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Overview

This Final Supplemental Environmental Impact Statement (Final SEIS) analyzes the environmental impacts
of fuel economy standards and reasonable alternative standards for model year (MY) 2024-2026
passenger cars and light trucks. NHTSA has proposed these amended Corporate Average Fuel Economy
(CAFE) standards under the Energy Policy and Conservation Act of 1975, as amended by the Energy
Independence and Security Act of 2007. Environmental impacts analyzed in this Final SEIS include those
related to fuel and energy use, air quality, and climate change. In developing the final standards, NHTSA
considered “technological feasibility, economic practicability, the effect of other motor vehicle standards
of the Government on fuel economy, and the need of the United States to conserve energy,” as required
by 49 United States Code (U.S.C.) § 32902(f).

Timing of Agency Action

NHTSA is issuing this Final SEIS concurrently with the final rule (Record of Decision), which states and
explains NHTSA’s decision and describes NHTSA’s consideration of applicable environmental laws and
policies. See 49 U.S.C. § 304a(b) and U.S. Department of Transportation’s Guidance on the Use of
Combined Final Environmental Impact Statements/Records of Decision and Errata Sheets in National
Environmental Policy Act Reviews (Apr. 25, 2019)
(https://www.transportation.gov/sites/dot.gov/files/docs/mission/transportation-
policy/permittingcenter/337371/feis-rod-guidance-final-04302019.pdf).
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ppm parts per million

Preferred Alternative | Alternative 2.5

PRIA Preliminary Regulatory Impact Analysis

quads quadrillion Btu

RCP Representative Concentration Pathway

RF radiative forcing

RFS2 Renewable Fuel Standard 2

RGGI Regional Greenhouse Gas Initiative

RIA Regulatory Impact Analysis

SAFE Safer Affordable Fuel-Efficient

SAPs synthesis and assessment products

SC-CH,4 social cost of methane

SC-CO;, social cost of carbon

SC-N,O social cost of nitrous oxide

SFe sulfur hexafluoride

SIP State Implementation Plan

SO, sulfur dioxide

SOx oxides of sulfur

SPR Strategic Petroleum Reserve

SSP Shared Socioeconomic Pathway

TS&D transportation, storage, and distribution

TSD Technical Support Document

TTI travel time index

TWBs Tailor-welded blanks

UNFCCC United Nations Framework Convention on Climate Change and the annual
Conference of the Parties

u.s.C. U.S. Code

uv ultraviolet

VMT vehicle miles traveled

VOCs volatile organic compounds

VRFBs Vanadium redox flow batteries

WG1 Working Group 1

WRI World Resources Institute
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Glossary

The glossary provides the following definitions of technical and scientific terms, as well as plain English
terms used differently in the context of this EIS.

Term

Definition

adaptation

Measures to reduce the vulnerability of natural and human systems against
actual or expected climate change effects.

aerodynamic design

Features of vehicle design that can increase fuel efficiency by reducing drag.

albedo

Capacity of surfaces on Earth to reflect solar radiation back to space. High
albedo has a cooling effect because the surface reflects, rather than absorbs
most solar radiation.

anthropogenic

Resulting from or produced by human beings.

Atlantic Meridional Overturning
Circulation (AMOC)

Mechanism for heat transport in the North Atlantic Ocean, by which warm
waters are carried north and cold waters are carried toward the equator.

attainment area

Regions where concentrations of criteria pollutants meet national ambient
air quality standards (NAAQS).

attribute-based standards

Each vehicle’s performance standard (fuel economy or GHG emissions) is
based on the model’s attribute, which NHTSA classifies as the vehicle’s
footprint.

biofuel

Energy sources, such as biodiesel or ethanol, made from living things or the
waste that living things produce.

black carbon (elemental carbon)

Most strongly light-absorbing component of particulate matter, formed by
the incomplete combustion of fossil fuels, biofuels, and biomass.

CAFE Model

Model that estimates fuel consumption and tailpipe emissions under various
technology, regulatory, and market scenarios.

carbon dioxide equivalent
(CO2e)

Measure that expresses total greenhouse gas emissions in a single unit.
Calculated using global warming potentials of greenhouse gases and usually
measured over 100 years.

carbon sink

Reservoir in which carbon removed from the atmosphere is stored, such as a
forest.

carbon storage, sequestration

The removal and storage of a greenhouse gas, an aerosol, or a precursor of a
greenhouse gas or aerosol from the atmosphere.

compound events

Simultaneous occurrence of two or more events that collectively lead to
extreme impacts.

conformity regulations, General
Conformity Rule

Requirement that federal actions do not interfere with a state’s ability to
implement its State Implementation Plan and meet the national ambient air
quality standards (NAAQS).

cooling degree days

The annual sum of the daily difference between the daily mean temperature
and 65°F, when the daily mean temperature exceeds 65°F.

coordinated rulemaking

Joint rulemaking that addresses both fuel economy standards (NHTSA) and
greenhouse gas emission standards (U.S. Environmental Protection Agency
[EPA]).
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Term

Definition

criteria pollutants

Six common pollutants for which the U.S. Environmental Protection Agency
(EPA) sets national ambient air quality standards (NAAQS): carbon monoxide
(CO), nitrogen dioxide (NO;), ozone (0s3), sulfur dioxide (SO;), fine particulate
matter (PM) and airborne lead (Pb). Potential impacts of an action on ozone
are evaluated based on the emissions of the ozone precursors nitrogen
oxides (NOx) and volatile organic compounds (VOCs).

cumulative impacts

Impacts caused by the action when added to other past, present, and
reasonably foreseeable actions in the study area.

direct impacts

Impacts caused by the action that occur at the same time and place.

downstream emissions

Emissions related to vehicle life-cycle stages after vehicle production,
including vehicle use and disposal.

dry natural gas

Gas that is removed from natural gas liquids.

El Nifio-Southern Oscillation
(ENSO)

Changes in atmospheric mass or pressure between the Pacific and Indo—
Australian regions that affect both sea-surface temperature increases and
decreases. El Nifo is the warm phase of ENSO, in which sea surface
temperatures along the central and eastern equatorial Pacific are warmer
than normal, while La Nifia is the cold phase of ENSO.

electric vehicle (EV)

Vehicle that runs partially, primarily, or completely on electricity. These
include hybrid electric vehicles (HEVs), battery-powered electric vehicles
(BEVs), and plug-in hybrid electric vehicles (PHEVs).

energy intensity

Ratio of energy inputs to gross domestic product. Also a common term used
in life-cycle assessment to express energy consumption per functional unit
(e.g., kilowatt hours per mile).

energy security

Regular availability of affordable energy.

eutrophication

Enrichment of a water body with plant nutrients as a result of phosphorus
and nitrogen inputs.

evapotranspiration

Evaporation of water from soil and land and transpiration of water from
vegetation.

flex fuel or E85

An ethanol-gasoline fuel blend containing 51 to 83 percent ethanol fuel,
depending on geography and season. (Source:
https://www.fueleconomy.gov/feg/ethanol.shtml)

fuel efficiency

Amount of fuel required to perform a certain amount of work. A vehicle is
more fuel-efficient if it can perform more work while consuming less fuel.

fuel pathway

Supply chain characteristics of refined gasoline and other transportation
fuels, whether sourced or refined in the United States or elsewhere.

global warming potential

A greenhouse gas’s contribution to global warming relative to carbon dioxide
(CO,) emissions.

greenhouse gas (GHG)
emissions

Emissions including carbon dioxide (CO,), methane (CH,), and nitrous oxide
(N20) that affect global temperature, precipitation, sea level, and ocean pH.

Greenhouse Gas Regulated
Emissions, and Energy Use in
Transportation (GREET) model

Model developed by Argonne National Laboratories that provides estimates
of the life-cycle energy use, greenhouse gas emissions, and criteria air
pollutant emissions of fuel production and vehicle use.
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Term

Definition

hazardous air pollutants

Pollutants that cause or may cause cancer or other serious health effects,
such as reproductive effects or birth defects, or adverse environmental and
ecological effects. The U.S. Environmental Protection Agency (EPA) is
required to control 187 hazardous air pollutants, also known as toxic air
pollutants or air toxics.

heat rate

The amount of energy (BTUs) used to generate one kilowatt-hour of
electricity

heating degree days

Annual sum of the daily difference between daily mean temperature and
65°F, when the daily mean temperature is below 65°F.

hydraulic fracturing

Method of releasing gas from shale formations by forcing water at high
pressure into a well, thereby cracking the shale.

hydrocarbon

Organic compound consisting entirely of hydrogen and carbon.

indirect impacts

Impacts caused by the action that are later in time or farther in distance.

life-cycle assessment (LCA)

Evaluation of all of the inputs and outputs over the lifetime of a product.

lithium-ion (Li-ion) battery

Batteries that use lithium in cathode chemistries; a common battery
technology for electric vehicles.

maintenance area

Former nonattainment area now in compliance with the national ambient air
quality standards (NAAQS).

marginal emission factor (MEF)

Factors that reflect variations in electricity emission factors from power
sources with time and location; compared with average emission factors
(AEF), which average these emissions over annual periods and broad regions.

maximum feasible standard

Highest achievable fuel economy standard for a particular model year.

maximum lifetime of vehicles

Age after which less than 2% of the vehicles originally produced during a
model year remain in service.

mitigation

Measures that avoid, minimize, rectify, reduce, or compensate for the
impacts of an action.

mobile source air toxics (MSATS)

Hazardous air pollutants emitted from vehicles that are known or suspected
to cause cancer or other serious health and environmental effects. MSATs
included in this analysis are acetaldehyde, acrolein, benzene, 1,3-butadiene,
diesel particulate matter, and formaldehyde.

morphology

Structural or anatomical features of a species, which may be affected by
climate change.

Motor Vehicle Emissions
Simulator (MOVES) model

U.S. Environmental Protection Agency (EPA) model used to calculate tailpipe
emissions.

National Ambient Air Quality
Standards (NAAQS)

Standards for ambient concentrations of six criteria air pollutants established
by the U.S. Environmental Protection Agency (EPA) pursuant to the Clean Air
Act.

nonattainment area

Regions where concentrations of criteria pollutants exceed national ambient
air quality standards (NAAQS). These areas are required to implement plans
to comply with the standards within specified periods.

ocean acidification

Decrease in the pH of sea water due to the uptake of anthropogenic carbon
dioxide (CO»).

ozone (0s)

Criteria pollutant formed by reactions among nitrogen oxides (NOyx) and
volatile organic compounds (VOCs).
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Term

Definition

passenger cars and light trucks

Motor vehicles with a gross vehicle weight rating of less than 8,500 pounds
and medium-duty passenger vehicles with a gross vehicle weight rating of
less than 10,000 pounds. Also referred to as light-duty vehicles.

particulate matter (PM)

Discrete particles that include dust, dirt, soot, smoke, and liquid droplets
directly emitted into the air.

primary fuel

Energy sources consumed in the initial production of energy; primarily dry
natural gas, petroleum, renewables, coal, nuclear, and liquefied natural gas
or petroleum.

radiative forcing

Change in energy fluxes caused by a specific driver that can alter the Earth’s
energy budget. Positive radiative forcing leads to warming while a negative
radiative forcing leads to cooling.

rebound effect

Situation in which improved fuel economy would reduce the cost of driving
and, hypothetically, lead to additional driving, thus increasing emissions of
air pollutants.

saltwater intrusion

Displacement of fresh surface water or groundwater by saltwater in coastal
and estuarine areas.

sea-ice extent

Area of the ocean where there is at least some sea ice.

shale gas, shale oil

Natural gas or oil that is trapped in fine-grained shale formations.

thermal expansion (of water)

Change in volume of water in response to a change in temperature; a cause
of sea-level rise.

tipping point

Point at which a disproportionately large or singular response in a climate-
affected system occurs as a result of only a moderate additional change in
the inputs to that system.

transmission efficiency
technology

Technology to improve engine efficiency such as increasing gears, dual
clutch, and continuously variable transmissions.

unavoidable adverse impact

Impact of the action that cannot be mitigated.

upstream emissions

Emissions associated with crude-petroleum (feedstock) recovery and
transportation, and with the production, refining, transportation, storage,
and distribution of transportation fuels.

vanadium redox flow battery
(VRFB)

Emerging battery technology in which energy is stored in an electrolyte,
which is replenished during charging, thereby accelerating the recharge rate
relative to existing battery technologies.

vehicle mass reduction

A means of increasing fuel efficiency by reducing vehicle weight (e.g., laser
welding, hydroforming, tailor-welded blanks, aluminum casting and
extrusion), and substituting lighter-weight materials for heavier materials.

vehicle miles traveled (VMT)

Total number of miles driven, typically reported annually.
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Final Supplemental Environmental Impact Statement for
Model Year 2024-2026 Corporate Average Fuel Economy Standards

SUMMARY

Foreword

The National Highway Traffic Safety Administration (NHTSA) prepared this supplemental environmental
impact statement (SEIS) to analyze and disclose the potential environmental impacts of the Corporate
Average Fuel Economy (CAFE) standards for passenger cars and light trucks for model years (MYs) 2024
to 2026. NHTSA prepared this document pursuant to Council on Environmental Quality (CEQ) National
Environmental Policy Act (NEPA) implementing regulations, U.S. Department of Transportation (DOT)
Order 5610.1C, and NHTSA regulations.!

This Final SEIS compares the potential environmental impacts of five alternatives for setting fuel
economy standards for MY 2024—-2026 passenger cars and light trucks (four action alternatives and the
No Action Alternative). This SEIS analyzes the direct, indirect, and cumulative impacts of each action
alternative relative to the No Action Alternative.

Background

The Energy Policy and Conservation Act of 1975 (EPCA) mandated that NHTSA establish and implement
a regulatory program for motor vehicle fuel economy, known as the CAFE program, to reduce national
energy consumption. As codified in Chapter 329 of Title 49 of the U.S. Code (U.S.C.) and, as amended by
the Energy Independence and Security Act of 2007 (EISA), EPCA sets forth specific requirements
concerning the establishment of average fuel economy standards for passenger cars and light trucks,
which are motor vehicles with a gross vehicle weight rating less than 8,500 pounds and medium-duty
passenger vehicles with a gross vehicle weight rating less than 10,000 pounds. The Secretary of
Transportation has delegated responsibility for implementing the CAFE program to NHTSA.

EISA, enacted by Congress in December 2007, amended the EPCA CAFE program requirements by
providing DOT additional rulemaking authority and responsibilities. Consistent with its statutory
authority, in a rulemaking to establish CAFE standards for MY 2017 and beyond passenger cars and light
trucks, NHTSA developed two phases of standards. The first phase included final standards for MYs
2017-2021. The second phase, covering MYs 2022—-2025, included standards that were not final, due to
the statutory requirement that NHTSA set average fuel economy standards not more than five model
years at a time. Rather, NHTSA wrote that those standards were augural, meaning that they
represented its best estimate, based on the information available at that time, of what levels of
stringency might be maximum feasible in those model years.

In 2018, NHTSA issued a notice of proposed rulemaking (NPRM) in which the agency proposed revising
the MY 2021 light-duty fuel economy standards and issuing new fuel economy standards for MYs 2022—-
2026.% In the 2020 SAFE Vehicles Final Rule, NHTSA amended fuel economy standards for MY 2021 and

1 Because this SEIS is a continuation of a NEPA process that began before the effective date of a 2020 Council on Environmental
Quality (CEQ) rule that amended the NEPA implementing regulations (September 14, 2020), NHTSA will apply the NEPA
implementing regulations that were in effect prior to that date.

2 The Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule for Model Years 2021-2026 Passenger Cars and Light Trucks; Notice of
Proposed Rulemaking, 83 FR 42986 (Aug. 24, 2018) (hereinafter “SAFE Vehicles NPRM").
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established standards for MYs 2022-2026 that would increase in stringency at 1.5 percent per year from
2020 levels. Concurrent with the SAFE Vehicles Final Rule, NHTSA issued a Final EIS on March 31, 2020.3

On January 20, 2021, President Biden issued Executive Order (EO) 13990, Protecting Public Health and
the Environment and Restoring Science To Tackle the Climate Crisis,* which directed NHTSA to consider
publishing for notice and comment a proposed rule suspending, revising, or rescinding the SAFE Vehicles
Final Rule by July 2021. Though EO 13990 prompted NHTSA's review, NHTSA is exercising its own
authority, consistent with its statutory factors, to amend the CAFE standards for MY 2024—

2026 passenger cars and light trucks in a final rule being issued concurrent with this Final SEIS. As NHTSA
discusses in the preamble to the final rule, this action reflects a conclusion significantly different from
the conclusion that NHTSA reached in the 2020 SAFE Vehicles Final Rule, but this is because important
facts have changed, and because NHTSA has reconsidered how to balance the relevant statutory
considerations in light of those facts. NHTSA concludes that significantly more stringent standards are
maximum feasible. For a further discussion on NHTSA’s explanation on this action, see Section VI.D in
the final rule. As described in the final rule, NHTSA is retaining the existing CAFE standards

for MYs 2021-2023 in light of EPCA’s requirement that amendments that make an average fuel
economy standard more stringent be prescribed at least 18 months before the beginning of the model
year to which the amendment applies.®

To inform its development of the CAFE standards for MYs 2024—2026, NHTSA prepared this SEIS,
pursuant to NEPA,® to evaluate the potential environmental impacts of a reasonable range of
alternatives the agency is considering. NEPA directs that federal agencies proposing “major federal
actions significantly affecting the quality of the human environment” must, “to the fullest extent
possible,” prepare “a detailed statement” on the environmental impacts of the proposed action
(including alternatives to the proposed action).” In revising the CAFE standards established in the SAFE
Vehicles Final Rule, NHTSA is making substantial changes to the proposed action examined in the SAFE
Vehicles Rule Final EIS and, as such, prepared this SEIS to inform its amendment of MY 2024-2026 CAFE
standards.® Because this SEIS is a continuation of a NEPA process that began before the effective date of
a 2020 CEQ rule that amended the NEPA implementing regulations,® NHTSA will continue to apply the
NEPA implementing regulations that were in effect prior to that date.'® This SEIS analyzes, discloses, and
compares the potential environmental impacts of a reasonable range of alternatives, including a No

3 The Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule for Model Year 2021-2026 Passenger Cars and Light Trucks Final
Environmental Impact Statement (March 2020) (hereinafter “SAFE Vehicles Rule Final EIS”). Available at:
https://www.nhtsa.gov/corporate-average-fuel-economy/safe.

4 Executive Order 13990, Protecting Public Health and the Environment and Restoring Science To Tackle the Climate Crisis, 86
FR 7037 (Jan. 25, 2021).

%49 U.5.C. § 32902(g)(2).

®42 U.5.C. §§ 4321-4347.
742U.5.C. §4332.

8 See 40 CFR § 1502.9(c)(1)(i) (2019).

9 Update to the Regulations Implementing the Procedural Provisions of the National Environmental Policy Act; Final Rule, 85 FR
43304 (Jul. 15, 2020).

1040 CFR § 1506.13 (2020) (specifying that the new NEPA implementing regulations apply to any NEPA process begun after
September 14, 2020).
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Action Alternative and a Preferred Alternative, and discusses impacts in proportion to their significance.
NHTSA is issuing this Final SEIS concurrently with the final rule.

Purpose and Need for the Action

In accordance with EPCA, as amended by EISA, the purpose of NHTSA’s rulemaking is to amend fuel
economy standards for MY 2024-2026 passenger cars and light trucks to reflect “the maximum
feasible average fuel economy level that the Secretary of Transportation decides the manufacturers
can achieve in that model year.” When determining the maximum feasible levels that manufacturers
can achieve in each model year, EPCA requires that NHTSA consider the four statutory factors of
technological feasibility, economic practicability, the effect of other motor vehicle standards of the
government on fuel economy, and the need of the United States to conserve energy. In addition,
when determining the maximum feasible levels, the agency considers relevant safety and
environmental factors.

For MYs 2021-2030, NHTSA must establish separate average fuel economy standards for passenger cars
and light trucks for each model year. Standards must be “based on one or more vehicle attributes
related to fuel economy” and “express[ed]...in the form of a mathematical function.”

Proposed Action and Alternatives

NHTSA's action is setting fuel economy standards for passenger cars and light trucks in accordance with
EPCA, as amended by EISA. NHTSA has selected a reasonable range of alternatives within which to set
CAFE standards and to evaluate the potential environmental impacts of the CAFE standards and
alternatives under NEPA. NHTSA is establishing CAFE standards for MY 2024—-2026 passenger cars and
light trucks.

NHTSA has analyzed a range of action alternatives with fuel economy stringencies that increase
annually, on average, 6 to 10 percent from MY 2024-2026 for passenger cars and for light trucks
(depending on alternative). This range of action alternatives, as well as the No Action Alternative,
encompasses a spectrum of possible standards NHTSA could determine is maximum feasible based on
the different ways the agency could weigh EPCA’s four statutory factors. The conclusion reached in this
rulemaking is different than the conclusion NHTSA reached in the 2020 SAFE Vehicles Final Rule because
NHTSA has reconsidered how to balance relevant statutory considerations. As discussed further in
Section 1 of the preamble to the final rule, NHTSA’s review of its standards responds to the President’s
direction in EO 13990, and the final rule responds to the agency’s statutory mandate to improve energy
conservation to insulate our nation’s economy against external factors and reduce environmental
degradation associated with petroleum consumption.

The No Action Alternative (also referred to as Alternative 0 in tables and figures) assumes that the MY
2021-2026 CAFE standards established in the SAFE Vehicles Final Rule remain unchanged. In addition,
the No Action Alternative assumes that the MY 2026 SAFE Vehicles Final Rule standards continue to
apply for MY 2027 and beyond. The No Action Alternative provides an analytical baseline against which
to compare the environmental impacts of the other alternatives presented in the SEIS. Throughout this
SEIS, estimated impacts are shown for four action alternatives that illustrate the following range of
estimated average annual percentage increases in fuel economy for both passenger cars and light
trucks:
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Alt. 1 Alternative 1 would require a 10.5 percent annual increase for MY 2024 over MY 2023 and a
3.26 percent annual average annual fleet-wide increase in fuel economy for both passenger cars
and light trucks for MYs 2025-2026.

Alt. 2 Alternative 2 would require an 8.0 percent average annual fleet-wide increase in fuel economy
for both passenger cars and light trucks for MYs 2024—-2026. Alternative 2 was identified as
NHTSA’s Preferred Alternative in the NPRM and Draft SEIS; however, Alternative 2.5 is now
NHTSA’s Preferred Alternative.

Alt. 2.5 Alternative 2.5 (Preferred Alternative/Proposed Action) would require an 8.0 percent average
annual fleet-wide increase in fuel economy for both passenger cars and light trucks for MYs
2024 and 2025, and a 10.0 percent average annual fleet-wide increase in fuel economy for both
passenger cars and light trucks for MY 2026.

Alt. 3 Alternative 3 would require a 10.0 percent average annual fleet-wide increase in fuel economy
for both passenger cars and light trucks for MYs 2024-2026.

For purposes of analysis, NHTSA assumes that the MY 2026 CAFE standards for each alternative would
continue indefinitely. Table S-1 shows the estimated average required fleet-wide fuel economy forecasts
by model year for each alternative.

Table S-1. Projected Average Required Fleet-Wide Fuel Economy (mpg) for Combined U.S. Passenger
Cars and Light Trucks by Model Year and Alternative

Alt. 0
Model Year (No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3
MY 2024 38.1 41.8 40.6 40.6 415
MY 2025 38.7 43.2 44.2 44.2 46.1
MY 2026 394 447 48.1 49.1 51.3

mpg = miles per gallon; MY = model year

The range under consideration in the alternatives encompasses a spectrum of possible standards that
NHTSA could select based on how the agency weighs EPCA’s four statutory factors. By providing
environmental analyses at discrete representative points, the decision-makers and the public can
determine the projected environmental effects of points that fall between the individual alternatives.
The alternatives evaluated in this SEIS therefore provide decision-makers with the ability to select from
a wide variety of other potential alternatives with stringencies that would increase annually at average
percentage rates from 6 to 10 percent. This range includes, for example, alternatives with stringencies
that would increase at different rates for passenger cars and for light trucks and stringencies that would
increase at different rates in different years. These alternatives reflect differences in the degree of
technology adoption across the fleet, in costs to manufacturers and consumers, and in conservation of
oil and related reductions in greenhouse gas (GHG) emissions.

As noted in the preamble to the final rule, NHTSA has determined that Alternative 2.5 is technologically
feasible, economically practicable, supports the need of the United States to conserve energy, and is
complementary to other motor vehicle standards of the government that are simultaneously applicable.
NHTSA concludes that Alternative 2.5 is maximum feasible for MYs 2024-2026.
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Environmental Consequences

This section describes how the Proposed Action and alternatives could affect energy use, air quality, and
climate, as reported in Chapter 3, Energy, Chapter 4, Air Quality, and Chapter 5, Greenhouse Gas
Emissions and Climate Change, of this SEIS, respectively. Air quality and climate impacts are reported for
the entire light-duty vehicle fleet (passenger cars and light trucks combined); results are reported
separately for passenger cars and light trucks in Appendix A, U.S. Passenger Car and Light Truck Results
Reported Separately. Chapter 6, Life-Cycle Assessment Implications of Vehicle Energy, Materials, and
Technologies, describes the life-cycle environmental implications of some of the fuels, materials, and
technologies that NHTSA forecasts vehicle manufacturers might use to comply with the Proposed
Action. Chapter 7, Other Impacts, qualitatively describes potential additional impacts on hazardous
materials and regulated wastes, historic and cultural resources, noise, and environmental justice.

The impacts on energy use, air quality, and climate include direct, indirect, and cumulative impacts.!
Direct impacts occur at the same time and place as the action. Indirect impacts occur later in time
and/or are farther removed in distance. Cumulative impacts are the incremental direct and indirect
impacts resulting from the action added to those of other past, present, and reasonably foreseeable
future actions. The cumulative impacts associated with the Proposed Action and alternatives are
discussed in Chapter 8, Cumulative Impacts.

To derive the direct and indirect impacts of the action alternatives, NHTSA compares each action
alternative to a No Action Alternative, which reflects baseline trends that would be expected in the
absence of any regulatory action as discussed above. The No Action Alternative for this SEIS assumes
that the MY 2021-2026 CAFE standards established in the SAFE Vehicles Final Rule remain unchanged.
All alternatives assume the MY 2026 standards would continue indefinitely. Because EPCA, as amended
by EISA, requires NHTSA to set CAFE standards for each model year, environmental impacts would also
depend on future standards established by NHTSA but cannot be quantified at this time.

Energy

NHTSA'’s final standards would regulate fuel economy and, therefore, affect U.S. transportation fuel
consumption. Transportation fuel accounts for a large portion of total U.S. energy consumption and
energy imports and has a significant impact on the functioning of the energy sector as a whole. Although
U.S. energy efficiency has been increasing and the U.S. share of global energy consumption has been
declining in recent decades, total U.S. energy consumption has been increasing over that same period.
Until a decade ago, most of this increase came not from increased domestic energy production but from
the increase in imports, largely for use in the transportation sector.

Petroleum is by far the largest source of energy used in the transportation sector. In 2020, petroleum
supplied 91 percent of transportation energy demand, and in 2050, petroleum is expected to supply

86 percent of transportation energy demand. Transportation accounts for the largest share of total U.S.
petroleum consumption. In 2020, the transportation sector accounted for 78.9 percent of total U.S.

1 40 CFR § 1508.8 (2019).
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petroleum consumption. In 2050, transportation is expected to account for 76.9 percent of total U.S.
petroleum consumption.!?

With transportation expected to account for 76.9 percent of total petroleum consumption, U.S. net
petroleum imports in 2050 are expected to result primarily from fuel consumption by light-duty and
heavy-duty vehicles. The United States became a net energy exporter in 2019 for the first time in 67
years because of continuing increases in overall U.S. energy efficiency and recent developments in U.S.
energy production.

In the future, the transportation sector will continue to be the largest consumer of U.S. petroleum and
the second-largest consumer of total U.S. energy, after the industrial sector. NHTSA's analysis of fuel
consumption in this SEIS projects that fuel consumed by light-duty vehicles will consist predominantly of
gasoline derived from petroleum for the foreseeable future.

Direct and Indirect Impacts

To calculate the impacts on fuel use for each action alternative, NHTSA subtracted projected fuel
consumption under the No Action Alternative from the level under each action alternative. As the
alternatives increase in stringency, total fuel consumption decreases. Table S-2 shows total 2020 to 2050
fuel consumption for each alternative and the direct and indirect fuel use impacts for each action
alternative compared with the No Action Alternative through 2050. NHTSA used 2050 as the end year
for its analysis as it is the year by which nearly the entire U.S. light duty vehicle fleet will be composed of
MY 2024-2026 or later vehicles. This table reports total 2020 to 2050 fuel consumption in gasoline
gallon equivalents (GGE) for diesel, gasoline, electricity, hydrogen, and biofuel for cars and light trucks.
Gasoline is expected to account for 96 percent of energy consumption by passenger cars and light trucks
in 2050.

Table S-2. Fuel Consumption and Decrease in Fuel Consumption by Alternative (billion gasoline gallon
equivalent total for calendar years 2020-2050)

Alt. 0

(No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3
Fuel Consumption
Cars 1,408 1,367 1,309 1,301 1,270
Light trucks 2,151 2,104 2,082 2,070 2,051
All light-duty vehicles 3,559 3,471 3,391 3,371 3,321
Decrease in Fuel Consumption Compared to the No Action Alternative
Cars - -41 -99 -107 -138
Light trucks - -47 -69 -81 -100
All light-duty vehicles - -88 -168 -188 -238

Total light-duty vehicle fuel consumption from 2020 to 2050 under the No Action Alternative is
projected to be 3,559 billion GGE. Light-duty vehicle fuel consumption from 2020 to 2050 under the
Proposed Action and alternatives is projected to range from 3,471 billion GGE under Alternative 1 to
3,321 billion GGE under Alternative 3. All of the action alternatives would decrease fuel consumption

2 This Summary references pertinent data from the analysis in the EIS. Sources of such data are appropriately cited and
referenced in those chapters.
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compared to the No Action Alternative, with fuel consumption decreases that range from 88 billion GGE
under Alternative 1 to 238 billion GGE under Alternative 3.

Air Quality

Air pollution and air quality can affect public health, public welfare, and the environment. The Proposed
Action and alternatives would affect air pollutant emissions and air quality, which, in turn, would affect
public health and welfare and the natural environment. The air quality analysis in Chapter 4, Air Quality,
assesses the impacts of the alternatives on emissions of pollutants of concern from mobile sources, and
the resulting impacts on human health. The reductions and increases in emissions would vary by
pollutant, calendar year, and action alternative.

Under the authority of the Clean Air Act and its amendments, the U.S. Environmental Protection Agency
(EPA) has established National Ambient Air Quality Standards (NAAQS) for six relatively common air
pollutants known as criteria pollutants: carbon monoxide (CO), nitrogen dioxide (NO3), ozone, sulfur
dioxide (SO,), lead, and particulate matter (PM) with an aerodynamic diameter equal to or less than 10
microns (PM10) and 2.5 microns (PM2.5, or fine particles). Ozone is not emitted directly from vehicles
but is formed in the atmosphere from emissions of ozone precursor pollutants such as nitrogen oxides
(NOx) and volatile organic compounds (VOCs).

Criteria pollutants have been shown to cause the following adverse health impacts at various
concentrations and exposures: damage to lung tissue, reduced lung function, exacerbation of existing
respiratory and cardiovascular diseases, difficulty breathing, irritation of the upper respiratory tract,
bronchitis and pneumonia, reduced resistance to respiratory infections, alterations to the body’s
defense systems against foreign materials, reduced delivery of oxygen to the body’s organs and tissues,
impairment of the brain’s ability to function properly, cancer, and premature death.

In addition to criteria pollutants, motor vehicles emit some substances defined by the 1990 Clean Air Act
amendments as toxic air pollutants. Toxic air pollutants from vehicles are known as mobile-source air
toxics (MSATs). The MSATSs included in this analysis are acetaldehyde, acrolein, benzene, 1,3-butadiene,
diesel particulate matter (DPM), and formaldehyde. DPM is a component of exhaust from diesel-fueled
vehicles and falls almost entirely within the PM2.5 particle-size class. MSATSs are also associated with
adverse health impacts. For example, EPA classifies acetaldehyde, benzene, 1,3-butadiene,
formaldehyde, and certain components of DPM as either known or probable human carcinogens. Many
MSATSs are also associated with noncancer health impacts, such as respiratory irritation.

Contribution of U.S. Transportation Sector to Air Pollutant Emissions

The U.S. transportation sector is a major source of emissions of certain criteria pollutants or their
chemical precursors. Emissions of these pollutants from on-road mobile sources have declined
dramatically since 1970 because of pollution controls on vehicles and regulation of the chemical content
of fuels, despite continuing increases in vehicle travel and fuel consumption. Nevertheless, the U.S.
transportation sector remains a major source of emissions of certain criteria pollutants or their chemical
precursors. On-road mobile sources are responsible for emitting 17.2 million tons®? per year of CO

(25 percent of total U.S. emissions), 90,000 tons per year (1 percent) of PM2.5 emissions, and 216,000
tons per year (1 percent) of PM10 emissions. Passenger cars and light trucks contribute 93 percent of
U.S. highway emissions of CO, 57 percent of highway emissions of PM2.5, and 55 percent of highway

13 These tons are U.S. tons (2,000 pounds).
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emissions of PM10. Almost all of the PM in motor vehicle exhaust is PM2.5; therefore, this analysis
focuses on PM2.5 rather than PM10. All on-road mobile sources emit 1.4 million tons per year (8
percent of total nationwide emissions) of VOCs and 2.4 million tons per year (29 percent) of NOyx, which
are chemical precursors of ozone. Passenger cars and light trucks account for 90 percent of U.S. highway
emissions of VOCs and 51 percent of NOx. In addition, NOy is a PM2.5 precursor, and VOCs can be PM2.5
precursors. SO, and other oxides of sulfur (SOx) are important because they contribute to the formation
of PM2.5 in the atmosphere; however, on-road mobile sources account for less than 0.5 percent of U.S.
SO, emissions. With the elimination of lead in automotive gasoline, lead is no longer emitted from
motor vehicles in more than negligible quantities and is therefore not assessed in this analysis.

Methods

To analyze air quality and human health impacts, NHTSA calculated the emissions of criteria pollutants
and MSATs from passenger cars and light trucks that would occur under each alternative. NHTSA then
estimated the resulting changes in emissions by comparing emissions under each action alternative to
those under the No Action Alternative. The resulting changes in air quality and impacts on human health
were assumed proportional to the changes in emissions projected to occur under each action
alternative.

Key Findings for Air Quality

This SEIS provides findings for air quality impacts for 2025, 2035, and 2050. In general, emissions of
criteria air pollutants decrease across all alternatives in later years (i.e., 2035 and 2050), with some
exceptions. The changes in emissions are small in relation to total criteria pollutant emissions levels
during this period and, overall, the health outcomes due to changes in criteria pollutant emissions
through 2050 are projected to be beneficial. The directions and magnitudes of the changes in total
emissions are not consistent across all pollutants. This reflects the complex interactions between
tailpipe emissions rates of the various vehicle types, the technologies assumed to be incorporated by
manufacturers in response to the standards, upstream emissions rates (which also reflect the
assumption of increased adoption of plug-in electric vehicles [PEVs] after 2035), the relative proportions
of gasoline, diesel, and other fuels in total fuel consumption changes, and changes in vehicle miles
traveled from the rebound effect. Other CAFE Model inputs and assumptions, which are discussed in
Chapter 2, Proposed Action and Alternatives and Analysis Methods, and at length in Section III.C of the
final rule preamble, Chapter 2 of the Technical Support Document, and Chapter 3 of the Final Regulatory
Impact Analysis (FRIA) issued concurrently with this Final SEIS, including the rate at which new vehicles
are sold, will also affect these air quality impact estimates. It is important to stress that changes in these
assumptions would alter the air pollution estimates. For example, if NHTSA has overestimated the
rebound effect, then emissions would be lower; if NHTSA has underestimated the rebound effect, then
emissions would be higher. These are estimates and should be viewed as such. In addition, the action
alternatives would result in decreased incidence of PM2.5-related adverse health impacts in most years
and alternatives due to the emissions decreases. Decreases in adverse health outcomes include
decreased incidences of premature mortality, acute bronchitis, respiratory emergency room visits, and
work-loss days.




Summary

Direct and Indirect Impacts

Criteria Pollutants

The air quality analysis identified the following impacts on criteria air pollutants.

For CO, NOy, and SO, in 2025, emissions increase slightly under the action alternatives compared to
the No Action Alternative; however, for PM2.5, emissions decrease slightly under the action
alternatives compared to the No Action Alternative. The emission increases generally get larger from
Alternative 1 through Alternative 3 (the most stringent alternative in terms of required miles per
gallon). These increases are quite small—all less than 1 percent.

In 2025, across all criteria pollutants and action alternatives, the smallest increase in emissions is 0.03
percent and occurs for NOx under Alternative 1; the largest increase is 0.6 percent and occurs for SO,
under Alternative 3.

In 2035 and 2050, emissions of CO, NOx, PM2.5, and VOCs decrease under the action alternatives
compared to the No Action Alternative, with the more stringent alternatives having the largest
decreases. SO; emissions generally increase under the action alternatives compared to the No
Action Alternative (except in 2035 under Alternative 1), with the more stringent alternatives having
the largest increases.

In 2035 and 2050, across all criteria pollutants and action alternatives, the smallest decrease in
emissions is 0.1 percent and occurs for CO and SO, under Alternative 1; the largest decrease is 12.0
percent and occurs for VOCs under Alternative 3. The smallest increase in emissions is 0.03 percent
and occurs for NOx under Alternative 1; the largest increase is 7.4 percent and occurs for SO, under
Alternative 3.

Toxic Air Pollutants

The air quality analysis identified the following impacts on toxic air pollutants.

Under each action alternative in 2025 compared to the No Action Alternative, increases in emissions
would occur for acetaldehyde, acrolein, benzene, and 1,3-butadiene by up to about 0.2 percent, and
for formaldehyde by 0.1 percent. DPM emissions would decrease by as much as 0.7 percent. For
2025, the largest relative increase in emissions would occur for 1,3-butadiene, for which emissions
would increase by up to 0.23 percent. Percentage increases in emissions of acetaldehyde, acrolein,
and formaldehyde would be lower.

Under each action alternative in 2035 and 2050 compared to the No Action Alternative, decreases in
emissions would occur for all toxic air pollutants with the more stringent alternatives having the
largest decreases. The largest relative decreases in emissions would occur for formaldehyde, for
which emissions would decrease by as much as 10.3 percent. Percentage decreases in emissions of
acetaldehyde, acrolein, benzene, 1,3-butadiene, and DPM would be less.

Changes in criteria pollutant emissions in 2035 are shown by alternative in Figure S-1. Changes in toxic
air pollutant emissions in 2035 are shown by alternative in Figure S-2.

Health Impacts

The air quality analysis identified the following health impacts.

In 2025, all action alternatives would result in decreases in adverse health impacts (mortality, acute
bronchitis, respiratory emergency room visits, and other health effects) nationwide compared to the
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No Action Alternative, primarily as a result of decreases in emissions of PM2.5. Decreases in adverse
health impacts would be largest for Alternative 1, smaller for Alternative 3, still smaller for
Alternative 2, and smallest for Alternative 2.5 relative to the No Action Alternative. However, the
differences among the action alternatives are small. These decreases result from projected
decreases in emissions of PM2.5 under all action alternatives, which is in turn attributable to shifts in
modeled technology adoption from the baseline and to where the rebound effect would be offset
by upstream emissions reductions due to decreases in fuel usage. As mentioned above, it is
important to stress that changes in these assumptions would alter these health impact results;
however, NHTSA believes that these assumptions are reasonable.

e |n 2035 and 2050, all action alternatives would result in decreased adverse health impacts
nationwide compared to the No Action Alternative as a result of general decreases in emissions of
NOx and PM2.5. The decreases in adverse health impacts get larger from Alternative 1 to Alternative
3in 2035 and 2050, except that for some health impacts in 2035 and 2050 the decreases are smaller
for Alternative 2.5 than for Alternative 2. These decreases reflect the generally increasing stringency
of the action alternatives as they become implemented.
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Figure S-1. Nationwide Percentage Changes in Criteria Pollutant Emissions from U.S. Passenger Cars and Light Trucks for 2035 by Alternative

Compared to the No Action Alternative, Direct and Indirect Impacts
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Figure S-2. Nationwide Percentage Changes in Toxic Air Pollutant Emissions from U.S. Passenger Cars and Light Trucks for 2035 by Alternative
Compared to the No Action Alternative, Direct and Indirect Impacts
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Greenhouse Gas Emissions and Climate Change

This section describes how the Proposed Action and alternatives could affect the anticipated pace and
extent of future changes in global climate. In this SEIS, the discussion of climate change direct and
indirect impacts focuses on impacts associated with decreases in GHG emissions from the Proposed
Action and alternatives as compared to projected GHG emissions under the No Action Alternative,
including impacts on atmospheric carbon dioxide (CO,) concentrations, global mean surface
temperature, sea level, precipitation, and ocean pH.

Earth absorbs heat energy from the sun and returns most of this heat to space as terrestrial infrared
radiation. GHGs trap heat in the lower atmosphere (the atmosphere extending from Earth’s surface to
approximately 4 to 12 miles above the surface) by absorbing heat energy emitted by Earth’s surface and
lower atmosphere, and reradiate much of it back to Earth’s surface, thereby causing warming. This
process, known as the greenhouse effect, is responsible for maintaining surface temperatures that are
warm enough to sustain life. Human activities, particularly fossil-fuel combustion, have been identified
by the Intergovernmental Panel on Climate Change (IPCC) as primarily responsible for increasing the
concentrations of GHGs in the atmosphere; this buildup of GHGs is changing Earth’s energy balance.
Climate simulations support arguments that the warming experienced over the past century requires
the inclusion of both natural GHGs and other climatic forcers (e.g., solar activity), as well as human-
made climate forcers.

Global climate change refers to long-term (i.e., multi-decadal) trends in global average surface
temperature, precipitation, ice cover, sea level, cloud cover, sea-surface temperatures and currents,
ocean pH, and other climatic conditions. Average surface temperatures have increased since the
Industrial Revolution (IPCC 2021a). Annual average global temperature has increased by 1.0 degree
Celsius (°C) (1.8 degrees Fahrenheit [°F]) from 1901 to 2016, and global temperatures are rising at an
increasing rate (U.S. Global Change Research Program [GCRP] 2017). Global mean sea level rose by
about 1.0 to 1.7 millimeters (0.04 to 0.07 inch) per year from 1901 to 1990, a total of 11 to 14
centimeters (4 to 5 inches) (GCRP 2017). After 1993, global mean sea level rose at a faster rate of about
3 millimeters (0.12 inch) per year (GCRP 2017). Consequently, global mean sea level has risen by about
7 centimeters (3 inches) since 1990, and by 16 to 21 centimeters (7 to 8 inches) since 1900 (GCRP 2017).
Global mean sea level rose faster in the 20th century than in any prior century over the last three
millennia (IPCC 2021a).

Global atmospheric CO; concentration has increased 48.4 percent from approximately 278 parts per
million (ppm) in 1750 (before the Industrial Revolution) (IPCC 2021a) to approximately 412 ppm in 2020
(NOAA 2021). Atmospheric concentrations of methane (CH,) and nitrous oxide (N,O) increased
approximately 158 and 19 percent, respectively, over roughly the same period (IPCC 2021a). IPCC
concluded, “it is unequivocal that human influence has warmed the atmosphere, ocean and land. ...
Overall, the evidence for human influence has grown substantially over time and from each IPCC report
to the subsequent one.” (IPCC 2021a).

IPCC, GCRP, and other leading groups focused on global climate change have independently concluded
that human activity is the main driver for recent observed climatic changes (IPCC 2021a; GCRP 2017).
Other observed changes include melting glaciers, diminishing snow cover, shrinking sea ice, ocean
acidification, increasing atmospheric water vapor content, changing precipitation intensities, shifting
seasons, and many more (IPCC 2021a; GCRP 2017).
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This SEIS draws primarily on panel-reviewed synthesis and assessment reports from IPCC and GCRP,
supplemented with past reports from the U.S. Climate Change Science Program (CCSP), the National
Research Council, and the Arctic Council.

Contribution of the U.S. Transportation Sector to U.S. and Global Carbon Dioxide
Emissions

Human activities that emit GHGs to the atmosphere include fossil fuel production and combustion;
industrial processes and product use; agriculture, forestry, and other land use; and waste management.
Emissions of CO,, CH4, and N,O account for approximately 98 percent of global annual anthropogenic
GHG emissions (World Resources Institute [WRI] 2021). Isotopic- and inventory-based studies have
indicated that the rise in the global CO, concentration is largely a result of the release of carbon that has
been stored underground through the combustion of fossil fuels (coal, petroleum, and natural gas) used
to produce electricity, heat buildings, and power motor vehicles and airplanes, among other uses.

According to the WRI’s Climate Watch, emissions from the United States account for approximately 14
percent of total global CO, emissions.}* EPA’s National Greenhouse Gas Inventory for 1990 to 2019
indicates that, in 2019, the U.S. transportation sector contributed about 35 percent of total U.S. CO,
emissions, with passenger cars and light trucks accounting for 58 percent of total U.S. CO, emissions
from transportation (EPA 2021a). Therefore, approximately 21 percent of total U.S. CO, emissions are
from passenger cars and light trucks, and these vehicles in the United States account for 3 percent of
total global CO; emissions (based on comprehensive global CO, emissions data available for 2018).%
Figure S-3 shows the proportion of U.S. CO; emissions attributable to the transportation sector and the
contribution of each mode of transportation to those emissions.

Figure S-3. Contribution of Transportation to U.S. Carbon Dioxide Emissions and Proportion
Attributable by Mode (2019)
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Source: EPA 2021a
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14 The estimate for CO, emissions from fossil fuel combustion and industry excludes emissions and sinks from land use change
and forestry (WRI 2021).
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Key Findings for Climate

The Proposed Action and alternatives would decrease U.S. passenger car and light truck fuel
consumption and CO, emissions compared with the No Action Alternative, resulting in reductions in the
anticipated increases in global CO, concentrations, temperature, precipitation, sea level, and ocean
acidification that would otherwise occur. They would also, to a small degree, reduce the impacts and
risks associated with climate change.

Estimates of GHG emissions and decreases are presented for each of the action alternatives. Key climate
effects on atmospheric CO, concentration, global mean surface temperature, precipitation, sea level,
and ocean pH, which result from changes in GHG emissions, are also presented for each of the action
alternatives. These effects are gradual and increase over time. Changes to these climate variables are
typically modeled to 2100 or longer because of the amount of time it takes to show the full extent of the
effects of GHG emissions on the climate system.

The impacts of the Proposed Action and alternatives on global mean surface temperature,
precipitation, sea level, and ocean pH would be small in relation to global emissions trajectories.
Although these effects are small, they occur on a global scale and are long lasting; therefore, in
aggregate, they can have large consequences for health and welfare and can make an important
contribution to reducing the risks associated with climate change.

Direct and Indirect Impacts

For the analysis of direct and indirect impacts, NHTSA used the Global Change Assessment Model
(GCAM) Reference scenario and the Shared Socioeconomic Pathway (SSP) 3-7.0 scenario to represent
the reference case emissions scenarios (i.e., future global emissions assuming no comprehensive global
actions to mitigate GHG emissions). NHTSA selected the GCAMReference and SSP3-7.0 scenarios for
their incorporation of a comprehensive suite of GHG and pollutant gas emissions, including
carbonaceous aerosols and a global context of emissions with a full suite of GHGs and ozone precursors.
Both of these scenarios yield a radiative forcing of approximately 7.0 watts per square meter in the year
2100.

