model and inputs, together with the key changes
we’ve made since the SAFE FRM, are appropriate for the particular analysis at hand in assessing
standards through 2026.

EPA is also currently developing an updated version of OMEGA. In the development of this
updated model, OMEGAZ2, we are placing emphasis on the treatment of BEVs, the interaction
between consumer and producer decisions, and the capability to consider a wider range of GHG
program options. We intend to submit the model for peer review later this year.

As previously noted, we are using the version of the CCEMS docketed by NHTSA in support
of the SAFE FRM. CCEMS itself has been extensively documented by NHTSA in support of
the SAFE FRM and the documentation used there is applicable to the analysis presented here.’
Importantly, the following changes have been made to the inputs for this analysis (Table 4-1).

Consistent with the SAFE FRM, EPA is using a MY2017 base year fleet and allowing the
model to determine the future fleet based on the consumer choice model and scrappage
models.”* As such, we have not changed the data contained within the market file (the base year
fleet) from what was used in the SAFE FRM other than as described in Table 4-1 and to split the
market file into separate framework-OEM and non-framework-OEM fleets for some model runs
to account for the impacts of the California Framework Agreement.® Note that the scrappage
model received many negative comments following the SAFE NPRM, but the FRM version of
the model incorporated changes such that it no longer generates the inexplicable sales and VMT
results of the NPRM version.”

As mentioned, for some model runs, including the No Action case, we have split the fleet in
two, one fleet consisting of California Framework OEMs (FW-OEMs) and the other consisting
of the non-Framework OEMs (NonFW-OEMs). This was necessary since, for years that we are
modeling previous to the proposed MY 2023 start of this program, we modeled the FW-OEMs
meeting the more stringent Framework emission targets (as set in the scenarios file) while having
access to the additional (15 g/mi) off-cycle credits (as set in the market and scenarios file) and
the additional advanced technology incentive multipliers of the Framework. We modeled the
NonFW-OEMs meeting less stringent (SAFE) standards while having access to just 10 g/mi off-
cycle credits and no advanced technology multipliers. For such model runs, a post-processing
step was necessary to properly sales-weight the two sets of model outputs into a single fleet of
results. This post-processing tool is in the docket for this rule.'°

2 See Chapter 8.1 for discussion of modeling of vehicle sales, as well as references to reviews of the literature that
EPA has conducted.
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Table 4-1: Changes made to CCEMS Inputs for all Model Runs

Input file Changes
Parameters Global social cost of GHG $/ton values used in place of domestic values (see Chapter 3.3).
file Inclusion of global social cost of methane (CHs) and nitrous oxide (N2O) $/ton values (see

Chapter 3.3).

Updated PM s cost factors (benefit per ton values, see Chapter 7)

Rebound effect of -0.10 rather than -0.20 (see Chapter 3.1).

AEO2021 fuel prices (expressed in 2018 dollars) rather than AEO2019.

Update energy security cost per gallon factors (see Chapter 3.2).

Congestion cost factors of 6.34/6.34/5.66 (car/van-SUV/truck) cents/mile rather than
15.4/15/4/13.75 (see Chapter 3.4).

Discounting values to calendar year 2021 rather than calendar year 2019.

The following fuel import and refining inputs have been changed based on AEO2021 (see
Chapter 3.2):

Share of fuel savings leading to lower fuel imports:

Gasoline 7%; E85 19%; Diesel 7% rather than 50%; 7.5%; 50%

Share of fuel savings leading to reduced domestic fuel refining:

Gasoline 93%; E85 25.1%; Diesel 93% rather than 50%; 7.5%; 50%

Share of reduced domestic refining from domestic crude:

Gasoline 9%; E85 2.4%; Diesel 9% rather than 10%; 1.5%; 10%

Share of reduced domestic refining from imported crude:

Gasoline 91%; E85 24.6%; Diesel 91% rather than 90%; 13.5%; 90%

Technology | High Compression Ratio level 2 (HCR2, sometimes referred to as Atkinson level 2) technology
file allowance set to TRUE for all engines beginning in 2018 (see Chapter 2).