Greenhouse Gas Emissions

The alternatives would have the following impacts related to GHG emissions.

e Figure S-4 shows projected annual CO; emissions from passenger cars and light trucks under each
alternative. Passenger cars and light trucks are projected to emit 89,200 million metric tons of
carbon dioxide (MMTCO;) from 2021 through 2100 under the No Action Alternative. Alternative 1
and Alternative 2 would decrease these emissions by 4 and 7 percent respectively through 2100.
The Preferred Alternative (Alternative 2.5) would decrease these emissions by 8 percent through
2100. Alternative 3 would decrease these emissions by 10 percent through 2100. Emissions would
be highest under the No Action Alternative, and emission reductions would increase from
Alternative 1 to Alternative 3. All CO, emissions estimates associated with the Proposed Action and
alternatives include upstream emissions.

e Compared with total projected CO, emissions of 967 MMTCO, from all passenger cars and light
trucks under the No Action Alternative in the year 2100, the Proposed Action and alternatives are
expected to decrease CO, emissions from passenger cars and light trucks in the year 2100 5 percent
under Alternative 1, 9 percent under Alternative 2, and 12 percent under Alternative 3. Under the
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Preferred Alternative, the 2100 total projected CO, emissions for all passenger cars and light trucks
are 870 MMTCO,, reflecting a 10 percent decrease.

Compared to GCAMReference total global CO; emissions projection of 4,950,865 MMTCO; under the
No Action Alternative from 2021 through 2100, the Proposed Action and alternatives are expected
to reduce global CO, by 0.07 percent under Alternative 1, 0.13 percent under Alternative 2, 0.15
percent under the Preferred Alternative, and 0.18 percent under Alternative 3 by 2100. Using the
SSP3-7.0 total global emissions projection of 5,277,281 MMTCO; over this same period, the
Proposed Action and alternatives are expected to reduce global CO; by 0.07 percent under
Alternative 1, 0.12 percent under Alternative 2, 0.14 percent under the Preferred Alternative, and
0.17 percent under Alternative 3 by 2100.

The emissions reductions in 2025 compared with emissions under the No Action Alternative are
approximately equivalent to the annual emissions from 1,143,017 vehicles under Alternative 1,
1,613,007 vehicles under Alternative 2, 1,763,066 vehicles under the Preferred Alternative, and
2,379,681 vehicles under Alternative 3. (A total of 253,949,461 passenger cars and light truck
vehicles are projected to be on the road in 2025 under the No Action Alternative.)

Figure S-4. Projected Annual Carbon Dioxide Emissions (MMTCO,) from All U.S. Passenger Cars and
Light Trucks by Alternative
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Estimated CO, concentrations in the atmosphere for 2100 under the GCAMReference scenario
would range from 788.33 ppm under Alternative 3 to approximately 789.11 ppm under the No
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Action Alternative, indicating a maximum atmospheric CO, decrease of approximately 0.78 ppm
compared to the No Action Alternative. Atmospheric CO, concentration under Alternative 1 would
decrease by 0.31 ppm compared with the No Action Alternative. The CO; concentrations under the
SSP3-7.0 emissions scenario in 2100 would range from 799.57 ppm under Alternative 3 to
approximately 800.39 ppm under the No Action Alternative, indicating a maximum atmospheric CO;
decrease of approximately 0.82 ppm compared to the No Action Alternative. Alternative 1 would
decrease by 0.30 ppm compared with the No Action Alternative.

Under the GCAMReference scenario, global mean surface temperature is projected to increase by
approximately 3.48°C (6.27°F) under the No Action Alternative by 2100. Implementing the most
stringent alternative (Alternative 3) would decrease this projected temperature rise by 0.003°C
(0.006°F), while implementing Alternative 1 would decrease projected temperature rise by 0.001°C
(0.002°F). Figure S-5 shows the increase in projected global mean surface temperature under each
action alternative compared with temperatures under the No Action Alternative under
GCAMReference.

Under the SSP3-7.0 emissions scenario, global mean surface temperature is projected to increase by
approximately 3.56°C (6.41°F) under the No Action Alternative by 2100. Implementing the most
stringent alternative (Alternative 3) would decrease this projected temperature rise by 0.004°C
(0.007°F), while implementing Alternative 1 would decrease projected temperature rise by 0.001°C
(0.002°F). Figure S-6 shows the increase in projected global mean surface temperature under each
action alternative compared with temperatures under the No Action Alternative under SSP3-7.0.

Projected sea-level rise in 2100 under the GCAMReference scenario ranges from a high of 76.28
centimeters (30.03 inches) under the No Action Alternative to a low of 76.22 centimeters (30.01
inches) under Alternative 3. Alternative 3 would result in a decrease in sea-level rise equal to 0.07
centimeter (0.03 inch) by 2100 compared with the level projected under the No Action Alternative.
Alternative 1 would result in a decrease of 0.03 centimeter (0.01 inch) compared with the No Action
Alternative. Projected sea-level rise in 2100 under the SSP3-7.0 scenario ranges from a high of 78.53
centimeters (30.92 inches) under the No Action Alternative to a low of 78.43 centimeters (30.88
inches) under Alternative 3. Alternative 3 would result in a decrease in sea-level rise equal to 0.10
centimeter (0.04 inch) by 2100 compared with the level projected under the No Action Alternative.
Alternative 1 would result in a decrease of 0.02 centimeter (0.008 inch) compared with the No
Action Alternative.

Under the GCAMReference scenario, global mean precipitation is anticipated to increase by 5.85
percent by 2100 under the No Action Alternative. Under the action alternatives, this increase in
precipitation would be reduced by 0.00 to 0.01 percent. Under the SSP3-7.0 scenario, global mean
precipitation is anticipated to increase by 6.09 percent by 2100 under the No Action Alternative.
Under the action alternatives, this increase in precipitation would be reduced by 0.00 to 0.01
percent.

Ocean pH in 2100 under the GCAMReference scenario is anticipated to be 8.2180 under Alternative
3, about 0.0004 more than the No Action Alternative. Under Alternative 1, ocean pH in 2100 would
be 8.2178, or 0.0002 more than the No Action Alternative. Ocean pH in 2100 under the SSP3-7.0
scenario is anticipated to be 8.2123 under Alternative 3, about 0.0004 more than the No Action
Alternative. Under Alternative 1, ocean pH in 2100 would be 8.2120, or 0.0002 more than the No
Action Alternative.
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Figure S-5. Reductions in Global Mean Surface Temperature Compared with the No Action

Alternative—GCAMReference
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Figure S-6. Reductions in Global Mean Surface Temperature Compared with the No Action
Alternative—SSP3-7.0
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Cumulative Impacts

The cumulative impact analysis evaluates the impact of the Proposed Action and alternatives in
combination with other past, present, and reasonably foreseeable future actions that affect the same
resource. The other actions that contribute to cumulative impacts can vary by resource and are defined
independently for each resource. However, the underlying inputs, models, and assumptions of the CAFE
Model already take into account many past, present, and reasonably foreseeable future actions that
affect U.S. transportation sector fuel use and U.S. mobile source air pollutant emissions. Therefore, the
analysis of direct and indirect impacts of the Proposed Action and alternatives inherently incorporates
projections about the impacts of past, present, and reasonably foreseeable future actions in order to
develop a realistic baseline.

For energy and air quality, the focus of the cumulative impacts analysis is on trends in electric vehicle
sales and use. For climate, the analysis reflects actions in global climate change policy to reduce GHG
emissions. The cumulative impacts analysis for climate also includes qualitative discussions of the
cumulative impacts of climate change on key natural and human resources and the nonclimate effects
of COz.

Energy

Changes in passenger travel, oil and gas exploration, global electric vehicle market projections, and
electric vehicle charging infrastructure, as well as changes in the electric grid mix may affect U.S. energy
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use over the long term. In addition to U.S. energy policy, manufacturer investments in PEV technologies
and manufacturing in response to government mandates (including foreign PEV quotas) may affect
market trends and energy use. All of these potential cumulative actions would reduce U.S. petroleum
consumption and slightly increase U.S. electricity consumption.

Air Quality

Market-driven changes in the energy sector are expected to affect U.S. emissions and could result in
future increases or decreases in emissions. Trends in the prices of fossil fuels and the costs of renewable
energy sources will affect the electricity generation mix and, consequently, the upstream emissions from
energy production and distribution as well as electric vehicle use. Temporal patterns in charging of
electric vehicles by vehicle owners would affect any increase in power plant emissions. Potential
changes in federal regulation of emissions from power plants also could result in future increases or
decreases in aggregate emissions from these sources.

The forecasts of upstream and downstream emissions that underlie the air quality impact analysis
assume the continuation of existing emissions standards for vehicles, oil and gas development
operations, and industrial processes such as fuel refining. These standards have become tighter over
time as state and federal agencies have sought to reduce emissions to help bring nonattainment areas
into attainment. To the extent that the trend toward tighter emissions standards could change in the
future, total nationwide emissions from vehicles and industrial processes could change accordingly.

Cumulative changes in health impacts due to air pollution are expected to be consistent with trends in
emissions. Higher emissions would be expected to lead to an overall increase in adverse health impacts
while lower emissions would be expected to lead to a decrease in adverse health impacts, compared to
conditions in the absence of cumulative impacts.

Greenhouse Gas Emissions and Climate Change

The global emissions scenario used in the cumulative impacts analysis differs from the global emissions
scenario used for climate change modeling of direct and indirect impacts. In the cumulative impacts
analysis, the Reference Case global emissions scenario used in the climate modeling analysis reflects
reasonably foreseeable actions in global climate change policy, yielding a moderate level of global GHG
reductions from the baseline global emissions scenario used in the direct and indirect analysis. The
analysis of cumulative impacts also extends to include not only the immediate effects of GHG emissions
on the climate system (atmospheric CO, concentrations, temperature, sea level, precipitation, and
ocean pH) but also the impacts of past, present, and reasonably foreseeable future human activities that
are changing the climate system on key resources (e.g., freshwater resources, terrestrial ecosystems,
coastal ecosystems).

Greenhouse Gas Emissions
The following cumulative impacts related to GHG emissions are anticipated.

e Projections of total emissions reductions from 2021 to 2100 under the Proposed Action and
alternatives and other reasonably foreseeable future actions compared with the No Action
Alternative range from 3,500 MMTCO; (under Alternative 1) to 8,800 MMTCO; (under
Alternative 3). The Proposed Action and alternatives would decrease total vehicle emissions by
between 4 percent (under Alternative 1) and 10 percent (under Alternative 3) by 2100.
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Compared with projected total global CO, emissions of 4,044,005 MMTCO, from all sources from
2021 to 2100 under GCAM®6.0, the incremental impact of this rulemaking is expected to decrease
global CO, emissions between 0.10 (Alternative 1) and 0.22 (Alternative 3) percent by 2100. Using
the SSP2-4.5 emissions scenario, global CO, emissions from 2021 to 2100 are projected to be
1,873,002 MMTCO,. Global emissions through 2021 are considerably less than in the GCAM®6.0
scenario due to the projections that emissions will begin to decline around mid-century. The
incremental impact of this rulemaking is expected to reduce global CO; emissions between 0.20
(Alternative 1) and 0.50 (Alternative 3) percent by 2100.

Climate Change Indicators

The following cumulative impacts related to the climate change indicators of atmospheric CO;
concentration, global mean surface temperature, precipitation, sea level, and ocean pH are anticipated.

Estimated atmospheric CO; concentrations from the GCAMG6.0 scenario in 2100 range from a high of
687.29 ppm under the No Action Alternative to a low of 686.49 ppm under Alternative 3, the lowest
CO; emissions alternative. This is a decrease of 0.80 ppm compared with the No Action Alternative.
Estimated atmospheric CO, concentrations from the SSP2-4.5 scenario in 2100 range from 568.07
ppm (No Action Alternative) to 567.34 ppm (Alternative 3). This is a decrease of 0.73 ppm compared
with the No Action Alternative.

Under the GCAMG6.0 scenario, global mean surface temperature increases for the Proposed Action
and alternatives compared with the No Action Alternative in 2100 range from a low of 0.001°C
(0.002°F) under Alternative 1 to a high of 0.005°C (0.009°F) under Alternative 3. Figure S-7 illustrates
the increases in global mean temperature under each action alternative compared with the No
Action Alternative. Similarly, under the SSP2-4.5 scenario global mean surface temperature
increases range from 0.001°C (0.002°F) under Alternative 1 to 0.005°C (0.009°F) under Alternative 3
(Figure S-8).

Using the GCAM®6.0 scenario, global mean precipitation is anticipated to increase by 4.77 percent by
2100 under the No Action Alternative. Under the action alternatives, this increase in precipitation
would be reduced by 0.00 to 0.01 percent. Using the SSP2-4.5 scenario, global mean precipitation is
anticipated to increase 4.78 percent under the No Action Alternative, with the action alternatives
reducing this effect by 0.00 to 0.01 percent.

Projected sea-level rise in 2100 ranges from a high of 70.22 centimeters (27.65 inches) under the No
Action Alternative to a low of 70.11 centimeters (27.60 inches) under Alternative 3, indicating a
maximum increase of sea-level rise of 0.11 centimeter (0.04 inch) by 2100. Under the SSP2-4.5
scenario, sea-level rise in 2100 ranges from 60.73 centimeters (23.91 inches) under the No Action
Alternative to 60.63 centimeters (23.87 inches) under Alternative 3, for a maximum decrease of 0.10
centimeter (0.04 inch) by 2100.

Ocean pH in 2100 is anticipated to be 8.2727 under Alternative 3, about 0.005 more than the No
Action Alternative. Alternatively, the SSP2-4.5 scenario identifies ocean pH values ranging from
8.3458 (No Action Alternative) to 8.3463 (Alternative 3) for a maximum increase in pH of 0.0005 by
2100.
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Figure S-7. Reductions in Global Mean Surface Temperature Compared with the No Action Alternative,
Cumulative Impacts—GCAMS6.0
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Figure S-8. Reductions in Global Mean Surface Temperature Compared with the No Action Alternative,
Cumulative Impacts—SSP2-4.5
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Health, Societal, and Environmental Impacts of Climate Change

The Proposed Action and alternatives would reduce the impacts of climate change that would otherwise
occur under the No Action Alternative. The magnitude of the changes in climate effects that would be
produced by the most stringent action alternative (Alternative 3) using the three degree sensitivity
analysis by the year 2100 is between 0.73 ppm and 0.80 ppm lower concentration of CO,, three
thousandths of a degree increase in temperature rise, a small percentage change in the rate of
precipitation increase, between 0.10 and 0.11 centimeter (0.04 inch) decrease in sea-level rise, and an
increase of between 0.0004 and 0.0005 in ocean pH. Although the projected reductions in CO; and
climate effects are small compared with total projected future climate change, they are quantifiable,
directionally consistent, and would represent an important contribution to reducing the risks associated
with climate change.

Many specific impacts of climate change on health, society, and the environment cannot be estimated
guantitatively. Therefore, NHTSA provides a qualitative discussion of these impacts by presenting the
findings of peer-reviewed panel reports including those from IPCC, GCRP, CCSP, the National Research
Council, and the Arctic Council, among others. While the action alternatives would decrease growth in
GHG emissions and reduce the impact of climate change across resources relative to the No Action
Alternative, they would not entirely prevent climate change and associated impacts. Long-term climate
change impacts identified in the scientific literature are briefly summarized below, and vary regionally,
including in scope, intensity, and directionality (particularly for precipitation). While it is difficult to
attribute any particular impact to emissions resulting from this rulemaking, overall impacts are very
likely to be beneficially affected by reduced emissions from the action alternatives.

e Impacts on freshwater resources could include changes in rainfall and streamflow patterns, warming
temperatures and reduced snowpack, changes in water availability paired with increasing water
demand for irrigation and other needs, and decreased water quality from increased algal blooms.
Inland flood risk could increase in response to an increasing intensity of precipitation events,
drought, changes in sediment transport, and reductions in snowpack and the timing of snowmelt.

e Impacts on terrestrial and freshwater ecosystems could include shifts in the range and seasonal
migration patterns of species, relative timing of species’ life-cycle events, potential extinction of
sensitive species that are unable to adapt to changing conditions, increases in the occurrence of
forest fires and pest infestations, and changes in habitat productivity due to increased atmospheric
concentrations of CO; and other gases.

e Impacts on ocean systems, coastal regions, and low-lying areas could include the loss of coastal
areas due to inundation, submersion or erosion from sea-level rise and storm surge, with increased
vulnerability of the built environment and associated economies. Changes in key habitats (e.g.,
increased temperatures, decreased oxygen, decreased ocean pH, increased salinization) and
reductions in key habitats (e.g., coral reefs) may affect the distribution, abundance, and productivity
of many marine species.

e Impacts on food, fiber, and forestry could include increasing tree mortality, forest ecosystem
vulnerability, productivity losses in crops and livestock, and changes in the nutritional quality of
pastures and grazing lands in response to fire, insect infestations, increases in weeds, drought,
disease outbreaks, or extreme weather events. Increased concentrations of CO; in the ambient air
can also stimulate plant growth to some degree, a phenomenon known as the CO; fertilization
effect, although the impact varies by species and location. Many marine fish species could migrate
to deeper and/or colder waters in response to rising ocean temperatures, and global potential fish
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catches could decrease. Impacts on food and agriculture including changing yields, food processing,
storage, and transportation, could affect food prices, socioeconomic conditions, and food security
globally.

e Impacts on rural and urban areas could affect water and energy supplies, wastewater and
stormwater systems, transportation, telecommunications, provision of social services, incomes
(especially agricultural), air quality, and safety. The impacts could be greater for vulnerable
populations such as lower-income populations, historically underserved populations, some
communities of color and tribal and Indigenous communities, the elderly, those with existing health
conditions, and young children.

e Impacts on human health could include increases in mortality and morbidity due to excessive heat
and other extreme weather events, increases in respiratory conditions due to poor air quality and
aeroallergens, increases in water and food-borne diseases, increases in mental health issues, and
changes in the seasonal patterns and range of vector-borne diseases. The most disadvantaged
groups such as children, the elderly, the sick, those experiencing discrimination, historically
underserved populations, some communities of color and tribal and Indigenous communities, and
low-income populations are especially vulnerable and may experience disproportionate health
impacts.

e Impacts on human security could include increased threats in response to adversely affected
livelihoods, compromised cultures, increased or restricted migration, increased risk of armed
conflicts, reduction in adequate essential services such as water and energy, and increased
geopolitical rivalry.

In addition to the individual impacts of climate change on various sectors, compound events may occur
more frequently. Compound events consist of two or more extreme weather events occurring
simultaneously or in sequence when underlying conditions associated with an initial event amplify
subsequent events and, in turn, lead to more extreme impacts. To the extent the action alternatives
would result in reductions in projected increases in global CO, concentrations, this rulemaking would
contribute to reducing the risk of compound events induced by climate change.
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Final Supplemental Environmental Impact Statement for
Model Year 2024-2026 Corporate Average Fuel Economy Standards

CHAPTER 1 PURPOSE AND NEED FOR THE ACTION

1.1 Introduction

The Energy Policy and Conservation Act of 1975 (EPCA)! established the Corporate Average Fuel
Economy (CAFE) program as part of a comprehensive approach to federal energy policy. In order to
reduce national energy consumption, EPCA directs the National Highway Traffic Safety Administration
(NHTSA) within the U.S. Department of Transportation (DOT) to prescribe and enforce average fuel
economy standards for passenger cars and light trucks sold in the United States.? As codified in Chapter
329 of Title 49 of the U.S. Code (U.S.C.), and as amended by the Energy Independence and Security Act
of 2007 (EISA),? EPCA sets forth specific requirements concerning the establishment of average fuel
economy standards for passenger cars and light trucks. These are motor vehicles with a gross vehicle
weight rating of less than 8,500 pounds, and medium-duty passenger vehicles with a gross vehicle
weight rating of less than 10,000 pounds.*

NHTSA has set fuel economy standards since the 1970s. In recent years, NHTSA issued final CAFE
standards for model year (MY) 2011 passenger cars and light trucks,> MY 2012-2016 passenger cars and
light trucks,® MY 2017 and beyond passenger cars and light trucks,” and MY 2021-2026 passenger cars
and light trucks.2 NHTSA also established, pursuant to EISA, fuel efficiency standards for medium- and
heavy-duty vehicles for MYs 2014-2018 (HD Fuel Efficiency Improvement Program Phase 1)° and MYs
2018-2027 (Phase 2).1° Because reducing fuel use also reduces greenhouse gas (GHG) emissions from

1 public Law (Pub. L.) No. 94-163, 89 Stat. 871 (Dec. 22, 1975). EPCA was enacted for purposes that include conserving energy
supplies through energy conservation programs and improving the energy efficiency of motor vehicles.

2The Secretary of Transportation has delegated the responsibility for implementing the CAFE program to NHTSA (49 Code of
Federal Regulations (CFR) § 1.95(a)). Accordingly, the Secretary, DOT, and NHTSA are often used interchangeably in this
environmental impact statement (EIS).

3 pub. L. No. 110-140, 121 Stat. 1492 (Dec. 19, 2007). EISA amends and builds on EPCA by setting out a comprehensive energy
strategy for the 215 century, including the reduction of fuel consumption from all motor vehicle sectors.

4 Passenger cars and light trucks that meet these criteria are also referred to as light-duty vehicles. The terms passenger car,
light truck, and medium-duty passenger vehicle are defined in 49 CFR Part 523.

5 NHTSA initially proposed standards for MY 2011-2015 passenger cars and light trucks (see Corporate Average Fuel Economy
Standards, Passenger Cars and Light Trucks; Model Years 2011-2015. Notice of Proposed Rulemaking, 73 Federal Register [FR]
24352 [May 2, 2008]); however, on January 7, 2009, DOT announced that the Bush Administration would not issue the final rule
for that rulemaking (DOT 2009). Later that year, NHTSA issued a final rule only for MY 2011 passenger cars and light trucks (see
Average Fuel Economy Standards Passenger Cars and Light Trucks Model Year 2011. Final Rule; Record of Decision, 74 FR 14196
[Mar. 30, 2009]).

6 Light-Duty Vehicle Greenhouse Gas Emission Standards and Corporate Average Fuel Economy Standards; Final Rule, 75 FR
25324 (May 7, 2010).

72017 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Average Fuel Economy Standards;
Final Rule, 77 FR 62624 (Oct. 15, 2012).

8 The Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule for Model Years 2021-2026 Passenger Cars and Light Trucks; Final
Rule, 85 FR 24174 (Apr. 30, 2020) (hereinafter “SAFE Vehicles Final Rule”).

% Greenhouse Gas Emissions Standards and Fuel Efficiency Standards for Medium- and Heavy-Duty Engines and Vehicles; Final
Rule, 76 FR 57106 (Sept. 15, 2011).

10 Greenhouse Gas Emissions and Fuel Efficiency Standards for Medium- and Heavy-Duty Engines and Vehicles—Phase 2; Final
Rule, 81 FR 73478 (Oct. 25, 2016).
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motor vehicles, NHTSA has issued its light-duty fuel economy and medium- and heavy-duty fuel
efficiency standards in close coordination with the U.S. Environmental Protection Agency (EPA).1

Consistent with its statutory authority, in the MY 2017 and beyond rulemaking for passenger cars and
light trucks, NHTSA developed two phases of standards. The first phase, covering MYs 2017-2021,
included final standards that were projected at the time to require, on an average industry fleet-wide
basis and based on the then-anticipated fleet mix, a range from 40.3 to 41.0 miles per gallon (mpg) in
MY 2021. The second phase of the CAFE program, covering MYs 2022-2025, included standards that
were not final due to the statutory requirement that NHTSA set new average fuel economy standards
not more than five model years at a time. Rather, NHTSA wrote that those standards were augural,
meaning that they represented its best estimate, based on the information available at that time, of
what levels of stringency might be “maximum feasible” in those model years. NHTSA projected that
those standards could require, on an average industry fleet-wide basis, a range from 48.7 to 49.7 mpg in
MY 2025.

Consistent with NHTSA’s statutory obligation to conduct a de novo rulemaking to establish final CAFE
standards for MYs 2022—-2025, NHTSA issued a notice of proposed rulemaking in 2018 in which the
agency proposed revising the MY 2021 light-duty fuel economy standards and issuing new fuel economy
standards for MYs 2022-2026.1% In the 2020 Safer Affordable Fuel-Efficient (SAFE) Vehicles Final Rule,
NHTSA amended fuel economy standards for MY 2021 and established standards for MYs 2022—-2026
that would increase in stringency by 1.5 percent per year from 2020 levels. Concurrent with the SAFE
Vehicles Final Rule, NHTSA issued a Final EIS on March 31, 2020.%3

On January 20, 2021, President Biden issued Executive Order (EQ) 13990, Protecting Public Health and
the Environment and Restoring Science To Tackle the Climate Crisis,** which directed NHTSA to consider
publishing for notice and comment a proposed rule suspending, revising, or rescinding the SAFE Vehicles
Final Rule by July 2021. Though EO 13990 prompted NHTSA's review, NHTSA is exercising its own
authority, consistent with its statutory factors, to amend the CAFE standards for MY 2024-2026
passenger cars and light trucks in a final rule being issued concurrent with this Final Supplemental
Environmental Impact Statement (SEIS). As NHTSA discusses in the preamble to the final rule, this action
reflects a conclusion significantly different from the conclusion that NHTSA reached in the 2020 SAFE
Vehicles Final Rule, but this is because important facts have changed, and because NHTSA has
reconsidered how to balance the relevant statutory considerations in light of those facts. NHTSA
concludes that significantly more stringent standards are maximum feasible. For a further discussion on
NHTSA’s explanation on this action, see Section VI.D in the final rule. As described in the final rule,
NHTSA is retaining the existing CAFE standards for MYs 2021-2023 in light of EPCA’s requirement that

u Although the agencies’ programs and standards are closely coordinated, they are separate. NHTSA issues CAFE standards
pursuant to its statutory authority under EPCA, as amended by EISA. EPA sets national carbon dioxide (CO,) emissions standards
for passenger cars and light trucks under Section 202(a) of the Clean Air Act (CAA) (42 U.S.C. § 7521(a)). In addition, EPA has the
responsibility to measure passenger car and passenger car fleet fuel economy pursuant to EPCA (49 U.S.C. § 32904(c)).

12 The Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule for Model Years 2021-2026 Passenger Cars and Light Trucks; Notice
of Proposed Rulemaking, 83 FR 42986 (Aug. 24, 2018) (hereinafter “SAFE Vehicles NPRM").

13 The Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule for Model Year 2021-2026 Passenger Cars and Light Trucks Final
Environmental Impact Statement (March 2020) (hereinafter “SAFE Vehicles Rule Final EIS”). Available at:
https://www.nhtsa.gov/corporate-average-fuel-economy/safe.

14 Executive Order 13990, Protecting Public Health and the Environment and Restoring Science To Tackle the Climate Crisis, 86
FR 7037 (Jan. 25, 2021).
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amendments that make an average fuel economy standard more stringent be prescribed at least 18
months before the beginning of the model year to which the amendment applies.'®

To inform its development of the CAFE standards for MYs 2024-2026 and pursuant to the National
Environmental Policy Act (NEPA),'® NHTSA prepared this SEIS to evaluate the potential environmental
impacts of a reasonable range of alternatives the agency is considering. NEPA directs that federal
agencies proposing “major federal actions significantly affecting the quality of the human environment”
must, “to the fullest extent possible,” prepare “a detailed statement” on the environmental impacts of
the proposed action (including alternatives to the proposed action).!” In revising the CAFE standards
established in the SAFE Vehicles Final Rule, NHTSA is making substantial changes to the proposed action
examined in the SAFE Vehicles Rule Final EIS and, as such, prepared this SEIS to inform its amendment of
MY 2024-2026 CAFE standards.'® Because this SEIS is a continuation of a NEPA process that began
before the effective date of a 2020 Council on Environmental Quality (CEQ) rule that amended the NEPA
implementing regulations,® NHTSA will continue to apply the NEPA implementing regulations that were
in effect prior to that date.?°

This SEIS analyzes, discloses, and compares the potential environmental impacts of a reasonable range
of alternatives, including a No Action Alternative and a Preferred Alternative, pursuant to the CEQ NEPA
implementing regulations in effect prior to September 14, 2020, DOT Order 5610.1C, and NHTSA
regulations.?! This SEIS analyzes direct, indirect, and cumulative impacts, and discusses impacts in
proportion to their significance. As this SEIS is a continuation of a NEPA process that began with the
issuance of a Notice of Intent to Prepare an EIS in July 2017, and included publication of a Draft EIS, Final
EIS, and Draft SEIS, NHTSA is also informed by the public comments it received and which are available
for review in the docket.?

1549 U.s.C. § 32902(g)(2).

1642 U.s.C. 8§ 4321-4347.

742 u.s.C. 84332,

18 See 40 CFR § 1502.9(c)(1)(i) (2019).

8 Update to the Regulations Implementing the Procedural Provisions of the National Environmental Policy Act; Final Rule, 85
FR 43304 (Jul. 15, 2020).

20 40 CFR § 1506.13 (2020) (specifying that the new NEPA implementing regulations apply to any NEPA process begun after
September 14, 2020).

21 The CEQ NEPA implementing regulations are codified at 40 CFR Parts 1500-1508 (and the pre-2020 regulations were codified
in the same parts); DOT Order 5610.1C, 44 FR 56420 (Oct. 1, 1979), as amended, is available at
https://www.transportation.gov/office-policy/transportation-policy/procedures-considering-environmental-impacts-dot-order-
56101c; and NHTSA’s NEPA implementing regulations are codified at 49 CFR Part 520. All references to CEQ NEPA implementing
regulations (except those denoted with “(2020)”) are to those that were in effect when this NEPA process began (i.e., with
NHTSA'’s publication of a notice of intent to prepare an EIS for new CAFE standards for MY 2022-2025 passenger cars and light
trucks on July 26, 2017). Notice of Intent to Prepare an Environmental Impact Statement for Model Year 2022-2025 Corporate
Average Fuel Economy Standards, 82 FR 34740 (Jul. 26, 2017). A copy of those regulations is available at
https://www.govinfo.gov/content/pkg/CFR-2019-title40-vol37/pdf/CFR-2019-title40-vol37.pdf#page=474. Citations to the CEQ
NEPA implementing regulations that include “(2020)” as part of the citation refer to the revised NEPA regulations that were
issued in July 2020.

22 comments on the agency’s Notice of Intent to Prepare an EIS, Draft EIS, and Final EIS are available in Docket Number NHTSA-
2017-0069, which can be accessed at https://www.regulations.gov/. Because NHTSA received a significant number of
comments on these prior documents, the agency opened a new docket for this SEIS to reduce confusion, Docket Number
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1.2 Purpose and Need

NEPA requires that agencies develop alternatives to a proposed action based on the action’s purpose
and need. The purpose and need statement explains why the action is needed, describes the action’s
intended purpose, and serves as the basis for developing the range of alternatives to be considered in
the NEPA analysis.? In accordance with EPCA/EISA, the purpose of the rulemaking is to amend CAFE
standards for MY 2024-2026 passenger cars and light trucks to reflect “the maximum feasible average
fuel economy level that the Secretary of Transportation decides the manufacturers can achieve in that
model year.”?* When determining the maximum feasible levels that manufacturers can achieve in each
model year, EPCA requires that NHTSA consider the four statutory factors of “technological feasibility,
economic practicability, the effect of other motor vehicle standards of the Government on fuel
economy, and the need of the United States to conserve energy.”% In addition, the agency has the
authority to—and traditionally does—consider other relevant factors, such as the effect of the CAFE
standards on motor vehicle safety.?®

NHTSA has interpreted the four EPCA statutory factors as follows:?’

e Technological feasibility refers to whether a particular method of improving fuel economy can be
available for commercial application in the model year for which a standard is being established.

e EFconomic practicability refers to whether a standard is one within the financial capability of the
industry, but not so stringent as to lead to adverse economic consequences, such as significant job
losses or the unreasonable elimination of consumer choice.

e The effect of other motor vehicle standards of the Government on fuel economy involves analysis of
the effects of compliance with emissions, safety, noise, or damageability standards on fuel economy
capability and thus on average fuel economy.

e The need of the United States to conserve energy means the consumer cost, national balance of
payments, environmental, and foreign policy implications of the nation’s need for large quantities of
petroleum, especially imported petroleum.

NHTSA-2021-0054. However, the agency has considered the comments received in the prior docket as part of the preparation
of this SEIS.

23 See 40 CFR § 1502.13 (2019).
2449 U.5.C. § 32902(a).

2549 U.S.C. §§ 32902(a), 32902(f). See also Ctr. for Biological Diversity v. NHTSA, 538 F.3d 1172, 1195 (9th Cir. 2008) (“The EPCA
clearly requires the agency to consider these four factors, but it gives NHTSA discretion to decide how to balance the statutory
factors—as long as NHTSA’s balancing does not undermine the fundamental purpose of the EPCA: energy conservation.”); Ctr.
for Auto Safety v. NHTSA, 793 F.2d 1322, 1340 (D.C. Cir. 1986) (“It is axiomatic that Congress intended energy conservation to
be a long term effort that would continue through temporary improvements in energy availability. Thus, it would clearly be
impermissible for NHTSA to rely on consumer demand to such an extent that it ignored the overarching goal of fuel
conservation.”) (footnote omitted).

26 5ee, e.g., Competitive Enterprise Inst. v. NHTSA, 956 F.2d 321, 322 (D.C. Cir. 1992) (citing Competitive Enterprise Inst. v.
NHTSA, 901 F.2d 107, 120 n.11 (D.C. Cir. 1990)) (“NHTSA has always examined the safety consequences of the CAFE standards
in its overall consideration of relevant factors since its earliest rulemaking under the CAFE program.”).

%7 see final rule preamble, Section VI.A.5.d).
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For MYs 2021-2030, NHTSA must establish separate average fuel economy standards for passenger cars
and light trucks for each model year.? Standards must be “based on one or more vehicle attributes
related to fuel economy” and “express[ed]...in the form of a mathematical function.”?*

1.3 Corporate Average Fuel Economy Rulemaking Process

In 1975, Congress enacted EPCA, mandating that NHTSA establish and implement a regulatory program
for motor vehicle fuel economy to meet the various facets of the need to conserve energy, including
those with energy independence and security, environmental, and foreign policy implications. Fuel
economy gains since 1975, due to both standards and market factors, have saved billions of barrels of
oil. In December 2007, Congress enacted EISA, amending EPCA to provide additional rulemaking
authority and responsibilities, as well as to set a combined average fuel economy target for MY 2020.

NHTSA is announcing a final rule to amend CAFE standards for light-duty vehicles for MYs 2024-2026. In
addition, in conjunction with NHTSA’s Proposed Action, EPA has finalized amendments to its carbon
dioxide (CO,) emissions standards under Section 202(a) of the Clean Air Act (CAA) for MYs 2023-2026.%°
This SEIS informs NHTSA and the public during the development of the standards as part of the
rulemaking process. Section 1.3.1, Proposed Action, details the different components of NHTSA’s
Proposed Action. Section 1.3.2, Greenhouse Gas Standards for Light-Duty Vehicles (U.S. Environmental
Protection Agency), summarizes EPA’s coordinated CO, emissions standards.

1.3.1 Proposed Action

For this SEIS, NHTSA’s action is to amend the MY 2024—-2026 fuel economy standards for passenger cars
and light trucks, in accordance with EPCA, as amended by EISA. In the SAFE Vehicles Final Rule, NHTSA
set final CAFE standards for MY 2021-2026 passenger cars and light trucks. As part of the current
rulemaking, NHTSA considered a range of alternatives for amending CAFE standards for MYs 2024-2026,
or three model years. The Proposed Action, also known as the Preferred Alternative, and alternatives
considered in this SEIS are discussed in Chapter 2, Proposed Action and Alternatives and Analysis
Methods.!

1.3.1.1 Level of the Standards

NHTSA is promulgating standards for passenger cars and light trucks under the agency’s statutory
authority. All the alternatives under consideration by NHTSA would amend CAFE standards for MYs
2024-2026. All action alternatives would be more stringent than the No Action Alternative. Under
NHTSA’s action alternatives, the agency currently estimates that the combined average of
manufacturers’ required fuel economy levels would be 40.7 to 41.8 mpg in MY 2024 and 44.8 to 51.3
mpg in MY 2026. This compares to estimated average required fuel economy levels of 38.1 mpg and

28 49 U.S.C. § 32902(a), (b)(2)(B).
2949 U.5.C. § 32902(b)(3)(A).

30 Revised 2023 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emission Standards; Final Rule, 86 FR 74434 (Dec. 30,
2021).

31 NHTSA uses the terms Proposed Action and Preferred Alternative interchangeably in this SEIS. Unless otherwise specified,
these terms refer to the proposed CAFE standards in the final rule issued concurrently with this Final SEIS, not to the CAFE
standards established in the SAFE Vehicles Final Rule. The Proposed Action/Preferred Alternative is described in greater detail
in Chapter 2, Proposed Action and Alternatives and Analysis Methods.
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39.4 mpg in MY 2024 and MY 2026, respectively, under the No Action Alternative. Under NHTSA's
Proposed Action, the agency currently estimates that the combined average of manufacturers’ required
fuel economy levels would be 40.7 mpg in MY 2024, 44.2 mpg in MY 2025, and 49.2 mpg in MY 2026.
Because the standards are attribute-based and apply separately to each manufacturer and separately to
passenger cars and light trucks, actual average required fuel economy levels will depend on the mix of
vehicles manufacturers produce for sale in future model years. While NHTSA estimates the future
composition of the fleet based on current market forecasts of future sales to compute the estimated
average required fuel economy levels under each regulatory alternative, any estimates of future sales
are subject to considerable uncertainty. Therefore, the average future required fuel economy under
each regulatory alternative is also subject to considerable uncertainty.

1.3.1.2 Form of the Standards

Since the reformed CAFE program for light trucks for MYs 2008-2011,3* NHTSA has set standards based
on an attribute: vehicle footprint. NHTSA has extended this approach to passenger cars in the CAFE rule
for MY 2011, as required by EISA.3* NHTSA and EPA also used an attribute standard for the joint rules
establishing coordinated standards for MY 2012-2016 and MY 2017-2025 passenger cars and light
trucks.?* In this rulemaking for MYs 2024—2026, NHTSA again adopts attribute-based standards based on
vehicle footprint for passenger cars and light trucks.

Under an attribute-based standard, each vehicle model has a fuel economy performance target, the
level of which depends on the vehicle’s attribute. As in previous CAFE rulemakings, NHTSA employs
vehicle footprint as the attribute for CAFE standards. Vehicle footprint is one measure of vehicle size and
is defined as a vehicle’s wheelbase multiplied by the vehicle’s track width. NHTSA believes that the
footprint attribute is the most appropriate attribute on which to base the standards under
consideration, as discussed in Section Il1.B of the final rule preamble.

Under the final rule, each manufacturer will have separate standards for cars and for trucks, based on
the footprint target curves promulgated by the agency and the mix of vehicles that each manufacturer
produces for sale in a given model year. Generally, larger vehicles (i.e., vehicles with larger footprints)
will be subject to lower fuel economy targets than smaller vehicles. This is because, typically, smaller
vehicles are more capable of achieving higher levels of fuel economy than larger vehicles. The shape and
stringency of the proposed curves reflect, in part, NHTSA’s analysis of the technological and economic
capabilities of the industry within the rulemaking timeframe.

After using vehicle footprint as the attribute to determine each specific vehicle model performance
target, the manufacturers’ fleet average performance is then determined by the production-weighted®
average (for CAFE, harmonic average®) of those targets. The manufacturer’s ultimate compliance
obligation is based on that average; no individual vehicle or nameplate is required to meet or exceed its
specific performance target level, but the manufacturer’s fleet (either domestic passenger car, import

32 Final Rule, Average Fuel Economy Standards for Light Trucks Model Years 2008-2011, 71 FR 17566 (Apr. 6, 2006).

33 Final Rule, Record of Decision, Average Fuel Economy Standards Passenger Cars and Light Trucks Model Year 2011, 74 FR
14196 (Mar. 30, 2009).

34 See Chapter 2 of previous CAFE EISs (NHTSA 2010, 2012).
35 production for sale in the United States.

36 The harmonic average is the reciprocal of the arithmetic mean of the reciprocals of the given set of observations and is
generally used when averaging units like speed or other rates and ratios.
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passenger car, or light truck) on average must meet or exceed the average required level for the entire
fleet in order to comply. In other words, a manufacturer’s individual CAFE standards for cars and trucks
would be based on the target levels associated with the footprints of its particular mix of cars and trucks
manufactured in that model year. Because of the curves that represent the CAFE standard for each
model year, a manufacturer with a relatively high percentage of smaller vehicles would have a higher
standard than a manufacturer with a relatively low percentage of smaller vehicles.

Therefore, although a manufacturer’s fleet average standard could be estimated throughout the model
year based on the projected production volume of its vehicle fleet, the standard with which the
manufacturer must comply would be based on its final model year vehicle production. Compliance
would be determined by comparing a manufacturer’s harmonically averaged fleet fuel economy level in
a model year with a required fuel economy level calculated using the manufacturer’s actual production
levels and the targets for each vehicle it produces.?” A manufacturer’s calculation of fleet average
emissions at the end of the model year would, therefore, be based on the production-weighted average
(for CAFE, harmonic average) emissions of each model in its fleet.

In Section 1lI.B of the final rule preamble, NHTSA included a full discussion of the equations and
coefficients that define the passenger car and light truck curves established for each model year.

1.3.1.3 Program Flexibilities for Achieving Compliance

As with previous model-year rules, NHTSA is establishing standards that include several program
flexibilities for achieving compliance. The following flexibility provisions are discussed in Section VII of
the final rule preamble:

e CAFE credits generated based on fleet average over-compliance.

e Air conditioning efficiency fuel consumption improvement values.

e Off-cycle fuel consumption improvement values.

e Special fuel economy calculations for dual and alternative fueled vehicles.

e Incentives for full-size pickup trucks with strong hybrid technologies and full-size pickup trucks that
overperform their compliance targets by greater than a specified amount.

Additional flexibilities are discussed in NHTSA’s final rule. Some of these flexibilities will be available to
manufacturers in aiding compliance under both NHTSA and EPA standards, but some flexibilities, such as
additional incentives for alternative fueled vehicles, will only be available under the EPA standard
because of differences between the CAFE and CAA legal authorities. The CAA provides EPA broad
discretion to create incentives for certain technologies, but NHTSA’s authority under EPCA, as amended
by EISA, is more constrained.

1.3.1.4 Compliance

The MY 2017 and beyond final rule, which was issued in 2012, established detailed and comprehensive
regulatory provisions for compliance and enforcement under the CAFE and CO; emissions standards
programs. In the SAFE Vehicles Final Rule, NHTSA and EPA made minor modifications to these

37 \While manufacturers may use a variety of flexibility mechanisms to comply with CAFE, including credits earned for over-
compliance, NHTSA is statutorily prohibited from considering manufacturers’ ability to use statutorily provided flexibility
mechanisms in determining what level of CAFE standards would be maximum feasible. 49 U.S.C. § 32902(h).
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provisions, as they would apply for model years beyond MY 2020. These changes are described in
Section IX of the SAFE Vehicles Final Rule preamble. NHTSA’s current compliance and enforcement
program and proposed changes are described in Section VIl of the final rule preamble.

NHTSA makes its ultimate determination of a manufacturer’s CAFE compliance obligation based on
official reported and verified CAFE data received from EPA.* The EPA-verified data are based on any
considerations from NHTSA testing, EPA vehicle testing, and final model year data submitted by
manufacturers to EPA pursuant to 40 CFR § 600.512. EPA test procedures are contained in 40 CFR
Part 600 and 40 CFR Part 86.

1.3.2 Greenhouse Gas Standards for Light-Duty Vehicles (U.S. Environmental
Protection Agency)

Under the CAA, EPA is responsible for addressing air pollutants from motor vehicles. In 2007, the U.S.
Supreme Court issued a decision in Massachusetts v. Environmental Protection Agency,*® a case
involving a 2003 EPA order denying a petition for rulemaking to regulate GHG emissions from motor
vehicles under CAA Section 202(a).*° The Court held that GHGs are air pollutants for purposes of the CAA
and further held that the EPA Administrator must determine whether emissions from new motor
vehicles cause or contribute to air pollution that might reasonably be anticipated to endanger public
health or welfare, or whether the science is too uncertain to make a reasoned decision. The Court
further ruled that, in making these decisions, the EPA Administrator is required to follow the language of
CAA Section 202(a). The Court rejected the argument that EPA cannot regulate CO, from motor vehicles
because to do so would de facto tighten fuel economy standards, authority over which Congress has
assigned to DOT. The Court held that the fact “that DOT sets mileage standards in no way licenses EPA
to shirk its environmental responsibilities. EPA has been charged with protecting the public’s ‘health’
and ‘welfare’, a statutory obligation wholly independent of DOT’s mandate to promote energy
efficiency.” The Court concluded that “[t]he two obligations may overlap, but there is no reason to think
the two agencies cannot both administer their obligations and yet avoid inconsistency.”* EPA has since
found that emissions of GHGs from new motor vehicles and motor vehicle engines do cause or
contribute to air pollution that can reasonably be anticipated to endanger public health and welfare.*?

Accordingly, the NHTSA and EPA joint final rulemakings for MY 2012—-2016 (2010), MY 2017 and beyond
(2012), and MY 2021-2026 passenger cars and light trucks (2020 SAFE Vehicles Final Rule), as well as
EPA’s most recent light-duty GHG standards rulemaking (2021), are part of EPA’s response to the U.S.

38EpPA s responsible for calculating manufacturers’ CAFE values so that NHTSA can determine compliance with its CAFE
standards. 49 U.S.C. § 32904 (e).

39549 U.S. 497 (2007).

40 Notice of Denial of Petition for Rulemaking, Control of Emissions from New Highway Vehicles and Engines, 68 FR 52922 (Sept.
8,2003).

41549 U.S. at 531-32. For more information on Massachusetts v. Environmental Protection Agency, see the July 30, 2008,
Advance Notice of Proposed Rulemaking, Regulating Greenhouse Gas Emissions under the Clean Air Act, 73 FR 44354 at 44397.

This includes a comprehensive discussion of the litigation history, the U.S. Supreme Court findings, and subsequent actions
undertaken by the Bush Administration and EPA from 2007 through 2008 in response to the Supreme Court remand.

42 Final Rule, Endangerment and Cause or Contribute Findings for Greenhouse Gases under Section 202(a) of the Clean Air Act,
74 FR 66496 (Dec. 15, 2009).
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Supreme Court decision.*® EPA has amended its CO, emissions standards under Section 202(a) of the
CAA for MYs 2023-2026. EPA’s standards are projected to require that manufacturers, on average, meet
a combined average emissions level of approximately 161 grams per mile of CO; in MY 2026.

The NHTSA and EPA rulemakings to revise the standards set forth in the 2020 SAFE Vehicles Final Rule
remain closely coordinated despite being issued as separate regulatory actions. The proposed CAFE and
CO, standards for MY 2026 represent roughly equivalent levels of stringency and may serve as a
coordinated starting point for subsequent standards. While the proposed CAFE and CO; standards for
MYs 2024-2025 differ, this is largely due to the difference in the “start year” for the revised
regulations—EPA has revised standards for MY 2023, while EPCA’s lead time requirements prevent
NHTSA from proposing revised standards until MY 2024. The differences in what the two agencies’
standards require become smaller each year, until alignment is achieved.

1.4 Cooperating Agencies

Section 1501.6 of the pre-2020 CEQ NEPA implementing regulations emphasizes agency cooperation
early in the NEPA process and authorizes a lead agency (in this case, NHTSA) to request the assistance of
other agencies that have either jurisdiction by law or special expertise regarding issues considered in an
EIS.** NHTSA invited EPA and the U.S. Department of Energy (DOE) to become cooperating agencies with
NHTSA during the SAFE Vehicles Rule EIS process.

EPA and DOE accepted NHTSA’s invitation and agreed to become cooperating agencies.* EPA and DOE
personnel were asked to review and comment on the Draft and Final SEISs prior to publication.