Market file On the Engines sheet, we allow HCR1 and HCR2 technology on all 6-cylinder and smaller
engines rather than allowing it on no engines (see Chapter 2).

Change the off-cycle credit values on the Credits and Adjustments sheet to 15 grams/mile for
2020 through 2026 (for the CARB-OEM framework) or to 15 gram/mile for 2023 through 2026
(for the proposed option) depending on the model run.

The scenario input file includes BEV and PHEV multipliers available to manufacturers in
facilitating compliance. However, the CCEMS version of the model we used does not allow for
implementing the backstop, as discussed in the in Section II.B.1 of the Preamble to this proposal,
against over use of those multipliers. To mimic that backstop, we have used "effective
multipliers" in the scenario input file that serve to mimic the backstop. As such, the actual
multipliers are not used in the modeling of the proposal (or the CARB-OEM framework) and,
instead, effective multipliers have been used.

Importantly, our primary model runs consist of a “no action” case and an “action” case. The
results, or impact of our proposed standards, are measured relative to the no action case. Our no
action case consists of the FW-OEMs (roughly 29 percent of fleet sales) meeting the framework
while NonFW-OEMs (roughly 71 percent of fleet sales) meet the SAFE FRM standards. Our
action case consists of the whole fleet meeting our proposal for model years 2023 and later.
Throughout this preamble, our no action case refers to this FW-OEM/NonFW-OEM compliance
split.

EPA has chosen not to make other SAFE FRM model input changes largely because
additional changes would not result in significant differences in the analytical results supporting
the proposed standards. For example, the technology effectiveness estimates used to support the
SAFE FRM relied on dated engine efficiency maps for both the future and baseline technologies
represented. However, the effectiveness values (e.g., incremental from future technology back to
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the 2017 base year fleet) are of primary importance within analyses using CCEMS and, while the
maps were dated, the effectiveness values derived from them were, on increment, in rough
agreement with values derived from the more up-to-date baseline and future engine maps used
within OMEGA (see Chapter 1.2.1). In other words, the absolute engine technology brake
thermal efficiency for both the baseline and future technologies were artificially low, however
the incremental differences in brake thermal efficiency between the baseline and future
technologies are very similar to those used by EPA in previous analyses for the MTE.

Likewise, the battery costs used in the SAFE FRM were considered too high by EPA.
However, given that significant levels of vehicle electrification will not be necessary in order to
comply with the proposed standards (past analyses by EPA have estimated BEV penetrations of
less than 5 percent, in general), we did not consider updating vehicle electrification costs to be of
paramount importance for this proposal, although we may update battery and other vehicle
electrification costs for the final rule.

The decision to allow for more broad application of HCR1 and HCR2 technologies as a
compliance choice within the model was considered by EPA to be of significant importance to
update relative to the SAFE FRM. We made that choice because it is a very cost-effective ICE
technology that is currently in use and already in broad application with no consumer choice
concerns such as those that might be argued for BEV technology. In short, there are modeling
inputs that EPA has chosen not to change given the very large number of inputs required to run
any model as complex as the CCEMS. EPA’s decision not to change those inputs should not be
taken as blanket agreement by EPA staff with those inputs. For further discussion of these
technologies, see Chapters 2.3.1 and 2.3.2.

Lastly, to calculate the full program costs, benefits and net benefits, EPA has developed and
made use of an aforementioned post-processing tool.!! For many benefit-cost metrics, the post-
processing tool follows the calculation approach employed within the CCEMS model. For
example, costs associated with application of technology, foregone consumer sales surplus,
congestion, noise, fatalities and non-fatal crashes are all handled within the CCEMS model and
are taken "as-is" in the post-processing tool and transferred through to the final cost-benefit
analysis. However, the calculation of emissions benefits is handled entirely within the post-
processing tool by applying EPA's preferred $/ton benefit values (for both criteria air pollutants
(CAP) and GHGs) and discounting those values exclusively at their internally consistent
discount rates. In other words, the social cost of GHG $/ton values are generated using discount
rates equal to 2.5 percent, 3 percent and 5 percent. Each of those streams of benefit values will
always be discounted, whenever discounting is employed (for net present and/or annualized
valuations) using the internally consistent discount rate. CCEMS uses this same approach.
However, CCEMS can calculate only a single GHG valuation in each run of the model. As such,
to monetize 4 GHG streams (2.5 percent, 3 percent, 5 percent, 3 percent-95th percentile) would
require 4 separate runs of the model despite the fact that the tons do not differ between runs.
Therefore, EPA has chosen to post-process the results such that all 4 streams could be monetized
without re-running the full CCEMS. The post-processing tool also allows for valuation of
upstream CAP benefits separately from tailpipe CAP benefits which the SAFE FRM version of
CCEMS does not allow.
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4.1.1 GHG Targets and Compliance Levels
4.1.1.1 Proposal

The proposed curve coefficients are presented in preamble Section I1.A.2. Here we present the
fleet targets for each manufacturer. Figure 4-1 depicts the fleet targets of the SAFE FRM and
today’s proposed standards. Also shown are the 2012 FRM targets and the California Framework
targets for comparison. As can be seen, the proposal standards move from the SAFE FRM to the
Framework 3.7 percent year-over-year targets between MY's 2022 and 2023. It then achieves

greater stringency than the Framework 3.7 percent and surpasses the 2012 FRM targets by
MY2026.
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Figure 4-1: Comparison of Fleet Average Proposed Revised Standards (Red Line) to the SAFE FRM, the
California Framework Agreement, and the 2012 FRM.

These targets are dependent on each manufacturer’s car/truck fleets and their sales weighted
footprints. As such, each manufacturer has a set of targets unique to them. Those targets are
shown by manufacturer for MYs 2023 through 2026 in Table 4-2 for cars, Table 4-3 for trucks,
and Table 4-4 for the combined fleet.
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Table 4-2 Proposed Car Targets (COz gram/mile)
2023 | 2024 | 2025 | 2026

BMW 166 | 158 | 150 | 143
Daimler 173 165 157 149
FCA 169 | 161 153 146
Ford 167 | 159 | 151 144
General Motors | 166 | 158 | 151 143
Honda 163 155 147 | 140

Hyundai Kia-H | 165 | 157 | 149 | 142
Hyundai Kia-K | 164 | 156 | 149 | 142

JLR 174 | 166 | 158 | 150
Mazda 163 | 155 | 147 | 140
Mitsubishi 151 | 143 | 136 | 130
Nissan 164 | 156 | 148 | 141
Subaru 160 | 152 | 145 | 138
Tesla 191 | 182 | 173 | 165
Toyota 162 | 154 | 147 | 140
Volvo 172 | 164 | 156 | 148
VWA 160 | 152 | 145 | 138
TOTAL 165 | 157 | 149 | 142

Table 4-3 Proposed Truck Targets (CO: gram/mile)
2023 | 2024 | 2025 | 2026

BMW 219 | 208 | 198 188
Daimler 225 | 214 | 203 193
FCA 233 | 222 | 211 | 200
Ford 246 | 234 | 222 | 211
General Motors | 252 | 239 | 228 | 216
Honda 215 | 205 195 185

Hyundai Kia-H | 214 | 203 | 193 | 183
Hyundai Kia-K | 217 | 206 | 196 | 186

JLR 221 | 210 | 199 | 190
Mazda 206 | 196 | 186 | 177
Mitsubishi 194 | 184 | 175 166
Nissan 225 | 214 | 203 193
Subaru 197 | 187 | 178 169
Tesla

Toyota 227 | 216 | 205 195
Volvo 222 | 211 | 200 | 190
VWA 218 | 207 | 196 | 187

TOTAL 232 | 221 | 210 | 199




Table 4-4 Proposed Sales Weighted Fleet Targets (CO2 gram/mile)
2023 | 2024 | 2025 | 2026

BMW 187 | 178 | 169 | 161
Daimler 195 186 177 168
FCA 221 | 210 | 200 | 190
Ford 215 | 205 195 185
General Motors | 215 | 204 195 185
Honda 185 176 | 167 | 159

Hyundai Kia-H | 168 | 160 | 152 | 145
Hyundai Kia-K | 177 | 169 | 161 153

JLR 211 | 200 | 190 | 181
Mazda 176 | 167 | 159 | 151
Mitsubishi 168 | 160 | 152 | 145
Nissan 185 | 176 | 167 | 159
Subaru 187 | 178 | 169 | 161
Tesla 191 | 182 | 173 | 165
Toyota 194 | 185 | 176 | 167
Volvo 205 | 195 | 185 | 176
VWA 179 | 171 | 162 | 155
TOTAL 198 | 189 | 180 | 171

The actual achieved COz-equivalent (CO2¢) levels, which include credit programs and how
those factor into compliance, are shown in Table 4-5 for cars, Table 4-6 for trucks, and Table 4-7
for the combined fleets.