1.5 Public Review and Comment

NHTSA submitted the Draft SEIS to EPA to disclose and analyze the potential environmental impacts of
the agency’s Proposed Action and reasonable alternative standards pursuant to CEQ NEPA
implementing regulations, DOT Order 5210.1C, and NHTSA’s regulations. On August 11, 2021, NHTSA
posted the Draft SEIS to the NHTSA SEIS docket (Docket No. NHTSA-2021-0054-0002), and EPA published
a Notice of Availability in the Federal Register on August 20, 2021.%¢ The Draft SEIS requested public
input on the agency’s environmental analysis by October 4, 2021; publication of the Notice of
Availability in the Federal Register initiated the Draft SEIS public comment period. On September 3,
2021, NHTSA published the proposed rule in the Federal Register and opened a 60-day comment

43 Light-Duty Vehicles Greenhouse Gas Emission Standards and Corporate Average Fuel Economy Standards; Final Rule, 75 FR
25324 (May 7, 2010). 2017 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Average Fuel
Economy Standards; Final Rule, 77 FR 62624 (Oct. 15, 2012).

4440 CFR § 1501.6 (2019).

45 While NEPA requires NHTSA to complete an EIS for this rulemaking, EPA does not have the same statutory obligation. EPA
actions under the CAA, including EPA’s proposed vehicle CO, emissions standards for light-duty vehicles, are not subject to
NEPA requirements. See Section 7(c) of the Energy Supply and Environmental Coordination Act of 1974 (15 U.S.C. § 793(c)(1)).
EPA’s environmental review of its proposed rule is part of the Regulatory Impact Analysis and other rulemaking documents.

46 Environmental Impact Statements; Notice of Availability, 86 FR 46847 (Aug. 20, 2021); see also NHTSA. 2022. Corporate
Average Fuel Economy. Available at: https://www.nhtsa.gov/laws-regulations/corporate-average-fuel-economy (Accessed: Jan.
12, 2022) (announcing Draft SEIS comment period extension on September 24, 2021).
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period.*” NHTSA subsequently extended the comment period for the Draft SEIS to conclude with the
proposed rule’s October 26, 2021, public comment deadline.*®

Consistent with NEPA and its implementing regulations, NHTSA mailed a notification of availability of the
Draft SEIS to:

e Contacts at federal agencies with jurisdiction by law or special expertise regarding the
environmental impacts involved, or authorized to develop and enforce environmental standards,
including other agencies within DOT.

e The Governors of every state and U.S. territory.

e Organizations representing state and local governments.

e Native American tribes and tribal organizations.

e Individuals and contacts at other stakeholder organizations that NHTSA reasonably expected to be

interested in the NEPA analysis for the MY 2024-2026 CAFE standards, including advocacy, industry,
and other organizations.

NHTSA also held a virtual public hearing on the Draft SEIS and the proposed rule on October 13, 2021.%
NHTSA received oral statements from 78 individuals at the hearing. The agency also received more than
68,800 comments in the docket for the proposed rule (Docket No. NTHSA-2021-0053) and 14 comments
in the docket for the Draft SEIS (Docket No. NHTSA-2021-0054). NHTSA reviewed the oral and written
submissions in both dockets for comments relevant to the SEIS.

As described in Chapter 10 of this Final SEIS, Responses to Public Comments, comments that raised
issues central to the rule or the rulemaking process are addressed in the preamble to the final rule, the
Final Regulatory Impact Analysis (FRIA), or associated documents in the public docket.

1.6 Next Steps in the National Environmental Policy Act and Joint
Rulemaking Process

NHTSA is issuing this Final SEIS concurrent with the final rule, which serves as the Record of Decision.
The Record of Decision states and explains NHTSA’s decision and describes NHTSA’s consideration of
applicable environmental laws and policies.® NHTSA has determined that concurrent issuance of the
Final SEIS and Record of Decision is not precluded by statutory criteria®! or practicability considerations.
NHTSA will announce the availability of this Final SEIS in the Federal Register.>

47 Corporate Average Fuel Economy Standards for Model Years 2024-2026 Passenger Cars and Light Trucks; Notice of Proposed
Rulemaking, 86 FR 49602 (Sept. 3, 2021).

48 Environmental Impact Statements; Notice of Availability, 86 FR 53054 (Sept. 24, 2021).

49 public Hearing for Corporate Average Fuel Economy Standards for Model Years 2024-2026 Passenger Cars and Light Trucks;
Notification of Public Hearing, 86 FR 51092 (Sept. 14, 2021).

50 see 49 U.S.C. § 304a (Pub. L. No. 114-94, 129 Stat. 1312, Section 1311(a)) and U.S. Department of Transportation, Office of
Transportation Policy, Guidance on the Use of Combined Final Environmental Impact Statements/Records of Decision and Errata
Sheets in National Environmental Policy Act Reviews (Apr. 25, 2019), available at
https://www.transportation.gov/sites/dot.gov/files/docs/mission/transportation-policy/permittingcenter/337371/feis-rod-
guidance-final-04302019.pdf.

5149 U.S.C. § 304a(b)(1)-(2).
52 40 CFR § 1506.10(a).
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Final Supplemental Environmental Impact Statement for
Model Year 2024-2026 Corporate Average Fuel Economy Standards

CHAPTER 2 PROPOSED ACTION AND ALTERNATIVES AND
ANALYSIS METHODS

2.1 Introduction

NEPA requires that, when an agency prepares an EIS, it must evaluate the environmental impacts of its
proposed action and alternatives to the proposed action.! An agency must rigorously explore and
objectively evaluate all reasonable alternatives, including the alternative of taking no action. For
alternatives that an agency eliminates from detailed study, the agency must “briefly discuss the reasons
for their having been eliminated.”? The purpose of and need for the agency’s action provides the
foundation for determining the range of reasonable alternatives to be considered in its NEPA analysis.?

This chapter describes the Proposed Action and alternatives, explains the methods and assumptions
applied in the analysis of environmental impacts, and summarizes environmental impacts in the
following subsections:

e Section 2.2, Proposed Action and Alternatives
e Section 2.3, Standard-Setting and EIS Methods and Assumptions
e Section 2.4, Resource Areas Affected and Types of Emissions

e Section 2.5, Comparison of Alternatives

2.2 Proposed Action and Alternatives

NHTSA’s action is to set fuel economy standards for MY 2024—2026 passenger cars and light trucks (also
referred to as the light-duty vehicle fleet) in accordance with Energy Policy and Conservation Act of 1975
(EPCA),* as amended by the Energy Independence and Security Act of 2007 (EISA).> Specifically, the
Proposed Action and alternatives would revise upwards the CAFE standards for MYs 2024-2026.

For the purpose of this analysis, the impacts of the Proposed Action and alternatives are measured
relative to a No Action Alternative, which assumes that the MY 2021-2026 CAFE standards established
in the SAFE Vehicles Final Rule remain unchanged and that the MY 2026 SAFE Vehicles Final Rule
standards continue to apply for MY 2027 and beyond. In developing the Proposed Action and
alternatives, NHTSA considered the four EPCA statutory factors that guide the agency’s determination of
maximum feasible standards: technological feasibility, economic practicability, the effect of other motor
vehicle standards of the government on fuel economy, and the need of the United States to conserve

140 CFR § 1502.14 (2019).
2 40 CFR § 1502.14(a), (d) (2019).

340 CFR § 1502.13 (2019). See City of Carmel-By-The-Sea v. U.S. Dept. of Transp., 123 F.3d 1142,1155 (9th Cir. 1997); City of
Alexandria v. Slater, 198 F.3d 862, 867-69 (D.C. Cir. 1999), cert. denied sub nom., 531 U.S. 820 (2000).

449 U.S.C. § 32901 et seq.
5 Pub. L. No. 110-140, 121 Stat. 1492 (Dec. 19, 2007).

2-1



Chapter 2 Proposed Action and Alternatives and Analysis Methods

energy.® In addition, NHTSA considered relevant safety and environmental factors.” The conclusion
reached in this rulemaking is different than the conclusion NHTSA reached in the 2020 SAFE Vehicles
Final Rule because NHTSA has reconsidered how to balance relevant statutory considerations. As
discussed further in Section |l of the preamble to the final rule, NHTSA's review of its standards responds
to the President’s direction in EO 13990, and the final rule responds to the agency’s statutory mandate
to improve energy conservation to insulate our nation’s economy against external factors and reduce
environmental degradation associated with petroleum consumption. During the process of developing
the fuel economy standards, NHTSA consulted with EPA and the U.S. Department of Energy (DOE)
regarding a variety of matters, as required by EPCA.% Consistent with CEQ NEPA implementing
regulations, this SEIS compares a reasonable range of action alternatives to the No Action Alternative
(Alternative 0) (Section 2.2.1, Alternative 0: No Action Alternative).? NHTSA has selected Alternative 2.5,
which is described below, as the Preferred Alternative.

Under EPCA, as amended by EISA, NHTSA is required to set the fuel economy standards for passenger
cars in each model year at the maximum feasible level and to do so separately for light trucks. Because
NHTSA intends to set standards both for cars and for trucks, and because evaluating the environmental
impacts of this rule requires consideration of the impacts of the standards for both vehicle classes, the
main analyses presented in this SEIS reflect the combined environmental impacts associated with the
final standards for passenger cars and light trucks. Appendix A, U.S. Passenger Car and Light Truck
Results Reported Separately, shows separate results for passenger cars and light trucks under each
alternative.

2.2.1 Alternative 0: No Action Alternative

The No Action Alternative assumes that the MY 2021-2026 CAFE and carbon dioxide (CO;) standards
established in the SAFE Vehicles Final Rule remain unchanged. In addition, the No Action Alternative
assumes that the MY 2026 SAFE Vehicles Final Rule standards continue to apply for MY 2027 and
beyond. The No Action Alternative also assumes that five manufacturers (BMW, Ford, Honda, Volvo, and
Volkswagen) would reduce the average CO, emission rates of passenger cars and light trucks they
produce for the U.S. during MYs 2021-2026 (only), pursuant to their participation in a “Framework
Agreement” with California.'® The No Action Alternative further assumes that California and other
“Section 177” states would enforce zero emission vehicle (ZEV) mandates.’ The No Action Alternative
provides an analytical baseline against which to compare the environmental impacts of the other

649 U.S.C. § 32902(f).

7 As noted in Chapter 1, NHTSA interprets the statutory factors as including environmental issues and permitting the
consideration of other relevant societal issues, such as safety. See, e.g., Competitive Enterprise Inst. v. NHTSA, 956 F.2d 321, 322
(D.C. Cir. 1992) (citing Competitive Enterprise Inst. v. NHTSA, 901 F.2d 107, 120 n.11 (D.C. Cir. 1990)); and Average Fuel
Economy Standards, Passenger Cars and Light Trucks; MYs 2011-2015, 73 FR 24352 (May 2, 2008).

849 U.S.C. § 32902(i).
%40 CFR § 1502.14(d) (2019).

10 https://ww?2.arb.ca.gov/sites/default/files/2020-08/clean-car-framework-documents-all-bomw-ford-honda-volvo-vw.pdf (last
accessed June 10, 2021).

11 section 177 of the Clean Air Act allows states to adopt motor vehicle emissions standards California has put in place to make
progress toward attainment of national ambient air quality standards. At the time of writing, Colorado, Connecticut, Maine,
Maryland, Massachusetts, New Jersey, New York, Oregon, Rhode Island, Vermont, and Washington have adopted California’s
ZEV mandate. See Vermont Department of Environmental Conservation, Zero Emission Vehicles.
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alternatives presented in the EIS.22 NEPA expressly requires agencies to consider a ““no action”
alternative in their NEPA analyses and to compare the impacts of not taking action with the impacts of
action alternatives to demonstrate the environmental impacts of the action alternatives. The
environmental impacts of the action alternatives are calculated in relation to the baseline of the No
Action Alternative.

Table 2.2.1-1 shows the estimated average required fleet-wide fuel economy NHTSA forecasts under the
No Action Alternative. The values reported in that table do not apply strictly to manufacturers in those
model years. The alternatives considered in this SEIS are attribute-based standards based on vehicle
footprint. Under the footprint-based standards, a curve defines a fuel economy performance target for
each separate car or truck footprint. Using the curves, each manufacturer would therefore have a CAFE
standard that is unique to each of its fleets, depending on the footprints and production volumes of the
vehicle models produced by that manufacturer. A manufacturer would have separate footprint-based
standards for cars and for trucks. Although a manufacturer’s fleet average standards could be estimated
throughout the model year based on projected production volume of its vehicle fleet, the standards
with which the manufacturer must comply would be based on its final model year production figures. A
manufacturer’s calculation of its fleet average standards and its fleet’s average performance at the end
of the model year would therefore be based on the production-weighted average target and
performance of each model in its fleet. The values in Table 2.2.1-1 reflect NHTSA’s estimate based on
application of the mathematical function defining the alternative (i.e., the curves that define the MY
2024-2026 CAFE standards) to the market forecast defining the estimated future fleets of new
passenger cars and light trucks across all manufacturers. The fuel economy numbers presented here do
not include a fuel economy adjustment factor to account for real-world driving conditions (see Section
2.2.5, Gap between Compliance Fuel Economy and Real-World Fuel Economy, for more discussion about
the difference between adjusted and unadjusted mile-per-gallon [mpg] values).

Table 2.2.1-1. No Action Alternative: Estimated Average Required U.S. Passenger Car and Light Truck
Fleet-Wide Fuel Economy (mpg) by Model Year

MY 2024 MY 2025 MY 2026
Passenger cars 45.9 46.6 47.3
Light trucks 32.9 335 33.9
Combined cars and trucks 38.1 38.7 394

mpg = miles per gallon

2.2.2 Action Alternatives

In addition to the No Action Alternative, NHTSA analyzed a range of action alternatives with fuel
economy stringencies that increase, on average, about 6 percent to 10 percent annually from the MY
2023 standards for passenger cars and light trucks. Under each action alternative, federal CO, standards,

1240 CFR 8§ 1502.2(e), 1502.14(d) (2019). CEQ has explained that “[T]he regulations require the analysis of the no action
alternative even if the agency is under a court order or legislative command to act. This analysis provides a benchmark,
enabling decision makers to compare the magnitude of environmental effects of the action alternatives. [40 CFR § 1502.14(c)
2019.] * * * Inclusion of such an analysis in the EIS is necessary to inform Congress, the public, and the President as intended by
NEPA. [40 CFR § 1500.1(a) 2019.]” Forty Most Asked Questions Concerning CEQ’s National Environmental Policy Act
Regulations, 46 FR 18026 (Mar. 23, 1981).
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manufacturers’ participation in the aforementioned California “Framework Agreement”, and states’
enforcement of ZEV mandates are all treated in the same manner as under the No Action Alternative.

For purposes of its analysis, NHTSA assumes that the MY 2026 CAFE standards for each alternative
would continue indefinitely.!® The agency believes that, based on the different ways the agency could
weigh EPCA’s four statutory factors, the maximum feasible level of CAFE stringency falls within the range
of alternatives under consideration.*

Throughout this SEIS, estimated impacts are shown for four action alternatives that illustrate the
following range of estimated average annual percentage increases in fuel economy for both passenger
cars and light trucks:

Alt.1  10.5 percent increase for MY 2024 over MY 2023% and a 3.26 percent annual average increase
for both passenger cars and light trucks for MYs 2025-2026

Alt. 2 8.0 percent average annual increase for both passenger cars and light trucks for MYs 2024-2026
(Alternative 2 was NHTSA's Preferred Alternative in the Draft SEIS)

Alt. 2.5 8.0 percent average annual increase for MYs 2024 and 2025 and a 10.0 percent annual average
increase for both passenger cars and light trucks for MY 2026 (Alternative 2.5 is NHTSA’s
Preferred Alternative)

Alt. 3 10.0 percent annual average increase for both passenger cars and light trucks for MYs 2024—
2026

As noted, NHTSA reasonably believes the maximum feasible standards fall within the range of
alternatives presented in this SEIS. This range encompasses a spectrum of possible standards that
NHTSA could select, based on how the agency weighs EPCA’s four statutory factors. By providing
environmental analyses at discrete representative points, the decision-makers and the public can
determine the environmental impacts of points that fall between those individual alternatives. The
alternatives evaluated in this SEIS therefore provide decision-makers with the ability to select from a
wide variety of other potential alternatives with stringencies that would increase annually at average
percentage rates from 6 to 10 percent. This range includes, for example, alternatives with stringencies
that would increase at different rates for passenger cars and for light trucks and stringencies that would
increase at different rates in different years.

Tables for each of the action alternatives show estimated average required fuel economy levels
reflecting application of the mathematical functions defining the alternatives to the market forecast
defining the estimated future fleets of new passenger cars and light trucks across all manufacturers. The
actual standards under the alternatives are footprint-based and each manufacturer would have a CAFE
standard that is unique to each of its fleets, depending on the footprints and production volumes of the

13 All alternatives assume the MY 2025 (No Action Alternative) or MY 2026 (action alternatives) standards would continue
indefinitely. Because EPCA, as amended by EISA, requires NHTSA to set CAFE standards for each model year, environmental
impacts reported in this SEIS would also depend on future standards established by NHTSA, but cannot be quantified at this
time.

1 Eor a full discussion of the agency’s balancing of the statutory factors related to maximum feasible standards, consult the
final rule. NHTSA balances the statutory factors in Section VI.A of the preamble.

15 Estimated average reflects 9.14 percent increase for passenger cars and 11.02 percent increase for light trucks.
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vehicle models produced by that manufacturer. The required fuel economy values projected for each
action alternative do not include a fuel economy adjustment factor to account for real-world driving
conditions. (See Section 2.2.5, Gap between Compliance Fuel Economy and Real-World Fuel Economy,
for more discussion about the difference between adjusted and unadjusted fuel economy.)

This SEIS assumes a weighted average of flexible fuel vehicles’ fuel economy levels when operating on
gasoline and on flex fuel (E85; an ethanol-gasoline fuel blend containing 51 to 83 percent ethanol fuel).
In particular, this SEIS assumes that flexible fuel vehicles operate on gasoline 99 percent of the time and
on E85 1 percent of the time.

As noted in the preamble to the final rule, NHTSA has determined that Alternative 2.5 is technologically
feasible, economically practicable, supports the need of the United States to conserve energy, and is
complementary to other motor vehicle standards of the government that are simultaneously applicable.
NHTSA concludes that Alternative 2.5 is maximum feasible for MYs 2024-2026.

2.2.2.1 Alternative 1: 10.5 Percent Increase for MY 2024 over MY 2023 and a 3.26
Percent Annual Increase in Fuel Economy, MYs 2024—-2026

Alternative 1 would require a 10.5 percent increase for MY 2024 over MY 2023 and a 3.26 percent
average annual fleet-wide increase in fuel economy for passenger cars and light trucks for MYs 2024—
2026. Table 2.2.2-1 lists the estimated average required fleet-wide fuel economy under Alternative 1, as
estimated in the analysis performed for this SEIS.®

Table 2.2.2-1. Alternative 1: Estimated Average Required U.S. Passenger Car and Light Truck Fleet-
Wide Fuel Economy (mpg) by Model Year

MY 2024 MY 2025 MY 2026
Passenger cars 49.8 51.5 53.2
Light trucks 36.4 37.7 39.0
Combined cars and trucks 41.8 43.2 44.7

mpg = miles per gallon

2.2.2.2 Alternative 2: 8.0 Percent Annual Increase in Fuel Economy, MYs 2024-2026

Alternative 2 would require an 8.0 percent average annual fleet-wide increase in fuel economy for
passenger cars and light trucks for MYs 2024—-2026. Alternative 2 was NHTSA’s Preferred Alternative in
the Draft SEIS. Table 2.2.2-2 lists the estimated average required fleet-wide fuel economy under
Alternative 2.

16 The analysis performed for the SEIS does not impose constraints (i.e., regarding the treatment of CAFE compliance credits
and alternative fuel vehicles) required per EPCA for the analysis informing NHTSA's decisions regarding the maximum feasible
levels of CAFE standards. As a result, the size and composition of the estimated future new vehicle fleet differs between the
SEIS and “standard setting” analyses. Because CAFE requirements depend on the composition of the fleet (i.e., the distribution
among different footprints), the projected average fuel economy requirements also differ between the two analyses.
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Table 2.2.2-2. Alternative 2: Estimated Average Required U.S. Passenger Car and Light Truck Fleet-
Wide Fuel Economy (mpg) by Model Year

MY 2024 MY 2025 MY 2026
Passenger cars 49.2 534 58.1
Light trucks 35.1 38.2 41.5
Combined cars and trucks 40.6 44.2 48.1

mpg = miles per gallon

2.2.2.3 Alternative 2.5 (Preferred Alternative): 8.0 Percent Increase for MYs 2024 and
2025 and a 10.0 Percent Increase in Fuel Economy for MY 2026

Alternative 2.5 would require an 8.0 percent average annual increase for MYs 2024 and 2025 and a 10.0
percent annual average increase for both passenger cars and light trucks for MY 2026. Table 2.2.2-3 lists
the estimated average required fleet-wide fuel economy under Alternative 2.5.

Table 2.2.2-3. Alternative 2.5: Estimated Average Required U.S. Passenger Car and Light Truck Fleet-
Wide Fuel Economy (mpg) by Model Year

MY 2024 MY 2025 MY 2026
Passenger cars 49.2 534 594
Light trucks 35.1 38.2 42.4
Combined cars and trucks 40.6 44.2 49.1

mpg = miles per gallon

2.2.2.4 Alternative 3: 10.0 Percent Annual Increase in Fuel Economy, MYs 2024-2026

Alternative 3 would require a 10.0 percent average annual fleet-wide increase in fuel economy for
passenger cars and light trucks for MYs 2024-2026. Table 2.2.2-4 lists the estimated average required
fleet-wide fuel economy under Alternative 3.

Table 2.2.2-4. Alternative 3: Estimated Average Required U.S. Passenger Car and Light Truck Fleet-
Wide Fuel Economy (mpg) by Model Year

MY 2024 MY 2025 MY 2026
Passenger cars 50.2 55.8 62.0
Light trucks 35.9 39.9 44.3
Combined cars and trucks 41.5 46.1 51.3

mpg = miles per gallon
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2.2.3 No Action and Action Alternatives in Historical Perspective

NHTSA has set CAFE standards since 1978. Figure 2.2.3-1 illustrates unadjusted?’ CAFE fuel economy
(mpg) for combined passenger cars and light trucks from 1978 through 2023 (Davis and Boundy 2021).
The figure extends these fuel economy levels out to their required average fuel economy levels under
Alternative 1, Alternative 2, Alternative 2.5 (Preferred Alternative), Alternative 3, and the No Action
Alternative (Alternative 0) to demonstrate the range of alternatives currently under consideration.

Figure 2.2.3-1. Historical CAFE Fuel Economy Requirements for Passenger Cars and Light Trucks
through MY 2023 and Range of Projected EIS Alternative Standards through MY 2026

e NHT SA CAFE MPG e At 0: 2024-2026 — Alt. 1: 2024-2026
6l — L, 2: 2024-2026 — At 2.5: 2024-2026 — AL 3: 2024-2026
50
40
30
" -/—J' P
10
0
1978 1982 1986 1990 1994 1998 2002 2006 2010 2014 2018 2022 2026

mpg = miles per gallon

As illustrated in the figure, light-duty vehicle fuel economy has moved through four phases since 1975:
(1) a rapid increase from MYs 1978-1981, (2) a slower increase until MY 1987, (3) a gradual decrease
until MY 2004, and (4) a large increase since MY 2005. The MY 2024-2026 action alternatives would
further increase fuel economy to historically high levels through 2026.

7 Unadjusted fuel economy measures fuel economy as achieved by vehicles in the laboratory. Adjusted fuel economy, reported
in EPA window stickers, includes adjustments to better estimate actual achieved on-road fuel economy, and is generally lower
than its corresponding unadjusted fuel economy values. Figure 2.2.3-1 uses historical unadjusted fuel economy data as a basis
to compare projected achieved fuel economy (based on the No Action and action alternatives) because projected achieved fuel
economy data would also be derived from laboratory testing and would not include an adjustment factor. See Section 2.2.5,
Gap between Compliance Fuel Economy and Real-World Fuel Economy, for more discussion about the difference between
NHTSA laboratory test fuel economy and EPA adjusted fuel economy.
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2.2.4 EPA’s Carbon Dioxide Standards

EPA has amended its CO; emissions standards under Section 202(a) of the Clean Air Act (CAA) for MYs
2023-2026. Table 2.2.4-1 lists EPA’s estimates of its projected overall fleet-wide CO, emissions
compliance targets under its revised standards.

Table 2.2.4-1. Projected U.S. Passenger Car and Light-Truck Fleet-Wide Emissions Compliance Targets
under EPA’s Revised Carbon Dioxide Standards (grams/mile)

MY 2022 ° MY 2023 MY 2024 MY 2025 MY 2026
Passenger cars 180 166 158 149 132
Light trucks 260 234 222 207 187
Combined cars and trucks ° 220 202 192 179 161

Notes:

@ SAFE Vehicles Final Rule targets included for reference.

b The combined cars and trucks CO, targets are a function of assumed car/truck shares. For purposes of this projected target,
EPA assumed an approximately 50/50 percent split in MYs 2023-2026.

2.2.5 Gap between Compliance Fuel Economy and Real-World Fuel Economy

Real-world fuel economy levels achieved by light-duty vehicles in on-road driving are lower than the
corresponding levels measured under the laboratory-like test conditions used to determine CAFE
compliance. This is because the city and highway tests used for compliance do not encompass the range
of driver behavior and climatic conditions experienced by typical U.S. drivers and because CAFE ratings
include certain adjustments and flexibilities (EPA 2012a). CAFE ratings are based on laboratory test drive
cycles for city and highway driving conditions, and they reflect a weighted average of 55 percent city and
45 percent highway conditions. Beginning in MY 1985, to bring new vehicle window labels closer to the
on-road fuel economy that drivers actually achieve, EPA adjusted window-sticker fuel economy ratings
downward by 10 percent for the city test and 22 percent for the highway test. Since MY 2008, EPA has
based vehicle labels on a five-cycle method that includes three additional tests (reflecting high
speed/high acceleration, hot temperature/air conditioning, and cold temperature operation) as well as a
9.5 percent downward fuel economy adjustment for other factors not reflected in the five-cycle
protocol (EPA 2018a). While these changes are intended to better aligh new vehicle window labels with
on-road fuel economy, CAFE standards and compliance testing are still determined using the two-cycle
city and highway tests.®

For more discussion of the on-road fuel economy gap (the difference between adjusted and unadjusted
mpg), see Chapter 2.4.8 of the Technical Support Document (TSD).

2.3 Standard-Setting and EIS Methods and Assumptions

Each of the alternatives considered here represents a different manner in which NHTSA could
conceivably balance its statutory factors and considerations in setting the standards. For example, the
most stringent action alternative in terms of required mpg (Alternative 3) would involve a 10 percent
per year average annual fleet-wide increase in fuel economy for passenger cars and light trucks for MYs

18 Except as noted, when fuel economy values are cited in this SEIS, they represent standards compliance values. Real-world
fuel economy levels are lower, and the environmental impacts are estimated based on real-world fuel economy rather than
compliance ratings.
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2024-2026. In contrast, the least stringent action alternative (Alternative 1) would require a 10.5
percent increase for MY 2024 over MY 2023 and a 3.26 percent average annual fleet-wide increase in
fuel economy for passenger cars and light trucks for MYs 2024-2026.

NHTSA has assessed the effectiveness and costs of technologies as well as market forecasts and
economic assumptions for fuel economy standards, as described in Chapters 3, 4, and 6 of the TSD.
NHTSA uses a modeling system to assess the technologies that manufacturers could apply to their fleet
to comply with each alternative. Section 2.3.1, CAFE Model, describes this model and its inputs and
provides an overview of the analytical pieces and tools used in the analysis of alternatives.

2.3.1 CAFE Model

Since 2002, as part of its CAFE analyses, NHTSA has employed a modeling system developed specifically
to help the agency apply technologies to thousands of vehicles and develop estimates of the costs and
benefits of potential CAFE standards. The CAFE Model developed by the Volpe National Transportation
Systems Center (Volpe)! enables NHTSA to evaluate efficiently, systematically, and reproducibly many
regulatory options. The CAFE Model is designed to simulate compliance with a given set of CAFE
standards for each manufacturer that sells vehicles in the United States, while also simulating
compliance with a given set of CO, standards, applying inputs accounting for manufacturers’ projected
responses to state ZEV mandates, and accounting for buyers’ estimated willingness to pay for fuel
economy given projected fuel prices. For this rule, the model begins with a representation of the MY
2020 offerings for each manufacturer that includes the specific engines and transmissions on each
model variant, observed sales volumes, and all fuel economy improvement technology already present
on those vehicles. From there it adds technology, in response to estimated future fuel prices, estimated
willingness of new vehicle buyers to pay for fuel economy improvements, and the standards being
considered, in ways estimated to be optimal when also accounting for many real-world constraints faced
by automobile manufacturers. After simulating compliance, the model calculates a range of impacts of
the simulated standards, such as changes in new vehicle sales, the rates at which older vehicles are
removed from service, annual highway travel, technology costs, fuel usage and cost, emissions of air
pollutants and greenhouse gases (GHGs), fatalities resulting from highway vehicle crashes, incidents of
health impacts resulting from air pollution, and overall social costs and benefits.

For this SEIS, NHTSA used the CAFE Model to estimate annual fuel consumption for each calendar year
from 2020, the most recent year for which the new vehicle market was observed, through 2050, when
almost all passenger cars and light trucks in use would have been manufactured and sold during or after
the model years for which NHTSA would set CAFE standards in this action.

2.3.1.1 CAFE Model Inputs
The CAFE Model requires estimates for the following types of inputs:

e Availability, applicability, effectiveness, and cost of fuel-saving technologies.

e Several time series that describe the macroeconomic context in which the standards are
implemented, including real gross domestic product (GDP), real disposable personal income, U.S.
population and number of households, and consumer confidence.

19 NHTSA has also sometimes referred to this model as the Volpe model.
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e Economic factors, including mileage accumulation patterns, future fuel prices, the rebound effect
(the increase in vehicle use that results from improved fuel economy), and emissions factors and the
costs of emissions (or benefits of emissions reductions).

e Fuel characteristics and vehicular emissions rates.

e Coefficients defining the shape and level of CAFE and CO, footprint-based curves, which use vehicle
footprint (a vehicle’s wheelbase multiplied by the vehicle’s average track width) to determine the
required fuel economy level or target.

e Projections of vehicle model/configurations that could foreseeably be replaced with vehicles
qualifying for credit toward ZEV mandates.

NHTSA uses the model for analysis; the model makes no a priori assumptions regarding inputs such as
fuel prices, and it does not dictate the stringency or form of the CAFE standards to be examined. NHTSA
makes those selections based on the best currently available information and data.

Using selected inputs, the agency projects a set of technologies each manufacturer could apply to each
of its vehicle models to comply with the various levels of CAFE standards to be examined for each fleet,
for each model year. The model then estimates the costs associated with this additional technology
utilization and accompanying changes in travel demand, fuel consumption, fuel outlays, emissions, and
economic externalities related to petroleum consumption and other factors.

For more information about the CAFE Model and its inputs, see the TSD and Final Regulatory Impact
Analysis (FRIA). Model documentation, publicly available in the rulemaking docket and on NHTSA's
website, explains how the model is installed, how the model inputs and outputs are structured, and how
the model is used.

Although NHTSA uses the CAFE Model as a tool to inform its consideration of potential CAFE standards,
the CAFE Model alone does not determine the CAFE standards NHTSA proposes or promulgates as final
regulations. NHTSA considers the results of analyses using the CAFE Model and external analyses,
including this SEIS and the analyses cited herein. Using this and other information, NHTSA evaluates the
consistency of the regulatory alternatives with the governing statutory factors, which include
environmental issues, and then promulgates what it believes are the maximum feasible standards based
on its assessment of the appropriate balancing of those factors.

Vehicle Fleet

To determine what levels of stringency are feasible in future model years, NHTSA must project what
vehicles and technologies could be produced in those model years and then evaluate which of those
technologies can feasibly be applied to those vehicles to raise their fuel economy. The agency therefore
establishes an analysis fleet representing those vehicles against which they can analyze potential future
levels of stringency and their costs and benefits based on the best available information and a
reasonable balancing of various policy concerns. As for other recent CAFE rulemakings, the agency has
developed the analysis fleet using information that can be made public, rather than constructing a
market forecast using product planning provided by manufacturers on a confidential basis.

More information about the vehicle market forecast used in this SEIS is available in Chapter 2.2 of the
TSD.
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Technology Assumptions

The analysis of costs and benefits employed in the CAFE Model reflects NHTSA’s assessment of a broad
range of technologies that can be applied to passenger cars and light trucks. The CAFE Model considers
technologies in four broad categories: engine, transmission, vehicle, and electrification/accessory and
hybrid technologies. More information about the technology assumptions used in this SEIS can be found
in Chapter 3 of the TSD and Section 11I.C and Section 111.D of the final rule preamble. Table 2.3.1-1 lists
the types of technologies considered in this analysis for improving fuel economy.
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Table 2.3.1-1. Categories of Technologies Considered by the CAFE Model that Manufacturers Can Add to Their Vehicle Models and Platforms

to Improve Fuel Economy

Engine Technologies

Transmission Technologies

Vehicle Technologies

Electrification/Accessory and Hybrid
Technologies

Improved engine friction
reduction

Manual six and seven-speed transmission

Low-rolling-resistance tires (two
levels)

Electric power steering/electro-
hydraulic power steering

Cylinder deactivation

Six, eight, and ten-speed automatic
transmissions

Low-drag brakes

Improved accessories

Advanced cylinder deactivation

Advanced six, eight, and ten-speed
automatic transmissions

Front or secondary axle disconnect
for four-wheel drive systems

12-volt stop-start

Variable valve timing

Six and eight speed dual clutch
transmissions

Aerodynamic drag reduction (four
levels)

48-volt belt integrated starter
generator

Variable valve lift

Continuously variable transmissions

Mass reduction (six levels)

Power split hybrids

Stoichiometric gasoline direct-
injection technology

Advanced continuously variable
transmissions

P2 hybrids

Turbocharging and downsizing

Plug-in hybrid electric vehicles (20-
mile and 50-mile range)

Cooled exhaust-gas recirculation

Battery electric vehicles (200-mile,
300-mile, 400-mile, and 500-mile
range)

Variable turbo geometry

Fuel cell vehicles

Turbocharging and downsizing
with cylinder deactivation

Advanced diesel engines

High-compression ratio (HCR)
engines

HCR engines with cylinder
deactivation

Variable compression engines
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Economic Assumptions

NHTSA’s analysis of the energy savings, changes in emissions, and environmental impacts likely to result
from the action alternatives relies on a range of forecasts, economic assumptions, and estimates of
parameters used by the CAFE Model. These economic values play a significant role in determining the
impacts on fuel consumption, changes in emissions of criteria and toxic air pollutants and GHGs, and
resulting economic costs and benefits of alternative standards. The CAFE Model uses the following
forecasts, assumptions, and parameters, which are described in Chapters 4 through 6 of the TSD and
examples of which include:

e Estimates of ways in which the quantities of new passenger cars and light trucks could change in
response to future vehicle prices and fuel economy levels, accounting also for future fuel prices.

e Estimates of the fraction of the on-road fleet that remains in service at different ages, and the
average annual mileage accumulated by passenger cars and light trucks over their useful lives.

e Estimates of future fuel prices.

e Forecasts of expected future growth in total passenger car and light-truck use, including vehicles of
all model years in the U.S. vehicle fleet.

e The size of the gap between test and actual on-road fuel economy.

e The magnitude of the elasticity of annual travel with respect to the per-mile cost of fuel (also
referred to as the rebound effect).

e Changes in emissions of criteria and toxic air pollutants and GHGs that result from saving each gallon
of fuel and from each added mile of driving.

e Changes in the population-wide incidence of selected health impacts and changes in the aggregate
value of health damage costs likely to result from the changes in emissions of criteria air pollutants.

o The value of increased driving range and less frequent refueling that results from increases in fuel
economy.

e The costs of increased congestion and noise caused by added passenger car and light-truck use.

e The costs of light-duty traffic fatalities, injuries, and property damage resulting from changes to
vehicle exposure, vehicle retirement rates, and reductions in vehicle mass to improve fuel economy.

e The discount rate applied to future benefits.

NHTSA’s analysis includes several assumptions about how vehicles are used. For example, this analysis
recognizes that passenger cars and light trucks typically remain in use for many years, so even though
NHTSA is issuing standards through MY 2026, changes in fuel use, emissions, and other environmental
impacts will continue for many years beyond that. However, the contributions to these impacts by
vehicles produced during a particular model year decline over time as those vehicles are gradually
retired from service, while those that remain in use are driven progressively less as they age.

NHTSA’s analysis also incorporates modules that affect the composition of the on-road fleet by
simulating the purchase of new vehicles and the retirement of the existing vehicle population in
response to changes in new vehicle prices, relative cost per mile, and the gross domestic product growth
rate. For example, the increase in the price of new vehicles as a result of manufacturers’ compliance
actions can result in increased demand for used vehicles, extending the expected age and lifetime
vehicle miles traveled (VMT) of less efficient, more polluting, and, generally, less safe vehicles. Chapter 4
of the TSD describes these modules in detail. The extended usage of older vehicles may partly offset the
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gallons of fuel saved and the air pollutant emissions reductions, and may contribute to some on-road
fatalities, under more stringent regulatory alternatives, which has important implications for the
evaluation of economic costs and benefits of alternative standards. The modules assume that vehicles
are operated for up to 40 years after their initial sale, after which no vehicles produced in that model
year are included in the modeling.

In addition, NHTSA’s analysis continues the agency’s long-standing practice of accounting for the fact
that driving tends to increase as it becomes less expensive— a widely observed response referred to in
this context as the rebound effect. Specifically, when a vehicle’s fuel economy increases, the cost of fuel
consumed per mile driven declines, thereby creating an incentive for additional vehicle use. Any
resulting increase in vehicle use offsets part of the fuel savings that would otherwise result from higher
fuel economy, although at the same time that additional mobility creates benefits for drivers and their
passengers. When CAFE standards are raised, total passenger car and light-truck VMT will increase
slightly because of the rebound effect, and tailpipe emissions of pollutants strictly related to vehicle use
will increase in proportion to increased VMT. Conversely, when the cost of fuel consumed per mile
driven increases (as a result of higher fuel prices), vehicle use decreases. In this SEIS, the rebound effect
for light-duty vehicles is assumed to be 10 percent. The rebound effect is a change in driving demand
that is separate from other potential sources of changing demand, such as growth in population or
household income levels. These other sources of changing demand for vehicle travel are accounted for
in the projection of VMT that is developed before applying the rebound effect, and NHTSA's analysis
holds this underlying VMT constant across regulatory alternatives. Thus, only the effects of differences
in the levels of fuel economy they require are reflected in the estimates of emissions under each of the
alternatives evaluated (Section 2.4.1, Types of Emissions).

Coefficients Defining the Shape and Level of CAFE Footprint-Based Curves

In the Notice of Proposed Rulemaking, NHTSA proposed CAFE standards for MYs 2024—-2026 expressed
as a mathematical function that defines a fuel economy target for each vehicle model and, for each
fleet, establishes a required CAFE level determined by computing the sales-weighted harmonic
average? of those targets. NHTSA has retained that approach in the final rule accompanying this Final
SEIS. NHTSA describes its methods for developing the coefficients defining the curves for the Proposed
Action in Chapter 1 of the TSD.

2.3.2 Constrained versus Unconstrained CAFE Model Analysis

NHTSA’s CAFE Model results presented in Chapter 6 of the FRIA and in Section V of the preamble to the
final rule, differ slightly from those presented in this SEIS. EPCA and EISA require that the Secretary
determine the maximum feasible levels of CAFE standards in a manner that sets aside the potential use
of CAFE credits or application of alternative fuel technologies toward compliance in model years for
which NHTSA is issuing new standards. NEPA, however, does not impose such constraints on analysis;
instead, its purpose is to ensure that “public officials make decisions that are based on [an]
understanding of environmental consequences.”?! The SEIS therefore presents results of an
“unconstrained” analysis that considers manufacturers’ potential use of CAFE credits and application of

20 The harmonic average is the reciprocal of the arithmetic mean of the reciprocals of the given set of observations and is
generally used when averaging units like speed or other rates and ratios.

21 40 CFR § 1500.1(c) (2019).
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alternative fuel technologies in order to disclose and allow consideration of the real-world
environmental consequences of the Proposed Action and alternatives.

2.3.3 Modeling Software

Table 2.3.3-1 provides information about the software that NHTSA used for computer simulation
modeling of the projected vehicle fleet and its upstream and downstream emissions.

Table 2.3.3-1. Modeling Software

Model Title

‘ Model Inputs

Model Outputs Used in this Analysis

DOE: NEMS (CAFE Model outputs of analysis conducted using the 2019 EIA National Energy Modeling System)

National Energy
Modeling System

Inputs are default values for the AEO
2021 Reference Case

Projected fuel prices for all fuels

U.S. average electricity-generating mix
for future years

US Population
Real GDP and disposable income

Argonne National Laboratory: GREET (2021 Version) Fuel-Cycle Mo

del

Greenhouse Gases
and Regulated
Emissions in
Transportation

Estimates for nationwide average
electricity generating mix from NEMS
forecasts in AEO 2021

Emission factors for petroleum
extraction, transportation, and refining
as well as finished gasoline and diesel
transportation, storage, and
distribution

Other inputs are default GREET 2018
data

Upstream emissions for EV electricity
generation used in transportation
applications

Estimates of upstream emissions
associated with production,
transportation, and storage for
gasoline, diesel, hydrogen and E85

EPA: MOVES3 (2020)

Motor Vehicle
Emissions Simulator

Emissions data from in-use chassis
testing; remote sensing; state vehicle
inspection and maintenance; and other
programs

NOy, SOy, CO, VOCs, PM2.5, and air
toxic emission factors (tailpipe and
evaporative) for CAFE Model for cars
and light-duty trucks, for two fuel
types: gasoline and diesel

Volpe: CAFE Model (2021 Version)

CAFE Model

Characteristics of analysis fleet

Availability, applicability, effectiveness,
and cost of fuel-saving technologies
Fuel economy rebound effect

Future fuel prices, emissions valuations,
and other economic factors

Fuel characteristics and criteria
pollutant emission factors

Costs associated with utilization of
additional fuel-saving technologies
Changes in travel demand, fuel
consumption, fuel outlays,

Technology utilization scenarios
Estimated U.S. vehicle fleet size, criteria
and toxic emissions (tons) for future
years

Joint Global Change Research Institute: GCAM RCP Scenario Results

Global Change
Assessment
Model’s simulations
of the
representative

Regional population estimates
Labor productivity growth
Energy demand

GCAMReference, GCAM6.0, and RCP4.5
global GHG emission scenarios
(baselines)
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Model Title

Model Inputs

Model Outputs Used in this Analysis

concentration
pathway radiative
forcing targets

e Agriculture, land cover, and land-use
models

e Atmospheric gas concentrations

International Institut

e for Applied Systems Analysis and Integrated Assessment Modeling Consortium (IAMC):
Shared Socioeconomic Pathways

Quantitative
projections of the
Shared
Socioeconomic
Pathways and
Integrated
Assessment
scenarios

e Regional population estimates
e Urbanization projections
e GDP estimates

e Economic, technological, and
agricultural indicators

e Energy use and supply
e Climate change and policy costs

SSP1-2.6, SSP2-4.5, and SSP3-7.0 global
GHG emissions scenarios (baselines)

Brookhaven National Laboratory and Oak Ridge National Laboratory: CO2SYS (v.2.3)

CO; System
Calculations Model

e Atmospheric gas concentrations from
MAGICC model output

e Natural sea water observations
prepared at the Scripps Institution of
Oceanography

e Constants from the CO2SYS model

Projected ocean pH in 2040, 2060, and
2100 under GHG emission scenarios

National Center for Atmospheric Research: MAGICC6

Model for the
Assessment of
Greenhouse-gas

e Adjusted climate scenarios to reflect
projected emissions from the car and
light-duty vehicle fleet in the US from

Projected global CO, concentrations,
global mean surface temperature from
2020 through 2100

Induced Climate the action alternatives.

Change

NEMS = National Energy Modeling System; AEO = Annual Energy Outlook; DOE = U.S. Department of Energy;

GREET = Greenhouse Gases, Emissions, and Energy Use in Transportation; EV = electric vehicle; E85 = ethanol fuel blend of 85%
denatured ethanol; EPA = U.S. Environmental Protection Agency; NOy = nitrogen oxides; SOx = sulfur oxides;

CO = carbon monoxide; VOCs = volatile organic compounds; PM2.5 = particulate matter 2.5 microns or less in diameter; GCAM
= global change assessment model; RCP = representative concentration pathway; SSP = Shared Socioeconomic Pathway; GHG =
greenhouse gas; CO, = carbon dioxide

2.3.4 Energy Market Forecast Assumptions

In this SEIS, NHTSA uses projections of energy prices, global petroleum demand, and supply derived
from the U.S. Department of Energy (DOE) Energy Information Administration (EIA), which collects and
provides official energy statistics for the United States. EIA is the primary source of data that
government agencies and private firms use to analyze and model energy systems. Every year, EIA issues
projections of energy consumption and supply for the United States (Annual Energy Outlook [AEQ]) and
the world (International Energy Outlook [IEQ]). EIA reports energy forecasts through 2050 for a range of
fuels, sectors, and geographic regions. To develop projections reported in AEOs, EIA uses its National
Energy Modeling System (NEMS), which incorporates all federal and state laws and regulations in force
at the time of modeling. Potential legislation and laws under debate in Congress are not included in AEO
Reference case projections.

In this SEIS, NHTSA uses NEMS-based projections by citing directly to unmodified projections published
by EIA as part of the AEO.
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References to the AEO 2021 (and earlier AEOs) in this SEIS refer to the published annual AEO, and the
agency is citing directly to the AEO Reference case. As published by EIA, recent editions of the AEO
assume that NHTSA’s and EPA’s vehicle standards finalized in 2020 are fully enforced and that
manufacturers generally comply with those standards. NHTSA relies on the AEO 2021 in this SEIS as it is
widely used and publicly available.

In the Final EIS for the SAFE Vehicles Final Rule, NHTSA referenced AEO 2019. In this SEIS, NHTSA has
updated these references to AEO 2021 to provide the most recent projections available for the decision-
maker.

2.3.5 Approach to Scientific Uncertainty and Incomplete Information

CEQ regulations recognize that many federal agencies encounter limited information and substantial
uncertainties when analyzing the potential environmental impacts of their actions. Accordingly, the
regulations provide agencies with a means of formally acknowledging incomplete or unavailable
information in NEPA documents. Where “information relevant to reasonably foreseeable significant
adverse impacts cannot be obtained because the overall costs of obtaining it are exorbitant or the
means to obtain it are not known,” the regulations require an agency to include the following elements
in its NEPA document:?*

e A statement that such information is incomplete or unavailable.

o A statement of the relevance of the incomplete or unavailable information to evaluating reasonably
foreseeable significant adverse impacts on the human environment.

e A summary of existing credible scientific evidence relevant to evaluating the reasonably foreseeable
significant adverse impacts on the human environment.

e The agency’s evaluation of such impacts based on theoretical approaches or research methods
generally accepted in the scientific community.

In this SEIS, NHTSA acknowledges incomplete, uncertain, or unavailable information where it is relevant
to the agency’s analysis of the potential environmental impacts of the alternatives. For example, NHTSA
recognizes that scientific information about the potential environmental impacts of changes in
emissions of CO, and associated changes in temperature, including those expected to result from the
final rule, is uncertain and incomplete. NHTSA relies on the Intergovernmental Panel on Climate Change
(IPCC) Sixth Assessment Report (2021a, 2021b), Fifth Assessment Report (IPCC 2013a, 2013b, 20144,
2014b) and the U.S. Global Change Research Program (GCRP) Fourth National Climate Assessment
(GCRP 2017) as a recent “summary of existing credible scientific evidence which is relevant to evaluating
the reasonably foreseeable significant adverse impacts on the human environment.”?* Some discussions,
such as in Section 8.6.4, Health, Societal, and Environmental Impacts of Climate Change, address general
potential effects of climate change, but these impacts are not attributable to any particular action, such
as the Proposed Action and alternatives.

22 40 CFR § 1502.22(b) (2019).
2340 CFR § 1502.22(b)(3) (2019).
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2.4 Resource Areas Affected and Types of Emissions

The major resource areas affected by the action alternatives are energy, air quality, and climate.
Chapter 3, Energy, describes the affected environment for energy and energy impacts under each
alternative. Chapter 4, Air Quality, and Chapter 5, Greenhouse Gas Emissions and Climate Change,
describe the affected environments and direct and indirect impacts for air quality and climate change,
respectively. Chapter 6, Life-Cycle Assessment Implications of Vehicle Energy, Materials, and
Technologies, describes the impacts on the energy, material, and technology aspects of the vehicle
lifecycle. The action alternatives also would affect the following resource areas (although to a lesser
degree than energy, air quality, and climate): land use and development, hazardous materials and
regulated waste, historical and cultural resources, noise, and environmental justice. These resource
areas are discussed in Chapter 7, Other Impacts. Chapter 8, Cumulative Impacts, describes the
cumulative impacts of the action alternatives on all resource areas.

2.4.1 Types of Emissions

Emissions, including GHGs, criteria pollutants, and toxic air pollutants, are categorized for purposes of
this analysis as either downstream or upstream. Downstream emissions are released from a vehicle
while it is in operation, parked, or being refueled, and consist of tailpipe exhaust, evaporative emissions
of volatile organic compounds from the vehicle’s fuel storage and delivery system, and particulates
generated by brake and tire wear.?* All downstream emission estimates in the CAFE Model use emission
factors from EPA’s Motor Vehicle Emission Simulator (MOVES3) model (EPA 2020a). Upstream emissions
related to the action alternatives are those associated with crude-petroleum extraction, transportation,
and refining and with transportation, storage, and distribution of gasoline, diesel, and other finished
transportation fuels. Emissions from each of these phases of fuel supply are estimated using factors
obtained from Argonne National Laboratory’s Greenhouse Gas, Regulated Emissions, and Energy Use in
Transportation (GREET) model. Upstream emissions from electric vehicles (EVs) also include emissions
associated with using primary feedstocks (e.g., coal, natural gas, nuclear) to generate the electricity
needed to run these vehicles. The amount of emissions created when generating electricity depends on
the composition of fuels used for generation, which can vary regionally. NHTSA estimated domestic
upstream emissions of CO,, criteria air pollutants, and toxic air pollutants. Upstream emissions
considered in this SEIS include those that occur within the United States during the recovery, extraction,
and transportation of crude petroleum, as well as during the refining, storage, and distribution of
transportation fuels.

The CAFE Model considers crude petroleum from domestic and international sources. A portion of
finished motor fuels is refined within the United States using imported crude petroleum as a feedstock
and GREET’s emissions factors are used to estimate emissions associated with transporting imported
petroleum from coastal port facilities to U.S. refineries, refining it to produce transportation fuels, and
storing and distributing those fuels. GREET’s emissions factors are also used to estimate domestic
emissions from transportation, storage, and distribution of motor fuels that are imported to the United
States in refined form.

Additionally, Section 2.4.1.1, Downstream Emissions, and Section 2.4.1.2, Upstream Emissions, describe
analytical methods and assumptions used in this SEIS for emissions modeling, including the impact of

24 Although EPA’s MOVES3 is able to generate emissions for particulate matter (PM2.5) brake and tire wear, the CAFE Model’s
PM2.5 estimates include exhaust only.
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the rebound effect. Chapter 4, Air Quality, and Chapter 5, Greenhouse Gas Emissions and Climate
Change, discuss modeling issues related specifically to the air quality and climate change analyses,
respectively.

2.4.1.1 Downstream Emissions

Most downstream emissions are exhaust (tailpipe) emissions. The basic method used to estimate
tailpipe emissions entails multiplying the estimated total miles driven by their estimated emissions rates
per vehicle-mile of each pollutant. These emissions rates and annual VMT differ between cars and light
trucks, between gasoline and diesel vehicles, and by model year that is used to calculate vehicle age.
With the exception of sulfur dioxide (SO2), NHTSA calculated the increase in emissions of these criteria
pollutants from added car and light truck use by multiplying the estimated increases in vehicle use
during each year over their expected lifetimes by per-mile emission rates appropriate to each vehicle
type, fuel used, model year, and age as of that future year.

The CAFE Model uses emission factors developed by EPA using the Motor Vehicle Emission Simulator
(MOVES3) (EPA 2020a). MOVES incorporates EPA’s updated estimates of real-world emissions from
passenger cars and light trucks and accounts for emission control requirements on exhaust emissions
and evaporative emissions, including the Tier 2 Vehicle & Gasoline Sulfur Program (EPA 2011), the
mobile source air toxics (MSAT) rule (EPA 2007), and the Tier 3 Motor Vehicle Emission and Fuel
Standards Rule (EPA 2014a). The MOVES database includes national default distributions by vehicles
type and age, activity levels, regulatory class, fuel composition and supply, and other key parameters
used to generate emission estimates. MOVES defaults were used for all other parameters to estimate
tailpipe and other components of downstream emissions under the No Action Alternative.

NHTSA’s emissions analysis method assumes that no additional reduction in tailpipe emissions of criteria
pollutants or toxic air pollutants will occur as a consequence of improvements in fuel economy that are
not already accounted for in MOVES. In its emissions calculations, MOVES accounts for power required
of the engine under different operating conditions, such as vehicle weight, speed, and acceleration.
Changes to the vehicle that result in reduced engine load, such as from more efficient drivetrain
components, vehicle weight reduction, improved aerodynamics, and lower rolling-resistance tires, are
therefore reflected in the MOVES calculations of both fuel economy and emissions. Because the CAFE
standards are not intended to dictate the design and technology choices manufacturers must make to
comply, a manufacturer could employ technologies that increase fuel economy (and therefore reduce
CO; and SO, emissions) while at the same time increasing emissions of other criteria pollutants or toxic
air pollutants, as long as the manufacturer’s production still meets both the fuel economy standards and
prevailing EPA regulated pollutant standards. Depending on which strategies are pursued to meet the
increased fuel economy standards, emissions of other pollutants, both regulated and unregulated, could
increase or decrease.

In calculating emissions, two sets of units can be used depending on how activity levels are measured:

e Activity expressed as VMT and emission factors expressed as grams emitted per mile.

e Activity expressed as fuel consumption in gallons and emission factors expressed as grams emitted
per gallon of fuel.

Considering both sets of units provides insight into how emissions of different GHGs and air pollutants
vary with fuel economy and VMT.
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Almost all of the carbon in fuels that are combusted in vehicle engines is oxidized to CO,, and essentially
all of the sulfur content of the fuel is oxidized to SO,. As a result, emissions of CO;, and SO, are constant
in terms of grams emitted per gallon of fuel; their total emissions vary directly with the total volume of
chosen fuel used, and inversely with fuel economy (mpg). Therefore, emissions factors for CO, and SO,
are not constant in terms of grams emitted per mile of a specific vehicle, because fuel economy—and
therefore the amount of fuel used per mile—varies with vehicle operating conditions.

In contrast to CO, and SO,, downstream emissions of the other criteria pollutants and the toxic air
pollutants are given in terms of grams emitted per mile. This is because the formation of these
pollutants is affected by the continually varying conditions of engine and vehicle operation dictated by
the amount of power required and by the type and efficiency of emission controls with which a vehicle
is equipped.? For other criteria pollutants and air toxics, MOVES calculates emission rates individually
for specific combinations of inputs, including various vehicle types, fuels, ages, and other key
parameters as noted previously.

Emissions factors in the MOVES database are initially expressed in the form of grams per vehicle-hour of
operation. To convert these emission factors to grams per mile, MOVES was run for the year 2050, and
was programmed to report aggregate emissions from vehicle start, running, and crankcase exhaust
operations. NHTSA selected 2050 in order to generate emission factors that were representative of
lifetime average emission rates for vehicles meeting the Tier 3 emissions and fuel standards.?® Separate
estimates were developed for each vehicle type and model year, which also included effects to reflect
regional and temporal variation in temperature and other relevant variables on emissions.

The MOVES emissions estimates were then summed across all model years and divided by total VMT in
that year in order to produce per-mile emissions factors by vehicle type, fuel type, and pollutant. The
resulting emissions rates represent average values across the nation and incorporate typical variation in
temperature and other operating conditions affecting emissions over an entire calendar year.?’ These
national average rates also embody county-specific differences in fuel composition, as well as in the
presence and type of vehicle inspection and maintenance programs.?®

25 The CAFE Model’s sales and scrappage module accounts for the deferred retirement of older vehicles as a result of changes
in new vehicle prices. Higher new vehicle prices due to more stringent CAFE standards would result in increased demand for
used vehicles, which would result in higher levels of downstream criteria and toxic air pollutant emissions than otherwise
anticipated without accounting for this effect. On the other hand, fuel savings from higher standards offset these higher prices
to a large degree, though how consumers factor in those fuel savings is contested.

26 5 calendar-year 2050 run in MOVES produced a full set of emissions rates that reflect anticipated deterioration in the
effectiveness of vehicles’ emissions-control systems with increasing age and accumulated mileage for post-MY 2022 vehicles.

27 The emissions rates for this analysis using MOVES include only those components of emissions expected to vary in response
to changes in vehicle use. These include exhaust emissions associated with starting and operating vehicles. However, they
exclude emissions associated with activities such as vehicle storage, because those do not vary directly with vehicle use. In
addition, they exclude particulate emissions associated with brake and tire wear. Therefore, the estimates of aggregate
emissions reported for the No Action Alternative and action alternatives do not represent total emissions of each pollutant
under any of those alternatives. However, the difference in emissions of each pollutant between any action alternative and the
No Action Alternative does represent the agency’s best estimate of the change in total emissions of that pollutant that would
result from adopting that action alternative.

28 The national mix of fuel types includes county-level market shares of conventional and reformulated gasoline, as well as
county-level variation in sulfur content, ethanol fractions, and other fuel properties. Inspection and maintenance programs at
the county level account for detailed program design elements such as test type, inspection frequency, and program coverage
by vehicle type and age.

2-20



Chapter 2 Proposed Action and Alternatives and Analysis Methods

Emissions from the criteria pollutant SO, were calculated by using average rates in grams per gallon of
fuel supplied by EPA’s MOVES model. These calculations assumed that national average gasoline and
diesel sulfur levels would remain at current levels for the foreseeable future,?® because there are
currently no open regulatory actions that consider fuel sulfur content. Therefore, unlike many emissions
of other criteria pollutants that are affected by exhaust after-treatment devices (e.g., a catalytic
converter), SO, emissions from vehicle use are effectively proportional to fuel consumption.

NHTSA assumes that, as a result of the rebound effect, total VMT would increase slightly with increases
in fuel economy, thereby causing tailpipe emissions of each air pollutant generated by vehicle use
(rather than by fuel consumption) to increase in proportion to this decrease in VMT. If the increases in
fuel consumption and emissions associated with VMT rebound effect are larger than the decrease in fuel
consumption due to increased fuel economy, then the net result can be an increase in total downstream
emissions.

2.4.1.2 Upstream Emissions

NHTSA also estimated the impacts of the action alternatives on upstream emissions associated with
petroleum extraction and transportation, and the refining, storage, and distribution of transportation
fuels, as well as upstream emissions associated with generation of electricity used to power EVs. When
average fuel economy decreases, NHTSA anticipates increases in upstream emissions from fuel
production and distribution, because the total amount of fuel used by passenger cars and light trucks
would increase. To the extent that any action alternative would lead to increased EVs adoption and use,
upstream emissions associated with charging EVs could increase because of adopting that alternative.
These increases would offset at least part of the reduction in upstream emissions resulting from reduced
production of motor vehicle fuels due to EV adoption. The net effect on national upstream emissions
would depend on the relative magnitudes of the reductions in motor fuel production and the increases
in electric power production to meet EV charging demand, as well as the makeup of the electricity grid
mix, and would vary by pollutant. (See Section 6.2, Energy Sources, for a discussion of emissions
differences between conventional vehicles and EVs.)

Although the rebound effect is assumed to result in percentage increases in VMT and downstream
emissions from vehicle use that are uniform in all regions of the United States, the associated changes in
upstream emissions are expected to vary among regions because fuel refineries, storage facilities, and
electric power plants are not uniformly distributed across the country. Therefore, an individual
geographic region could experience either a net increase or a net decrease in emissions of each
pollutant due to the final fuel economy standards. Net emissions changes depend on the relative
magnitudes of the increase in emissions from additional vehicle use due to the rebound effect and
electric power production tied to EV charging and the decline in emissions resulting from reduced fuel
production and distribution in that geographic region.

NEMS is an energy-economy modeling system from the EIA. For the CAFE Model analyses presented
throughout this SEIS, NHTSA used the NEMS AEO 2021 version to project the U.S. average electricity-
generating fuel mix (e.g., coal, natural gas, and petroleum) for the reference year 2020 and used the
GREET model (2021 version) (ANL 2021) to estimate upstream emissions. The analysis assumed that the
vehicles would be sold and operated (refueled or charged) during the 2017 to 2060 timeframe. The

29 These are 30 and 15 parts per million (ppm, measured on a mass basis) for gasoline and diesel, respectively, which produces
emissions rates of 0.17 gram of SO, per gallon of gasoline and 0.10 gram per gallon of diesel.
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analysis presented throughout this SEIS assumes that the future EV fleet would charge from a nationally
representative grid mix. As with gasoline, diesel, and E85, emission factors for electricity were calculated
in 5-year increments from 1985 to 2050 in GREET to account for projected changes in the national grid
mix. GREET contains information on the energy intensities (amount of pollutant emitted per unit of
electrical energy generated) that extend to 2040.

For the action alternatives in this SEIS, NHTSA assumed that increased fuel economy affects upstream
emissions by decreasing volumes of gasoline and diesel produced and consumed,* and by causing
changes in emissions related to electricity generation due to the different EV deployment levels
projected under each action alternative. NHTSA calculated the impacts of decreased fuel production on
total emissions of each pollutant using the volumes of petroleum-based fuels estimated to be produced
and consumed under each action alternative, together with emission factors for individual phases of the
fuel production and distribution process derived from GREET. The emission factors derived from GREET
(in grams of pollutant per million British thermal units of fuel energy content) for each phase of the fuel
production and distribution process were multiplied by the volumes of different types of fuel produced
and distributed under each action alternative to estimate the resulting changes in emissions during each
phase of fuel production and distribution. Emissions were added together to derive the total emissions
from fuel production and distribution resulting from each action alternative. This process was repeated
for each alternative, and the change in upstream emissions of each pollutant from each action
alternative was estimated as the difference between upstream emissions of that pollutant under the
action alternative and its upstream emissions under the No Action Alternative.

2.5 Comparison of Alternatives

The CEQ NEPA implementing regulations direct federal agencies to present in an EIS “the environmental
impacts of the proposal and the alternatives in comparative form, thus sharply defining the issues and
providing a clear basis for choice among options by the decision-maker and the public.”3! NHTSA has
presented the environmental impacts of the alternatives in comparative form through each of the
substantive chapters that follow in this SEIS. To supplement that information, this section summarizes
and compares the direct, indirect, and cumulative impacts of all the alternatives on energy, air quality,
and climate, as presented in Chapter 3, Energy, Chapter 4, Air Quality, Chapter 5, Greenhouse Gas
Emissions and Climate Change, and Chapter 8, Cumulative Impacts. No quantifiable, alternative-specific
impacts were identified for the other resource areas discussed in Chapters 6, Life-Cycle Assessment
Implications of Vehicle Energy, Materials, and Technologies s, and Chapter 7, Other Impacts, so they are
not summarized here.

Under the alternatives analyzed in this SEIS, fuel economy is expected to improve compared to current
levels under each action alternative, more than offsetting the growth in the number of passenger cars
and light trucks in use throughout the United States and in the annual VMT by these vehicles. This would
result in projected decreases in total fuel consumption by passenger cars and light trucks compared to
current conditions. Because CO; and upstream emissions are a direct consequence of total fuel
consumption, the same result is projected for total CO, and upstream emissions from passenger cars
and light trucks. NHTSA estimates that the final CAFE standards and each of the action alternatives

30 NHTSA assumed that the proportions of total fuel production and consumption represented by ethanol and other renewable
fuels (such as biodiesel) under each of the action alternatives would be identical to those under the No Action Alternative.

31 40 CFR § 1502.14 (2019).
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would decrease fuel consumption and CO, emissions from the future levels that would otherwise occur
under the No Action Alternative.

2.5.1 Direct and Indirect Impacts

This section compares the direct and indirect impacts of the No Action Alternative and the three action
alternatives on energy, air quality, and climate (Table 2.5.2-1). Under NEPA, direct impacts “are caused
by the action and occur at the same time and place.”3? Indirect impacts “are caused by the action and
are later in time or farther removed in distance, but are still reasonably foreseeable.”3? For detailed
discussions of the assumptions and methods used to estimate the direct and indirect impacts, see
Section 2.3, Standard-Setting and EIS Methods and Assumptions, Section 3.3, Environmental
Consequences (energy), Section 4.1.2, Methods, (air quality), and Section 5.3, Analysis Methods
(climate). Table 2.5.2-1 summarizes the direct and indirect impacts on each resource.

2.5.2 Cumulative Impacts

Table 2.5.2-2 summarizes the cumulative impacts of the action alternatives on energy, air quality, and
climate, as presented in Chapter 8, Cumulative Impacts.

32 40 CFR § 1508.8 (2019).
3 Ibid.
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Table 2.5.2-1. Direct and Indirect Impacts

Alt. 0
(No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3
Energy: Combined U.S. Passenger Car and Light Truck Fuel Consumption for 2020-2050 (billion gasoline gallon equivalent)
3,559 | 3,471 | 3,391 | 3,371 | 3,321
Energy: Combined U.S. Passenger Car and Light Truck Decrease in Fuel Consumption for 2020-2050 (billion gallons)
-168 -188 | -238

-88 |

Air Quality: Criteria Air Pollutant Emissions Changes in 2035

Decrease: CO, NOyx, PM2.5, SO,,
and VOCs.
Increase: None.

Decrease: CO, NOyx, PM2.5, and
VOCs, emissions smaller than
Alt. 1. Increase: SO,, emissions
larger than Alt. 1.

Decrease: CO and VOCs,
emissions smaller than Alts. 1
and 2. NOyx and PM2.5,
emissions larger than Alt. 2 but
smaller than Alt. 1.

Increase: SO,, emissions larger
than Alts. 1 and 2.

Decrease: CO, PM2.5, and
VOCs, emissions smaller than
Alts. 1, 2, and 2.5. NOy,
emissions larger than Alts. 2
but smaller than Alts. 1 and 2.5.
Increase: SO,, emissions larger
than Alts. 1, 2, and 2.5.

Air Quality: Toxic A

ir Pollutant Emissions Changes in 2

035

Decrease: Acetaldehyde,
acrolein, benzene, 1,3-
butadiene, DPM, and
formaldehyde.

Increase: None.

Decrease: Acetaldehyde,
acrolein, benzene, 1,3-
butadiene, DPM, and
formaldehyde, emissions
smaller than Alt. 1.

Increase: None.

Decrease: Acetaldehyde,
acrolein, benzene, 1,3-
butadiene, DPM, and
formaldehyde, emissions
smaller than Alts. 1 and 2 but
larger than Alt. 3.

Increase: None.

Decrease: Acetaldehyde,
acrolein, benzene, 1,3-
butadiene, DPM, and
formaldehyde, emissions
smaller than Alts. 1, 2, and 2.5.

Increase: None.

Air Quality: Decrea

ses in Premature Mortality Cases a

nd Work-Loss Days in 2035

Premature mortality: 23 cases

Premature mortality: 31 cases

Work-loss: 3,295 days

Work-loss: 4,888 days

Premature mortality: 28 cases
Work-loss: 4,923 days

Premature mortality: 34 cases
Work-loss:6,046 days

Climate: Total Greenhouse Gas Emissions from U.S. Passenger Cars and Light Trucks for 2021-2100 (MMTCO,)

89,200 | 85,700 | 82,700 82,000 | 80,400
Climate: Atmospheric Carbon Dioxide Concentrations in 2100 (ppm)
GCAMReference

789.11 | 788.80 | 788.53 788.47 | 788.33
SSP3-7.0
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Alt. 0
(No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3
800.39 800.09 799.80 799.73 799.57
Climate Increase in Global Mean Surface Temperature by 2100 in °C (°F)
GCAMReference
3.484°C 3.483°C 3.482°C 3.481°C 3.481°C
(6.271°F) (6.269°F) (6.267°F) (6.265°F) (6.265°F)
SSP3-7.0
3.564°C 3.562°C 3.561°C 3.560°C 3.559°C
(6.414°F) (6.412°F) (6.409°F) (6.408°F) (6.407°F)

Climate: Global Sea-Level Rise by 2100 in centimeters (inches)

GCAMReference

7628 (30.03) |

76.26 (30.02)

76.23 (30.01)

76.23 (30.01)

76.22 (30.01)

SSP3-7.0

78.53(30.92) |

78.51 (30.91)

78.47 (30.89)

78.45 (30.89)

78.43 (30.88)

Climate: Global Mean Precipitation Increase by 2100

GCAMReference

5.85% 5.85% 5.85% 5.85% 5.85%
SSP3-7.0

6.09% 6.09% 6.09% 6.09% 6.09%
Climate: Ocean Acidification in 2100 (pH)
GCAMReference

8.2176 8.2177 8.2179 8.2179 8.2180
SSP3-7.0

8.2119 8.2120 8.2122 8.2122 8.2123

Notes:

The numbers in this table have been rounded for presentation purposes. Therefore, the reductions might not reflect the exact difference of the values in all cases.
°C = degrees Celsius; °F = degrees Fahrenheit; DPM = diesel particulate matter; MMTCO, = million metric tons of carbon dioxide; NOx = nitrogen oxides; PM2.5 = particulate
matter 2.5 microns or less in diameter; ppm = parts per million; SO, = sulfur dioxide; VOCs = volatile organic compounds
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Table 2.5.2-2. Cumulative Impacts

Alt. 0
(No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3

Energy: Total Combined Gasoline, Diesel, Biofuel, Hydrogen, and Electricity Fuel Consumption by All U.S. Cars and Light Trucks for 2020-2050

Fuel consumption could change due to recent market trends that indicate global EV market share targets and quotas and associated manufacturer
investments to improve EV technologies and increase the scale of EV manufacturing may affect U.S. transportation sector fuel use in the future.

Energy: Total Change in Fuel Use by All U.S. Cars and Light Trucks for 2020-2050

The magnitude and direction of reasonably foreseeable cumulative impacts cannot be quantified with precision.

Air Quality: Criteria Air Pollutant (CO, NOx, PM2.5, SO,, and VOCs) Emissions Changes for 2018-2050

Under all alternatives, cumulative impacts on air quality from criteria pollutants could increase or decrease depending on trends in the electric power sector,
growth in EV usage, and potential changes in emissions standards and regulations for stationary and mobile sources.

Air Quality: Toxic Air Pollutant (Acetaldehyde, Acrolein, Benzene, 1,3-Butadiene, DPM, and Formaldehyde) Emissions Changes for 2018—-2050

Under all alternatives, cumulative impacts on air quality from toxic air pollutants could increase or decrease depending on trends in the electric power
sector, growth in EV usage, and potential changes in emissions standards and regulations for stationary and mobile sources.

Air Quality: Changes in Premature Mortality Cases and Work-Loss Days in 2035 (Values within Range Depend on Assumptions Used)

Under all alternatives, cumulative impacts on human health, as indicated by changes in premature mortality cases and work-loss days, could increase or
decrease depending on trends in the electric power sector, growth in EV usage, and potential changes in emissions standards and regulations for stationary
and mobile sources.

Climate: Total Greenhouse Gas Emissions from U.S. Passenger Cars and Light Trucks for 2021-2100 (MMTCO,)?

89,200 | 85,700 | 82,700 | 82,000 | 80,400
Climate: Atmospheric Carbon Dioxide Concentrations in 2100 (ppm)
GCAM6.0
687.29 | 686.99 | 686.74 | 686.68 | 686.49
SSP2-4.5
568.07 | 567.79 | 567.54 | 567.47 | 567.34
Climate Increase in Global Mean Surface Temperature by 2100 in °C (°F)
GCAM6.0
2.838°C 2.837°C 2.835°C 2.835°C 2.832°C
(5.108°F) (5.106°F) (5.103°F) (5.103°F) (5.098°F)
SSP2-4.5
2.212°C 2.210°C 2.208°C 2.208°C 2.207°C
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Alt.0
(No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3
(3.98°F) (3.98°F) (3.98°F) (3.97°F) (3.97°F)

Climate: Global Sea-Level Rise by 2100 in centimeters (inches)
GCAMG6.0

70.22 (27.65) ‘ 70.19 (27.63) 70.17 (27.63) ‘ 70.16 (27.62) 70.11 (27.60)
SSP2-4.5

60.73 (23.91) ‘ 60.71 (23.90) 60.67 (23.88) ‘ 60.65 (23.88) 60.63 (23.87)

Climate: Global Mean Precipitation Increase by 2100

GCAMG.0
4.77% | 4.77% 4.76% | 4.76% 4.76%
SSP2-4.5
4.78% | 4.77% 4.77% | 4.77% 4.77%
Climate: Ocean pH in 2100
GCAM6.0
8.2723 | 8.2724 8.2726 | 8.2726 8.2727
SSP2-4.5
8.3458 | 8.3460 8.3462 | 8.3462 8.3463
Notes:

2Total greenhouse gas emissions from U.S. passenger cars and light trucks are the same as in the direct and indirect impacts analysis. However, results differ for atmospheric CO,
concentrations, surface temperature, sea-level rise, precipitation, and ocean pH. These differences are due to the fact that the cumulative impacts analysis uses a medium-high
global emissions scenarios (GCAM6.0 and SSP2-4.5) as opposed to the high emissions scenarios (GCAMReference and SSP3-7.0) used in the direct and indirect impacts analysis.
NHTSA chose the GCAMG6.0 and SSP2-4.5 scenarios as plausible global emissions baseline for the cumulative analysis, as these scenarios are more aligned with reasonably
foreseeable global actions that will result in a moderate level of emission reductions (although it does not explicitly include any particular policy or program).

EV = electric vehicles; CO = carbon monoxide; NOx = nitrogen oxides; PM2.5 = particulate matter 2.5 microns or less in diameter; SO, = sulfur dioxide; VOCs = volatile organic
compounds; DPM = diesel particulate matter; MMTCO, = million metric tons of carbon dioxide; °C = degrees Celsius; °F = degrees Fahrenheit; DPM = diesel particulate matter
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CHAPTER 3 ENERGY

NHTSA's light-duty vehicle standards regulate fuel economy and thereby affect U.S. transportation fuel
consumption. The Annual Energy Outlook (AEO) 2021 projects that transportation fuel will account for
76.9 percent of U.S. petroleum consumption in 2050 (EIA 2021a).! The AEO 2021 is the source for the
Section 3.1, Affected Environment, discussion;? however, the data presented in this chapter reflect
adjustments to provide supply and demand values that are comparable within fuel categories in the
CAFE Compliance and Effects Model (referred to as the CAFE Model).2 This chapter also discusses how
the Proposed Action and alternatives would affect passenger car and light truck energy consumption, as
projected by the CAFE Model. Note that the AEO and CAFE Model use different underlying assumptions
but show similar resulting trends in projected energy use. Improvements in vehicle fuel economy,
combined with increases in U.S. petroleum production, have substantially reduced U.S. oil imports.
Transportation fuel also accounts for a large portion of total U.S. energy consumption and has a
significant impact on the overall balance of U.S. energy supply and demand. The AEO 2021 projects that
the United States will be a net energy exporter in every year from 2020 through 2050. The United States
became a net energy exporter in 2019 for the first time in 67 years due to declining net petroleum
imports, increased net exports of natural gas, and continued net exports of coal (EIA 2020a). The AEO
2021 projection reflects enacted legislation and final regulations, including the MY 2021-2026 CAFE
standards established by the 2020 SAFE Vehicles Final Rule.?

This chapter examines the energy impacts of the Proposed Action and alternatives, which would revise
upward the CAFE standards for MYs 2024-2026. For the purpose of this analysis, the impacts of the
Proposed Action and alternatives are measured relative to a No Action Alternative, which assumes that
the MY 2021-2026 CAFE standards established in the SAFE Vehicles Final Rule remain unchanged and
that the MY 2026 SAFE Vehicles Final Rule standards continue to apply for MY 2027 and beyond (Section
2.2, Proposed Action and Alternatives). In addition to those standards, the No Action Alternative
assumes that the manufacturers who signed the California agreement, which imposes voluntary
greenhouse gas (GHG) requirements in excess of the final federal standards for MYs 2021-2026, will
achieve those standards nationally. The No Action Alternative similarly accounts for rising zero emissions
vehicle (ZEV) requirements in both California and the so-called “Section 177 states”,> which have also
adopted the California ZEV standard and collectively represent about 35 percent of the new passenger
car and light truck vehicle market.

I This chapter uses 2050 as NHTSA’s analysis year because it is sufficiently far in the future to have almost the entire light-duty
vehicle fleet composed of MY 2024-2026 or later vehicles.

2 AEO 2022 is scheduled for release in March 2022 and was not available for this analysis.

3 The Docket for the SEIS includes an Excel workbook that shows how values reported in this chapter reflect separate AEO 2021
tables for Energy Supply and Disposition, Energy Consumption by Sector and Source, and Renewable Consumption by sector
and source (NHTSA-2021-0054-007, file name “Draft SEIS Energy Figures based on 2021 AEO”). The data presented in this
chapter do include electricity losses, again in order to provide supply and demand values that are comparable. The British
thermal unit (Btu) amounts used in electricity generation include electricity losses because those losses are part of the supply
Btus (coal, natural gas, etc.) used to deliver electricity for consumption.

4 The Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule for Model Years 2021-2026 Passenger Cars and Light Trucks; Final
Rule, 85 FR 24174 (Apr. 30, 2020) (hereinafter “SAFE Vehicles Final Rule”).

5 The Clean Air Act, Section 177 (42 U.S.C. § 7507), gives states the option to adopt California’s emissions standards provided
they are more stringent than the corresponding federal standards. More than a dozen state governments have leveraged this
provision to implement California’s ZEV program in their own states.




Chapter 3 Energy

Past and projected trends in U.S. energy intensity have changed the relationship between U.S. energy
use and economic growth trends. Energy intensity is often calculated as the sum of all energy supplied
to an economy (in thousand British thermal units [Btu]) divided by its real (inflation-adjusted) gross
domestic product (GDP, the combined market price of all the goods and services produced in an
economy at a given time). Readers may consult Chapter 6.2.4.2 of the TSD for a discussion on energy
intensity.®

In light of the important role of the transportation sector in overall U.S. energy supply and demand, this
chapter discusses past, present, and projected U.S. energy production and consumption by sector and
source to characterize the affected energy environment. This chapter also quantifies energy impacts
under the Proposed Action and alternatives in relation to the No Action Alternative. The chapter is
organized as follows:

e Section 3.1, Affected Environment, describes the affected environment for U.S. energy production
and consumption by primary fuel source (e.g., coal, natural gas, and petroleum) and consumption
sectors (residential, commercial, industrial, and transportation). The section addresses how the
passenger cars and light trucks vehicle sector affects overall energy use.

e Section 3.2, Petroleum Imports and U.S. Energy Security, describes how improvements in the fuel
economy of vehicles and increasing energy production together affect U.S. energy security by
reducing the overall U.S. trade deficit and the macroeconomic vulnerability of the United States to
foreign oil supply disruptions.

e Section 3.3, Environmental Consequences, describes the direct and indirect energy impacts of the
Proposed Action and alternatives.

3.1 Affected Environment

Although petroleum is overwhelmingly the primary source of energy for passenger cars and light trucks,
these vehicles can use other fuels (e.g., electricity and natural gas). The Proposed Action and
alternatives would affect demand for these fuels and thereby affect the availability and use of fuels
consumed by other economic sectors. Understanding how primary fuel markets are expected to evolve
in the coming years also provides context for considering energy impacts of the Proposed Action and
alternatives. Therefore, the affected environment for energy encompasses current and projected U.S.
energy consumption and production across all fuels and sectors. Section 3.1.1, U.S. Production and
Consumption of Primary Fuels, discusses U.S. energy production and consumption by primary fuel
source (e.g., petroleum, coal, and natural gas). Section 3.1.2, U.S. Energy Consumption by Sector,
discusses U.S. energy consumption by stationary and transportation sectors.

3.1.1 U.S. Production and Consumption of Primary Fuels

Primary fuels are energy sources consumed in the initial production of energy. Energy sources used in
the United States include nuclear power, coal, natural gas, crude oil (converted to petroleum products
for consumption), and natural gas liquids (converted to liquefied petroleum gases [LPG] for
consumption). These five energy sources accounted for 87.8 percent of U.S. energy consumption in

6 The March 2020 Final EIS included information, such as energy intensity; however, these discussions are now available in the
TSD and to avoid redundancy with related documents, this SEIS does not include a discussion on energy intensity and
incorporates by reference the discussion from the TSD.




Chapter 3 Energy

2020, whereas hydropower, biomass, solar, wind, and other renewable energy accounted for 12.2
percent of U.S. energy consumption in 2020 (EIA 2021a).

By 2050, the top five aforementioned energy sources are projected to account for 80.2 percent of U.S.
energy consumption, a reduction of 7.6 percent from their previous share, while the share of energy
from renewable sources is projected to rise to 19.8 percent (EIA 2021a). Projected gains in U.S. oil and
natural gas production, additional electricity generation from renewables, and energy efficiency
improvements are expected to make the United States a net energy exporter in 2020 through 2050. The
change in U.S. energy production and consumption from 2020 through 2050 is shown in Figure 3.1.1-1.

Figure 3.1.1-1. U.S. Energy Production and Consumption by Source in 2020 and 2050
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Btu = British thermal unit; NGL = natural gas liquid; LPG = liquefied petroleum gas

From 2020 to 2050, production and consumption of nuclear power is projected to decrease from 8.2 to
6.2 quadrillion Btu (quads), and consumption of renewable fuel is projected to increase from 11.3 quads
in 2020 to 21.5 quads in 2050.7 The projected growth in renewable energy includes a decrease in
hydropower production and consumption from 2.5 quads in 2020 to 2.3 quads in 2050. EIA also projects
increases in biomass energy (e.g., ethanol and other liquid fuel from crops, and grid-connected
electricity from wood and other biomass) and other renewable energy (e.g., wind and solar), from 8.8
guads in 2020 to 19.2 quads in 2050. Electric power generation accounts for 76 percent of projected
renewable fuel use in 2050, and the industrial sector accounts for another 14 percent. Because
production and consumption are roughly equivalent for nuclear and renewable energy, there are

7 The EIA 2021 projection for growth in renewable energy may be conservative, in part because this projection assumes no
changes in the status quo regulatory environment.
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essentially no net imports associated with these energy sources.® These fuels supplied 21 percent of U.S.
energy consumption in 2020, and their combined share of consumption is projected to increase to

26 percent by 2050. In addition to the Reference case projection, the AEO 2021 also presents a side case
that shows much higher use of renewable energy in a Low Renewables Cost case (which assumes a 40
percent reduction in renewable power and energy storage costs compared with the Reference case).

U.S. coal production is projected to decline from 10.8 quads in 2020 to 9.1 quads in 2050, as coal
consumption is expected to decline from 9.0 quads in 2020 to 6.6 quads in 2050. The United States is
currently, and is expected to remain, a net exporter of coal energy through 2050.

U.S. production of dry natural gas (separated from natural gas liquids, discussed below) is projected to
increase from 35.1 quads in 2020 to 44.6 quads in 2050, while consumption of natural gas is expected to
rise from 31.9 quads in 2020 to 36.7 quads in 2050, making the United States a net exporter of natural
gas in 2020 through 2050. The projected growth in natural gas is due to new production technologies
that have enabled increases in U.S. shale gas production that far more than offset declines in
conventional natural gas production.

Production of natural gas liquid (a similar but heavier hydrocarbon than dry natural gas) is projected to
increase from 6.6 quads in 2020 to 8.1 quads in 2050. After extraction, natural gas liquid is separated
from dry natural gas in processing plants and sold as ethane, propane, and other LPGs. LPG consumption
is projected to increase from 3.8 quads in 2020 to 5.8 quads in 2050. LPG production is expected to
exceed LPG consumption, resulting in net exports, from 2020 through 2050.

U.S. production of crude oil is projected to increase from 23.9 quads in 2020 to 26.6 quads in 2050.
Crude oil is refined into petroleum products (which includes gasoline and diesel, but excludes non-
petroleum liquid fuels, such as biofuels and LPG). U.S. consumption of petroleum is projected to
increase from 28.5 quads in 2020 to 31.5 quads in 2050. However, U.S. net imports of petroleum are
projected to increase from 4.6 quads (0.79 billion barrel) in 2020 to 4.9 quads (0.86 billion barrel) in
2050, due to the projected increase in U.S. consumption exceeding the projected increase in U.S.
production.®

The primary fuel projections demonstrate that there are likely to be essentially no U.S. net imports of
nuclear power and renewable energy, with U.S. net exports expected for coal, natural gas, and natural
gas liquid from 2020 through 2050. U.S. net imports of petroleum (crude oil and refined petroleum
products) are only expected to increase slightly, resulting in a projection of net energy exports from
2020 through 2050 (EIA 2021a).

8 There are virtually no U.S. net imports of nuclear power in the sense that U.S. consumption of electricity generated by nuclear
power is supplied by U.S. nuclear power plants. Supply and consumption of nuclear fuel at different stages of processing is
more complex, encompassing a nuclear fuel cycle that includes mining of uranium ore, conversion into uranium hexafluoride
(UF6), and enrichment to increase the concentration of uranium-235. Uranium quantities are expressed in the unit of measure
U308e (equivalent). U308e is uranium oxide (or uranium concentrate) and the equivalent uranium-component of UF6 and
enriched uranium. U.S. nuclear plants in 2015 purchased 94 percent of their total delivered U308e (equivalent) from foreign
suppliers (http://www.theupa.org/_resources/news/EIA_2015_Uranium_Marketing_Annual_Report.pdf).

9 NHTSA also reports on many of these results with the CAFE Model; however, AEO reporting information shown here is
consistent with other information reported within this chapter.
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3.1.2 U.S. Energy Consumption by Sector

This section discusses the use of primary fuels by sector. Energy consumption occurs in four broad
economic sectors: industrial, residential, commercial, and transportation. These sectors can be
categorized as stationary (industrial, residential, and commercial sectors) or mobile (transportation).
Stationary and transportation sectors consume the primary fuels previously described (e.g., natural gas,
coal, and petroleum) and electricity. Electric power generation consumes primary fuel to provide
electricity to the industrial, residential, commercial, and transportation sectors. Total primary energy
consumption for electric power generation is projected to increase from 35.8 quads in 2020 to 41.2
quads in 2050. In 2020, nuclear power supplied 23 percent of electric power generation source fuel, coal
22 percent, natural gas 34 percent, and renewable energy 20 percent. In 2050, nuclear power is
expected to supply 15 percent of electric power generation source fuel, coal 14 percent, natural gas

30 percent, and renewable energy 40 percent. The petroleum share of electric power fuel supply is
anticipated to decline from 0.4 percent in 2020 to just 0.1 percent in 2050 (EIA 2021a). Given these
projections, it is clear that the U.S. energy landscape is changing with renewable energy being the
fastest-growing energy source in the United States.

Figure 3.1.2-1 illustrates sharply contrasting profiles for 2050 fuel consumption projections for
stationary and transportation sectors, with stationary sectors consuming more electricity and natural
gas, and the transportation sector consuming primarily petroleum. Sections 3.1.2.1, Stationary Sector
Fuel Consumption, and 3.1.2.2, Transportation Sector Fuel Consumption, discuss the specifics of fuel use
by those sectors, respectively.

Figure 3.1.2-1. Projected U.S. Energy Consumption by End-Use Sector and Source Fuel in 2050
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3.1.2.1 Stationary Sector Fuel Consumption

This section provides background information on stationary sector fuel consumption, which could be
affected by the Proposed Action and alternatives either by increased use of plug-in electric vehicles or
by changes in upstream energy use related to energy production, refining, storage, and distribution.
NHTSA's analysis shows manufacturers increasing the efficiency of conventional and hybrid-electric
vehicles over time and also selling increasing numbers of plug-in hybrid electric vehicles and battery-
only electric vehicles. NHTSA’s analysis also shows vehicle miles traveled (VMT) recovering from 2020’s
significantly reduced levels during the early 2020s before growing gradually through 2040 and then
declining slightly through 2050. Together, these changes result in declining U.S. consumption of gasoline
and increased consumption of electricity, with changes in aggregate domestic upstream emissions
varying over time and among pollutants and regulatory alternatives. Section 3.1.2.2, Transportation
Sector Fuel Consumption, discusses transportation fuel consumption, on which the Proposed Action and
alternatives would be expected to have a larger impact.

Electricity (including energy losses during generation and transmission) and natural gas used on site (for
heat, cooking, and hot water) are the principal forms of energy used by the residential and commercial
sectors, accounting for 94 percent of 2020 energy use and 95 percent of projected 2050 energy use in
these two sectors. The industrial sector has more diverse energy consumption patterns, including coal,
LPG, petroleum, and renewable energy, but electricity and natural gas still accounted for 62 percent of
2020 industrial sector energy use, and account for 61 percent of projected 2050 energy use. New energy
technologies that supply stationary energy to consumers must compete with an existing infrastructure
that delivers electricity and natural gas reliably and at a relatively low cost, but energy efficiency
improvements are expected to restrain total energy consumption growth in these sectors.

Residential sector energy consumption is projected to increase from 20.8 quads in 2020 to 21.5 quads in
2050, with this sector accounting for 22 percent of U.S. energy consumption in 2020 and 20 percent of
projected U.S. energy consumption in 2050. Commercial sector energy consumption is projected to
increase from 16.7 quads in 2020 to 19.0 quads in 2050, with this sector accounting for 18 percent of
U.S. energy consumption in 2020 and 18 percent of projected U.S. energy consumption in 2050.
Industrial sector energy consumption is projected to rise from 31.2 quads in 2020 to 40.3 quads in 2050,
with this sector accounting for 34 percent of U.S. energy consumption in 2020 and 37 percent of
projected energy consumption in 2050. In 2050, petroleum is expected to account for just 1.3 percent of
residential-sector energy consumption, 3.5 percent of commercial sector energy consumption, and 16.6
percent of industrial sector energy consumption.
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3.1.2.2 Transportation Sector Fuel Consumption

The AEO 2021 projects transportation sector fuel consumption to increase from 24.7 quads in 2020 to
28.2 quads in 2050. In 2020, petroleum supplied 91.0 percent of transportation energy use, biofuel
(mostly ethanol used in gasoline blending) 5.4 percent, natural gas 3.2 percent, LPG (propane) 0.02
percent, and electricity 0.4 percent. In 2050, petroleum is expected to supply 86.1 percent of
transportation energy use, biofuel 6.0 percent, natural gas 4.1 percent, hydrogen 0.01 percent (up from
0.002 percent in 2020), LPG 0.04 percent, and electricity 3.7 percent. Section 6.2, Energy Sources,
synthesizes life-cycle findings on different fuel sources for passenger cars and light trucks, which aids the
decision-maker in understanding how increases or decreases in the use of different fuel sources may
affect the life-cycle GHG emissions of passenger car and light truck use.

In 2020, passenger cars and light trucks accounted for 56 percent of transportation energy consumption,
medium- and heavy-duty (HD) vehicles accounted for 25 percent, air travel accounted for 8 percent, and
other transportation (e.g., boats, rail, pipeline) accounted for 12 percent. In 2050, passenger cars and
light trucks are expected to account for 49 percent of transportation energy consumption, HD vehicles
25 percent, air travel 15 percent, and other transportation 11 percent. The projected decline in the
percentage of transportation energy used by passenger cars and light trucks reflects the fuel economy
improvements that are expected under the No Action Alternative.

In 2020, the transportation sector accounted for 78.9 percent of total U.S. petroleum consumption. In
2050, transportation is expected to account for 76.9 percent of U.S. petroleum use, with the industrial
sector accounting for 21.3 percent. The residential and commercial sectors, unspecified sector
consumption, and electricity generation combined are expected to account for just 1.8 percent of U.S.
petroleum consumption in 2050. With petroleum expected to be the only U.S. primary fuel with net
imports in 2050 and transportation expected to account for 76.9 percent of U.S. petroleum use in 2050,
U.S. net petroleum imports through 2050 are expected to result primarily from fuel consumption by the
transportation sector.

The accounting for EPA CO, emissions standards and NHTSA CAFE standards (including the MY 2021-
2026 CAFE standards established in the 2020 SAFE Vehicles Final Rule) in the AEO 2021 projection
contributes to a 34.7 percent projected increase from 2020 to 2050 in the average miles per gallon
achieved by all passenger cars and light trucks in use, as older, less efficient vehicles are replaced by
more efficient vehicles. These standards are also reflected in the CAFE Model projection for the No
Action Alternative.

The AEO 2021 also projects a 14.1 percent increase from 2020 to 2050 in energy used by HD vehicles,
and a 52.7 percent increase in VMT for HD trucks. The large projected increase in HD vehicle VMT results
in a relatively small increase in HD vehicle fuel use because there is a large projected increase in HD
vehicle stock fuel efficiency as older vehicles are replaced by vehicles that comply with Phase 1 and
Phase 2 standards for HD vehicle fuel efficiency. The 14.1 percent projected increase in energy used by
HD vehicles is associated with a 1.0 percent forecast increase from 2020 to 2050 in transportation sector

0AEO s an energy projection, not a rulemaking analysis. AEO uses the EIA’s National Energy Modeling System (NEMS), which
represents fleets and standards at a highly generalized level that, while appropriate for economy-wide energy forecasting, is
too generalized to be usable for rulemaking analysis. NHTSA’s analysis supporting the SEIS and final rule uses DOT’s CAFE
Model, which is designed to support rulemaking analysis. Since 2012, DOT, working with EPA, has significantly expanded and
refined the CAFE Model, and has updated many accompanying input data and estimates. Some model inputs are considerably
different from those used in 2012.
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diesel use, with the diesel share of HD vehicle fuel use expected to decline from 81.3 percent in 2020 to
75.3 percent of HD vehicle fuel in 2050.

3.2 Petroleum Imports and U.S. Energy Security

Section 3.1, Affected Environment, shows that the United States is expected to have net energy exports
from 2020 through 2050 for the combination of all source fuels. Petroleum net imports (crude oil and
refined petroleum products) are also only expected to increase slightly. The February 2022 EIA Short-
Term Energy Outlook reports that the United States returned to being a net importer of petroleum
(crude oil and refined petroleum products) in 2021 following its historic shift to being a net exporter of
petroleum in 2020. The February 2022 Short-Term Energy Outlook also expects net crude oil imports to
increase, making the United States a net importer of petroleum in 2022 (EIA 2022). As noted above, the
2021 AEOQ projects that the United States would continue to be a net petroleum importer through 2050.

In 2050, the transportation sector is expected to account for 76.9 percent of all U.S. petroleum use, with
passenger cars and light trucks accounting for 50.1 percent of transportation energy consumption. Fuel
economy improvements required by previously promulgated CAFE standards for passenger cars and
light trucks have had a substantial impact on the projected extent of U.S. dependence on petroleum
imports. This SEIS describes the effect of lower gasoline use on refining and petroleum production and
imports. Readers may consult Chapter 6.2.4 of the TSD for a description on considerations for energy
security.

3.3 Environmental Consequences

All of the action alternatives would contribute to projected ongoing declines in U.S. energy intensity
through 2050, but to a larger extent than the No Action Alternative. Under the No Action Alternative,
the average fuel economy of all light-duty vehicles in use would increase by 52 percent from 2020
through 2050. Under Alternatives 1, 2, 2.5 (NHTSA’s Preferred Alternative), and 3, the average fuel
economy of all light-duty vehicles in use would increase by 60, 68, 69, and 74 percent, respectively, from
2020 through 2050, as older, less efficient vehicles are replaced by new vehicles that achieve much
better fuel economy. Gasoline accounts for 92 percent to 95 percent of total gasoline gallon equivalent
(GGE) use in 2050 under all of the alternatives, so improvements in fuel economy would reduce net
petroleum imports. Energy impacts on stationary energy sectors would be negligible due to the limited
use of petroleum in those sectors.