Table 4-5 Proposed Car Achieved (CO:ze gram/mile)
2023 | 2024 | 2025 | 2026

BMW 173 | 168 | 168 | 131
Daimler 184 | 169 | 166 | 168
FCA 183 | 178 | 178 | 171
Ford 168 | 160 | 159 | 151
General Motors | 152 136 | 133 132
Honda 161 161 161 130

Hyundai Kia-H | 162 | 147 | 146 | 145
Hyundai Kia-K | 138 | 134 | 134 | 137

JLR 217 | 162 | 158 | 165
Mazda 156 | 156 | 156 | 146
Mitsubishi 136 | 136 | 129 | 129
Nissan 165 153 147 147
Subaru 193 | 193 | 193 | 174
Tesla -20 -20 -20 -20
Toyota 161 143 | 135 | 133
Volvo 185 | 185 | 184 | 145
VWA 146 | 144 | 143 | 135
TOTAL 161 150 | 147 | 141
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Table 4-6 Proposed Truck Achieved (COze gram/mile)
2023 | 2024 | 2025 | 2026

BMW 220 | 210 | 156 | 161
Daimler 206 | 206 151 126
FCA 218 | 217 | 217 | 207
Ford 245 | 234 | 234 | 216
General Motors | 270 | 261 | 245 | 224
Honda 212 | 210 | 210 | 210

Hyundai Kia-H | 222 | 129 | 129 | 140
Hyundai Kia-K | 225 | 209 | 209 | 209

JLR 210 | 210 | 176 | 187
Mazda 177 | 177 | 177 | 176
Mitsubishi 194 | 194 | 185 | 185
Nissan 220 | 218 | 198 | 192
Subaru 187 | 187 | 187 | 168
Tesla

Toyota 239 | 231 | 224 | 204
Volvo 181 180 | 176 | 183
VWA 240 | 200 | 173 122
TOTAL 233 | 226 | 218 | 203

Table 4-7 Proposed Sales Weighted Fleet Achieved (CO:ze gram/mile)
2023 | 2024 | 2025 | 2026

BMW 192 | 184 | 163 143
Daimler 194 185 159 150
FCA 211 | 210 | 210 | 200
Ford 215 | 205 | 205 190
General Motors | 220 | 208 197 185
Honda 183 181 182 | 164

Hyundai Kia-H | 166 | 146 | 145 | 145
Hyundai Kia-K | 160 | 153 | 153 | 156

JLR 212 | 200 | 172 | 182
Mazda 162 | 162 | 162 | 155
Mitsubishi 159 | 160 | 152 | 152
Nissan 184 | 175 | 164 | 163
Subaru 189 | 189 | 189 | 170
Tesla -20 | -20 | -20 | -20
Toyota 199 | 186 | 179 | 168
Volvo 182 | 182 | 179 | 170
VWA 178 | 163 | 153 | 131
TOTAL 197 | 188 | 183 | 172

Note that the values shown in Table 4-5 through Table 4-7 are modeled tailpipe certification
values considering use of A/C leakage credits and other off-cycle credits apart from A/C leakage.
This explains the negative 20 grams/mile COze shown for Tesla cars. That value reflects the 15
g/mi of off-cycle credit available under the proposal and 5 g/mi A/C efficiency credit under the
existing and proposed standards. To date, Tesla has not been a major user of the off-cycle credit
program given that they make nothing but BEVs. However, when running the model, we have
chosen to apply 15 g/mi off-cycle credit both on the credit side and the cost side for any year in
which that credit is available. We have done this ra