Table 3.3-1 shows the direct and indirect impacts of each alternative on combined fuel consumption for
2020 through 2050, by which time almost the entire light-duty vehicle fleet will be composed of MY
2026 or later vehicles. Light-duty vehicle fuel consumption is shown in GGE, which includes consumption
of gasoline, diesel, biofuel, hydrogen, and electricity used to power the light-duty vehicle fleet.

Table 3.3-1 shows 2020 to 2050 fuel use resulting from the action and alternatives compared to the No
Action Alternative.
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Table 3.3-1. Fuel Consumption and Decrease in Fuel Consumption by Alternative (billion gasoline
gallon equivalent total for calendar years 2020-2050)

Alt. 0

(No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3
Fuel Consumption
Cars 1,408 1,367 1,309 1,301 1,270
Light trucks 2,151 2,104 2,082 2,070 2,051
All light-duty vehicles 3,559 3,471 3,391 3,371 3,321
Decrease in Fuel Use Compared to the No Action Alternative
Cars -- -41 -99 -107 -138
Light trucks -- -47 -69 -81 -100
All light-duty vehicles -- -88 -168 -188 -238

Total light-duty vehicle fuel consumption from 2020 to 2050 under the No Action Alternative is
projected to be 3,559 billion GGE. Light-duty vehicle fuel consumption from 2020 to 2050 under the
action alternatives is projected to range from 3,471 billion GGE under Alternative 1 to 3,321 billion GGE
under Alternative 3. All of the action alternatives would decrease fuel consumption compared to the No
Action Alternative, with decreases that range from 88 billion GGE under Alternative 1 to 238 billion GGE

under Alternative 3.
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CHAPTER 4 AIR QUALITY

4.1 Affected Environment
4.1.1 Relevant Pollutants and Standards

Many human activities cause gases and particles to be emitted into the atmosphere. These activities
include driving cars and trucks; extracting, refining, and transporting crude oil; burning coal, natural gas,
and other fossil fuels; and manufacturing chemicals and other products from raw materials as well as
other industrial and agricultural operations. Air pollution from these various sources can cause adverse
impacts on public health and the environment. When these gases and particles accumulate in the air in
high enough concentrations, they can harm humans—especially children, the elderly, the ill, and other
sensitive individuals—and can damage crops, vegetation, buildings, other property, and the natural
environment. Many air pollutants remain in the environment for long periods and are carried by the
wind hundreds of miles from their origins. People exposed to high enough levels of certain air pollutants
can experience burning in their eyes, an irritated throat, breathing difficulties, or other respiratory
symptoms. Long-term exposure to air pollution can cause cancer, heart and lung diseases, and damage
to the immune, neurological, reproductive, and respiratory systems. In extreme cases, it can even cause
death (EPA 2020b).

To reduce air pollution levels, the Federal Government and state agencies have passed legislation and
established regulatory programs to control sources of emissions. The Clean Air Act (CAA) is the primary
federal legislation that addresses air quality. Under the CAA, as amended, EPA has established National
Ambient Air Quality Standards (NAAQS) for six criteria pollutants. The criteria pollutants discussed in
this SEIS are carbon monoxide (CO), nitrogen dioxide (NO,) (one of several oxides of nitrogen), ozone,
sulfur dioxide (S0O,), particulate matter (PM) with a diameter equal to or less than 10 microns (PM10)
and 2.5 microns (PM2.5, or fine particles), and lead. Vehicles do not directly emit ozone, but this
pollutant is evaluated based on emissions of the ozone precursor pollutants nitrogen oxides (NOx) and
volatile organic compounds (VOCs). This air quality analysis assesses the impacts of Alternative 0 (No
Action Alternative) and action alternatives in relation to these criteria pollutants. It also assesses how
the alternatives would affect the emissions of certain hazardous air pollutants.

Total emissions from on-road mobile sources (highway vehicles) have declined dramatically since 1970
because of pollution controls on vehicles and regulation of the chemical content of fuels, despite
continuing increases in vehicle miles traveled (VMT). From 1970 to 2020, emissions from on-road mobile
sources declined 90 percent for CO, 76 percent for NOyx, 72 percent for PM2.5(1990 to 2020), 55 percent
for PM10, 94 percent for SO,, and 91 percent for VOCs (EPA 2020c, 2020d, 2020e, 2020f, 2020g, 2020h).
Nevertheless, the U.S. transportation sector remains a major source of emissions of certain criteria
pollutants or their chemical precursors. On-road mobile sources are responsible for emitting 17.2 million
tons? per year of CO (25 percent of total U.S. emissions), 90,000 tons per year (1 percent) of PM2.5, and

L criteria pollutants is a term used to describe the six common air pollutants for which the CAA requires EPA to set NAAQS. EPA
calls these pollutants criteria air pollutants because it regulates them by developing human health-based or environmentally
based criteria (science-based guidelines) for setting permissible levels. Hazardous air pollutants refer to substances defined as
hazardous by the 1990 CAA amendments. These substances include certain VOCs, compounds in particulate matter (PM),
pesticides, herbicides, and radionuclides that present tangible hazards based on scientific studies of human (and other
mammal) exposure.

2 The term ton(s) as used in this chapter refers to U.S. tons (2,000 pounds).
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216,000 tons per year (1 percent) of PM10 (EPA 2020c, 2020d, 2020e). Passenger cars and light trucks
contribute 93 percent of U.S. highway emissions of CO, 57 percent of highway emissions of PM2.5, and
55 percent of highway emissions of PM10 (EPA 2014b). Almost all of the PM in motor vehicle exhaust is
PM2.5 (Gertler et al. 2000; EPA 2014b); therefore, this analysis focuses on PM2.5 rather than PM10. On-
road mobile sources also emit 1.4 million tons per year (8 percent of total U.S. emissions) of VOCs and
2.4 million tons per year (29 percent) of NOyx, which are chemical precursors of ozone (EPA 2021a).
Passenger cars and light trucks emit 90 percent of U.S. highway emissions of VOCs and 51 percent of
NOx (EPA 2014b). In addition, NOx is a PM2.5 precursor and VOCs can be PM2.5 precursors.® SO; and
other oxides of sulfur (SOx) contribute to the formation of PM2.5in the atmosphere; however, on-road
mobile sources account for less than 0.5 percent of U.S. SO, emissions (EPA 2020g) due to the
introduction of fuel sulfur limits for both gasoline and diesel. Similarly, with the elimination of lead in
automotive gasoline, lead is no longer emitted from motor vehicles in more than negligible quantities.
Therefore, this analysis does not address lead.

Table 4.1.1-1 lists the primary and secondary NAAQS for each criteria pollutant. Under the CAA, EPA sets
primary standards at levels intended to protect against adverse impacts on human health; secondary
standards are intended to protect against adverse impacts on public welfare, such as damage to
agricultural crops or vegetation and damage to buildings or other property. Because each criteria
pollutant has different potential impacts on human health and public welfare, NAAQS specify different
permissible levels for each pollutant. NAAQS for some pollutants include standards for short- and long-
term average levels. Short-term standards are intended to protect against acute health impacts from
short-term exposure to higher levels of a pollutant; long-term standards are established to protect
against chronic health impacts resulting from long-term exposure to lower levels of a pollutant.

NAAQS are most commonly used to help assess the air quality of a geographic region by comparing the
levels of criteria air pollutants found in the atmosphere to the levels established by NAAQS.
Concentrations of criteria pollutants in the air mass of a region are measured in parts of a pollutant per
million parts of air (parts per million or ppm) or in micrograms of a pollutant per cubic meter of air
(micrograms per cubic meter or ug/m?3) present in repeated air samples taken at designated monitoring
locations. These ambient concentrations of each criteria pollutant are compared to the permissible
levels specified by NAAQS to assess whether the region’s air quality could be unhealthful.

When the measured concentrations of a criteria pollutant in a geographic region are less than those
permitted by NAAQS, EPA designates the region as an attainment area for that pollutant; regions where
concentrations of criteria pollutants exceed federal standards are called nonattainment areas. Former
nonattainment areas that are now in compliance with NAAQS are designated as maintenance areas.
Each state with a nonattainment area is required to develop and implement a State Implementation
Plan (SIP) documenting how the region will reach attainment levels within periods specified in the CAA.
For maintenance areas, the SIP must document how the state intends to maintain compliance with
NAAQS. When EPA changes a NAAQS, each state must revise its SIP to address how it plans to attain the
new standard.

3 NOy can undergo chemical transformations in the atmosphere to form nitrates. VOCs can undergo chemical transformations
in the atmosphere to form other various carbon compounds. Nitrates and carbon compounds can be major constituents of
PM2.5. Highway vehicle emissions are large contributors to nitrate formation nationally (EPA 2004).
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Table 4.1.1-1. National Ambient Air Quality Standards

Primary Standards

Secondary

Standards

Pollutant Level® Averaging Time Level® Averaging Time
Carbon monoxide (CO) |9 ppm (10 mg/m?3) 8 hours® None
35 ppm (40 mg/m?3) 1 hour®
Lead 0.15 pg/m?3 Rolling 3-month average |Same as primary standards
Nitrogen dioxide (NOz) |0.053 ppm (100 pg/m3) | Annual (arithmetic mean) |Same as primary standards
0.100 ppm (188 pg/m?3) | 1 hour® None
Particulate matter 150 pg/m3 24 hours® Same as primary standards
(PM10)
Particulate matter 12.0 ug/m3 Annual (arithmetic 15.0 ug/m3 Annual
(PM2.5) mean)® (arithmetic
mean)®
35 pg/m? 24 hoursf Same as primary standards
Ozone 0.070 ppm 8 hours® Same as primary standards
Sulfur dioxide (SO3) 0.075 ppm (200 pg/m?3) | 1 hour" 0.5 ppm (1,300 |3 hours®

Hg/md)

Notes:

2 Units of measure for the standards are parts per million (ppm) by volume, milligrams per cubic meter of air (mg/m3), and
micrograms per cubic meter (ug/m?3) of air.

b Not to be exceeded more than once per year.
¢ To attain this standard, the 3-year average of the 98th percentile of the daily maximum 1-hour average NO, concentrations at

each monitor within an area must not exceed 0.100 ppm (effective January 22, 2010).

9 Not to be exceeded more than once per year on average over 3 years.
¢ To attain this standard, the 3-year average of the weighted annual mean PM2.5 concentrations from single or multiple
community-oriented monitors must not exceed 12.0 pg/m3 for the primary standard and 15.0 ug/m3for the secondary

standard.

fTo attain this standard, the 3-year average of the 98th percentile of 24-hour PM2.5 concentrations at each population-
oriented monitor within an area must not exceed 35 ug/m? (effective December 17, 2006).
8 To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour average ozone concentrations
measured at each monitor in an area over each year must not exceed 0.070 ppm (effective December 28, 2015).

P To attain this standard, the 3-year average of the 99th percentile of the daily maximum 1-hour average SO, concentrations

must not exceed 0.075 ppm.

Source: 40 CFR § 50, as presented in EPA 2016a
ppm = parts per million; mg/m3 = milligrams per cubic meter; pg/m?3 = micrograms per cubic meter; CFR = Code of Federal

Regulations; EPA = U.S. Environmental Protection Agency; PM10 = particulate matter 10 microns or less in diameter; PM2.5 =
particulate matter 2.5 microns or less in diameter

NAAQS have not been established for hazardous air pollutants. Hazardous air pollutants emitted from
vehicles that are known or suspected to cause cancer or other serious health and environmental impacts
are referred to as mobile source air toxics (MSATs).* The MSATs included in this analysis are
acetaldehyde, acrolein,® benzene, 1,3-butadiene, diesel particulate matter (DPM), and formaldehyde.
EPA and the Federal Highway Administration (FHWA) have identified these air toxics as the MSATSs that
typically are of greatest concern for impacts from highway vehicles (EPA 2007; FHWA 2012). DPM is a

4 A list of all MSATs identified by EPA to date can be found in the Regulatory Impact Analysis for Final Rule: Control of
Hazardous Air Pollutants from Mobile Sources (signed February 9, 2007), EPA420-R-07-002, Tables 1.1-1 and 1.1-2 (EPA 2007).

SEPAno longer considers acrolein to be a key driver of health risk from mobile sources (EPA 2018b). However, this analysis
retains acrolein for consistency with the Draft SEIS.
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component of exhaust from diesel-fueled vehicles and falls almost entirely within the PM2.5 particle-size
class. On-road mobile sources are responsible (as of 2017) for 20,593 tons per year (3 percent of total
U.S. emissions) of acetaldehyde emissions, 1,124 tons per year (1.5 percent) of acrolein emissions,
43,019 tons per year (21 percent) of benzene emissions, 6,514 tons per year (12 percent) of 1,3-
butadiene emissions, and 26,838 tons per year (2.4 percent) of formaldehyde emissions (EPA 2020i,
2020j, 2020k, 2020I, 2020m).®

Vehicle-related sources of air pollutants include exhaust emissions, evaporative emissions, resuspension
of road dust, and tire and brake wear. Locations close to major roadways generally have elevated
concentrations of many air pollutants emitted from motor vehicles. Hundreds of studies published in
peer-reviewed journals have concluded that concentrations of CO, nitric oxide, NO,, benzene,
aldehydes, PM, black carbon, and many other compounds are elevated in ambient air within
approximately 300 to 600 meters (about 1,000 to 2,000 feet) of major roadways. Studies that focused
on measurements during meteorological conditions that tend to inhibit the dispersion of emissions have
found that concentrations of traffic-generated air pollutants can be elevated for as much as 2,600
meters (about 8,500 feet) downwind of roads under such meteorological conditions (Hu et al. 2009,
2012). The highest concentrations of most pollutants emitted directly by motor vehicles are found at
locations within 50 meters (about 165 feet) of the edge of a roadway’s traffic lanes.

Air pollution near major roads has been shown to increase the risk of adverse health impacts in
populations who live, work, or attend school near major roads.” A 2013 study estimated that 19 percent
of the U.S. population (more than 59 million people) lived within 500 meters (about 1,600 feet) of major
roads (those with at least 25,000 annual average daily traffic) while about 3.2 percent of the population
(10 million people) lived within 100 meters (about 300 feet) of such roads (Rowangould 2013). Another
2013 study estimated that 3.7 percent of the U.S. population (about 11 million people) lived within

150 meters (about 500 feet) of interstate highways, or other freeways and expressways (Boehmer et al.
2013). Because of the large number of people who live near major roads, it is important to understand
how traffic-generated pollutants collectively affect the health of exposed populations (EPA 2014c).

In the past 15 years, many studies have reported that populations who live, work, or go to school near
high-traffic roadways experience higher rates of numerous adverse health impacts, compared to
populations far away from major roads.® Numerous studies have found adverse health impacts
associated with spending time in traffic, such as commuting or walking along high-traffic roadways
(Laden et al. 2007; Peters et al. 2004; Zanobetti et al. 2009; Dubowsky Adar et al. 2007; Zhang and
Batterman 2013; Matz et al. 2019; Steib et al. 2020). The health outcomes with the strongest evidence
of linkages with traffic-associated air pollutants are respiratory effects, particularly in asthmatic children,
and cardiovascular effects.

Numerous reviews of this body of health literature have been published as well. In 2010, an expert
panel of the Health Effects Institute (HEI) published a review of hundreds of exposure, epidemiology,
and toxicology studies (HEI 2010). The panel rated how the evidence for each type of health outcome

6 Nationwide total emissions data are not available for DPM.

7 Most of the information in the remainder of this section appeared originally in the EPA 2014 Final Rule establishing Tier 3
motor vehicle emissions and fuel standards. Control of Air Pollution from Motor Vehicles: Tier 3 Motor Vehicle Emission and
Fuel Standards; Final Rule, 79 FR 23414 (April 28, 2014).

8 The Tier 3 Final Rule reported that in the widely used PubMed database of health publications, between January 1, 1990 and
August 18, 2011, 605 publications contained the keywords “traffic, pollution, epidemiology,” with approximately half the
studies published after 2007.
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supported a conclusion of a causal association with traffic-associated air pollution as either “sufficient,”
“suggestive but not sufficient,” or “inadequate and insufficient.” The panel categorized evidence of a
causal association for exacerbation of childhood asthma as “sufficient,” and categorized evidence of a
causal association for new onset asthma as between “sufficient” and “suggestive but not sufficient.” The
panel categorized evidence linking traffic-associated air pollutants with exacerbation of adult respiratory
symptoms and lung function decrement as “suggestive of a causal association.” It categorized as
“inadequate and insufficient” evidence of a causal relationship between traffic-related air pollution and
health care utilization for respiratory problems, new onset adult asthma, chronic obstructive pulmonary
disease, nonasthmatic respiratory allergy, and cancer in adults and children. Other literature reviews
have published conclusions generally similar to the HEI panel conclusions (Boothe and Shendell 2008;
Sun et al. 2014). Researchers from the U.S. Centers for Disease Control and Prevention published a
systematic review and meta-analysis of studies evaluating the risk of childhood leukemia associated with
traffic exposure and reported positive associations between “postnatal” proximity to traffic and
leukemia risks but no such association for “prenatal” exposures (Boothe et al. 2014). Other studies have
found association between exposure to ambient air pollution during pregnancy and childhood cancer
risks and association between post-natal exposure and childhood cancer risks (e.g., Lavigne et al 2017;
Tamayo-Uria et al. 2018).

Other possible adverse health impacts resulting from high-traffic exposure are less studied and lack
sufficient evidence to draw definitive conclusions. Among these less-studied potential outcomes are
neurological impacts (e.g., autism and reduced cognitive function) and reproductive outcomes (e.g.,
preterm birth and low birth weight) (Volk et al. 2011; Franco-Suglia et al. 2007; Power et al. 2011;
Wu et al. 2011; Xu et al. 2016; Salvi and Salim 2019).

In addition to reporting health outcomes, particularly cardiopulmonary effects, numerous studies
suggest mechanisms by which traffic-related air pollution affects health and leads to those reported
outcomes. Numerous studies indicate that near-roadway exposures may increase systemic
inflammation, affecting organ systems, including blood vessels and lungs (Riediker 2007; Alexeef et al.
2011; Eckel et al. 2011; Zhang et al. 2009; Puett et al. 2019). Long-term exposures in near-road
environments have been associated with inflammation-associated conditions, such as atherosclerosis
and asthma (Adar et al. 2010; Kan et al. 2008; McConnell et al. 2010; Farzan et al. 2021; Johnson et al.
2020).

Sections 4.1.1.1, Health Effects of Criteria Pollutants, and 4.1.1.2, Health Effects of Mobile Source Air
Toxics, discuss specific health effects associated with each of the criteria and hazardous air pollutants
analyzed in this SEIS. Section 5.4, Environmental Consequences, addresses the impacts of major
greenhouse gases (GHGs)—carbon dioxide (CO;), methane (CH,), and nitrous oxide (N;O); this air quality
analysis does not include these GHGs. Section 7.5, Environmental Justice, addresses the impacts of air
pollution and climate change on minority and low-income populations.

4.1.1.1 Health Effects of Criteria Pollutants

The following sections describe the health effects of the five criteria pollutants addressed in this
analysis. This information is adapted from EPA (2012a). The most recent EPA technical reports and
Federal Register notices for NAAQS reviews provide more information on the health effects of criteria
pollutants (EPA 2013a, 2015a).
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Ozone

Ozone is a photochemical oxidant and the major component of smog. Ozone is not emitted directly into
the air but is formed through complex chemical reactions among precursor emissions of VOCs and NOx
in the presence of the ultraviolet component of sunlight. Ground-level ozone causes health problems
because it irritates the mucous membranes, damages lung tissue, reduces lung function, and sensitizes
the lungs to other irritants. Ozone-related health effects also include respiratory symptoms and related
effects, aggravation of asthma, increased hospital and emergency room visits, and increased asthma
medication usage. Exposure to ozone for several hours at relatively low concentrations has been found
to substantially reduce lung function and induce respiratory inflammation in normal, healthy people
during exercise. There is also evidence that short-term exposure to ozone directly or indirectly
contributes to nonaccidental and cardiopulmonary-related mortality.

In addition to its human health impacts, ozone has the potential to affect the health of vegetation and
ecosystems. Ozone in the atmosphere is absorbed by plants and disturbs the plant’s carbon
sequestration process, thereby limiting its available energy supply. Consequently, exposed plants can
lose their vigor, become more susceptible to disease and other environmental stressors, and
demonstrate reduced growth, visual abnormalities, or accelerated aging. According to the EPA
Integrated Science Assessment (ISA) for Ozone and Related Photochemical Oxidants (EPA 2020n), ozone
affects crops, vegetation, and ecosystems more than any other air pollutant. Ozone can produce both
acute and chronic injury in sensitive species, depending on the concentration level, the duration of the
exposure, and the plant species under exposure. Because of the differing sensitivities among plants to
ozone, ozone pollution can also exert a selective pressure that leads to changes in plant community
composition. Given the range of plant sensitivities and the fact that numerous other environmental
factors modify plant uptake and response to ozone, it is not possible to identify threshold values above
which ozone is consistently toxic for all plants.

VOCs, a chemical precursor to ozone, also can play a role in vegetation damage (NPS 2019). For some
sensitive plants under exposure, VOCs have been demonstrated to affect seed production,
photosynthetic efficiency, leaf water content, seed germination, flowering, and fruit ripening (Pinto et
al. 2010). NOxy, the other chemical precursor to ozone, has also been demonstrated to affect vegetation
health (Viskari 2000; Ugrekhelidze et al. 1997; Kammerbauer et al. 1987). Most of the studies of the
impacts of VOCs and NOx on vegetation have focused on short-term exposure; few studies have focused
on long-term impacts and the potential for the metabolites® of these compounds to affect herbivores or
insects.

Particulate Matter

PM is a generic term for a broad class of chemically and physically diverse substances that exist as
discrete particles. PM includes dust, dirt, soot, smoke, and liquid droplets directly emitted into the air, as
well as particles formed in the atmosphere by condensation or by the transformation of emitted gases
such as NOy, SOy, and VOCs. Fine particles are produced primarily by combustion processes and by these
atmospheric transformations of emitted gases. The definition of PM also includes particles composed of
elemental carbon (black carbon).'® Gasoline-fueled and diesel-fueled vehicles emit PM. In general, the

% Metabolites are formed as the initial compounds break down and are transformed through metabolism.

10 Elemental carbon and black carbon are similar forms of fine PM and are considered synonymous for purposes of this analysis.
The term elemental carbon describes carbonaceous particles based on chemical composition rather than light-absorbing
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smaller the PM, the deeper it can penetrate into the respiratory system and the more damage it can
cause. Depending on its size and composition, PM can damage lung tissue, aggravate existing respiratory
and cardiovascular diseases, alter the body’s defense systems against foreign materials, and cause
cancer and premature death (EPA 2019a). PM2.5 has been associated with risk for several respiratory
conditions, including coronavirus disease 2019 (COVID-19) (Pozzer et al. 2020; Wu et al. 2020; Zhou et
al. 2021). PM also can contribute to poor visibility by scattering and absorbing light, consequently
making the terrain appear hazy. To address visibility concerns, EPA developed the regional haze
program,! which was put in place in July 1999 to protect the visibility in Mandatory Class | Federal Areas
(national parks and wilderness areas). EPA has also set secondary NAAQS to regulate non-Class | areas
outside the regional haze program. Deposition of PM (especially secondary PM formed from NOy and
SOx) can damage materials, adding to the effects of natural weathering processes by potentially
promoting or accelerating the corrosion of metals, degrading paints, and deteriorating building
materials (especially concrete and limestone).

EPA classifies DPM as an MSAT, so it is addressed in Section 4.1.1.2, Health Effects of Mobile Source Air
Toxics, Diesel Particulate Matter.

Carbon Monoxide

CO is a colorless, odorless, poisonous gas produced by incomplete combustion of carbon in fuels. Motor
vehicles are the single largest source of CO emissions nationally.’? When CO enters the bloodstream, it
acts as an asphyxiant by reducing the delivery of oxygen to the body’s organs and tissues. It can affect
the central nervous system and impair the brain’s ability to function properly. Health threats are most
serious for those who suffer from cardiovascular disease, particularly those with angina or peripheral
vascular disease. Epidemiological studies show associations between short-term CO exposure and
cardiovascular morbidity, particularly increased emergency room visits and hospital admissions for
coronary heart disease. Some epidemiological studies suggest a causal relationship between long-term
exposures to CO and developmental effects and adverse health impacts at birth, such as decreased birth
weight.

Sulfur Dioxide

S0,, one of various oxides of sulfur, is a gas formed from combustion of fuels containing sulfur. Most SO,
emissions are produced by stationary sources such as power plants. SO; is also formed when gasoline is
extracted from crude oil in petroleum refineries and in other industrial processes. High concentrations
of SO, cause severe respiratory distress (difficulty breathing), irritate the upper respiratory tract, and
aggravate existing respiratory and cardiovascular disease. The immediate effect of SO; on the
respiratory system in humans is bronchoconstriction (constriction of the airways). Asthmatics are more
sensitive to the effects of SO,, likely because of preexisting bronchial inflammation. SO; also is a primary

characteristics. The term black carbon describes particles of mostly pure carbon that absorb solar radiation at all wavelengths
(EPA 2012b). The carbon content of a sample of PM can be described by either term depending on the test method used:
typically, the result for a sample tested by thermal or wet chemical methods is termed elemental carbon while the result for a
sample tested by optical methods is termed black carbon (Long et al. 2013).

1 Final Rule: Regional Haze Regulations, 64 FR 35714 (July 1, 1999).

2 Highway motor vehicles overall accounted for approximately 25 percent of national CO emissions in 2018 (EPA 2020c).
Passenger cars and light trucks account for approximately 93 percent of the CO emissions from highway motor vehicles (EPA
2014b) while heavy-duty vehicles account for the remaining 7 percent (EPA 2019b).
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contributor to acidic deposition, or acid rain, which causes acidification of lakes and streams and can
damage trees, crops, historic buildings, and statues.

Nitrogen Dioxide

NO,, a reddish-brown, highly reactive gas, is one of the oxides of nitrogen formed by high-temperature
combustion (as in vehicle engines) of nitrogen and oxygen. Most NOx created in the combustion reaction
consists of nitric oxide (NO), which oxidizes to NO; in the atmosphere. NO; can irritate the lungs and
mucous membranes, aggravate asthma, cause bronchitis and pneumonia, and reduce resistance to
respiratory infections. NO; has also been linked to other health outcomes, including all-cause
(nonaccidental) mortality, hospital admissions or emergency department visits for cardiovascular
disease, and reductions in lung function growth associated with chronic exposure. NO, from vehicle
traffic has been associated with risk for several respiratory conditions, including COVID-19 (Lipsitt et al.
2021). Oxides of nitrogen are an important precursor to ozone and acid rain and can affect terrestrial
and aquatic ecosystems.

4.1.1.2 Health Effects of Mobile Source Air Toxics

The following sections briefly describe the health effects of the six priority MSATSs analyzed in this SEIS.
This information is adapted from the EPA Regulatory Impact Analysis for the Revised 2023 and Later
Model Year Light-Duty Vehicle GHG Emissions Standards (EPA 2021b).

Motor vehicle emissions contribute to ambient levels of air toxics known or suspected to be human or
animal carcinogens or known to have noncancer health effects. These compounds include, but are not
limited to, acetaldehyde, acrolein, benzene, 1,3-butadiene, and formaldehyde. These five air toxics, plus
DPM, are the six priority MSATSs analyzed in this SEIS. These compounds, plus polycyclic organic matter
and naphthalene, were identified as national or regional risk drivers or contributors in the EPA 2014
National-Scale Air Toxics Assessment and have significant inventory contributions from mobile sources
(EPA 2018b). This SEIS does not analyze polycyclic organic matter separately, but this matter can occur
as a component of DPM and is discussed in Diesel Particulate Matter. Naphthalene also is not analyzed
separately in this SEIS, but it is a member of the polycyclic organic matter class of compounds discussed
in Diesel Particulate Matter.

Acetaldehyde

Acetaldehyde is classified in the EPA Integrated Risk Information System (IRIS) database as a probable
human carcinogen, based on nasal tumors in rats, and is considered toxic by the inhalation, oral, and
intravenous routes (EPA 1998). In its Fourteenth Report on Carcinogens (NTP 2016a), the U.S.
Department of Health and Human Services “reasonably anticipates” acetaldehyde to be a human
carcinogen, and the World Health Organization’s International Agency for Research on Cancer (IARC)
classifies acetaldehyde as possibly carcinogenic to humans (Group 2B) (IARC 1999).

The primary noncancer effects of exposure to acetaldehyde vapors include eye, skin, and respiratory-
tract irritation (EPA 1998, 2000a). In short-term (4-week) rat studies, degeneration of olfactory
epithelium was observed at various concentration levels of acetaldehyde exposure (National Research
Council Committee on Emergency and Continuous Exposure Guidance Levels for Selected Submarine
Contaminants 2009). EPA used data from these studies to develop an inhalation reference
concentration. Some asthmatics have been shown to be a sensitive subpopulation to decrements in
functional expiratory volume and bronchoconstriction upon inhaling acetaldehyde (OEHHA 2008).
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Acrolein

Acrolein is extremely acrid and is irritating to humans when inhaled, with acute exposure resulting in
upper respiratory tract irritation, mucus hypersecretion, and congestion. The intense irritancy of this
carbonyl compound has been demonstrated during controlled tests in human subjects, who suffer
intolerable eye and nasal mucosal sensory reactions within minutes of exposure (EPA 2003a). The EPA
2003 IRIS human health risk assessment for acrolein (EPA 2003a) summarizes these data and additional
studies regarding acute effects of human exposure to acrolein. Evidence from studies in humans indicate
that levels as low as 0.09 ppm (0.21 milligram per cubic meter) for 5 minutes can elicit subjective
complaints of eye irritation, with increasing concentrations leading to more extensive eye, nose, and
respiratory symptoms (OEHHA 2008). Lesions to the lungs and upper respiratory tracts of rats, rabbits,
and hamsters have been observed after subchronic exposure to acrolein (OEHHA 2008). Animal studies
report acute exposure effects such as bronchial hyper-responsiveness (OEHHA 2008). In a recent study,
the acute respiratory irritant effects of exposure to 4 ppm acrolein were more pronounced in mice with
allergic airway disease compared to nondiseased mice, which also showed decreases in respiratory rate
(Snow et al. 2017). Based on these animal data and demonstration of similar effects in humans (e.g.,
reduction in respiratory rate), individuals with compromised respiratory function (e.g., emphysema and
asthma) are expected to be at increased risk of developing adverse responses to strong respiratory
irritants such as acrolein.

IARC determined that acrolein was classifiable as “probably carcinogenic” with respect to its
carcinogenicity in humans (IARC 2020; Lancet 2021).

Benzene

EPA’s IRIS database lists benzene as a known human carcinogen (causing leukemia) by all routes of
exposure and concludes that exposure is associated with additional health impacts, including genetic
changes in both humans and animals and increased proliferation of bone marrow cells in mice (EPA
2000b; IARC 2018). Data indicate a causal relationship between benzene exposure and acute
lymphocytic leukemia and suggest a relationship between benzene exposure and chronic
nonlymphocytic leukemia and chronic lymphocytic leukemia. IARC and the U.S. Department of Health
and Human Services have characterized benzene as a human carcinogen (IARC 2018; NTP 2016b).

Several adverse noncancer health effects, including blood disorders such as preleukemia and aplastic
anemia, have also been associated with long-term exposure to benzene (OEHHA 2014). The most
sensitive noncancer effect observed in humans, based on current data, is depression of the absolute
lymphocyte count in blood (OEHHA 2014; EPA 2003b). In addition, recent work, including studies
sponsored by the HEI, provides evidence that biochemical responses are occurring at lower levels of
benzene exposure than previously known (OEHHA 2014).

1,3-Butadiene

EPA has characterized 1,3-butadiene as carcinogenic to humans through inhalation (EPA 2002a, 2002b).
IARC has determined that 1,3-butadiene is a probable human carcinogen, and the U.S. Department of
Health and Human Services has characterized 1,3-butadiene as a known human carcinogen (IARC 2012;
NTP 2016c). Numerous experiments have demonstrated that animals and humans metabolize
1,3-butadiene into compounds that are genotoxic (capable of causing damage to a cell’s genetic
material such as deoxyribonucleic acid [DNA]). The specific mechanisms of 1,3-butadiene-induced
carcinogenesis are not known; however, scientific evidence strongly suggests that the carcinogenic
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effects are mediated by genotoxic metabolites. Animal data suggest that females could be more
sensitive than males to cancer effects associated with 1,3-butadiene exposure. There are insufficient
data on humans from which to draw conclusions about sensitive subpopulations. 1,3-butadiene also
causes a variety of reproductive and developmental effects in mice; there are no available human data
on these effects. The most sensitive effect was ovarian atrophy observed in a lifetime bioassay of female
mice (EPA 2002b).

Diesel Particulate Matter

Diesel exhaust consists of a complex mixture of CO,, oxygen, nitrogen, water vapor, CO, nitrogen
compounds, sulfur compounds, and numerous low-molecular-weight hydrocarbons. A number of these
gaseous hydrocarbon components are individually known to be toxic, including aldehydes, benzene, and
1,3-butadiene. The DPM present in diesel exhaust consists mostly of fine particles (smaller than 2.5
microns), of which a significant fraction is ultrafine particles (smaller than 0.1 micron). These particles
have a large surface area, which makes them an excellent medium for adsorbing organics, and their
small size makes them highly respirable. Many of the organic compounds present in the gases and on
the particles, such as polycyclic organic matter, are individually known to have mutagenic and
carcinogenic properties.

DPM also includes elemental carbon (black carbon) particles emitted from diesel engines. EPA has not
provided a special status, such as a NAAQS or other health-protective measure, for black carbon, but
addresses black carbon in terms of PM2.5 and DPM emissions.

Diesel exhaust varies significantly in chemical composition and particle sizes between different engine
types (heavy-duty, light-duty), engine operating conditions (idle, acceleration, deceleration), and fuel
formulations (high/low sulfur fuel). Also, there are emissions differences between on-road and nonroad
engines because the nonroad engines are generally older technology. After being emitted from the
engine exhaust, diesel exhaust undergoes dilution, as well as chemical and physical changes in the
atmosphere. The lifetime for some of the compounds present in diesel exhaust ranges from hours to
days.

In EPA’s 2002 Diesel Health Assessment Document (Diesel HAD) (EPA 2002c), exposure to diesel exhaust
was classified as likely to be carcinogenic to humans by inhalation from environmental exposures, in
accordance with the revised draft 1996 to 1999 EPA cancer guidelines (EPA 1999). EPA published a
review of diesel exhaust health effects in 2007 (Ris 2007). The assessment concluded that long-term
inhalation exposure is likely to pose a lung cancer hazard to humans as inferred from epidemiologic and
certain animal studies. A number of other agencies (National Institute for Occupational Safety and
Health, International Agency for Research on Cancer, World Health Organization, California EPA, and
U.S. Department of Health and Human Services) have made similar hazard classifications.

Noncancer health effects of acute and chronic exposure to diesel exhaust emissions are also of concern.
EPA derived a diesel exhaust reference concentration from consideration of four well-conducted chronic
rat inhalation studies showing adverse pulmonary effects. The reference concentration is 5 ug/m? for
diesel exhaust measured as DPM. This reference concentration does not consider allergenic effects such
as those associated with asthma or immunologic effects or the potential for cardiac effects. There was
emerging evidence in 2002, discussed in the Diesel HAD, that exposure to diesel exhaust can exacerbate
these effects, but the exposure-response data were lacking at that time to derive a reference
concentration based on these then-emerging considerations. The EPA Diesel HAD states, “With [DPM]
being a ubiquitous component of ambient PM, there is an uncertainty about the adequacy of the
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existing [diesel exhaust] non-cancer database to identify all of the pertinent [diesel exhaust]-caused
non-cancer health hazards.” The Diesel HAD also notes “that acute exposure to [diesel exhaust] has
been associated with irritation of the eye, nose, and throat, respiratory symptoms (cough and phlegm),
and neurophysiological symptoms such as headache, lightheadedness, nausea, vomiting, and numbness
or tingling of the extremities.” The Diesel HAD notes that the cancer and noncancer hazard conclusions
applied to the general use of diesel engines then on the market and, as cleaner engines replace a
substantial number of existing ones, the applicability of the conclusions would need to be reevaluated.

The Diesel HAD also briefly summarizes health effects associated with ambient PM and discusses EPA’s
then-annual PM2.5 NAAQS of 15 pg/m?3. In 2012, EPA revised the annual PM2.5 NAAQS to 12 pg/m3.
There is a large and extensive body of human data showing a wide spectrum of adverse health impacts
associated with exposure to ambient PM, of which diesel exhaust is an important component. The
PM2.5 NAAQS is designed to provide protection from the noncancer health effects and premature
mortality attributed to exposure to PM2.5. The contribution of diesel PM to total ambient PM varies in
different regions of the country, within a region, and from one area to another. The contribution can be
high in near-roadway environments, for example, or in other locations where diesel engine use is
concentrated.

Since 2002, several new studies have continued to report increased lung cancer risk with occupational
exposure to diesel exhaust from older engines. Of particular note since 2011, three new epidemiology
studies have examined lung cancer in occupational populations; for example, in truck drivers,
underground nonmetal miners, and other diesel-engine-related occupations (HEI 2015; Olsson et al.
2011). These studies reported increased risk of lung cancer with exposure to diesel exhaust with
evidence of positive exposure-response relationships to varying degrees. These newer studies—along
with others that have appeared in the scientific literature—add to the evidence EPA evaluated in the
2002 Diesel HAD and further reinforce the concern that diesel exhaust exposure likely poses a lung
cancer hazard. The findings from these newer studies do not necessarily apply to newer technology
diesel engines because the newer engines have large reductions in the emissions constituents compared
to older-technology diesel engines.

In light of the growing body of scientific literature evaluating the health effects of exposure to diesel
exhaust, in June 2012, IARC, a recognized international authority on the carcinogenic potential of
chemicals and other agents, evaluated the full range of cancer-related health effects data for diesel-
engine exhaust. IARC concluded that diesel exhaust should be regarded as “carcinogenic to humans”
(IARC 2014; Silverman 2018). This designation was an update from its 1988 evaluation, which considered
the evidence indicative of a “probable human carcinogen.”

Formaldehyde

In 1991, EPA concluded that formaldehyde is a carcinogen based on nasal tumors in animal bioassays
(EPA 1991). EPA developed an inhalation unit risk for cancer and a reference dose for oral noncancer
effects and posted them in the IRIS database. Since that time, the National Toxicology Program and IARC
have concluded that formaldehyde is a known human carcinogen (NTP 2016d; IARC 2012).

The conclusions by IARC and the National Toxicology Program reflect the results of epidemiologic
research published since 1991, in combination with previous animal, human, and mechanistic evidence.
Research by the National Cancer Institute reported an increased risk of nasopharyngeal (nose and
throat) cancer and specific lymphohematopoietic (lymph and blood) malignancies among workers
exposed to formaldehyde (NCI 2011). A National Institute of Occupational Safety and Health study of
garment workers also reported increased risk of death due to leukemia among workers exposed to
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formaldehyde. Extended follow-up of a cohort of British chemical workers did not report evidence of an
increase in nasopharyngeal or lymphohematopoietic cancers, but a continuing statistically significant
excess in lung cancers was reported (Checkoway et al. 2015). Finally, a study of embalmers reported
formaldehyde exposures to be associated with an increased risk of myeloid (bone marrow cell) leukemia
but not brain cancer (Hauptmann et al. 2009).

Other health effects of formaldehyde were reviewed by the Agency for Toxics Substances and Disease
Registry in 1999 (ATSDR 1999) and supplemented in 2010 (ATSDR 2010), National Toxicology Program
(NIH 2011), and by the World Health Organization (World Health Organization 2002). These
organizations reviewed the literature concerning effects on the eyes and respiratory system, the primary
point of contact for inhaled formaldehyde, including sensory irritation of eyes, and respiratory tract,
pulmonary function, nasal histopathology, and immune system effects. In addition, research on
reproductive and developmental effects and neurological effects were discussed along with several
studies that suggest formaldehyde may increase the risk of asthma, particularly in the young. EPA
released a draft Toxicological Review of Formaldehyde Inhalation Assessment through the IRIS program
for peer review by the National Research Council (NRC) and public comment in June 2010 (EPA 2010a).
The draft assessment reviewed more recent research from animal and human studies on cancer and
other health effects. The NRC released their review report in April 2011 (NRC 2011a). EPA’s draft
assessment, which addresses NRC recommendations, was suspended in 2018. The draft assessment was
resumed in March 2021 (EPA 2021b).

4.1.1.3 Vehicle Emissions Standards

EPA and the California Air Resources Board (CARB) have established criteria pollutant emissions
standards for vehicles under the CAA. EPA and CARB have tightened these emissions standards over
time as more effective emissions-control technologies have become available.!® These stricter standards
for passenger cars and light trucks and for heavy-duty vehicles are responsible for the declines in total
criteria pollutant emissions from motor vehicles, as discussed in Section 4.1.1, Relevant Pollutants and
Standards. The EPA Tier 2 Vehicle & Gasoline Sulfur Program, which went into effect in 2004,
established the CAA emissions standards that applied to MY 2004—-2016 passenger cars and light trucks
(EPA 2000c). Under the Tier 2 standards, manufacturers of passenger cars and light trucks were required
to meet stricter vehicle emissions limits than under the previous Tier 1 standards. By 2006, U.S. refiners
and importers of gasoline were required under the Tier 2 standards to manufacture gasoline with an
average sulfur level of 30 ppm, a 90 percent reduction from earlier sulfur levels. These fuels enable post-
MY 2006 vehicles to use emissions-control technologies that reduce tailpipe emissions of NOx by

77 percent for passenger cars and by as much as 95 percent for pickup trucks, vans, and sport utility
vehicles compared to 2003 levels. On April 28, 2014, EPA issued a Final Rule establishing Tier 3 motor
vehicle emissions and fuel standards.'* The Tier 3 vehicle standards reduce both tailpipe and
evaporative emissions from passenger cars, light-duty trucks, medium-duty passenger vehicles, and

B The CAA, Section 177 (42 U.S.C. § 7507), gives states the option to adopt California’s emissions standards provided they are
more stringent than the corresponding federal standards; states that have done so sometimes are referred to as “Section 177”
states. In addition to California and Section 177 states’ GHG emissions standards, discussed in Section 8.6.3.1, United States:
Regional and State Actions, California and Section 177 states have enacted more stringent criteria pollutant emissions
standards for vehicles under the CAA. California’s regulation of criteria pollutant emissions from motor vehicles dates back to
the 1970s and was the precursor to Congress’ grant of authority to California to regulate in Section 209 of the CAA, and to other
states in Section 177 of the CAA.

14 Control of Air Pollution from Motor Vehicles: Tier 3 Motor Vehicle Emission and Fuel Standards; Final Rule, 79 FR 23414 (April
28,2014).
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Classes 2b—3 heavy-duty vehicles. Starting in 2017, Tier 3 sets new vehicle emissions standards and
lowers the sulfur content of gasoline, considering the vehicle and its fuel as an integrated system. The
Tier 3 program phases out the Tier 2 vehicle emissions standards and replaces them with Tier 3
standards, which are being phased in over MYs 2017-2025 and will remain constant thereafter at the
MY 2025 levels. The Tier 3 program will require emission reductions from new passenger cars and light
trucks of approximately 80 percent for NOx and VOCs, and 70 percent for PM. The Tier 3 gasoline sulfur
standard will make emissions-control systems more effective for both existing and new vehicles and will
enable more stringent vehicle emissions standards (EPA 2014d).

Figure 4.1.1-1 illustrates current trends in travel and emissions from highway vehicles, not accounting
for the impacts of the Proposed Action and alternatives (Section 4.2, Environmental Consequences).
Since 1970, aggregate emissions traditionally associated with vehicles have decreased substantially even as
VMT increased by approximately 173 percent from 1970 to 2014, as shown in Figure 4.1.1-1. For example,
NOy emissions, due mainly to light trucks and heavy-duty vehicles, decreased by 71 percent between 1970
and 2016, despite increases in VMT (EPA 2016a). Future trends show that changes in VMT are having a
smaller and smaller impact on emissions because of stricter EPA standards for vehicle emissions and the
chemical composition of fuels, even with additional growth in VMT (Smith 2002). This general trend will
continue, to a certain extent, with implementation of any of the action alternatives. MSAT emissions will
likely decrease in the future because of recent EPA rules (EPA 2007). These rules limited the benzene
content of gasoline beginning in 2011. They also limit exhaust emissions of hydrocarbons (many VOCs
and MSATSs are hydrocarbons) from passenger cars and light trucks when they are operated at cold
temperatures. The cold-temperature standard was phased in from 2010 through 2015. EPA projects that
these controls will substantially reduce emissions of acetaldehyde, acrolein, benzene, 1,3-butadiene,
and formaldehyde.
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Figure 4.1.1-1. Vehicle Miles Traveled Compared to Vehicle Emissions*®
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2 Because CO emissions are about 10 times higher than emissions of NOyx, SOx, and VOCs and emissions of PM2.5 are about 10
times lower than emissions of NOy, SOy, and VOCs, the scales for CO and PM2.5 are proportionally adjusted to enable comparison
of trends among pollutants.

b Apparent increases in NOx and PM2.5 emissions in 2002 are due to a change in methods made by EPA in 2012 from the
MOBILE6.2 model to the MOVES model to calculate emissions for years 2002 and later (EPA 2013b).

Sources: Davis and Boundy 2021; EPA 2021c

VMT = vehicle miles traveled; VOC = volatile organic compound; NOx = nitrogen oxides; CO = carbon monoxide;

PM2.5 = particulate matter 2.5 microns or less in diameter; SOx = sulfur oxides

4.1.1.4 Conformity Regulations

The CAA prohibits a federal agency from engaging in, supporting, licensing, or approving any activity that
does not “conform” to a SIP or Federal Implementation Plan after EPA has approved or promulgated it,
or that would affect a state’s compliance with the NAAQS.*® The purpose of the conformity requirement
is to ensure that federally sponsored or conducted activities do not interfere with meeting the emissions
targets in SIPs, do not cause or contribute to new violations of the NAAQS, and do not impede the ability
of a state to attain or maintain NAAQS or delay any interim milestones. EPA has issued two sets of
regulations to implement the conformity requirements.

The Transportation Conformity Rule®® applies to transportation plans, programs, and projects that are
developed, funded, or approved under 23 U.S.C. (Highways) or 49 U.S.C. Chapter 53 (Public

1542 U.S.C. § 7506(c)(1)-(2).
16 40 CFR Part 51, Subpart T, and Part 93, Subpart A.
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Transportation). The General Conformity Rule!” applies to all other federal actions not covered under
transportation conformity. The General Conformity Rule establishes emissions thresholds for use in
evaluating the conformity of an action that results in emissions increases.® If the net increases of direct
and indirect emissions are lower than these thresholds, then the action is presumed to conform and no
further conformity evaluation is required. If the net increases of direct and indirect emissions exceed
any of these thresholds, and the action is not otherwise exempt, then a conformity determination is
required. The conformity determination can entail air quality modeling studies, consultations with EPA
and state air quality agencies, and commitments to revise the SIPs or to implement measures to
mitigate air quality impacts.

The CAFE standards and associated program activities are not developed, funded, or approved under
23 U.S.C. or 49 U.S.C. Chapter 53. Further, the standards are not a highway or transit project funded,
approved, or implemented by FHWA or the Federal Transit Administration. Accordingly, this action and
associated program activities are not subject to the Transportation Conformity Rule. Under the General
Conformity Rule, a conformity determination is required where a federal action would result in total
direct and indirect emissions of a criteria pollutant or precursor originating in nonattainment or
maintenance areas equaling or exceeding the rates specified in 40 CFR § 93.153(b)(1) and (2). As
explained below, NHTSA’s Proposed Action would result in neither direct nor indirect emissions as
defined at 40 CFR § 93.152.

The General Conformity Rule defines direct emissions as “those emissions of a criteria pollutant or its
precursors that are caused or initiated by the federal action and originate in a nonattainment or
maintenance area and occur at the same time and place as the action and are reasonably
foreseeable.”!® Because NHTSA’s Proposed Action would set fuel economy standards for passenger cars
and light trucks, it would cause no direct emissions consistent with the meaning of the General
Conformity Rule.?°

Indirect emissions under the General Conformity Rule are “those emissions of a criteria pollutant or its
precursors (1) That are caused or initiated by the federal action and originate in the same
nonattainment or maintenance area but occur at a different time or place as the action; (2) That are
reasonably foreseeable; (3) That the agency can practically control; and (4) For which the agency has
continuing program responsibility.”?! Each element of the definition must be met to qualify as indirect
emissions. NHTSA has determined that, for purposes of general conformity, emissions that may result
from the fuel economy standards would not be caused by NHTSA’s action, but rather would occur
because of subsequent activities the agency cannot practically control. “[E]ven if a Federal licensing,
rulemaking, or other approving action is a required initial step for a subsequent activity that causes

17 40 CFR Part 51, Subpart W, and Part 93, Subpart B.
18 40 CFR § 93.153(b).
1340 CFR § 93.152.

20 Department of Transportation v. Public Citizen, 541 U.S. 752, 772 (2004) (“[T]he emissions from the Mexican trucks are not
‘direct’ because they will not occur at the same time or at the same place as the promulgation of the regulations.”). NHTSA's
proposed action is to amend fuel economy standards for MY 2024—-2026 passenger car and light trucks; any emissions increases
would occur well after promulgation of a final rule.

21 40 CFR § 93.152.
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emissions, such initial steps do not mean that a Federal agency can practically control any resulting
emissions.”?

As the CAFE program uses performance-based standards, NHTSA cannot control the technologies
vehicle manufacturers use to improve the fuel economy of passenger cars and light trucks. Furthermore,
NHTSA cannot control consumer purchasing (which affects average achieved fleetwide fuel economy)
and driving behavior (i.e., operation of motor vehicles, as measured by VMT). It is the combination of
fuel economy technologies, consumer purchasing, and driving behavior that results in criteria pollutant
or precursor emissions. For purposes of analyzing the environmental impacts of the Proposed Action
and alternatives under NEPA, NHTSA has made assumptions regarding all of these factors. This NEPA
analysis predicts that increases in air toxic and criteria pollutants would occur in some nonattainment
areas under certain alternatives. However, the Proposed Action and alternatives do not mandate
specific manufacturer decisions, consumer purchasing, or driver behavior, and NHTSA cannot practically
control any of them.?

In addition, NHTSA does not have the statutory authority to control the actual VMT by drivers. As the
extent of emissions is directly dependent on the operation of motor vehicles, changes in any emissions
that result from NHTSA’s standards are not changes the agency can practically control or for which the
agency has continuing program responsibility. Therefore, the Proposed Action and alternatives would
not cause indirect emissions under the General Conformity Rule, and a general conformity
determination is not required. For more information on the analysis related to the General Conformity
Rule, see Section VIII.D of the preamble to the final rule.

4.1.2 Methods

This section describes the approaches and methods used to estimate the impacts of the Proposed
Action and alternatives.

4.1.2.1 Overview

To analyze air quality and human health impacts, NHTSA calculated the emissions of criteria pollutants
and MSATs from passenger cars and light trucks that would occur under each alternative. NHTSA then
estimated the resulting changes in emissions under each action alternative by comparing emissions
under that alternative to those under the No Action Alternative. The resulting changes in air quality and
impacts on human health were assumed to be proportional to the changes in emissions projected to
occur under each action alternative.

The air quality analysis accounted for manufacturers’ projected responses to CAFE and CO; standards
(including agreements some manufacturers have reached with California for MYs 2021-2026), zero
emission vehicle mandates in place in California and most “Section 177” states,?* and NHTSA’s estimates
of future fuel prices, market demand for fuel economy, and the cost and efficacy of fuel-saving
technologies. The analysis also accounted for market responses, including demand for new passenger

22 40 CFR § 93.152.

3 See, e.g., Department of Transportation v. Public Citizen, 541 U.S. 752, 772-73 (2004); South Coast Air Quality Management
District v. Federal Energy Regulatory Commission, 621 F.3d 1085, 1101 (9th Cir. 2010).

24 Section 177 states refers to the states that have adopted California’s criteria pollutant and GHG emissions regulations under
Section 177 of the Clean Air Act (42 U.S.C. § 7507).
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cars and light trucks, scrappage of used passenger cars and light trucks, and demand for travel (i.e.,
VMT), accounting for the rebound effect. The resultant change in emissions under each alternative
would be the sum of the following components:

e Decreases in upstream emissions that result from decreases in gasoline consumption and, therefore,
lower volumes of fuel production and distribution.

e Increases in upstream emissions that result from increases in electricity generation to power plug-in
hybrid electric vehicles (PHEVs) and battery electric vehicles (BEVs).

e Increases in per-vehicle downstream emissions resulting from slight shifts in vehicle sales toward
light trucks (because improving fuel economy produces larger fuel savings for light trucks than for
passenger cars, and criteria pollutant and air toxic per-mile emission rates for light trucks are
projected to remain higher than for passenger cars) and slightly greater reliance on older vehicles
(which have higher per-mile emission rates than newer vehicles).

e Increases in emissions resulting from increased VMT due to the rebound effect.

e Decreases in downstream emissions resulting from increases in sales and use of PHEVs and BEVs.

As discussed in Chapter 2, Proposed Action and Alternatives and Analysis Methods, the air quality results
presented in this chapter, including impacts on human health, are based on assumptions about the type
and rate of emissions from the combustion of fossil fuels. In addition to tailpipe estimates from the
Motor Vehicle Emission Simulator (MOVES3), this analysis accounts for upstream emissions from the
extraction, production, and distribution of fuels, including contributions from the power plants that
generate the electricity used to recharge electric vehicles (EVs) and from the production of the fuel
burned in those power plants. Emissions and other environmental impacts from electricity production
depend on the efficiency of the power plant and the mix of fuel sources used, sometimes referred to as
the grid mix. In the United States, the current (2020) grid mix is composed of natural gas, coal, nuclear,
hydroelectric, wind, other renewable energy sources, and oil. The largest sources of electricity are from
natural gas (40 percent), followed by renewables (20 percent), nuclear (20 percent), and coal (19
percent) (EIA 2021b).

To estimate upstream emissions changes resulting from changes in downstream fuel consumption, the
analysis uses emissions factors from the Greenhouse Gases, Regulated Emissions, and Energy Use in
Transportation model (GREET) model (version 2021 developed by the U.S. Department of Energy,
Argonne National Laboratory). Upstream emission factors for gasoline, diesel, flex fuel (E85), and
electricity in grams per million British thermal units (MMbtu) were taken from the GREET model in 5-
year increments beginning in 2020 and ending in 2050. NHTSA developed upstream emission factors for
air toxics that are consistent with EPA’s National Emission Inventory and emission factors from the
MOVES3 model (EPA 2020a).2° A spreadsheet model was developed to adjust upstream emission factors
to account for the imported share of petroleum.

The analysis presented throughout this SEIS assumes that the future EV fleet would charge from a grid
whose mix is uniform across the country. As with gasoline, diesel, and E85, emission factors for
electricity were calculated in 5-year increments from 2020 to 2050 in GREET to account for projected
changes in the national grid mix. The GREET model contains information on the intensities (amount of
pollutant emitted per unit of electrical energy generated) that extend to 2050. To project the U.S.

25 EpPA’s MOVES model, described in Section 2.4.1.1, Downstream Emissions, estimates emissions based on a variety of inputs,
including vehicle type and age, fuel type and quality, operating conditions, and vehicle characteristics.

4-17



Chapter 4 Air Quality

average electricity-generating fuel mix, this rulemaking uses the Annual Energy Outlook 2021 forecast
from the National Energy Modeling System, an energy-economy modeling system from the U.S.
Department of Energy.2®

4.1.2.2 Regional Analysis

Over the course of the development of recent CAFE EISs (NHTSA 2010, 2012, 2020) and the medium-
and heavy-duty fuel efficiency standards Phase 1 and 2 EISs (NHTSA 2011, 2016a), NHTSA received
comments requesting that the agency consider the regional air quality impacts of these programs.
NHTSA has included the following information about regional air quality impacts of the Proposed Action
and alternatives in response to such comments and because the agency believes that such an analysis
provides valuable information for the decision-maker, state and local authorities, and the public.
Performing this analysis does not affect the agency’s conclusion that a general conformity determination
is not required. While a truly local analysis (i.e., at the individual roadway level) is impractical for a
nationwide EIS, NHTSA believes a regional emissions analysis still provides valuable information and is
feasible for the scope of this analysis.

To assess regional differences in the impacts of the alternatives, NHTSA estimated net emissions
changes for individual nonattainment and maintenance areas. The distribution of emissions is not
uniform nationwide, and either increases or decreases in emissions can occur within individual
nonattainment and maintenance areas. NHTSA focused on nonattainment and maintenance areas
because air quality problems have been the greatest in these areas. NHTSA’s assessment emphasized
areas that are in nonattainment or maintenance for ozone or PM2.5 because these are the criteria
pollutant emissions from passenger cars and light trucks that are of greatest concern to human health.
At present, there are no CO or NO; nonattainment areas. There are many areas designated as being in
nonattainment for SO, or PM10. There are also maintenance areas for CO, NO2, PM10, and SO,. NHTSA
did not quantify PM10 emissions separately from PM2.5 because almost all the PM in the exhaust from
passenger cars and light trucks is PM2.5. Appendix B, Air Quality Nonattainment Area Results, provides
emissions estimates for all nonattainment and maintenance areas for all criteria pollutants (except lead,
as explained in Section 4.1.1, Relevant Pollutants and Standards). On-road motor vehicles are a minor
contributor to SO, emissions (less than 0.5 percent of national emissions, as noted above) (EPA 2020g)
and are unlikely to affect the attainment status of SO, nonattainment and maintenance areas.

NHTSA’s emissions analysis is national and regional but does not attempt to address the specific
geographic locations of changes in emissions within nonattainment and maintenance areas. For
example, there is limited evidence that EV use is disproportionately greater in areas with the worst
traffic congestion (Section 8.3.3, Other Past, Present, and Reasonably Foreseeable Future Actions).
Because hybrid electric vehicles and PHEVs have lower tailpipe emissions compared to conventionally
fueled vehicles, and BEVs have no tailpipe emissions, greater EV use in these areas could suggest that
tailpipe emissions in urban nonattainment areas would be less than the analysis estimates. However,
because of the complication and uncertainties associated with these local variations, NHTSA’s emissions
analysis does not assume any variation by vehicle type or fuel in the geographic distribution of VMT. In
addition, EV charging location and time affects emissions from power plants by changing the demand for
electricity in the region where charging occurs, for the duration of charging (Section 6.2.3.1, Charging
Location). NHTSA's emissions analysis does not assume any variation in EV charging by location or time.

26 The Annual Energy Outlook is the annual energy consumption forecast produced by the U.S. Energy Information
Administration.
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Emissions changes due to the rebound effect would occur from passenger cars and light trucks operating
on entire regional roadway networks; any emissions changes due to the rebound effect would be
distributed throughout a region’s entire road network and at any specific location would be uniformly
proportional to VMT changes at that location. At any one location within a regional network, the
resulting change in emissions would be small compared to total emissions from all sources surrounding
that location (including existing emissions from traffic already using the road), so the localized impacts
of the Proposed Action and alternatives on ambient concentrations and health impacts should also be
small. The nationwide aggregated consequences of such small near-source impacts on ambient
pollutant concentrations and health might be larger but are not feasible to quantify.

4.1.2.3 Analysis Periods

Ground-level concentrations of criteria and toxic air pollutants generally respond quickly to changes in
emissions rates. The longest averaging period for measuring whether ambient concentrations of a
pollutant comply with the NAAQS is 1 year.?” This air quality analysis considers emissions that would
occur over annual periods, consistent with the NAAQS. To evaluate impacts on air quality, specific years
must be selected for which emissions are estimated and impacts on air quality are calculated.

NHTSA selected calendar years that are meaningful for the timing of likely effects of the alternatives, as
follows:

e 2025: An early forecast year; NHTSA projects that by 2025, most manufacturers could be midway
through a full response to new CAFE standards.

e 2035: A midterm forecast year; by 2035 manufacturers could be several years beyond a full
response to new CAFE standards, with vehicles produced in model years beyond 2023 accounting
for much of the on-road fleet’s VMT.

e 2050: By 2050, vehicles produced in model years beyond 2023 will account for almost all of the on-
road fleet’s VMT, such that changes in year-over-year impacts would be determined primarily by
VMT growth.

4.1.2.4 Incomplete or Unavailable Information

Where information in this analysis is incomplete or unavailable, NHTSA relies on Council on
Environmental Quality regulations regarding incomplete or unavailable information.? As noted
throughout this methods section, the estimates of emissions rely on models and forecasts that contain
numerous assumptions and data that are uncertain. Examples of areas in which information is uncertain
(and therefore may be incomplete or unavailable) include future emissions rates, vehicle manufacturers’
decisions about vehicle technology and design, the mix of vehicle types and model years in the
passenger car and light truck fleet, VMT projections, emissions from fuel refining and distribution, the
future composition of the grid mix, and economic factors.

27 Compliance with the ozone NAAQS is based on the average of the fourth highest daily maximum 8-hour concentration over a
3-year period; compliance with the 24-hour PM2.5 NAAQS is based on the average of the daily 98th-percentile concentrations
averaged over a 3-year period; compliance with the annual PM2.5 NAAQS is based on the 3-year average of the weighted
annual mean concentrations.

28 40 CFR § 1502.22(b) (2019).
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To support the information in this SEIS, NHTSA used the best available models and supporting data. The
models used for the SEIS were subjected to scientific review and were approved by the agencies that
sponsored their development. Nonetheless, there are limitations to current modeling capabilities. For
example, uncertainties can derive from model formulation (including numerical approximations and the
definition of physical and chemical processes) and inaccuracies in the input data (e.g., emissions
inventory estimates).

Additional limitations are associated with the estimates of health impacts. To approximate the health
impacts associated with each alternative, NHTSA used screening-level estimates of health impacts in the
form of cases per ton of criteria pollutant emissions change. Changes in emissions of toxic air pollutants
should also result in health impacts, but scientific data that would support quantification and
monetization of these impacts are not available.

4.1.2.5 Allocation of Exhaust Emissions to Nonattainment Areas?®

For each alternative, the CAFE Model provided national emissions estimates for each criteria air
pollutant (or its chemical precursors) and MSAT. National emissions were allocated to the county level
using VMT data for each county. EPA provided estimated passenger cars and light truck VMT data for all
counties in the United States, consistent with EPA’s National Emissions Inventory (NEI).3° VMT data used
in the NEI were estimated from traffic counts taken by counties and states on major roadways, and
therefore are subject to some uncertainty. These EPA data were projected for 2028, the most
representative year available in the EPA dataset. NHTSA used the estimates of county-level VMT from
the NEI only to allocate nationwide total emissions to counties and not to calculate the county-level
emissions directly. The estimates of nationwide total emissions are based on the national VMT data
used in the CAFE Model.

NHTSA used the county-level VMT allocations, expressed as the fractions of national VMT that takes
place within each county, to derive the county-level emissions from the estimates of nationwide total
emissions. Emissions for each nonattainment area were then derived by summing the emissions for the
counties included in each nonattainment area. Many nonattainment areas comprise one or more
counties, and because county-level emissions are aggregated for each nonattainment area,
uncertainties in the county-level emissions estimates carry over to estimates of emissions within each
nonattainment area. Over time, some counties will grow faster than others will, and VMT growth rates
will vary. EPA’s estimate of county-level VMT allocation is constant over time, which introduces some
uncertainty into the nonattainment-area-level VMT estimates for future years. Additional uncertainties
that affect county-level exhaust emissions estimates arise from differences among counties or
nonattainment areas in factors other than VMT, such as ambient temperatures, vehicle age
distributions, vehicle speed distributions, vehicle inspection and maintenance programs, and fuel
composition requirements. Because of these uncertainties, emissions in a particular nonattainment area
may be overestimated or underestimated. The overall uncertainty increases as the projection period
lengthens, such as for analysis years 2035 and 2050 compared with analysis year 2025.

The geographic definitions of nonattainment and maintenance areas that NHTSA uses in this document
came from the current Green Book Nonattainment Areas for Criteria Pollutants (EPA 2021d). For

29 |n Section 4.1.2.5, Allocation of Exhaust Emissions to Nonattainment Areas, and Section 4.1.2.6, Allocation of Upstream
Emissions to Nonattainment Areas, the term nonattainment refers to both nonattainment areas and maintenance areas.

30 The VMT data provided by EPA are based on data generated by FHWA.
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nonattainment areas that include portions of counties, NHTSA calculated the proportion of county
population that falls within the nonattainment area boundary as a proxy for the proportion of county
VMT within the nonattainment area boundary. Partial county boundaries were taken from geographic
information system (GIS) files based on 2021 nonattainment area definitions. The populations of these
partial-county areas were calculated using estimated population trends from 2018 to 2023
(SimplyAnalytics 2017) with those trends extrapolated to the analysis years and applied to the
boundaries mapped by GIS. This method assumes that per-capita VMT is constant in each county so that
the proportion of countywide VMT in the partial county area reflects the proportion of total county
population residing in that same area. This technique for allocating VMT to partial counties involves
some additional uncertainty because actual VMT per capita can vary according to the characteristics of
land use and urban development. For example, VMT per capita can be lower than average in urban
centers with mass transit, and higher than average in suburban and rural areas where people tend to
drive more (Cook et al. 2006; Eno Center for Transportation 2019).

The method for allocation of emissions to nonattainment areas is the same for all geographic areas and
pollutants. Table 4.1.2-1 lists the current nonattainment and maintenance areas for ozone and PM2.5
and their status and general conformity threshold. Areas for ozone and PM2.5 are listed because these
are the pollutants for which nonattainment areas encompass the largest human populations. For the
complete list of nonattainment and maintenance areas for all pollutants and standards, see Appendix B,
Air Quality Nonattainment Area Results.

Table 4.1.2-1. Nonattainment and Maintenance Areas for Ozone and PM2.5

General
Conformity
Nonattainment/Maintenance Area Pollutant |Status? Threshold ®
Allegan County, Ml Ozone Marginal 100
Allegheny County, PA PM2.5 Moderate 100
Allentown, PA PM2.5 Maintenance 100
Allentown-Bethlehem-Easton, PA Ozone Marginal 50
Amador County, CA Ozone Marginal 100
Atlanta, GA Ozone Marginal 100
Baltimore, MD Ozone Moderate 50
Baton Rouge, LA Ozone Maintenance 100
Berrien County, Ml Ozone Marginal 100
Birmingham, AL PM2.5 Maintenance 100
Butte County, CA Ozone Marginal 100
Calaveras County, CA Ozone Marginal 100
Canton-Massillon, OH PM2.5 Maintenance 100
Charleston, WV PM2.5 Maintenance 100
Charlotte- Rock Hill, NC-SC Ozone Maintenance 100
Chicago-Naperville, IL-IN-WI Ozone Serious 50
Chico (Butte County), CA Ozone Marginal 100
Chico, CA PM2.5 Maintenance 100
Cincinnati, OH-KY Ozone Marginal 100
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General
Conformity
Nonattainment/Maintenance Area Pollutant |Status? Threshold ®
Cleveland, OH Ozone Marginal 100
Cleveland, OH PM2.5 Maintenance 100
Columbus, OH Ozone Maintenance 100
Dallas-Fort Worth, TX Ozone Serious 50
Delaware County, PA PM2.5 Maintenance 100
Denver-Boulder-Greeley-Fort Collins-Loveland, CO Ozone Serious 50
Detroit, Ml Ozone Marginal 100
Detroit-Ann Arbor, Ml PM2.5 Maintenance 100
Dofia Ana County (Sunland Park Area), NM Ozone Marginal 100
Door County — Revised, WI Ozone Nonattainment 100
Dukes County, MA Ozone Marginal 50
Fairbanks, AK PM2.5 Serious 70
Greater Connecticut, CT Ozone Serious 50
Harrisburg-Lebanon-Carlisle-York, PA PM2.5 Maintenance 100
Houston-Galveston-Brazoria, TX Ozone Serious 50
Imperial County, CA Ozone Moderate 100
Imperial County, CA PM2.5 Moderate 100
Jamestown, NY Ozone Marginal 50
Johnstown, PA PM2.5 Maintenance 100
Kern County (Eastern Kern), CA Ozone Severe-15 25
Klamath Falls, OR PM2.5 Moderate 100
Knoxville, TN Ozone Maintenance 100
Knoxville-Sevierville-La Follette, TN PM2.5 Maintenance 100
Lancaster, PA Ozone Marginal 50
Lancaster, PA PM2.5 Maintenance 100
Las Vegas, NV Ozone Marginal 100
Lebanon County, PA PM2.5 Maintenance 100
Liberty-Clairton, PA PM2.5 Moderate 100
Logan, UT-ID PM2.5 Moderate 100
Los Angeles-San Bernardino Counties (West Mojave Desert), CA Ozone Severe-15 25
Los Angeles South Coast Air Basin, CA Ozone Extreme 10
Los Angeles South Coast Air Basin, CA PM2.5 Serious 70
Louisville, KY-IN Ozone Marginal 100
Manitowoc County, WI Ozone Marginal 100
Mariposa County, CA Ozone Moderate 100
Memphis, TN-MS-AR Ozone Maintenance 100
Milwaukee-Racine, WI PM2.5 Maintenance 100
Morongo Band of Mission Indians, CA Ozone Serious 50
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General
Conformity

Nonattainment/Maintenance Area Pollutant |Status? Threshold ®
Muskegon County, Ml Ozone Marginal 100
Nevada County (western part), CA Ozone Serious 50
New York, NY-NJ-CT PM2.5 Maintenance 100
New York-N. New Jersey-Long Island, NY-NJ-CT Ozone Serious 50
Nogales, AZ PM2.5 Moderate 100
Northern Milwaukee/Ozaukee Shoreline, WI Ozone Marginal 100
Northern Wasatch Front, UT Ozone Marginal 100
Oakridge, OR PM2.5 Moderate 100
Pechanga Band of Luisefio Mission Indians of the Pechanga Ozone Moderate 100
Reservation

Philadelphia-Wilmington, PA-NJ-DE PM2.5 Maintenance 100
Philadelphia-Wilmington-Atlantic City, PA-NJ-MD-DE Ozone Marginal 50
Phoenix-Mesa, AZ Ozone Moderate 100
Pittsburgh-Beaver Valley, PA Ozone Marginal 50
Pittsburgh-Beaver Valley, PA PM2.5 Maintenance 100
Plumas County, CA PM2.5 Moderate 100
Provo, UT PM2.5 Serious 70
Reading, PA Ozone Marginal 50
Riverside County (Coachella Valley), CA Ozone Severe-15 25
Sacramento Metro, CA Ozone Severe-15 25
Sacramento, CA PM2.5 Moderate 100
Salt Lake City, UT PM2.5 Serious 70
San Antonio, TX Ozone Marginal 100
San Diego County, CA Ozone Severe-15 25
San Francisco Bay Area, CA Ozone Marginal 100
San Francisco Bay Area, CA PM2.5 Moderate 100
San Joaquin Valley, CA Ozone Extreme 10
San Joaquin Valley, CA PM2.5 Serious 70
San Luis Obispo (Eastern San Luis Obispo), CA Ozone Marginal 100
Seaford, DE Ozone Marginal 50
Seattle-Tacoma, WA PM2.5 Maintenance 100
Shoreline Sheboygan County, WI Ozone Maintenance 100
Inland Sheboygan County, WI Ozone Maintenance 100
Sheboygan County, WI Ozone Marginal 100
Southern Wasatch Front, UT Ozone Marginal 100
St. Louis, MO-IL Ozone Marginal 100
Steubenville-Weirton, OH-WV PM2.5 Maintenance 100
Sutter Buttes, CA Ozone Marginal 100
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General

Conformity
Nonattainment/Maintenance Area Pollutant |Status? Threshold ®
Tuolumne County, CA Ozone Marginal 100
Tuscan Buttes, CA Ozone Marginal 100
Uinta Basin, UT Ozone Marginal 100
Upper Green River Basin Area, WY Ozone Marginal 100
Ventura County, CA Ozone Serious 50
Washington, DC-MD-VA Ozone Marginal 50
West Central Pinal County, AZ PM2.5 Moderate 100
West Silver Valley, ID PM2.5 Moderate 100
Yuba City-Marysville, CA PM2.5 Maintenance 100
Yuma, AZ Ozone Marginal 100

Notes:

2 Pollutants for which the area is designated in nonattainment or maintenance as of December 2021. For nonattainment areas,
the status given is the severity classification as defined in 40 CFR § 1303. Classifications in order of increasing ozone
concentration are Marginal, Moderate, Serious, Severe-15, Severe-17, and Extreme. Where an area is nonattainment for more
than one standard for the same pollutant, the more restrictive severity classification is shown.

b Emissions thresholds in tons/year. In ozone nonattainment areas, the thresholds given are for the precursor pollutants VOC or
NOy; in PM2.5 nonattainment areas the thresholds represent primary PM2.5. Where an area is nonattainment for more than
one standard for the same pollutant, the lowest applicable threshold is shown. Source: 40 CFR § 51.853. These thresholds are
provided for information only; a general conformity determination is not required for the Proposed Action.

Source: EPA 2021d

NOx = nitrogen oxides; PM2.5 = particulate matter 2.5 microns or less in diameter; VOC = volatile organic compounds

4.1.2.6 Allocation of Upstream Emissions to Nonattainment Areas

For liquid and gaseous fuels, upstream emissions are generated when fuels used by motor vehicles are
produced, processed, and transported. Upstream emissions are typically divided into four categories:
feedstock recovery, feedstock transportation, fuel refining, and fuel transportation, storage, and
distribution (TS&D). Feedstock recovery refers to the extraction or production of fuel feedstocks—the
materials (e.g., crude oil) that are the main inputs to the refining process. In the case of petroleum, this
is the stage of crude-oil extraction. During the next stage, feedstock transportation, crude oil or other
feedstocks are shipped to fuel refineries. Fuel refining refers to the processing of crude oil into gasoline
and diesel fuel. Fuel refining is the largest source of upstream emissions of criteria pollutants.
Depending on the specific fuel and pollutant, fuel refining accounts for between 15 percent and

62 percent of all upstream emissions per unit of fuel produced and distributed (based on GREET version
2021). TS&D refers to the movement of gasoline and diesel from refineries to bulk terminals, storage at
bulk terminals, and transportation of fuel from bulk terminals to retail outlets.3! Emissions of pollutants
at each stage are associated with expenditure of energy and with leakage or spillage and evaporation of
fuel products. NHTSA has allocated upstream emissions to individual nonattainment areas to provide
additional information in its regional air quality analysis to the decision-maker and the public, consistent
with previous CAFE EISs (NHTSA 2010, 2012, 2020) and the heavy-duty fuel efficiency standards EISs
(NHTSA 2011, 2016a). NHTSA made a number of assumptions for this analysis because of uncertainty
over the accuracy of the allocation of upstream emissions. A similar analysis was performed for

31 Emissions that occur while vehicles are being refueled at retail stations are included in estimates of emissions from vehicle
operation.
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upstream emissions from electricity for transportation use, accounting for feedstock production and
then electricity generation and transmission using a nationally representative grid mix.

To analyze the impacts of the alternatives on individual nonattainment areas, NHTSA allocated projected
emissions data from the EPA 2016-based air quality modeling platform (EPA 2021e). These EPA data
were projected for 2028, the most representative year available in the EPA dataset. NHTSA allocated
changes in nationwide total emissions, for each of the four source categories separately, to individual
nonattainment areas. The EPA modeling platform includes estimates of emissions of criteria and toxic
pollutants by county and by source category. Because each of the four source categories represents a
separate source category in the EPA modeling platform, it is possible to estimate the share of
nationwide emissions from each category that occurs within each nonattainment area. This analysis
assumes that the share of emissions from feedstock extraction and fuel refining allocated to each
nonattainment area does not change over time, which means, in effect, that emissions for these two
source categories are assumed to change uniformly (in percentage terms) across that category
nationwide as a result of each alternative.®? This analysis also assumes that the share of emissions from
feedstock and fuel TS&D allocated to each nonattainment area can change over time based on the
population forecast for each area.

4.1.2.7 Health Impacts

This section describes NHTSA’s approach to providing quantitative estimates of adverse health impacts
of conventional air pollutants associated with each alternative. In this analysis, NHTSA quantified the
impacts on human health anticipated to result from the changes in pollutant emissions and related
changes in human exposure to air pollutants under each alternative. NHTSA evaluated the changes to
several health outcomes associated with criteria pollutant emissions. Table 4.1.2-2 lists the health
outcomes NHTSA quantified. This method estimates the health impacts of each alternative for each
analysis year, expressed as the number of additional or avoided adverse health outcomes per year.
Health outcomes are calculated for each primary pollutant (NOy, directly emitted PM2.5, and SO;) and
expressed as adverse health outcomes increased per ton of increased emissions or as adverse health
outcomes avoided per ton of reduced emissions. Each primary pollutant has a specific factor related to
its quantifiable health impacts (expressed as incidence of impacts per ton of emissions). The general
approach to calculating the health outcomes associated with each alternative is to multiply these factors
by the estimated annual change in emissions of that pollutant and to sum the results of these
calculations for all pollutants. This calculation provides the total health impacts that would result under
each alternative.

32 NHTSA incorporated the feedstock recovery and feedstock transportation stages in this SEIS. Emissions from the feedstock
recovery and feedstock transportation stages are small relative to total upstream and tailpipe emissions and do not have a
substantial effect on the SEIS results.
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Table 4.1.2-2. Human Health and Welfare Impacts of PM2.5

Impacts Quantified Impacts Excluded from Quantification ?

Adult premature mortality Chronic bronchitis (age >26)

Infant mortality Emergency room visits for cardiovascular effects

Acute bronchitis (age 8-12) Strokes and cerebrovascular disease (age 50-79)

Hospital admissions: respiratory (all Other respiratory effects (e.g., pulmonary function, non-asthma

ages) and cardiovascular (age >26) emergency room visits, nonbronchitis chronic diseases, other ages and
populations)

Emergency room visits for asthma Cardiovascular effects other than those listed

Nonfatal heart attacks (age >18) Reproductive and developmental effects (e.g., low birth weight, preterm
births)

Lower (age 7-14) and upper (age 9— | Cancer, mutagenicity, and genotoxicity effects

11) respiratory symptoms

Minor restricted-activity days (age --
18-65)

Lost work days (age 18-65) --

Asthma exacerbations (asthmatics --
age 6-18)

Notes:

2 EPA excluded these effects because of insufficient confidence in available data or methods, or because current evidence is
only suggestive of causality or there are other significant concerns over the strength of the association.

Source: EPA 2018c. See this source for more information related to the affected ages included in the analysis.

PM2.5 = particulate matter 2.5 microns or less in diameter; EPA = U.S. Environmental Protection Agency

In calculating the health impacts of emissions increases, NHTSA estimated only the PM2.5-related
human health impacts expected to result from increased population exposure to atmospheric
concentrations of PM2.5. Two other pollutants—NOyx and SO,—are included in the analysis as precursor
emissions that contribute to PM2.5 not emitted directly from a source but instead are formed by
chemical reactions in the atmosphere (secondary PM2.5). Increases in NOyx and VOC emissions would
also increase ozone formation and the health effects associated with ozone exposure, but there are no
incidence-per-ton estimates for NOx and VOCs because of the complexity of the atmospheric air
chemistry and nonlinearities associated with ozone formation. This analysis does not include any
increases in health impacts resulting from greater population exposure to other criteria air pollutants
and air toxics because there are not enough data available to quantify these impacts.

Quantified Health Impacts

The incidence-per-ton factors represent the total human health benefits due to a suite of PM-related
health impacts for each ton of emissions reduced. The factors are specific to an individual pollutant and
source. The PM2.5 incidence-per-ton estimates apply to directly emitted PM2.5 or its precursors (NOx
and SO,). NHTSA followed the incidence-per-ton technique used in EPA’s PM2.5 NAAQS Regulatory
Impact Analysis (RIA) (EPA 2013a), Ozone NAAQS RIA (EPA 2010b), Portland Cement National Emission
Standards for Hazardous Air Pollutants RIA (EPA 2010c), NO, NAAQS RIA (EPA 2010d), and most recently
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updated in Estimating the Benefit per Ton of Reducing PM.s Precursors from 17 Sectors (EPA 2018c).3
NHTSA included additional updates given in Wolfe et al. 2019. Updates from the 2006 PM NAAQS RIA in
the 2012 PM2.5 NAAQS RIA include no longer assuming a concentration threshold in the concentration-
response function for the PM2.5-related health effects; using incidence derived from a major cohort
study of PM2.5; and baseline incidence rates for hospital admissions, emergency department visits, and
asthma prevalence rates. Revised health endpoints, sensitivity analyses, and new morbidity studies were
also included.

Table 4.1.2-2 lists the quantified PM2.5-related benefits captured in those benefit-per-ton estimates,
and potential PM2.5-related benefits that were not quantified in this analysis. The benefits estimates
use the concentration-response functions** as reported in the epidemiology literature.®

EPA developed national per-ton estimates for selected pollutants emitted through stationary and mobile
activity (EPA 2018c; Wolfe et al. 2019). Because the per-ton values vary slightly between the two
categories, the total health impacts were derived by multiplying the stationary per-ton estimates by
total upstream emissions and the mobile per-ton estimates by total mobile emissions. NHTSA’s estimate
of PM2.5 benefits is, therefore, based on the total direct PM2.5 and PM2.5-related precursor emissions
controlled by sector and multiplied by this per-ton value.

PM-related mortality reductions provide most of the benefit in each benefit-per-ton estimate. The
following description of EPA’s approach is adapted from the Revised 2023 and Later Model Year Light-
Duty Vehicle Greenhouse Gas Emissions Standards (EPA 2021b). EPA bases its benefits analyses on peer-
reviewed studies of air quality and health effects. EPA calculated the premature mortality-related effect
coefficients that underlie the benefits-per-ton estimates from an epidemiology study that examined a
large population cohort—the American Cancer Society (ACS) cohort (Krewski et al. 2009). Very recently,
EPA updated its approach to estimating the benefits of changes in PM2.5 and ozone. These updates
were based on information drawn from EPA’s 2019 PM2.5 and 2020 Ozone ISAs, which were reviewed
by the Clean Air Science Advisory Committee and the public (EPA 2019a, 2020n). EPA has not updated its
mobile source benefit-per-ton estimates to reflect these updates in time for this analysis. Instead, based
on the recommendation of EPA staff, NHTSA used the same PM2.5 benefit-per-ton estimates that were
used in the Notice of Proposed Rulemaking and the Draft SEIS, to ensure consistency between the
values corresponding to different source sectors. These benefit-per-ton estimates are based on the
review of the EPA 2009 PM ISA and 2012 PM ISA Provisional Assessment and include a mortality risk
estimate derived from the Krewski et al. (2009) analysis of the ACS cohort and nonfatal illnesses
consistent with benefits analyses performed for the analysis of the final EPA Tier 3 Vehicle Rule, the final
EPA 2012 PM NAAQS Revision, and the final EPA 2017-2025 Light-duty Vehicle GHG Rule. NHTSA
expects this interval in updating the benefit-per-ton estimates to have a minimal impact on total PM
benefits, since the underlying mortality risk estimate based on the Krewski study is identical to an
updated PM2.5 morality risk estimate derived from an expanded analysis of the same ACS cohort. EPA

33 EPA refers to this technique as the “benefit per ton” method for estimating the health benefits of reduced emissions, and
NHTSA follows this terminology below. However, this technique applies equally to estimating the additional health outcomes
from increased emissions.

34 Concentration-response functions measure the relationship between exposure to pollution as a cause and specific outcomes
as an effect (e.g., the incremental number of hospitalizations that would result from exposure of a population to a specified
concentration of an air pollutant over a specified period).

35 The complete method for creating the benefit-per-ton estimates used in this analysis is provided in Estimating the Benefit per
Ton of Reducing PM s Precursors from 17 Sectors (EPA 2018b) and Fann et al. (2009). Note that since the publication of Fann et
al. (2009), EPA no longer assumes that there is a threshold in PM-related models of health impacts.
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intends to update its mobile source benefit-per-ton estimates to reflect these recent updates for use in
future rulemaking analyses, and NHTSA would work with EPA in future rulemakings to update and
synchronize approaches to benefit-per-ton estimates.

The benefits of mortality reductions do not occur in the year of analysis. Instead, EPA’s method assumes
that there is a cessation lag—that is, the benefits are distributed across 20 years following the year of
exposure (the emissions analysis year). The benefits-per-ton estimates used in this analysis are based on
the mortality health outcome factors given in Table 4.1.2-2. The benefit-per-ton estimates are subject to
several assumptions and uncertainties, as follows:

e The benefit-per-ton estimates incorporate projections of key variables, including atmospheric
conditions, source level emissions, population, health baselines, and incomes. These projections
introduce some uncertainties to the benefit-per-ton estimates.

e The benefit-per-ton estimates do not reflect local variability in population density, meteorology,
exposure, baseline health incidence rates, or other local factors that might lead to an overestimate
or underestimate of the actual benefits of controlling fine particulates (PM2.5). Emissions changes
and benefit-per-ton estimates alone are not a precise indication of local or regional air quality and
health impacts because there could be localized impacts associated with the Proposed Action and
alternatives. Because the atmospheric chemistry related to ambient concentrations of PM2.5,
ozone, and air toxics is very complex, full-scale photochemical air quality modeling is necessary to
control for local variability. Full-scale photochemical modeling provides the needed spatial and
temporal detail to estimate changes in ambient levels of these pollutants and their associated
impacts on human health and welfare. This modeling provides insight into the uncertainties
associated with the use of benefit-per-ton estimates. NHTSA conducted a photochemical modeling
analysis for the Final SEIS using the same methods as in the CAFE Final EISs (NHTSA 2010, 2012,
2020) and the HD Fuel Efficiency Standards Phases 1 and 2 Final EISs (NHTSA 2011, 2016a). For this
SEIS analysis, NHTSA conducted the photochemical modeling analysis using a 12-kilometer (7.5-mile)
by 12-kilometer grid cell size in accordance with EPA guidance (EPA 2018d), making use of the most
recent EPA emissions information that is based on a 12-kilometer by 12-kilometer grid cell size.
Appendix D discusses the photochemical modeling analysis and results.

e NHTSA assumed that all fine particles, regardless of their chemical composition, are equally potent
in causing premature mortality. This is an important assumption, because PM2.5 produced via
transported precursors emitted from stationary sources might differ significantly from direct PM2.5
released from diesel engines and other industrial sources. However, there are no clear scientific
grounds to support estimating differential effects by particle type.

e NHTSA assumed that the health impact (concentration-response) function for fine particles is linear
within the range of ambient concentrations under consideration. Therefore, the estimates include
health benefits from reducing fine particles in areas with varied concentrations of PM2.5, including
regions that are in attainment with the fine-particle standard and those that do not meet the
standard, down to the lowest modeled concentrations.

e The following uncertainties, among others, are associated with the health impact functions: within-
study variability (the precision with which a given study estimates the relationship between air
quality changes and health impacts), across-study variation (different published studies of the same
pollutant/health effect relationship typically do not report identical findings, and in some cases the
differences are substantial), the application of concentration-response functions nationwide (does
not account for any relationship between region and health impact to the extent that there is such a
relationship), and extrapolation of impact functions across population (NHTSA assumed that certain
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health impact functions applied to age ranges broader than those considered in the original
epidemiological study). These uncertainties could underestimate or overestimate benefits.

e NHTSA was unable to quantify several health-benefits categories because of limitations associated
with using benefit-per-ton estimates, several of which could be substantial. Because NOx and VOCs
are also precursors to ozone, reductions in NOx and VOC emissions would also reduce ozone
formation and the health effects associated with ozone exposure. Unfortunately, there are no
benefit-per-ton estimates because of the complexity of the atmospheric air chemistry and
nonlinearities associated with ozone formation. The PM-related benefit-per-ton estimates also do
not include any human welfare or ecological benefits because of limitations on the availability of
data to quantify these impacts of pollutant emissions.

Because of these uncertainties, it is not possible to draw conclusions about whether the benefit-per-ton
values are underestimated or overestimated. The RIA for the 2012 PM2.5 NAAQS (EPA 2013a) provides
more information about the overall uncertainty in the estimates of the benefits of reducing PM2.5
emissions.

Tables 4.1.2-3a—d list the incidence-per-ton estimates for PM-related health impacts (derived by the
process described above). For the analysis of direct and indirect impacts (Section 4.2, Environmental
Consequences) NHTSA used the values for the 2025 analysis year (Section 4.1.2.3, Analysis Periods).
NHTSA applied the values for 2030 to estimate impacts in 2035 and 2050.

4-29



Chapter 4 Air Quality

Table 4.1.2-3a. Health Impact per Ton of Emissions (incidence per short ton)

Upstream Emissions
(Refineries Sector)

Upstream Emissions
(Petroleum Extraction Sector)

Calendar Year NOx ‘ SOx | PM2.5 NOx ‘ SOx PM2.5
2020

Premature Deaths (Krewski) 0.00082 0.0082 0.039 0.00029 0.0025 0.015
Respiratory emergency room visits 0.00044 0.0045 0.022 0.00014 0.0012 0.0077
Acute bronchitis 0.0012 0.012 0.059 0.00036 0.0032 0.020
Lower respiratory symptoms 0.016 0.16 0.75 0.0046 0.040 0.26
Upper respiratory symptoms 0.023 0.22 11 0.0065 0.057 0.36
Minor Restricted Activity Days 0.66 6.7 31 0.18 1.6 10.2
Work loss days 0.11 1.1 5.3 0.031 0.28 1.7
Asthma exacerbation 0.026 0.26 1.2 0.0075 0.065 0.42
Cardiovascular hospital admissions 0.00019 0.0021 0.0095 0.000068 0.00062 0.0036
Respiratory hospital admissions 0.00019 0.002 0.0089 0.000047 0.00044 0.0025
Non-fatal heart attacks (Peters) 0.00080 0.0082 0.038 0.00028 0.0025 0.014
Non-fatal heart attacks (All others) 0.000087 0.00089 0.0041 0.000030 0.00027 0.0016
2025

Premature Deaths (Krewski) 0.00087 0.0088 0.041 0.00029 0.0025 0.015
Respiratory emergency room visits 0.00045 0.0047 0.023 0.00014 0.0012 0.0077
Acute bronchitis 0.0013 0.013 0.061 0.00036 0.0032 0.020
Lower respiratory symptoms 0.016 0.16 0.78 0.0046 0.040 0.26
Upper respiratory symptoms 0.023 0.23 1.1 0.0065 0.057 0.36
Minor Restricted Activity Days 0.67 6.8 32 0.18 1.6 10.2
Work loss days 0.11 1.2 5.4 0.031 0.28 1.7
Asthma exacerbation 0.027 0.28 1.3 0.0075 0.065 0.42
Cardiovascular hospital admissions 0.00021 0.0023 0.010 0.000068 0.00062 0.0036
Respiratory hospital admissions 0.00021 0.0022 0.010 0.000047 0.00044 0.0025
Non-fatal heart attacks (Peters) 0.00088 0.0091 0.041 0.00028 0.0025 0.014
Non-fatal heart attacks (All other studies) | 0.000095 0.00099 0.0045 0.000030 0.00027 0.0016
2030

Premature Deaths (Krewski) 0.00094 0.0095 0.044 0.00029 0.0025 0.015
Respiratory emergency room visits 0.00047 0.0049 0.024 0.00014 0.0012 0.0077
Acute bronchitis 0.0014 0.014 0.066 0.00036 0.0032 0.020
Lower respiratory symptoms 0.018 0.18 0.84 0.0046 0.040 0.26
Upper respiratory symptoms 0.025 0.25 1.2 0.0065 0.057 0.36
Minor Restricted Activity Days 0.68 7.0 33 0.18 1.6 10.2
Work loss days 0.12 1.2 5.6 0.031 0.28 1.7
Asthma exacerbation 0.029 0.29 1.4 0.0075 0.065 0.42
Cardiovascular hospital admissions 0.00024 0.0026 0.012 0.000068 0.00062 0.0036
Respiratory hospital admissions 0.00024 0.0025 0.011 0.000047 0.00044 0.0025
Non-fatal heart attacks (Peters) 0.00097 0.010 0.045 0.00028 0.0025 0.014
Non-fatal heart attacks (All other studies) | 0.00010 0.0011 0.0049 0.000030 0.00027 0.0016

NOx = nitrogen oxides; PM2.5 = particulate matter 2.5 microns or less in diameter; SOx = sulfur oxides
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Table 4.1.2-3b. Health Impact per Ton of Emissions (incidence per short ton)

Upstream Emissions
(Petroleum Transportation Sector)

Upstream Emissions
(Fuel TS&D Sector)

Calendar Year Nnox | sox | pm2s NOx | soy PM2.5
2020

Premature Deaths (Krewski) 0.00043 0.0061 0.022 0.00039 0.0088 0.026
Respiratory emergency room visits 0.00022 0.0031 0.013 0.00021 0.0048 0.016
Acute bronchitis 0.00057 0.0076 0.030 0.00054 0.012 0.036
Lower respiratory symptoms 0.0072 0.10 0.39 0.0068 0.15 0.46
Upper respiratory symptoms 0.010 0.14 0.55 0.010 0.21 0.65
Minor Restricted Activity Days 0.30 4.1 17 0.28 6.4 20
Work loss days 0.050 0.71 2.8 0.048 1.1 3.4
Asthma exacerbation 0.012 0.16 0.64 0.011 0.25 0.76
Cardiovascular hospital admissions 0.00011 0.0016 0.0059 0.00010 0.0023 0.0069
Respiratory hospital admissions 0.00010 0.0015 0.0056 0.00010 0.0022 0.0066
Non-fatal heart attacks (Peters) 0.00043 0.0062 0.023 0.00040 0.0091 0.027
Non-fatal heart attacks (All other studies) | 0.000046 0.00068 0.0025 0.000043 0.00098 0.0029
2025

Premature Deaths (Krewski) 0.00040 0.0062 0.022 0.00039 0.0091 0.026
Respiratory emergency room visits 0.00021 0.0032 0.013 0.00020 0.0050 0.016
Acute bronchitis 0.00054 0.0078 0.030 0.00053 0.012 0.036
Lower respiratory symptoms 0.0069 0.10 0.39 0.0068 0.16 0.46
Upper respiratory symptoms 0.010 0.14 0.55 0.010 0.22 0.66
Minor Restricted Activity Days 0.28 4.2 17 0.28 6.7 20
Work loss days 0.048 0.73 2.8 0.047 1.1 3.4
Asthma exacerbation 0.012 0.17 0.64 0.011 0.26 0.77
Cardiovascular hospital admissions 0.00010 0.0016 0.0059 0.00010 0.0024 0.0070
Respiratory hospital admissions 0.00010 0.0016 0.0056 0.00010 0.0023 0.0066
Non-fatal heart attacks (Peters) 0.00040 0.0063 0.023 0.00040 0.0094 0.027
Non-fatal heart attacks (All other studies) | 0.000044 0.00069 0.0025 0.000042 0.0010 0.0029
2030

Premature Deaths (Krewski) 0.00039 0.0062 0.022 0.00039 0.0091 0.026
Respiratory emergency room visits 0.00020 0.0032 0.013 0.00020 0.0049 0.016
Acute bronchitis 0.00053 0.0078 0.030 0.00053 0.012 0.036
Lower respiratory symptoms 0.0066 0.10 0.38 0.0067 0.16 0.46
Upper respiratory symptoms 0.0095 0.14 0.55 0.010 0.22 0.66
Minor Restricted Activity Days 0.27 4.2 17 0.28 6.6 20
Work loss days 0.046 0.72 2.8 0.047 1.1 3.4
Asthma exacerbation 0.011 0.16 0.64 0.011 0.26 0.77
Cardiovascular hospital admissions 0.00010 0.0016 0.0059 0.00010 0.0024 0.0070
Respiratory hospital admissions 0.00010 0.0015 0.0056 0.00010 0.0023 0.0066
Non-fatal heart attacks (Peters) 0.00039 0.0063 0.023 0.00039 0.0094 0.027
Non-fatal heart attacks (All other studies) | 0.000042 0.00069 0.0025 0.000042 0.0010 0.0029

NOy = nitrogen oxides; PM2.5 = particulate matter 2.5 microns or less in diameter; SOyx = sulfur oxides; TS&D = transportation,

storage, and distribution
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Table 4.1.2-3c. Health Impact per Ton of Emissions (incidence per short ton)

Upstream Emissions (Electricity
Generation Sector)

Vehicle Emissions
(On-Road Light-Duty Gas Cars &
Motorcycles Sector)

Calendar Year Nnox | so | emzs NOx | sox PM2.5
2020

Premature Deaths (Krewski) 0.00066 0.0045 0.016 0.00075 0.013 0.073
Respiratory emergency room visits 0.00032 0.0022 0.0091 0.00039 0.0076 0.041
Acute bronchitis 0.00085 0.0055 0.021 0.0010 0.020 0.11
Lower respiratory symptoms 0.011 0.070 0.27 0.013 0.25 14
Upper respiratory symptoms 0.016 0.10 0.39 0.018 0.35 2.0
Minor Restricted Activity Days 0.46 3.0 12 0.53 11 60
Work loss days 0.077 0.51 2.0 0.090 1.8 10
Asthma exacerbation 0.018 0.12 0.46 0.022 0.42 2.3
Cardiovascular hospital admissions 0.00016 0.0011 0.0040 0.00019 0.0036 0.020
Respiratory hospital admissions 0.00015 0.0011 0.0038 0.00018 0.0034 0.018
Non-fatal heart attacks (Peters) 0.00063 0.0045 0.016 0.00075 0.014 0.076
Non-fatal heart attacks (All other studies) | 0.000068 0.00049 0.0017 0.000080 0.0015 0.0082
2025

Premature Deaths (Krewski) 0.00070 0.0048 0.017 0.00075 0.013 0.073
Respiratory emergency room visits 0.00033 0.0023 0.0094 0.00039 0.0076 0.041
Acute bronchitis 0.00089 0.0057 0.022 0.0010 0.020 0.11
Lower respiratory symptoms 0.011 0.073 0.29 0.013 0.25 1.4
Upper respiratory symptoms 0.016 0.10 0.41 0.018 0.35 2.0
Minor Restricted Activity Days 0.46 3.0 12 0.53 11 60
Work loss days 0.077 0.52 2.0 0.090 1.8 10
Asthma exacerbation 0.019 0.12 0.48 0.022 0.42 23
Cardiovascular hospital admissions 0.00017 0.0012 0.0044 0.00019 0.0036 0.020
Respiratory hospital admissions 0.00017 0.0012 0.0043 0.00018 0.0034 0.018
Non-fatal heart attacks (Peters) 0.00068 0.0049 0.018 0.00075 0.014 0.076
Non-fatal heart attacks (All other studies) | 0.000074 0.00054 0.0019 0.000080 0.0015 0.0082
2030

Premature Deaths (Krewski) 0.00074 0.0051 0.018 0.00075 0.013 0.073
Respiratory emergency room visits 0.00034 0.0024 0.0098 0.00039 0.0076 0.041
Acute bronchitis 0.00096 0.0062 0.024 0.0010 0.020 0.11
Lower respiratory symptoms 0.012 0.079 0.31 0.013 0.25 14
Upper respiratory symptoms 0.017 0.11 0.44 0.018 0.35 2.0
Minor Restricted Activity Days 0.46 3.1 12 0.53 11 60
Work loss days 0.078 0.53 2.1 0.090 1.8 10
Asthma exacerbation 0.020 0.13 0.51 0.022 0.42 2.3
Cardiovascular hospital admissions 0.00018 0.0014 0.0048 0.00019 0.0036 0.020
Respiratory hospital admissions 0.00018 0.0013 0.0047 0.00018 0.0034 0.018
Non-fatal heart attacks (Peters) 0.00074 0.0053 0.019 0.00075 0.014 0.076
Non-fatal heart attacks (All other studies) | 0.000079 0.00058 0.0021 0.000080 0.0015 0.0082

NOx = nitrogen oxides; PM2.5 = particulate matter 2.5 microns or less in diameter; SOx = sulfur oxides
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Table 4.1.2-3d. Health Impact per Ton of Emissions (incidence per short ton)

Vehicle Emissions Vehicle Emissions

(On-Road Light-Duty Gas Trucks Sector) (On-Road Light-Duty Diesel Sector)
Calendar Year NOx ‘ SOx | PM2.5 NOx ‘ SOx PM2.5
2020
Premature Deaths (Krewski) 0.00068 0.011 0.061 0.00060 0.031 0.050
Respiratory emergency room visits 0.00035 0.0061 0.035 0.00032 0.019 0.029
Acute bronchitis 0.00096 0.016 0.091 0.00085 0.047 0.075
Lower respiratory symptoms 0.012 0.20 1.2 0.011 0.59 0.95
Upper respiratory symptoms 0.017 0.28 1.7 0.015 0.84 13
Minor Restricted Activity Days 0.49 8.5 49 0.44 25 40
Work loss days 0.084 14 8.4 0.075 43 6.9
Asthma exacerbation 0.020 0.33 1.9 0.018 1.0 1.6
Cardiovascular hospital admissions 0.00017 0.0028 0.016 0.00015 0.0085 0.013
Respiratory hospital admissions 0.00016 0.0027 0.015 0.00015 0.0081 0.013
Non-fatal heart attacks (Peters) 0.00068 0.011 0.064 0.00060 0.033 0.053
SNt‘L’JZ:‘St)a' heart attacks (All other 0.000073 0.0012 0.0069 | 0.000065 | 0.0035 0.0057
2025
Premature Deaths (Krewski) 0.00068 0.011 0.061 0.00060 0.031 0.050
Respiratory emergency room visits 0.00035 0.0061 0.035 0.00032 0.019 0.029
Acute bronchitis 0.00096 0.016 0.091 0.00085 0.047 0.075
Lower respiratory symptoms 0.012 0.20 1.2 0.011 0.59 0.95
Upper respiratory symptoms 0.017 0.28 1.7 0.015 0.84 13
Minor Restricted Activity Days 0.49 8.5 49 0.44 25 40
Work loss days 0.084 14 8.4 0.075 43 6.9
Asthma exacerbation 0.020 0.33 1.9 0.018 1.0 1.6
Cardiovascular hospital admissions 0.00017 0.0028 0.016 0.00015 0.0085 0.013
Respiratory hospital admissions 0.00016 0.0027 0.015 0.00015 0.0081 0.013
Non-fatal heart attacks (Peters) 0.00068 0.011 0.064 0.00060 0.033 0.053
Zzzl‘;it)al heart attacks (All other 0.000073 0.0012 0.0069 0.000065 0.0035 0.0057
2030
Premature Deaths (Krewski) 0.00068 0.011 0.061 0.00060 0.031 0.050
Respiratory emergency room visits 0.00035 0.0061 0.035 0.00032 0.019 0.029
Acute bronchitis 0.00096 0.016 0.091 0.00085 0.047 0.075
Lower respiratory symptoms 0.012 0.20 1.2 0.011 0.59 0.95
Upper respiratory symptoms 0.017 0.28 1.7 0.015 0.84 1.3
Minor Restricted Activity Days 0.49 8.5 49 0.44 25 40
Work loss days 0.084 1.4 8.4 0.075 4.3 6.9
Asthma exacerbation 0.020 0.33 1.9 0.018 1.0 1.6
Cardiovascular hospital admissions 0.00017 0.0028 0.016 0.00015 0.0085 0.013
Respiratory hospital admissions 0.00016 0.0027 0.015 0.00015 0.0081 0.013
Non-fatal heart attacks (Peters) 0.00068 0.011 0.064 0.00060 0.033 0.053
L\'tizlzt)a' heart attacks (All other 0.000073 0.0012 0.0069 0.000065 0.0035 0.0057

Sources: EPA 2018c; Fann 2020
NOx = nitrogen oxides; PM2.5 = particulate matter 2.5 microns or less in diameter; SOx = sulfur oxides
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The EPA incidence-per-ton estimates shown in Tables 4.1.2-3a—d are national averages and account for
effects of upstream and downstream emissions separately. However, they do not reflect localized
variations in emissions, population characteristics, or exposure to pollutants. Most upstream emissions
are released from elevated points (for example, tall stacks at refineries and power plants) and disperse
widely before reaching ground level. The population in a large geographic region could be affected, but
pollutant concentrations generally would be relatively low at any one location. On the other hand,
concentrations very near an upstream source that releases emissions at a relatively low elevation could
be greater. The actual health impacts from human exposure at any particular location would vary with
emissions, local meteorology and topography, and population characteristics.

Unlike most upstream emissions, downstream emissions occur across the roadway system and are
released at or near ground level. Populations located near roadways could experience relatively greater
pollutant levels because the short distance from the roadway allows less pollutant dispersion to occur.
Populations located at greater distances from roadways would be larger than the populations near the
roadways but would experience much lower pollutant levels. As with upstream emissions, the actual
health effects from human exposure at any particular location would vary with emissions, local
meteorology and topography, and population characteristics. Because of these variations, the actual
change in health impacts per ton of emissions change could be larger or smaller at any particular
location than the values in Tables 4.1.2-3a—d.

4.2 Environmental Consequences

This section examines the direct and indirect impacts on air quality associated with the Proposed Action
and alternatives. NHTSA has identified Alternative 2.5 as the Preferred Alternative. The analysis shows
that the action alternatives would result in different levels of emissions from passenger cars and light
trucks when measured against projected trends under the No Action Alternative. These reductions and
increases in emissions would vary by pollutant, calendar year, and action alternative. The more stringent
action alternatives generally would result in larger emissions reductions or smaller emissions increases,
compared to the No Action Alternative. Chapter 8, Cumulative Impacts, examines cumulative air quality
impacts.

4.2.1 Criteria Pollutants
4.2.1.1 Emission Levels

Table 4.2.1-1 summarizes the total upstream and downstream3® national emissions by alternative for
each of the criteria pollutants and analysis years. Figure 4.2.1-1 illustrates this information for 2035, the
forecast year by which a large proportion of passenger car and light truck VMT would be accounted for
by vehicles that meet standards as set forth under the Proposed Action.

Figure 4.2.1-2 shows the changes over time in total national emissions of criteria pollutants under
Alternative 1 (the least stringent and highest fuel use action alternative) and Alternative 3 (the lowest
fuel use action alternative) to show the highest and lowest ends of the range of emissions impacts over
time across action alternatives. Figure 4.2.1-2 shows a consistent time trend among the criteria
pollutants except for SO,. Emissions of CO, NOx, PM2.5, and VOC decline from 2025 to 2050 because of
increasingly stringent EPA regulation of emissions from vehicles (Section 4.1.1, Relevant Pollutants and

36 Due to modeling limitations, downstream emissions do not include evaporative emissions from vehicle fuel systems.
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Standards) and from reductions in upstream emissions from fuel production, despite a growth in total
VMT from 2025 to 2040 (Table 4.2.1-1 and Figure 4.2.1-2). (Note that continued growth in VMT is
projected to occur under all alternatives until 2040; a slight decline is projected to occur from 2040 to
2050.) Emissions of SO, decline from 2025 to 2035 under all action alternatives, but increase from 2035
to 2050 under all action alternatives. These increases reflect the projected increase in EV use in the later
years, which would result in greater emissions from fossil-fueled power plants to generate the electricity
for charging the EVs even as the electric grid that charges EVs gets progressively cleaner in later years.

Total emissions consist of four components: two sources of emissions (downstream [i.e., tailpipe
emissions] and upstream) for each of the two vehicle classes covered by the rule (passenger cars and
light trucks). Table 4.2.1-2 shows the total emissions of criteria pollutants by component for calendar

year 2035.

The directions and magnitudes of the changes in total emissions are not consistent across all pollutants,
which reflects the complex interactions between tailpipe emissions rates of the various vehicle types,
the technologies assumed to be incorporated by manufacturers in response to the standards, upstream
emissions rates, the relative proportions of gasoline, diesel, and other fuels in total fuel consumption
changes, and increases in VMT. Other CAFE Model inputs and assumptions, which are discussed in
Chapter 2, Proposed Action and Alternatives and Analysis Methods, and at length in Section Il of the
final rule preamble, Technical Support Document, and Final Regulatory Impact Analysis issued
concurrently with this Final SEIS, including the rate at which new vehicles are sold, will also affect these
air quality impact estimates.

Table 4.2.1-1. Nationwide Criteria Pollutant Emissions (tons per year) from U.S. Passenger Cars and
Light Trucks by Alternative, Direct and Indirect Impacts

Alt. 0
Year (No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3
Carbon monoxide (CO)
2025 11,379,800 11,389,575 11,391,899 11,396,946 11,403,440
2035 4,561,397 4,556,698 4,543,500 4,538,868 4,530,176
2050 1,653,330 1,632,395 1,582,175 1,568,781 1,543,383
Nitrogen oxides (NOy)
2025 965,231 965,489 965,800 966,126 966,472
2035 406,733 403,512 402,995 403,575 403,092
2050 207,612 204,070 202,447 202,722 201,716
Particulate matter (PM2.5)
2025 35,079 35,051 35,058 35,061 35,055
2035 25,236 24,937 24,852 24,878 24,809
2050 19,007 18,682 18,486 18,490 18,372
Sulfur oxides (SO>)
2025 74,532 74,578 74,853 74,877 75,009
2035 67,472 67,406 69,604 70,841 72,155
2050 73,806 74,696 77,066 78,245 79,296
Volatile organic compounds (VOCs)
2025 1,327,614 1,326,844 1,326,371 1,326,645 1,326,288
2035 671,468 660,130 649,462 646,391 639,368
2050 363,182 346,695 331,396 327,371 319,517
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Figure 4.2.1-1. Nationwide Criteria Pollutant Emissions (tons per year) from U.S. Passenger Cars and Light Trucks for 2035 by Alternative,
Direct and Indirect Impacts
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Figure 4.2.1-2. Nationwide Criteria Pollutant Emissions (tons per year) from U.S. Passenger Cars and Light Trucks under Alternatives 1 and 3,
Providing the Lowest and Highest Range in Direct and Indirect Impacts
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Table 4.2.1-2. Nationwide Criteria Pollutant Emissions (tons per year) in 2035 from U.S. Passenger Cars and Light Trucks by Vehicle Type and

Alternative, Direct and Indirect Impacts

Alt. 0
Vehicle Class (No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3
Carbon monoxide (CO)
Cars tailpipe 1,705,564 1,696,261 1,679,435 1,678,001 1,671,244
Cars upstream 40,741 40,000 39,420 39,273 38,748
Trucks tailpipe 2,755,591 2,762,050 2,765,881 2,762,342 2,760,622
Trucks upstream 59,500 58,388 58,765 59,252 59,562
Total 4,561,397 4,556,698 4,543,500 4,538,868 4,530,176
Nitrogen oxides (NOy)
Cars tailpipe 70,743 70,613 70,324 70,342 70,257
Cars upstream 72,955 71,575 70,446 70,169 69,200
Trucks tailpipe 156,041 156,353 156,649 156,674 156,766
Trucks upstream 106,994 104,971 105,576 106,390 106,869
Total 406,733 403,512 402,995 403,575 403,092
Particulate matter (PM2.5)
Cars tailpipe 3,960 3,932 3,884 3,879 3,861
Cars upstream 6,168 6,051 5,956 5,933 5,851
Trucks tailpipe 6,072 6,088 6,094 6,079 6,070
Trucks upstream 9,037 8,866 8,917 8,987 9,028
Total 25,236 24,937 24,852 24,878 24,809
Sulfur oxides (SO,)
Cars tailpipe 2,752 2,627 2,466 2,436 2,358
Cars upstream 26,415 26,821 27,892 28,037 28,198
Trucks tailpipe 4,449 4,337 4,267 4,228 4,159
Trucks upstream 33,856 33,620 34,979 36,140 37,439
Total 67,472 67,406 69,604 70,841 72,155
Volatile organic compounds (VOCs)
Cars tailpipe 115,718 115,491 114,982 115,019 114,880
Cars upstream 137,199 131,298 123,779 122,363 118,672
Trucks tailpipe 199,604 200,081 200,443 200,383 200,445
Trucks upstream 218,947 213,261 210,259 208,626 205,371
Total 671,468 660,130 649,462 646,391 639,368
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Table 4.2.1-3 lists the net changes in nationwide criteria pollutant emissions for each action alternative
for each criteria pollutant and analysis year compared to the No Action Alternative in the same year.
Figure 4.2.1-3 shows these changes in percentages for 2035. Generally, the trend in total emissions of
each pollutant relative to the stringency of the alternatives differs by forecast year.

e In 2025, emissions of CO, NOyx, and SO, increase under the action alternatives compared to the No
Action Alternative, while emissions of PM2.5 and VOCs decrease. Relative to the No Action Alternative,
the modeling results suggest CO, NOy, and SO, emissions increases in 2025 that get larger from
Alternative 1 through Alternative 3 (the most stringent alternative in terms of estimated required
miles per gallon), these increases are quite small in percentage terms and, given the difficulties and
assumptions involved in estimating, could easily trend in the opposite direction with slight changes in
assumptions. While emissions of PM2.5 and VOCs decrease in 2025 relative to the No Action
Alternative, the decreases are not consistent across the action alternatives. For PM2.5, the decreases
are largest for Alternative 1, smaller for Alternative 3, still smaller for Alternative 2, and smallest for
Alternative 2.5. For VOCs, the decreases are largest for Alternative 3, smaller for Alternative 2, still
smaller for Alternative 2.5, and smallest for Alternative 1. As with the emissions increases, these
decreases are quite small in percentage terms and, given the difficulties and assumptions involved in
estimating, could easily trend in the opposite direction with slight changes in assumptions.

e In 2035, emissions of all criteria pollutants (except SO,) decrease under the action alternatives
compared to the No Action Alternative. For CO and VOCs, the decreases get larger from Alternative
1 through Alternative 3. For NOy, the decreases are largest for Alternative 2, smaller for Alternative
3, still smaller for Alternative 1, and smallest for Alternative 2.5. For PM2.5, the decreases are
largest for Alternative 3, smaller for Alternative 2, still smaller for Alternative 2.5, and smallest for
Alternative 1. Emissions of SO, decrease slightly under Alternative 1 but increase under Alternatives
2,2.5,and 3.

e In 2050, emissions for all criteria pollutants (except SO,) decrease under the action alternatives
compared to the No Action Alternative. For CO and VOCs, the emissions decreases get larger from
Alternative 1 through Alternative 3. For NOx and PM2.5, the decreases are largest for Alternative 3,
smaller for Alternative 2, still smaller for Alternative 2.5, and smallest for Alternative 1. For SO, in
2050, emissions increase under the action alternatives compared to the No Action Alternative, and
the emissions increases get larger from Alternative 1 through Alternative 3. The increases in SO;
emissions reflect the projected increase in EV use in the later years, which would result in greater
emissions from fossil-fueled power plants to generate the electricity for charging the EVs even as
the electric grid that charges EVs gets progressively cleaner in later years.

Table 4.2.1-3. Nationwide Changes in Criteria Pollutant Emissions (tons per year) from U.S. Passenger
Cars and Light Trucks by Alternative, Direct and Indirect Impacts ?

Alt. 0
Year (No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3
Carbon monoxide (CO)
2025 0 9,775 12,099 17,146 23,640
2035 0 -4,698 -17,897 -22,529 -31,221
2050 0 -20,935 -71,155 -84,549 -109,947
Nitrogen oxides (NOy)
2025 0 258 570 895 1,242
2035 0 -3,222 -3,739 -3,158 -3,641
2050 0 -3,542 -5,165 -4,890 -5,896
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Alt. 0
Year (No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3
Particulate matter (PM2.5)
2025 0 -28 -21 -17 -23
2035 0 -299 -384 -358 -427
2050 0 -325 -521 -517 -635
Sulfur oxides (SO>)
2025 0 45 321 345 476
2035 0 -66 2,132 3,370 4,683
2050 0 891 3,260 4,439 5,490
Volatile organic compounds (VOCs)
2025 0 -770 -1,243 -969 -1,326
2035 0 -11,338 -22,006 -25,077 -32,100
2050 0 -16,487 -31,787 -35,811 -43,666

Notes:
2 Changes for the No Action Alternative are shown as zero because the No Action Alternative is the baseline to which the action
alternatives are compared.

Instances where downstream (tailpipe) emissions are predicted to increase (on a per-VMT basis) in the
action alternatives are attributable to shifts in modeled technology adoption from the baseline.
Emissions of some criteria air pollutants in some years could decrease compared to the No Action
Alternative because the increases in vehicle tailpipe emissions due to the rebound effect (from greater
VMT resulting from greater vehicle fuel economy) would be offset by upstream emissions decreases due
to decreases in fuel usage. Emissions of some criteria air pollutants in some years could increase
compared to the No Action Alternative where the increases in vehicle emissions due to the rebound
effect would not be offset by upstream emissions reductions due to decreases in fuel usage. If the
estimates about rebound effect are incorrect, the emissions changes would correspondingly be
incorrect. For example, if the rebound effect is lower, then emissions would be lower; if it is higher, then
emissions would be higher.

Under each action alternative compared to the No Action Alternative, the largest relative increases in
emissions among the criteria pollutants would occur for SO;, for which emissions would increase by as
much as 7.4 percent under Alternative 3 in 2050 compared to the No Action Alternative. The largest
relative decreases in emissions would occur for VOCs, for which emissions would decrease by as much
as 12.0 percent under Alternative 3 in 2050 compared to the No Action Alternative (Table 4.2.1-1).
Percentage increases and reductions in emissions of CO, NOyx, and PM2.5 would be less.

The differences in national emissions of criteria air pollutants among the action alternatives compared
to the No Action Alternative would range from less than 1 percent to about 12 percent because of the
interactions of the multiple factors described previously. The smaller differences are not expected to
lead to measurable changes in concentrations of criteria pollutants in the ambient air. The larger
differences in emissions could lead to changes in ambient pollutant concentrations.
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Figure 4.2.1-3. Nationwide Percentage Changes in Criteria Pollutant Emissions from U.S. Passenger Cars and Light Trucks for 2035 by Action
Alternative Compared to the No Action Alternative, Direct and Indirect Impacts
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4.2.1.2 Nonattainment Areas

Table 4.2.1-4 summarizes the criteria air pollutant analysis results by nonattainment area.’ For each
pollutant, Table 4.2.1-4 lists the nonattainment areas in which the maximum increases and decreases in
emissions would occur. Appendix B, Air Quality Nonattainment Area Results, lists the emissions changes
for each nonattainment area. The increases and decreases would not be uniformly distributed to
individual nonattainment areas. Appendix B indicates that for CO and NOy, the majority of
nonattainment areas would experience increases in emissions across all action alternatives in 2025, but
decreases in 2035 and 2050, compared to the No Action Alternative. For PM2.5, SO, and VOCs, across
all alternatives, the majority of nonattainment areas would experience decreases in emissions in 2025,
2035, and 2050, compared to the No Action Alternative.

Table 4.2.1-4. Maximum Changes in Criteria Pollutant Emissions (tons per year) from U.S. Passenger
Cars and Light Trucks, Across All Nonattainment or Maintenance Areas, Alternatives, and Years, Direct
and Indirect Impacts

Emission Nonattainment or
Criteria Maximum Change Maintenance Area [NAAQS
Pollutant Increase/Decrease | (tons per year) | Year | Alternative | Standard(s)]
Carbon Maximum 1,145 2025 | Alt. 3 Los Angeles-South Coast Air
monoxide (CO) increase Basin Area, CA [CO (1971 8-

hour); NO; (1971 Annual);
Ozone (2008 and 2015 8-hour);
PM2.5 (2006 24-hour and 2012

Annual)]
Maximum -5,233 2050 | Alt. 3 Los Angeles-South Coast Air
decrease Basin Area, CA [CO (1971 8-

hour); NO (1971 Annual);
Ozone (2008 8-hour)]

Nitrogen oxides | Maximum 81 2025 | Alt. 3 Los Angeles-South Coast Air
(NOx) increase Basin Area, CA [CO (1971 8-
hour); NO, (1971 Annual);
Ozone (2008 and 2015 8-hour);
PM2.5 (2006 24-hour and 2012

Annual)]
Maximum -515 2050 | Alt. 3 Houston-Galveston-Brazoria,
decrease TX [Ozone (2008 8-hour)]
Particulate Maximum 1 2025 | Alt. 3 New York, NY-NJ-CT [CO (2008
matter (PM2.5) | increase and 2015 8-hour); PM2.5 (2006
24-hour)]
Maximum -72 2050 | Alt. 3 Houston-Galveston-Brazoria,
decrease TX [Ozone (2008 8-hour)]

37 |n Section 4.2.1.2, Nonattainment Areas (criteria pollutants), and Section 4.2.2.2, Nonattainment Areas (air toxics), the term
nonattainment refers to both nonattainment areas and maintenance areas.
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Emission Nonattainment or
Criteria Maximum Change Maintenance Area [NAAQS
Pollutant Increase/Decrease | (tons per year) | Year | Alternative | Standard(s)]
Sulfur oxides Maximum 1,126 2050 | Alt. 3 Houston-Galveston-Brazoria,
(SO,) increase TX [Ozone (2008 and 2015 8-
hour)]
Maximum -23 2050 | Alt. 3 New York, NY-NJ-CT [PM2.5
decrease (2006 24-hour)]
Volatile organic | Maximum 88 2025 | Alt. 3 Los Angeles-South Coast Air
compounds increase Basin Area, CA [CO (1971 8-
(VOCs) hour); NO; (1971 Annual);
Ozone (2008 and 2015 8-hour);
PM2.5 (2006 24-hour and 2012
Annual)]
Maximum -1,344 2050 | Alt. 3 Houston-Galveston-Brazoria,
decrease TX [Ozone (2008 8-hour)]

Each nonattainment area implements emission controls and other requirements, in accordance with its
SIP, that aim to reduce emissions so that the area will reach attainment levels under the schedule
specified in the CAA. In a nonattainment area where emissions of a nonattainment pollutant or its
precursors would increase under an action alternative, the increase would represent a slight decrease in
the rate of reduction projected in the SIP. In response, the nonattainment area could revise its SIP to
require greater emission reductions. Depending on the specific requirements in the SIP, an emissions
increase under an action alternative could have the effect of shifting some of the responsibility to meet
air quality requirements from the transportation sector to other sectors such as industry or electric
utilities.

4.2.2 Toxic Air Pollutants
4.2.2.1 Emission Levels

Table 4.2.2-1 summarizes the total upstream and downstream® emissions of toxic air pollutants by
alternative for each of the toxic air pollutants and analysis years. Figure 4.2.2-1 shows toxic air pollutant
emissions for each alternative in 2035.

38 Downstream emissions do not include evaporative emissions from vehicle fuel systems due to modeling limitations.
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Table 4.2.2-1. Nationwide Toxic Air Pollutant Emissions (tons per year) from U.S. Passenger Cars and

Light Trucks by Alternative, Direct and Indirect Impacts

Alt. 0
Year (No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3
Acetaldehyde
2025 7,584 7,589 7,591 7,594 7,598
2035 3,312 3,311 3,302 3,299 3,295
2050 891 878 851 843 831
Acrolein
2025 408 408 408 408 409
2035 183 183 182 182 182
2050 58 57 55 55 54
Benzene
2025 29,757 29,782 29,788 29,803 29,820
2035 9,958 9,921 9,884 9,876 9,851
2050 2,232 2,155 2,071 2,048 2,006
1,3-Butadiene
2025 3,410 3,413 3,414 3,415 3,417
2035 1,264 1,263 1,260 1,258 1,256
2050 342 337 326 323 318
Diesel particulate matter (DPM)
2025 35,953 35,823 35,790 35,774 35,710
2035 32,072 31,218 30,624 30,503 30,107
2050 28,110 27,084 26,371 26,246 25,861
Formaldehyde
2025 6,504 6,507 6,507 6,510 6,512
2035 2,569 2,554 2,535 2,529 2,518
2050 865 837 802 793 776
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Figure 4.2.2-1. Nationwide Toxic Air Pollutant Emissions (tons per year) from U.S. Passenger Cars and Light Trucks for 2035 by Alternative,
Direct and Indirect Impacts
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Figure 4.2.2-2 summarizes the changes over time in total national emissions of toxic air pollutants under
Alternative 1 (the least stringent and highest fuel-use action alternative) and Alternative 3 (the most
stringent and lowest fuel-use action alternative) to show the highest and lowest ends of the range of
emissions impacts. This figure indicates a consistent trend among the toxic air pollutants. Table 4.2.2-2
and Figure 4.2.2-3 show that emissions decline from 2025 to 2050. This is likely because of increasingly
stringent EPA regulations (Section 4.1.1, Relevant Pollutants and Standards) and from reductions in
upstream emissions from fuel production, despite a growth in total VMT. (Note that continued growth
in VMT is projected to occur under all alternatives until 2040; a slight decline is projected to occur from
2040 to 2050.)

As with criteria pollutant emissions, total toxic pollutant emissions consist of four components: two
sources of emissions (downstream and upstream) for each of the two vehicle classes (passenger cars
and light trucks). Table 4.2.2-2 shows the total emissions of air toxic pollutants by component for
calendar year 2035.

Table 4.2.2-3 lists the net change in nationwide emissions for each of the toxic air pollutants and
analysis years under the action alternatives compared to the No Action Alternative. Figure 4.2.2-3 shows
these changes in percentages for 2035. Toxic air pollutant emissions across the action alternatives stay
the same or increase in 2025 (except for DPM, which decreases in 2025 across all action alternatives)
and show decreases in 2035 and 2050 (except for acrolein emissions, which stay the same in 2035 under
Alternative 1) relative to the No Action Alternative for the same reasons as for criteria pollutants.

In 2025, emissions of acetaldehyde, acrolein, benzene, 1,3-butadiene, and formaldehyde would stay the
same or increase under the action alternatives (compared to the No Action Alternative) with the
smallest increases occurring under Alternative 1, and the increases getting larger from Alternative 1
through Alternative 3. However, emissions of DPM would decrease in 2025 under all action alternatives,
with the decreases getting larger from Alternative 1 to Alternative 3. In 2025, the largest relative
increases in emissions would occur for benzene and 1,3-butadiene, for which emissions would increase
by as much as 0.2 percent (Table 4.2.2-3). Percentage increases in emissions of acetaldehyde, acrolein,
and formaldehyde would be less. DPM emissions in 2025 would decrease by as much as 0.7 percent.

In 2035 and 2050, emissions of all air toxic pollutants would decrease under the action alternatives,
compared to the No Action Alternative (except they would stay the same for acrolein in 2035 under
Alternative 1). The decreases get larger from Alternative 1 through Alternative 3, except that for acrolein
in 2035 the emissions decrease from the No Action Alternative is unchanged for Alternatives 2, 2.5, and
3, and in 2050 is unchanged between Alternatives 2 and 2.5.

The largest relative decreases in emissions generally would occur for formaldehyde for which emissions
would decrease by as much as 10.3 percent under Alternative 3 in 2050 compared to the No Action
Alternative (Table 4.2.2-3). Percentage decreases in emissions of acetaldehyde, acrolein, benzene, 1,3-
butadiene, and DPM would be less. These trends are accounted for by the extent of technologies
assumed to be deployed under the different action alternatives to meet the different levels of fuel
economy requirements.
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Figure 4.2.2-2. Nationwide Toxic Air Pollutant Emissions (tons per year) from U.S. Passenger Cars and
Light Trucks under Alternatives 1 and 3, Providing the Lowest and Highest Range in Direct and Indirect
Impacts
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Table 4.2.2-2. Nationwide Toxic Air Pollutant Emissions (tons per year) in 2035 from U.S. Passenger
Cars and Light Trucks, by Vehicle Type and Alternative, Direct and Indirect Impacts

Alt. 0
Vehicle Class (No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3
Acetaldehyde
Cars tailpipe 1,202 1,197 1,187 1,186 1,183
Cars upstream 26 25 24 23 22
Trucks tailpipe 2,041 2,048 2,051 2,049 2,050
Trucks upstream 42 41 41 40 40
Total 3,312 3,311 3,302 3,299 3,295
Acrolein
Cars tailpipe 68 68 67 67 67
Cars upstream 4 3 3 3 3
Trucks tailpipe 106 106 106 106 106
Trucks upstream 6 6 6 6 5
Total 183 183 182 182 182
Benzene
Cars tailpipe 3,007 3,006 3,003 3,005 3,006
Cars upstream 533 509 478 472 457
Trucks tailpipe 5,560 5,571 5,582 5,584 5,588
Trucks upstream 858 835 822 814 800
Total 9,958 9,921 9,884 9,876 9,851
1,3-Butadiene
Cars tailpipe 474 472 467 467 465
Cars upstream 6 5 5 5 5
Trucks tailpipe 775 777 778 778 777
Trucks upstream 9 9 9 9 9
Total 1,264 1,263 1,260 1,258 1,256
Diesel particulate matter (DPM)
Cars tailpipe 4 4 4 4 4
Cars upstream 12,613 12,200 11,721 11,626 11,360
Trucks tailpipe 10 12 11 11 13
Trucks upstream 19,445 19,002 18,887 18,862 18,730
Total 32,072 31,218 30,624 30,503 30,107
Formaldehyde
Cars tailpipe 736 733 729 729 727
Cars upstream 197 188 177 175 169
Trucks tailpipe 1,317 1,322 1,323 1,323 1,324
Trucks upstream 319 311 306 303 298
Total 2,569 2,554 2,535 2,529 2,518
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Table 4.2.2-3. Nationwide Changes in Toxic Air Pollutant Emissions (tons per year) from U.S. Passenger

Cars and Light Trucks by Alternative, Direct and Indirect Impacts*®

Alt. 0

Year (No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3

Acetaldehyde

2025 0 6 7 10 15

2035 0 0 -10 -13 -17

2050 0 -13 -40 -47 -60

Acrolein

2025 0 0 0 0 1

2035 0 0 -1 -1 -2

2050 0 -1 -3 -3 -4

Benzene

2025 0 24 31 45 62

2035 0 -37 -74 -82 -107

2050 0 -76 -161 -184 -226

1,3-Butadiene

2025 0 3 4 6 8

2035 0 -1 -5 -6 -8

2050 0 -5 -16 -20 -25

Diesel particulate matter (DPM)

2025 0 -130 -163 -179 -243

2035 0 -853 -1,448 -1,569 -1,965

2050 0 -1,026 -1,739 -1,865 -2,249

Formaldehyde

2025 0 3 3 6 8

2035 0 -15 -35 -40 -52

2050 0 -29 -63 -72 -89
Notes:

@ Changes for the No Action Alternative are shown as zero because the No Action Alternative is the baseline to which the action
alternatives are compared.
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Figure 4.2.2-3. Nationwide Percentage Changes in Toxic Air Pollutant Emissions from U.S. Passenger Cars and Light Trucks for 2035 by Action
Alternative Compared to the No Action Alternative, Direct and Indirect Impacts
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The differences in national emissions of toxic air pollutants among the action alternatives compared to
the No Action Alternative would range from less than 1 percent to over 10 percent due to the similar
interactions of the multiple factors described for criteria pollutants. The smaller differences are not
expected to lead to measurable changes in concentrations of toxic air pollutants in the ambient air. For
such small changes, the impacts of those action alternatives would be essentially equivalent. The larger
differences in emissions could lead to changes in ambient pollutant concentrations.

4.2.2.2 Nonattainment Areas

EPA has not designated nonattainment areas for toxic air pollutants. To provide regional perspective,
changes in toxic air pollutant emissions were evaluated for areas that are in nonattainment for criteria
pollutants. For each pollutant, Table 4.2.2-4 lists the nonattainment areas in which the maximum
increases and decreases in emissions would occur.>® Appendix B, Air Quality Nonattainment Area
Results, lists the estimated emissions changes for each nonattainment area. The increases and decreases
in upstream emissions would not be uniformly distributed to individual nonattainment areas. In 2025,
compared to the No Action Alternative, in the majority of nonattainment areas all action alternatives
would increase emissions of most toxic air pollutants but would decrease emissions of DPM. In 2035,
compared to the No Action Alternative, the results are mixed: for acetaldehyde and acrolein, emissions
would increase in the majority of nonattainment areas under Alternative 1 and decrease under
Alternatives 2, 2.5, and 3, while for benzene, 1,3-butadiene, DPM, and formaldehyde, emissions in 2035
would decrease under all action alternatives in the majority of nonattainment areas. In 2050, compared
to the No Action Alternative, all action alternatives would decrease emissions of all toxic air pollutants in
the majority of nonattainment areas.

Table 4.2.2-4. Maximum Changes in Toxic Air Pollutant Emissions (tons per year) from U.S. Passenger
Cars and Light Trucks across All Nonattainment or Maintenance Areas, Alternatives, and Years, Direct
and Indirect Impacts

Maximum Emission
Increase/ Change (tons Nonattainment or Maintenance Area
Air Toxic Decrease per year) Year | Alternative | [NAAQS Standard(s)]
Acetaldehyde | Maximum 1 2025 Alt. 3 Los Angeles-South Coast Air Basin
increase Area, CA [CO (1971 8-hour); NO;
(1971 Annual); Ozone (2008 and 2015
8-hour); PM2.5 (2006 24-hour and
2012 Annual)]
Maximum -2 2050 Alt. 3 Los Angeles-South Coast Air Basin
decrease Area, CA [CO (1971 8-hour); NO;
(1971 Annual); Ozone (2008 and 2015
8-hour); PM2.5 (2006 24-hour and
2012 Annual)]

39 EPA has not established NAAQS for airborne toxics. Therefore, none of these areas is classified as a nonattainment area
because of airborne toxics emissions. Toxic air pollutant emissions data for nonattainment areas are provided for information
only.
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Maximum Emission
Increase/ Change (tons Nonattainment or Maintenance Area
Air Toxic Decrease per year) Year | Alternative | [NAAQS Standard(s)]
Acrolein Maximum 0.04 2025 Alt. 3 Los Angeles-South Coast Air Basin
increase Area, CA [CO (1971 8-hour); NO;
(1971 Annual); Ozone (2008 and 2015
8-hour); PM2.5 (2006 24-hour and
2012 Annual)]
Maximum -0.2 2050 Alt. 3 Los Angeles-South Coast Air Basin
decrease Area, CA [CO (1971 8-hour); NO;
(1971 Annual); Ozone (2008 and 2015
8-hour); PM2.5 (2006 24-hour and
2012 Annual)]
Benzene Maximum 4 2025 Alt. 3 Los Angeles-South Coast Air Basin
increase Area, CA [CO (1971 8-hour); NO;
(1971 Annual); Ozone (2008 and 2015
8-hour); PM2.5 (2006 24-hour and
2012 Annual)]
Maximum -9 2050 Alt. 3 Houston-Galveston-Brazoria, TX
decrease [Ozone (2008 and 2015 8-hour)]
1,3-Butadiene | Maximum 0.4 2025 Alt. 3 Los Angeles-South Coast Air Basin
increase Area, CA [CO (1971 8-hour); NO;
(1971 Annual); Ozone (2008 and 2015
8-hour); PM2.5 (2006 24-hour and
2012 Annual)]
Maximum -2 2050 Alt. 3 Houston-Galveston-Brazoria, TX
decrease [Ozone (2008 and 2015 8-hour)]
Diesel Maximum 0.007 2035 Alt. 3 Tucson Area, AZ [CO (1971 8-hour)]
particulate increase
matter (DPM) | paximum -401 2050 Alt. 3 Houston-Galveston-Brazoria, TX
decrease [Ozone (2008 and 2015 8-hour)]
Formaldehyde | Maximum 1 2025 Alt. 3 Los Angeles-South Coast Air Basin
increase Area, CA [CO (1971 8-hour); NO;
(1971 Annual); Ozone (2008 and 2015
8-hour); PM2.5 (2006 24-hour and
2012 Annual)]
Maximum -2 2050 Alt. 3 Houston-Galveston-Brazoria, TX
decrease [Ozone (2008 and 2015 8-hour)]

CO = carbon monoxide; NAAQS = National Ambient Air Quality Standards; NO, = nitrogen dioxide; PM2.5 = particulate matter
2.5 microns or less in diameter
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4.2.3 Health Impacts

Adverse health impacts from criteria pollution emissions would decrease nationwide in 2025, 2035, and
2050 under all action alternatives, except that some adverse health impacts would not decrease in 2025.
In 2025, the improvements to health impacts (or decreases in health incidences) would be largest for
Alternative 1, smaller for Alternative 3, still smaller for Alternative 2, and smallest for Alternative 2.5.
The improvements to health impacts (or decreases in health incidences) would get larger from
Alternative 1 to Alternative 3 in 2035 and 2050, except that for some health impacts in 2035 and 2050
the decreases are smaller for Alternative 2.5 than for Alternative 2. These decreases reflect the generally
increasing stringency of the action alternatives as they become implemented. Under each action
alternative the decreases in health impacts would get larger from 2025 to 2050 (except that decreases
in “non-fatal heart attacks [all other studies]” would remain unchanged in 2035 under Alternatives 1, 2,
and 2.5, and would remain unchanged in 2050 under Alternatives 2 and 2.5). As discussed in Section
4.1.2.7, Health Impacts, the values in Table 4.2.3-1 are nationwide averages. These values account for
effects of upstream and downstream emissions separately but do not reflect localized variations in
emissions, meteorology and topography, and population characteristics.

In 2025, emissions of CO, NOx, and SO, from combined upstream and tailpipe sources would increase
under all of the action alternatives (Table 4.2.1-1) though emissions of PM2.5 and DPM would decrease
(Table 4.2.2-1). As discussed in Section 4.1.2.7, Health Impacts, NHTSA’s analysis quantifies the health
impacts of PM2.5, DPM, and precursor emissions (NOx and SO,). However, sufficient data are not
available for NHTSA to quantify the health impacts of exposure to other pollutants (EPA 2013c).

Under any alternative, total emissions from passenger cars and light trucks are expected to decrease
over time compared to existing (2021) conditions (Table 4.2.1-1). As discussed in Section 4.1.1.3, Vehicle
Emissions Standards, the phase-in of Tier 3 vehicle emissions standards will decrease the average per-
VMT emissions as newer, lower-emitting vehicles replace older, higher-emitting vehicles over time.
These decreases are expected to more than offset increases from VMT growth. As a result, under any
alternative the total health effects of emissions from passenger cars and light trucks are expected to
decrease over time compared to existing conditions.

Table 4.2.3-1. Nationwide Changes in Health Impacts (cases per year) from Criteria Pollutant Emissions
from U.S. Passenger Cars and Light Trucks by Alternative, Direct and Indirect Impacts ®°

Alt. 0
Year (No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3

Premature mortality (Krewski et al. 2009)
2025 0 -2 -1 -1 -1
2035 0 -23 -31 -28 -34
2050 0 -27 -44 -44 -55
Emergency room visits: respiratory
2025 0 -1 -1 -1 -1
2035 0 -14 -20 -20 -24
2050 0 -16 -29 -30 -36
Acute bronchitis
2025 0 -3 -3 -2 -3
2035 0 -36 -53 -52 -64
2050 0 -44 -76 -79 -98
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Alt. 0

Year (No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3
Lower respiratory symptoms
2025 0 -39 -35 -28 -36
2035 0 -463 -670 -665 -813
2050 0 -556 -970 -1,011 -1,243
Upper respiratory symptoms
2025 0 -56 -52 -42 -54
2035 0 -657 -955 -951 -1,163
2050 0 -791 -1,383 -1,444 -1,776
Minor restricted activity days
2025 0 -1,685 -1,587 -1,287 -1,678
2035 0 -19,354 -28,815 -29,077 -35,732
2050 0 -23,617 -41,931 -44,116 -54,298
Work-loss days
2025 0 -288 -271 -220 -287
2035 0 -3,295 -4,888 -4,923 -6,046
2050 0 -4,012 -7,109 -7,471 -9,195
Asthma exacerbation
2025 0 -66 -62 -50 -65
2035 0 -767 -1,112 -1,106 -1,352
2050 0 -922 -1,613 -1,683 -2,070
Hospital admissions: cardiovascular
2025 0 0 0 0 0
2035 0 -6 -8 -8 -9
2050 0 -7 -12 -12 -15
Hospital admissions: respiratory
2025 0 0 0 0 0
2035 0 -6 -8 -7 -9
2050 0 -7 -11 -11 -14
Non-fatal heart attacks (Peters et al. 2001)
2025 0 -2 -1 -1 -1
2035 0 -24 -31 -29 -35
2050 0 -27 -45 -46 -56
Non-fatal heart attacks (All other studies)
2025 0 0 0 0 0
2035 0 -3 -3 -3 -4
2050 0 -3 -5 -5 -6

Notes:

@ Negative changes indicate fewer health impacts; positive changes indicate additional health impacts.
b Changes for the No Action Alternative are shown as zero because the No Action Alternative is the baseline to which the action

alternatives are compared.
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Final Supplemental Environmental Impact Statement for
Model Year 2024-2026 Corporate Average Fuel Economy Standards

CHAPTER 5 GREENHOUSE GAS EMISSIONS AND CLIMATE
CHANGE

This section describes how the Proposed Action and alternatives potentially would affect the pace and
extent of future changes in global climate. One of the key matters about which federal agencies must
use their own judgment is determining how to describe the direct and indirect climate change-related
impacts of a proposed action.! In this SEIS, the discussion compares projected decreases in greenhouse
gas (GHG) emissions from the Proposed Action and alternatives with GHG emissions from the No Action
Alternative. The discussion of consequences of the Proposed Action and alternatives focuses on GHG
emissions and their potential impacts on the climate system (atmospheric carbon dioxide [CO,]
concentrations, temperature, sea level, precipitation, and ocean pH). For purposes of this analysis, the
standards are assumed to remain in place for MYs after 2026 at the level of the MY 2026 standards set
forth by the agency. This chapter presents results through 2100.

This chapter is organized as follows.

e Section 5.1, Introduction, introduces key topics on GHGs and climate change, including uncertainties
in assessing climate change impacts.

e Section 5.2, Affected Environment, describes the affected environment in terms of current and
anticipated trends in GHG emissions and climate.

e Section 5.3, Analysis Methods, outlines the methods NHTSA used to evaluate climate effects.

e Section 5.4, Environmental Consequences, describes the potential direct and indirect environmental
impacts of the Proposed Action and alternatives. This description includes a projection of the direct
and reasonably foreseeable indirect GHG emissions under each of the alternatives, as well as sector-
wide and national GHG emissions estimates, to provide context for understanding the relative
magnitude of the Proposed Action and alternatives.

The cumulative impacts of the Proposed Action are discussed in Chapter 8, Cumulative Impacts. That
chapter includes climate modeling that applies different assumptions about the effect of broader global
GHG policies on emissions outside the U.S. passenger car and light truck fleets as well as qualitative
discussions based on an appropriate literature review of the potential cumulative impacts of climate
change on key natural and human resources.

5.1 Introduction

This SEIS draws primarily on panel-reviewed synthesis and assessment reports from the
Intergovernmental Panel on Climate Change (IPCC) and the U.S. Global Change Research Program
(GCRP), supplemented with past reports from the U.S. Climate Change Science Program (CCSP), the
National Research Council, and the Arctic Council. It also cites EPA’s Technical Support Document for
Endangerment and Cause or Contribute Findings for Greenhouse Gases under the Clean Air Act

(EPA 2009), which relied heavily on past major international or national scientific assessment reports.

1 pursuant to Executive Order 13990, Protecting Public Health and the Environment and Restoring Science to Tackle the Climate
Crisis, the Council on Environmental Quality (CEQ) rescinded its 2019 Draft National Environmental Policy Act Guidance on
Consideration of Greenhouse Gas Emissions and is reviewing, for revision and update, the 2016 Final Guidance for Federal
Departments and Agencies on Consideration of Greenhouse Gas Emissions and the Effects of Climate Change in National
Environmental Policy Act Reviews. National Environmental Policy Act Guidance on Consideration of Greenhouse Gas Emissions;
Notice of Rescission of Draft Guidance, 86 FR 10252 (Feb. 19, 2021).




Chapter 5 Greenhouse Gas Emissions and Climate Change

NHTSA relies on assessment reports because these reports assess numerous individual studies to draw
general conclusions about the state of climate science and potential impacts of climate change, as
summarized or found in peer-reviewed reports. These reports are reviewed and formally accepted by,
commissioned by, or in some cases authored by U.S. government agencies and individual government
scientists; and in many cases reflect and convey the consensus conclusions of expert authors. These
sources have been vetted by both the climate change research community and by the U.S. government.
Even where assessment reports include consensus conclusions of expert authors, uncertainly still exists,
as with all assessments of environmental impacts. See Section 5.1.1, Uncertainty in the IPCC Framework,
on how uncertainty is communicated in the IPCC reports.

As with any analysis of complex, long-term changes to support decision-making, evaluating reasonably
foreseeable impacts on the human environment involves many assumptions and uncertainties. For this
reason, NHTSA relies on methods and data to analyze climate impacts that represent the best and most
current information available on this topic and that have been subjected to extensive peer review and
scrutiny. This SEIS draws on peer-reviewed literature that has been published since the release of the
IPCC and the GCRP panel-reviewed reports. Because this recent literature has not been assessed or
synthesized by an expert panel, these sources supplement, but do not supersede, the findings of the
panel-reviewed reports.? In virtually every case, the recent literature corroborates the findings of the
panel reports.

The level of detail regarding the science of climate change provided in this SEIS, as well as NHTSA's
consideration of other studies that demonstrate the potential impacts of climate change on health,
society, and the environment, is provided to help inform the public and decision-makers. This approach
is consistent with federal regulations and with NHTSA’s approach in its EISs for the MY 2011-2015 CAFE
standards, MY 2012-2016 CAFE standards, Phase 1 HD standards, MY 2017-2025 CAFE standards, the
Phase 2 HD standards, and the Draft and Final EISs for the SAFE Vehicles Final Rule.?

5.1.1 Uncertainty in the IPCC Framework

As with all environmental impacts, assessing climate change impacts of the Proposed Action and
alternatives involves uncertainty. When agencies are evaluating reasonably foreseeable significant
adverse environmental impacts and there is incomplete or unavailable information, the CEQ regulations
require agencies to make clear that such information is lacking.* Assessing climate change impacts
involves uncertainty, including with regard to discrete and localized impacts. Given the global nature of
climate change and the need to communicate uncertainty to a variety of decision-makers, IPCC has
focused considerable attention on developing a systematic approach to characterize and communicate
this information. In this SEIS, NHTSA uses the system developed by IPCC to describe uncertainty
associated with various climate change impacts. Consequently, the meanings of these IPCC terms are
different from the language used to describe uncertainty elsewhere in the SEIS.

2 Working Group | of the IPCC’s Sixth Assessment Report was released in August 2021. Where possible, this SEIS has been
updated to reflect the findings of the latest IPCC panel-reviewed reports.

3 NHTSA notes, for example, that these previous NHTSA EISs also relied on reports by the IPCC, GCRP, CCSP, NRC, and Arctic
Council, and EPA’s 2009 TSD. These previous NHTSA EISs also used the MAGICC model, compared emissions reductions to a
global carbon budget, and considered effects on global CO; concentration, global mean surface temperature, global mean
precipitation, global sea-level rise, and global ocean pH.

%40 CFR § 1502.22 (2019).
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The IPCC reports communicate uncertainty and confidence bounds using commonly understood but
carefully defined words in italics, such as likely and very likely, to represent likelihood of occurrence. The
IPCC Working Group | Sixth Assessment Report Summary for Policymakers (IPCC WGI AR6) (IPCC 2021b)
briefly explains this convention. The IPCC Guidance Notes for Lead Authors of the IPCC AR5 on
Addressing Uncertainties (IPCC 2010) provides a more detailed discussion of the IPCC treatment of
uncertainty. This SEIS uses the IPCC uncertainty language (noted in italics) when discussing qualitative
environmental impacts on specific resources. The referenced IPCC documents provide a full
understanding of the meaning of those uncertainty terms in the context of the IPCC findings. The IPCC
WGI AR6 (IPCC 2021a) notes that the two primary uncertainties with climate modeling are model
uncertainties and scenario uncertainties.

e Model uncertainties. These uncertainties occur when a climate model might not accurately
represent complex phenomena in the climate system (see Figure 5.1.1-1 for a sample of processes
generally represented in climate models). For some processes, the scientific understanding could be
limited regarding how to use a climate model to “simulate” processes in the climate system. Model
uncertainties can be differentiated into parametric and structural uncertainties.

e Scenario uncertainties. These uncertainties arise because of uncertainty in projecting future GHG
emissions, concentrations, and forcings (e.g., from solar activity).
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Figure 5.1.1-1. Some Climate System Processes Included in Climate Models
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As stated in the IPCC WGI ARG, these types of uncertainties are described by using two metrics for
communicating the degree of certainty: confidence in the validity of findings, expressed qualitatively, and
quantified measures of uncertainties, expressed probabilistically. The confidence levels synthesize the
judgments about the validity of the findings, determined through evaluation of the evidence and the
degree of scientific agreement. The qualitative expression of confidence ranges from very low to very high,
with higher confidence levels assigned to findings that are supported by high scientific agreement. The
guantitative expression of confidence ranges from exceptionally unlikely to virtually certain, with higher
confidence representing findings supported by robust evidence (Table 5.1.1-1). Figure 5.1.1-2
demonstrates how the combination of evidence and agreement statements results in confidence level and
shows that the degree of confidence increases as evidence becomes more robust and agreement is
greater. Level of confidence is expressed with five qualifiers: very low, low, medium, high, or very high.’

5 Figure 5.1.1-2 shows the relationship between confidence level and summary statements for evidence and agreement. This
relationship is flexible and different confidence levels can be assigned for a given evidence and agreement statement (IPCC 2010).
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Table 5.1.1-1. Standard Terms to Define the Likelihood of a Climate-Related Event

Likelihood Terminology Likelihood of the Occurrence/Outcome

99-100% probability
90-100% probability
66—100% probability
33-66% probability
0-33% probability
0-10% probability
0-1% probability

Virtually certain

Very likely
Likely

About as likely as not

Unlikely

Very unlikely

Exceptionally unlikely

Notes:

Additional terms that were used in limited circumstances in the IPCC Fifth Assessment Report (AR5) (extremely likely = 95-100%
probability, more likely than not 2 50-100% probability, and extremely unlikely = 0-5% probability) were also used in IPCC WGI
AR6 when appropriate, and in the Fourth National Climate Assessment (GCRP 2017).

Source: IPCC 2021a

Figure 5.1.1-2. Confidence Level as a Combination of Evidence and Agreement
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5.1.2 Climate Change and Its Causes

Global climate change refers to long-term (i.e., multi-decadal) trends in global average surface
temperature, precipitation, ice cover, sea level, cloud cover, sea surface temperatures and currents, and
other climate conditions. Earth absorbs energy from the sun and returns most of this energy to space as
terrestrial infrared radiation. GHGs trap heat in the lower atmosphere (the atmosphere extending from
Earth’s surface to approximately 4 to 12 miles above the surface), absorb heat energy emitted by Earth’s
surface and lower atmosphere, and reradiate much of it back to Earth’s surface, thereby causing
warming. This process, known as the greenhouse effect, is responsible for maintaining surface
temperatures that are warm enough to sustain life. Human activities, particularly fossil fuel combustion,
lead to the presence of increased concentrations of GHGs in the atmosphere; this buildup of GHGs is
changing the Earth’s energy balance. IPCC states the warming experienced since the mid-20th century is
due to the combination of natural climatic forcers (e.g., natural GHGs, solar activity) and human-made
climate forcers (IPCC 2021a). IPCC concluded, “it is unequivocal that human influence has warmed the
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atmosphere, ocean and land. ... Overall, the evidence for human influence has grown substantially over
time and from each IPCC report to the subsequent one.” (IPCC 2021a).

Although the climate system is complex, IPCC AR6 identified the following drivers of climate change
(Figure 5.1.2-1). In 2021, IPCC AR6 evaluates observed changes in these climate system drivers and the
effective radiative forcing (ERF) they exert.

e  GHGs. Primary GHGs in the atmosphere are water vapor, CO,, nitrous oxide (N20), methane (CHa),
and ozone (IPCC 2021a). Though most GHGs occur naturally, human activities—particularly fossil
fuel burning—have significantly increased atmospheric concentrations of these gases (see IPCC
2021a for more information on human impacts on the climate and effects of different GHGs).

e Aerosols. Aerosols are natural (e.g., from volcanoes) and human-made particles in the atmosphere
that scatter incoming sunlight back to space, causing cooling. Some aerosols are hygroscopic (i.e.,
attract water) and can affect the formation and lifetime of clouds. Large aerosols (more than 2.5
micrometers in size) modify the amount of outgoing long-wave radiation (IPCC 2013a). Other
particles, such as black carbon, can absorb outgoing terrestrial radiation, causing warming. Natural
aerosols have had a negligible cumulative impact on climate change since the start of the industrial
era (IPCC 2013a). In the past 30 years, the relative importance of aerosol forcing compared to other
climate drivers has decreased as the net forcing effect of aerosols has continued to decrease in the
21st century (IPCC 2021a).

o Clouds. Depending on cloud height, cloud interactions with terrestrial and solar radiation can vary.
Small changes in the properties of clouds can have important implications for both the transfer of
radiative energy and weather (IPCC 2013a). The rapid adjustments implied by clouds are included in
the determination of ERF (IPCC 2021a).

e Ozone. Ozone is created through photochemical reactions from natural and human-made gases. In
the troposphere, ozone absorbs and reemits long-wave radiation. In the stratosphere, the ozone
layer absorbs incoming short-wave radiation (IPCC 2013a). Ozone has the largest positive ERF of all
gaseous short-lived climate forcers (IPCC 2021a).

e Solar radiation. Solar radiation, the amount of solar energy that reaches the top of Earth’s
atmosphere, varies over time (IPCC 2013a). Solar radiation has had a negligible impact on climate
change since the start of the industrial era compared to other main drivers (IPCC 2021a).

e Surface changes. Changes in vegetation or land surface properties, ice or snow cover, and ocean
color can affect surface albedo.® The changes are driven by natural seasonal and diurnal changes
(e.g., snow cover) as well as human influences (e.g., changes in vegetation type) (IPCC 2013a).
Changes to land use and land cover have introduced a negative ERF by increasing surface albedo
since 1750 (IPCC 2021a).

6 Surfaces on Earth (including land, oceans, and clouds) reflect solar radiation back to space. This reflective characteristic,
known as albedo, indicates the proportion of incoming solar radiation the surface reflects. High albedo has a cooling effect
because the surface reflects rather than absorbs most solar radiation.
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Figure 5.1.2-1. Main Drivers of Climate Change
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5.2 Affected Environment

This section describes the affected environment in terms of current and anticipated trends in GHG
emissions and climate. Effects of emissions and the corresponding processes that affect climate are
highly complex and variable, which complicates the measurement and detection of change. However, an
increasing number of studies conclude that anthropogenic GHG emissions are affecting climate in
detectable and quantifiable ways (IPCC 2021b; GCRP 2017).

This section discusses GHG emissions and climate change both globally and in the United States. NHTSA
references IPCC and GCRP sources of historical and current data to report trends in GHG emissions and
changes in climate change attributes and phenomena.

5.2.1 Greenhouse Gas Emissions and Aerosols—Historical and Current Trends
5.2.1.1 Global Greenhouse Gas Emissions

GHGs are gaseous constituents in the atmosphere, both natural and anthropogenic, that absorb and
reemit terrestrial infrared radiation. Primary GHGs in the atmosphere are water vapor, CO3, N,0, CHa,

5-7



Chapter 5 Greenhouse Gas Emissions and Climate Change

and ozone. These GHGs occur naturally and because of human activity.” Other GHGs, such as the
fluorinated gases,® are almost entirely anthropogenic in origin and are used in commercial applications
such as refrigeration and air conditioning and industrial processes such as aluminum production.

By far the GHG with the largest contribution to warming is CO,. Global atmospheric CO; concentrations
have increased 48.4 percent, from approximately 278 parts per million (ppm) in 1750 (IPCC 2021a) to
approximately 412 ppm in 2020 (NOAA 2021). Isotopic- and inventory-based studies make clear that this
rise in the CO, concentration is largely a result of the release of carbon that had been stored
underground and then used to combust fossil fuels (coal, petroleum, and natural gas) to produce
electricity, heat buildings, and power motor vehicles and airplanes, among other uses (IPPC 2021a). In
2018, CO, emissions accounted for 73 percent of global GHG emissions on a global warming potential
(GWP)-weighted basis,’ followed by CH, (18 percent), N,O (7 percent), and fluorinated gases (2 percent)
(WRI 2022).1° Atmospheric concentrations of N,O and CH, increased approximately 19 and 158 percent,
respectively, over roughly the same period (IPCC 2021a).

GHGs are emitted from a wide variety of sectors, including energy, industrial processes, waste,
agriculture, and forestry. The energy sector is the largest contributor of global GHG emissions,
accounting for 78 percent of global emissions in 2018; other major contributors of GHG emissions are
agriculture (13 percent) and industrial processes (6 percent) (WRI 2022). Transportation CO; emissions—
from the combustion of petroleum-based fuels—have increased by 75 percent from 1990 to 2018 and
account for roughly 15 percent of total global GHG emissions (WRI 2022).1

In general, global GHG emissions continue to increase, although annual increases vary according to
factors such as weather, energy prices, and economics. Observed emissions between 2000 and 2010
approximately track the upper half of Representative Concentration Pathway (RCP)*? projections
(RCP8.5), while more recently, the global fossil and industrial CO, emissions follow the middle of the
projected Shared Socioeconomic Pathway (SSP)*3 scenario ranges, though regional differences exist
(IPCC 2021a).

7 Although humans have always contributed some level of GHG emissions to the atmosphere through activities like farming and
land clearing, substantial anthropogenic contributions did not begin until the mid-1700s with the onset of the Industrial
Revolution. People began burning coal, oil, and natural gas to light their homes, to power trains and cars, and to run factories
and industrial operations.

8 Fluorinated GHGs or gases include perfluorocarbons, hydrofluorocarbons (HFCs), sulfur hexafluoride, and nitrogen trifluoride.

% Each GHG has a different radiative efficiency (i.e., the ability to absorb infrared radiation) and atmospheric lifetime. To
compare their relative contributions, GHG emission quantities are converted to carbon dioxide equivalent (CO,e) using the 100-year
time horizon GWP as reported in IPCC’s Fourth Assessment Report (AR4): The Physical Science Basis (IPCC 2007).

0 These global GHG estimates do not include contributions from land-use change and forestry or international bunker fuels.

1 The energy sector is largely composed of emissions from fuels consumed in the electric power, transportation, industrial,
commercial, and residential sectors. The 15 percent value for transportation is therefore included in the 78 percent value for
energy.

12 The Representative Concentration Pathways (RCPs) were developed for the IPCC AR5 report. They define specific pathways
to emission concentrations and ERF in 2100. The RCPs established four potential emission concentration futures, a business-as-
usual pathway representing continued GHG concentration increases (RCP8.5), two stabilization pathways (RCP6.0, 4.5), and an
aggressive reduction pathway (RCP2.6).

13 The Shared Socioeconomic Pathways (SSPs) were developed for the IPCC AR6 report. Similar to RCPs, they utilize global
socioeconomic projections to derive time-dependent global GHG concentrations and drive general circulation model
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5.2.1.2 U.S. Greenhouse Gas Emissions

Most GHG emissions in the United States are from the energy sector, with the majority of those
emissions being CO; emissions from the combustion of fossil fuels. CO, emissions from fossil fuel
combustion alone account for 74 percent of total U.S. GWP-weighted emissions (EPA 2021c), with the
remaining 26 percent contributed by other energy-related activities (e.g., fugitive emissions from
natural gas systems), industrial processes and product use, agriculture, forestry, waste, and other land
use. CO; emissions due to combustion of fossil fuels are from fuels consumed in the transportation (37
percent of fossil fuel combustion CO, emissions), electric power (33 percent), industrial (17 percent),
residential (7 percent), and commercial (5 percent) sectors (EPA 2021c). In 2019, U.S. GHG emissions
were estimated to be 6,558.3 million metric tons carbon dioxide equivalent (MMTCOze) (EPA 2021c),*
or approximately 14 percent of global GHG emissions (WRI 2022).%°

Similar to the global trend, CO; is by far the primary GHG emitted in the United States, representing 80
percent of U.S. GHG emissions in 2019 (EPA 2021c) (on a GWP-weighted basis) and accounting for 16
percent of total global CO, emissions (WRI 2022).1® When U.S. CO, emissions are apportioned by end
use, transportation is the single leading source of U.S. emissions from fossil fuels, causing over one-third
of total CO, emissions from fossil fuels (EPA 2021c).}” CO, emissions from passenger cars and light trucks
have increased 14 percent since 1990 (EPA 2021c) and account for 58 percent of total U.S. CO; emissions
from transportation (EPA 2021c). This increase in emissions is attributed to a 47 percent increase in
vehicle miles traveled (VMT) because of population growth and expansion, economic growth, and low
fuel prices. Additionally, the rising popularity of sport utility vehicles and other light trucks with lower
fuel economy than passenger cars has contributed to higher emissions (EPA 2021c; DOT 2017). Although
emissions typically increased over this period, emissions declined from 2008 to 2009 because of
decreased economic activity associated with the recession at the time (EPA 2019c). The coronavirus
disease 2019 (COVID-19) pandemic resulted in another decrease in emissions in 2020. Emissions in the
first half of 2020 were 8.8 percent lower than the same period in 2019. The decline in emissions leveled
off in the second half of the year as restrictions began to relax and economic activity increased (Liu et al.
2020). Figure 5.2.1-1 shows the proportion of U.S. CO, emissions attributable to the transportation
sector and the contribution of each mode of transportation to those emissions.

simulations of climate change. The SSPs were designed to provide an expanded set of GHG concentration scenarios for CMIP6
based on a range of socioeconomic scenarios, with SSP1 through 5 accounting for various global mitigation and adaption
measures. There is a set of five core SSPs used in IPCC reports: SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5.

14 Most recent year for which an official EPA estimate is available, excluding emissions and sinks from land-use change and
forestry (EPA 2021c).

15 Based on global and U.S. estimates for 2018, the most recent year for which a global estimate is available. Excluding
emissions and sinks from land-use change and forestry.

16 The estimate for global emissions from the World Resources Institute is for 2018, the most recent year with available data for
all GHGs. It excludes emissions and sinks from land use change and forestry.

7 Apportioning by end use allocates emissions associated with electricity generation to the sectors (residential, commercial,
industrial, and transportation) where it is used.
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Figure 5.2.1-1. Contribution of Transportation to U.S. Carbon Dioxide Emissions by Mode (2019)
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Although CO, emissions represent the vast majority of the U.S. contribution to warming (80.1 percent),
CH,4 accounts for 10.1 percent of U.S. GHGs on a GWP-weighted basis, followed by N,O (7.0 percent) and
the fluorinated gases (2.8 percent) (EPA 2021c).

5.2.1.3 Black Carbon and Other Aerosols

Aerosols are solid or liquid particles suspended in the Earth’s atmosphere. The chemical composition of
aerosols varies enormously and can include sulfates, nitrates, dust, black carbon, and other chemical
species (IPCC 2021a; CCSP 2009). Aerosols are either emitted directly from a source (e.g., power plants,
forest fires, and volcanoes) into Earth’s atmosphere or chemically created in the atmosphere from gases
(IPCC 2021a; CCSP 2009). Depending on meteorological conditions and other factors, aerosols typically
remain in Earth’s atmosphere from days to weeks (IPCC 2021a). Their relatively short lifetimes can
create regional areas of high aerosol concentrations nearby as well as some distance downwind from
emissions source(s) (IPCC 2021a).

An aerosol’s impact on climate depends on its composition. Some aerosols, such as sulfates, reflect
incoming sunlight back to space, causing a cooling effect; other aerosols, such as black carbon, absorb
incoming sunlight, causing a warming effect (IPCC 2021a; CCSP 2009). In addition, some aerosols attract
moisture or water vapor and can affect the lifetime and reflectivity of clouds. Overall, IPCC (2021a)
states that there is high confidence that aerosols have offset a substantial portion of global mean forcing
by cooling Earth’s atmosphere from the reflection of incoming sunlight and their interaction with clouds,
though large uncertainties exist. Overall, aerosols can act to intensify precipitation in deep convective
clouds or suppress precipitation in shallow cloud regimes through radiative and microphysical processes
(IPCC 2021a).

Among the aerosols, black carbon has attracted much attention because of its strong impact on Earth’s
energy balance. Black carbon is an aerosol that forms during incomplete combustion of certain fossil
fuels (primarily coal and diesel) and biomass (primarily fuel wood and crop waste). There is no single
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accepted method for summarizing the range of effects of black carbon emissions on the climate or
representing these effects and impacts in terms of carbon dioxide equivalent (CO,e); significant scientific
uncertainties remain regarding black carbon’s total climate effect. The IPCC (2021a) integrated the
overall indirect cloud effects of black carbon (and other light-absorbing particles) into the estimated
ERFs on the earth’s energy budget, resulting in a small net positive (i.e., warming) (low confidence).
Quantifiable estimate shows large uncertainties and although black carbon is likely to be a contributor
to climate change, it is not feasible to quantify black carbon climate impacts in an analysis of the
Proposed Action and alternatives.

Passenger cars and light trucks (especially those that are diesel-powered passenger cars and diesel-
powered light trucks) contribute to U.S. emissions of black carbon, but there is no evidence to suggest
that the alternatives would differ substantially in terms of their impact on black carbon and aerosol
emissions. For further information on black carbon and aerosol emissions, climatic interactions, and net
radiative effect, see Section 5.1.6 of the Phase 2 Fuel Efficiency Standards for Medium- and Heavy-Duty
Engines and Vehicles Final EIS (NHTSA 2016a).

5.2.2 Climate Change Trends

In its most recent assessment of climate change (IPCC WGI AR6), IPCC states, “It is unequivocal that
human influence has warmed the atmosphere, ocean and land. Widespread and rapid changes in the
atmosphere, ocean, cryosphere and biosphere have occurred” (IPCC 2021a). The IPCC also underscored
conclusions from the previous assessment (IPCC WGI AR5) that stated, “Warming of the climate system
is unequivocal, and since the 1950s, many of the observed changes are unprecedented over decades to
millennia. The atmosphere and ocean have warmed, the amounts of snow and ice have diminished, sea
level has risen, and the concentrations of greenhouse gases have increased” (IPCC 2013a). IPCC
concludes that, at continental and global scales, numerous long-term changes in climate have been
observed. Additionally, IPCC and the GCRP include the following trends observed over the 20th century
as further supporting the evidence of climate-induced changes:

e Most land areas have very likely experienced warmer and/or fewer cold days and nights along with
warmer and/or more frequent hot days and nights (IPCC 2014a, 2021a; GCRP 2017).

e Cold-dependent habitats are shifting to higher altitudes and latitudes, and growing seasons are
becoming longer (IPCC 2014a, 2021a; GCRP 2017).

e Sealevelis rising, caused by thermal expansion of the ocean water and melting of snowcaps and ice
sheets (IPCC 2013a, 2021a; GCRP 2017).

e More frequent weather extremes such as droughts, floods, severe storms, and heat waves have been
observed (IPCC 2021b; GCRP 2017).

e There is high confidence that oceans are becoming more acidic because of increasing absorption of
CO, by seawater, which is driven by a higher atmospheric concentration of CO, (IPCC 2021a; UN
2016; GCRP 2017). Recent assessments found that the oceans have become about 30 percent more
acidic over the last 150 years since the Industrial Revolution (GCRP 2017).

Developed countries, including the United States, have been responsible for the majority of GHG
emissions since the mid-1800s and still have some of the highest GHG emissions per capita (WRI 2022).
While annual emissions from developed countries have been relatively flat over the last few decades,
world population growth, industrialization, and increases in living standards in developing countries are
expected to cause global fossil-fuel use and resulting GHG emissions to grow substantially. During the
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last decade (2010 through 2019), average annual anthropogenic CO, emissions reached the highest
levels in human history (high confidence) (IPCC 2021a). Current emissions trajectory estimates from the
IPCC project global atmospheric CO, concentrations between 400 ppm (SSP1-1.9) and 1,100 ppm (SSP5-
8.5) by 2100, approximately two to four times preindustrial levels (IPCC 2021a). The effects of the CO,
emissions that have accumulated in the atmosphere prior to 2100 will persist well beyond 2100. If
emissions from both developed and developing countries are not reduced dramatically in the coming
decades, this elevation in atmospheric CO, concentrations is likely to persist for many centuries, with the
potential for temperature anomalies continuing much longer (IPCC 2021a).

5.2.2.1 Climate Change Attributes

The climate change attributes of temperature, sea-level rise, precipitation, and ocean pH provide
evidence of rapid climate change.

Temperature

Climate change is evidenced, in part, by increases in surface temperatures over time. The sections that
follow discuss ERF, average temperatures, and extreme temperatures as they relate to climate change.

Effective Radiative Forcing

ERF describes the magnitude of change in energy fluxes caused by a specific driver—in this case,
anthropogenic GHGs—that can alter the Earth’s energy budget. Positive ERF leads to warming while
negative ERF leads to cooling (IPCC 2021a). GHGs have a positive ERF. Total anthropogenic ERF has
increased by 2.72 watts per square meter (W/m?) (1.96 to 3.48 W/m?) since preindustrial times and is
responsible for the observed warming (IPCC 2021b). This estimate is a 0.43 W/m? increase from the
IPCC’s previous report (WGI AR5; IPCC 2013a) due to an increase in the GHG ERF. The ERF from
increased atmospheric CO, concentration alone (from 1750 to 2019) is estimated to be 2.16 W/m? (plus
or minus 0.26 W/m?) (IPCC 2021a). Most recently, the net heat uptake rate has been shown to be
increasing. From mid-2005 to mid-2019, ERF estimates from both in situ and satellite observations were
shown to be 0.77 W/m?(plus or minus 0.06 W/m?) due to an increase in absorbed solar radiation
associated with decreased reflection by clouds and sea ice and a decrease in outgoing longwave
radiation due to increases in trace gases and water vapor (Loeb et al. 2021). Future projections of ERF
are captured in the SSPs used to model future climate conditions. SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-
7.0, and SSP5-8.5 are named according to the amount of change in ERF in 2100 relative to preindustrial
conditions (i.e., prior to 1750): +1.9, +2.6, +4.5, +7.0, and +8.5 W/m?. This haming convention is a
continuation from the IPCC’s Fifth Assessment Report (AR5), where the RCPs were named RCP2.6,
RCP4.5, RCP6.0, and RCP8.5 W/m? to denote ERF changes (GCRP 2017).

Average Temperatures

Annual average surface temperatures have increased across much of the globe in recent decades with
“sixteen of the last 17 years” being “the warmest ever recorded by human observations” (GCRP 2017)
(Figure 5.2.2-1). Annual average global temperature has increased by 1.0 degree Celsius (°C) (1.8
degrees Fahrenheit [°F]) from 1901 to 2016, and global temperatures are rising at an increasing rate.
The years 2016 and 2020 were the hottest years on record globally, at about 0.94°C (1.69°F) above the
20th century average of 13.9°C (57.0°F) (Voosen 2021). IPCC (2021b) has also concluded that global
surface temperatures have increased faster since 1970 than in any other 50-year period over at least the
last 2,000 years (high confidence).
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IPCC projects continued increases in global mean surface temperature over the course of this century
with global average surface temperature in 2081 through 2100 very likely to be 1.0 to 1.8°C (1.8 to 3.2°F)
greater'® under a low GHG emissions scenario (SSP1-1.9), 2.1 to 3.5°C (3.8 to 6.3°F) greater under an
intermediate GHG emissions scenario (SSP2-4.5), and 3.3 to 5.7°C (5.9 to 10.3°F) greater under a high
GHG emissions scenario (SSP5-8.5) (IPCC 2021b). For further information on observed and projected
global climate change trends, see IPCC 2021a and GCRP 2018a.

Figure 5.2.2-1. Global Surface Temperature Anomalies in Degrees Fahrenheit from 1986 to 2015
Relative to 1901 to 1960
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8 This temperature increase is compared to 1850 through 1900 global average temperature values.
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Figure 5.2.2-2. Annual Global Average Surface Temperature Increases of About 0.9°C (1.6°F) from 1880
to 2016
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Surface temperatures are not rising uniformly around the globe. Warming has been particularly
pronounced in the Arctic (GCRP 2017). The average Arctic temperature has increased at almost twice
the global average rate over at least the past several decades (GCRP 2017). Similar to the global trend,
the U.S. average temperature has increased about 1.0°C (1.8°F) warmer than it was in 1895, and this
rate of warming is increasing—most of the warming has occurred since 1970 (GCRP 2017). Some areas
of the southeast region of the United States have experienced “warming holes,” as indicated by 20th
century temperature observations, suggesting minor to no warming trends since 1901 (GCRP 2017).

The oceans have a large heat capacity and have been absorbing more than 90 percent of warming
caused by anthropogenic GHG emissions (GCRP 2017). Due to Earth’s thermal inertia—whereby oceans
absorb and dissipate heat to the atmosphere over a long period of time—warming could continue for
centuries, even after atmospheric CO; is stabilized or reduced.

Multiple lines of evidence have recorded increasing average temperatures, including measurements
from weather balloons and, more recently, satellites (GCRP 2017). In addition, higher temperatures have
also been independently confirmed by other global observations. For example, scientists have
documented shifts to higher latitudes and elevations of certain flora and fauna habitat (GCRP 2017). In
high and mid-northern latitudes, the growing season increased an average of approximately 2 weeks
during the second half of the 20th century (IPCC 2014b; GCRP 2014), and plant flowering and animal
spring migrations are occurring earlier (EPA 2009; IPCC 2014b; GCRP 2014).

Extreme Temperatures

In many regions, extreme temperatures have changed substantially both in frequency and intensity
since about 1950 (GCRP 2017). The IPCC concluded it is virtually certain that there will be more hot and
fewer cold temperature extremes with increases in the frequency, duration, and magnitude of hot
extremes along with heat stress; however, occasional cold winter extremes will continue to occur (IPCC
2021a). Hot days, hot nights, and heat waves have become more frequent; cold days, cold nights, and
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frost have become less frequent (Figure 5.2.2-3) (EPA 2009; GCRP 2017; IPCC 2021a). Since 1950, the
frequency of heat waves in the United States has increased, although in many regions the heat waves
recorded in the 1930s remain the most severe on record (GCRP 2017). Recent heat waves in the United
States have been significant, and recent modeling shows that anthropogenic climate change is projected
to dominate heat wave occurrence in the western United States and Great Lakes region as early as this
decade (Lopez et al. 2018).

Figure 5.2.2-3. Heat Waves Increasing in Frequency and Duration from 1961 to 2017

Heat Wave Characteristics in 50 Large U.S. Cities, 1961-2017
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Additionally, fewer unusually cold days occurred in the past few decades. The number of extreme cold
waves peaked in the 1980s and reached a record low in the 2000s, with records dating back to at least
1895 (coincident with the expansion of the instrumental record) (GCRP 2017). Long-term warming
driven by anthropogenic GHG emissions increases the likelihood of extreme temperatures and record
warmth (Knutson et al. 2018; Meehl et al. 2016; Vogel et al. 2019a). According to IPCC, it is now
considered very likely that humans have contributed to greater extreme heat events since the middle of
the 20th century, with higher temperature changes increasing the probability of extreme heat events in
some regions (IPCC 2021a). For example, the likelihood of consecutive years with record-breaking
annual average temperatures from 2014 to 2016 was negligible (less than 0.03 percent) in the absence
of human influence (Mann et al. 2017). Additionally, the 2017 heat wave in southern Europe was found
to be at least three times more likely today than it was in 1950 due to anthropogenic climate change
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(Kew et al. 2018). Recent literature continues to support and strengthen such findings, projecting both
geographic and temporal increases in extreme heat by the late century (Dahl et al. 2019). These
projections result from the general warming trend, rather than a specific RCP scenario or timeframe.

Sea-Level Rise

Global temperature increases contribute to sea-level rise. The sections that follow discuss contributions
to sea-level rise, observed global sea-level rise, and observed regional sea-level rise, respectively.

Contributions to Sea-Level Rise

Higher temperatures cause global sea level to rise due to both thermal expansion of ocean water and an
increased transfer of water from glaciers and ice sheets to the ocean. Since the early 1970s, the majority
of observed sea-level rise has come from these sources. Other factors, such as changing ocean currents
and vertical land adjustments, also affect local sea-level rise. IPCC concludes that it is very likely that
human contributions to sea-level rise are substantial (IPCC 2021a).

At the ocean surface, temperature has, on average, increased by 0.88°C (1.58°F) (0.68 to 1.01°C [1.22 to
1.82°F]) (over the reference period 1850 through 1900 compared to the 2011 through 2020 reference
period) with approximately 68 percent of this warming (0.6°C [1.08°F]) having occurred since 1980 (IPCC
2021a). The ocean heat content has increased since at least 1970 (earliest reliable observations) and it is
virtually certain that heat content will continue to rise over the 21st century, likely continuing until at
least 2300, regardless of emissions scenario (IPCC 2021a). Rising ocean heat content leads to thermal
heat expansion which contributes, in part, to sea-level rise.

IPCC concludes that mountain glaciers, ice caps, and snow cover have declined on average, further
contributing to sea-level rise. Losses from the Greenland and Antarctic ice sheets from 1992 to 2020
have contributed to 13.5 millimeters (0.5 inch) and 7.4 millimeters (0.3 inch) of global mean sea-level
rise, respectively (IPCC 2021a). Dynamic ice loss (i.e., the transfer of ice from land-based ice sheets to
the ocean, which can accelerate following the collapse of supporting ice shelves) explains at least half of
the Antarctic and Greenland net mass loss, with the other half coming from melting (IPCC 2021a).
Although most of the last century’s (1901 through 2018) global mean sea-level rise was caused by ocean
thermal expansion (38 percent) and loss from glaciers (41 percent), the contribution of ice mass loss
from the Greenland and Antarctic ice sheets increased and accounted for approximately 35 percent of
observed global mean sea-level rise between 2006 and 2018 (IPCC 2021a).

These contributions to sea-level rise are expected to continue throughout this century. According to the
IPCC, ocean warming is projected to continue throughout the 21st century(IPCC 2021b). Projections for
sustained warming between 2 and 3°C (3.6 and 5.4°F) result in approximately 50 to 60 percent loss of
glacier mass outside Antarctica, and approximately 60 to 75 percent loss for sustained warming
between 3 and 5°C (5.4 and 9.0°F).

Under all SSP scenarios, both the Greenland ice sheet (virtually certain) and Antarctic ice sheet (likely)
will continue to lose ice mass, further contributing to global mean sea-level rise. While the Greenland ice
sheet is currently contributing more to global sea-level rise, Antarctica could become the larger
contributor by end-of-century due to rapid retreat of ice stream and glaciers draining the ice sheet (IPCC
2021a). Recent modeling indicates that the Antarctic ice sheet contribution to sea-level rise is projected
to continue at about the current rate if Paris Agreement targets are reached (i.e., limiting warming to
2°C [3.6°F] or less). However, warming of 3°C (5.4°F) consistent with current policies has the potential to
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increase the contribution of Antarctic ice loss to sea-level rise to about 0.5 centimeter (0.2 inch) per year
from 2060 to 2100, roughly 10 times faster than current rates (DeConto et al. 2021). New projections
also show that limiting global warming to 1.5°C (2.7°F) above preindustrial levels could halve land ice
contribution to sea-level rise during the 21st century, resulting in median land ice contributions to sea-
level rise ranging from 13 to 42 centimeters (5.1 to 16.5 inches) by 2100, with the higher projection due
to rapid mass loss from the Antarctic ice sheet (Edwards et al. 2021).

Warming ocean temperatures affect ice sheet stability through submarine melting and altering the
dynamics of ice shelves, ice streams, and glaciers. The interconnectedness of the ocean and cryosphere
(e.g., glaciers and ice streams that drain the Greenland and Antarctic ice sheets into the ocean) can lead
to compounding impacts, whereby ocean warming triggers dramatic ice sheet instability through
enhanced melting and calving at glacier and ice stream fronts. In turn, the nonlinear relationship
between ocean warming and ice mass loss could be a large driver of future global sea-level rise (IPCC
2019a).

Global Sea-Level Rise

Global mean sea level rose faster in the 20th century than in any prior century over the last three
millennia (IPCC 2021a). The rate of increase has been accelerating since the 1960s, with an average rate
of 2.3 millimeters (0.09 inch) per year between 1971 and 2018, and an average rate of 3.7 millimeters
(0.15 inch) per year between 2006 and 2018 (IPCC 2021a). Global mean sea level rose by about 1.0 to
1.7 millimeters (0.04 to 0.07 inch) per year from 1901 to 1990, a total of 11 to 14 centimeters (4 to 5
inches) (GCRP 2017). After 1993, global mean sea level rose at a faster rate of about 3 millimeters (0.12
inch) per year (GCRP 2017). Consequently, global mean sea level has risen by about 7 centimeters (3
inches) since 1990, and by 16 to 21 centimeters (7 to 8 inches) since 1900 (GCRP 2017). Relative to 1995
through 2014, global mean sea level will likely rise by 0.38 meter (1.25 feet) (0.28 to 0.55 meter [0.92 to
1.8 feet]) under SSP1-1.9 and by 0.77 meter (2.3 feet) (0.63 to 1.02 meters [2.07 to 3.35 feet]) under
SSP5-8.5 by 2100; these projections are made with medium confidence because the uncertainty in ice
sheet stability during the 21st century may alter these projections (IPCC 2021a). There is high confidence
that global mean sea level will continue to rise for centuries past 2100 and remain elevated for
thousands of years due to continuing deep ocean heat uptake and committed mass loss from the
Greenland and Antarctic ice sheets (IPCC 2021a).

In addition, other studies that consider dynamic mass loss from major ice sheets indicate that sea-level
rise could be even greater (Figure 5.2.2-4) (Robel et al. 2019; Bamber et al. 2019). Most of these studies
project a higher sea-level rise than the IPCC studies. In 2017, NOAA found that there is very high
confidence (more than a 9 in 10 chance) that global mean sea level will rise 0.2 to 2.7 meters (7.9 inches
to 8.9 feet) by 2100 (Sweet et al. 2017a). Increasing anthropogenic GHG emissions would increase the
risks posed by greater warming and sea-level rise (IPCC 2014a). Records of paleo sea level indicate that,
when global mean temperatures was 2.5 to 4°C (4.5 to 7.2°F) above 1850 through 1900 levels, global
mean sea level was 5 to 25 meters (16.4 to 82.0 feet) higher than current levels (IPCC 2021a).
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Figure 5.2.2-4. End-of-Century Estimates of Maximum and Minimum Global Mean Sea-Level Rise
(2090-2100)
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Regional Sea-Level Rise

Sea-level rise is not uniform across the globe, primarily because dynamic ocean heights are adjusted by
ocean currents and because coastline elevations change through time because of regional tectonics,
subsidence, and isostatic rebound. Throughout the period 1993-2018, sea levels rose fastest in the
Western Pacific and slowest in the Eastern Pacific (IPCC 2021a). This absence of uniformity in sea-level
rise is projected to continue throughout the 21st century, though it is very likely that sea level will rise in
more than 95 percent of the ocean area (IPCC 2014b).

Nationally, relative sea level has been rising at a rate of 1.1 to 2.0 inches per decade along most of the
Atlantic and Gulf coasts and more than 3 inches per decade along portions of the Louisiana and Texas
coasts (where land subsidence is relatively rapid) (EPA 2021f; Argus et al. 2018; NOAA 2017). Sea level is
falling (due to tectonic uplift) at the rate of a few inches per decade in parts of Alaska (EPA 2009, 2021f;
Argus et al. 2018; NOAA 2017; National Science and Technology Council 2008). This pattern of relative
sea-level rise along the U.S. coast is projected to continue throughout this century (GCRP 2017 citing
Sweet et al. 2017). Tools such as the NOAA Seal Level Rise viewer can be used to understand the impact
of coastal inundation under different sea-level rise scenarios along the coastal United States.®

Sea-level rise extends the zone of impact of storm surges and waves from tropical and other storms
farther inland, causing coastal erosion and other damage. Resulting shoreline erosion is well
documented. Since the 1970s, half of the coastal area in Mississippi and Texas has been eroding inland
by an average of 2.6 to 3.1 meters (8.5 to 10.2 feet) per year (26 to 31 meters [85 to 102 feet] per

19 NOAA, Office for Coastal Management, DigitalCoast, Sea Level Rise Viewer,
https://coast.noaa.gov/digitalcoast/tools/slr.html.
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decade). In Louisiana, a full 90 percent of the shoreline has been eroding inland at an average rate of
more than 12.0 meters (39.4 feet) per year (EPA 2009; Nicholls et al. 2007), with loss of coastal wetlands
in the state occurring at a variable rate of 11 to 32 square miles per year from 1932 to 2016 (Couvillion
et al. 2017).%° As sea level continues to rise, so will the likelihood for extensive coastal erosion (GCRP
2017 citing Barnard et al. 2011, Theuerkauf and Rodriguez 2014, and Serafin and Ruggiero 2014).

Precipitation

As the climate warms, evaporation from land and oceans increases and more moisture can be held in
the atmosphere (GCRP 2017). Depending on atmospheric conditions, this evaporation causes some
areas to experience increases in precipitation events, while other areas are left more susceptible to
droughts (Fujita et al. 2019). Average atmospheric water vapor content has increased since at least the
1970s over land and the oceans, and in the upper troposphere, largely consistent with air temperature
increases (IPCC 2021a). Because of changes in climate, including increased moisture content in the
atmosphere, heavy precipitation events have increased in frequency over most land areas (IPCC 2021b;
Min et al. 2011).

The sections that follow discuss global, regional, and national trends in precipitation, droughts,
streamflow, and snow cover, respectively.

Precipitation

Long-term trends in global precipitation have been observed since 1901. Between 1901 and 2010,
increases in precipitation have been observed in the middle and higher latitudes of both the Northern
and Southern Hemispheres, specifically in northwestern and eastern parts of North America, parts of
Europe and Russia, and southern South America. Drying has been observed in the Sahel region of Africa,
the Mediterranean, southern Australia, and parts of Southeast Asia. Spatial and temporal variability for
precipitation is high, and data are limited for some regions (IPCC 2021b).

Over the contiguous United States, total annual precipitation increased approximately 4 percent from
1901 to 2016, on average. The greatest increases from 1991 to 2015 (relative to 1901 to 1960) were
noted in the Midwest, the Northeast, and the Great Plains, and there were notable decreases in areas of
the Southwest (GCRP 2017). Heavy precipitation events also increased in all regions except the
Southwest, primarily during the last 3 to 5 decades, with more than a 40 percent increase since 1901 in
the Midwest (Figure 5.2.2-5) (GCRP 2017).

20 The shoreline erosion in Louisiana is also affected by human alterations and loss of sediment supply (EPA 2009).
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Figure 5.2.2-5. Increased Heavy Precipitation Events from 1901 to 2016
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In general, climate change is expected to reinforce global precipitation patterns. Under the RCP8.5
scenario, mean precipitation increases in wet regions at high and middle latitudes and the equatorial
Pacific, and mean precipitation decreases in dry regions at subtropical and middle latitudes are likely by
the end of the century (IPCC 2014b).

Drought

Increased dryness has been observed in many regions since the 1950s, with intense droughts caused by
higher temperatures and decreased precipitation; human-induced climate change is likely the main
driver of these changes (IPCC 2021b). However, spatial variability for dryness is high and data availability
is limited in some regions from which to draw global conclusions. IPCC (2021a) projects increased
evapotranspiration and decreased soil moisture, increasing dryness over the Mediterranean,
southwestern North America, south Africa, southwestern South America, and southwestern Australia
(high confidence).

Drought trends have been changing for some regions of the United States over the past 50 years (GCRP
2017). Most regions in the United States experienced decreases in drought severity and duration over
the 20th century due to increasing average precipitation and the frequency of heavy precipitation
events. However, the United States continues to experience severe drought, including in the Southwest
from 1999 to 2008 (EPA 2009), Texas and California in 2011 (GCRP 2017), the Midwest in 2012 (GCRP
2017), California in 2014 and 2015 (USGS 2015), and the western United States in 2020 and 2021, which
has produced drought conditions in California not seen since 1977 (Carlowicz 2021). According to tree
ring data, drought conditions in the western United States over the last decade could represent the
driest conditions in 500 years (GCRP 2017).
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By the end of the 21st century, it is likely that currently dry regions in the world will experience more
frequent droughts under RCP8.5 (IPCC 2014b). In southwest North America, where long-term droughts
have historically occurred because of natural causes, aridification is projected to increase due to climate
change and concomitant general drying and poleward expansion of the subtropical dry zones (IPCC
2013a citing Held and Soden 2006, Seager et al. 2007, and Seager and Vecchi 2010). Twenty-first century
drought risk in the southwest and central plains will likely be higher than at any time since at least 1100
CE under both RCP4.5 and RCP8.5, increasing the possibility of megadroughts (droughts lasting 2
decades or more) in these regions (Cook et al. 2015). A more recent study expands upon this concept,
showing that the 2000 to 2018 southwestern North America drought was the second driest 19-year
period since 800 CE, exceeded only by a late-1500s megadrought, noting that anthropogenic warming
increases the probability of otherwise moderate droughts becoming historic megadroughts (Williams et
al. 2020).

While current levels of climate change already manifest moderate risks of increased water scarcity,
vegetation loss, and wildfire damage, these risks are projected to become more severe with future
temperature increases (IPCC 2019b). In addition, increased warming is projected to shift climate zones
poleward and increase the amount of land prone to drought (IPCC 2019b).

Streamflow

Melting snow and ice, increased evaporation, and changes in precipitation patterns all affect surface
water. Previous assessments indicate variable changes in streamflow and river discharge. The northwest
United States has experienced long-term declines in streamflow as a result of declining winter
precipitation and, more generally, the western United States has seen recent declines due to drought
(GCRP 2017). In contrast, high streamflow is increasing across parts of the Midwest, Mississippi Valley,
and eastern United States as a result of increases in heavy precipitation (GCRP 2017). Other assessments
show even greater global variability in trends, where decreases in streamflow were observed in mainly
low- and mid-latitude river basins, while increasing flow at higher latitudes could have resulted from
possible permafrost thawing and increased snowmelt (IPCC 2021a). Changes in precipitation have also
been identified as a major driver for changing discharge trends across regions (IPCC 2021a).

These streamflow drivers are expected to continue to change throughout the 21st century, with more
frequent and intense heavy precipitation events (high confidence) and more precipitation falling as rain
rather than snow, thereby decreasing snowpack and snowmelt (high confidence) in the United States
(GCRP 2017). Changes in streamflow are also dominated by snowpack and glacier-fed mountain basins,
which are projected to decline and produce earlier spring peak flows (IPCC 2019a).

Snow Cover

Across the Northern Hemisphere, annual mean snow cover decreased 53 percent from 1967 to 2012
(IPCC 2013a) and has been decreasing more rapidly since at least 1978 (high confidence) (IPCC 2021a).
Changes in air temperature, decreased surface albedo, and increased atmospheric water vapor drove a
downward trend in maximum snow cover per decade from 1961 to 2015 across North America (GCRP
2017). The amount of snow at the end of the winter season, which is important for water supply
provided by snowmelt, has decreased because of springtime warming (GCRP 2017). In addition, North
America, Europe, South Asia, and East Asia have experienced a decreasing number of snowfall events;
according to IPCC, this is likely due to increasing winter temperatures (IPCC 2021a).
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Recent studies support these findings, and project that spring snow cover could decrease by as much as
35 percent relative to 1986 to 2005 by the end of the century under RCP8.5 (IPCC 2019a). Furthermore,
the most recent IPCC projections show that Northern Hemisphere spring snow cover extent could
decrease by about 8 percent per 1°C (1.8°F) of global surface air temperature increase in the future
(IPCC 2021a).

Ocean pH

With higher atmospheric CO, concentrations in recent decades, oceans have absorbed more CO,, which
lowers the potential of hydrogen (pH)—or increases the acidity—of the water. When CO, dissolves in
seawater, the hydrogen ion concentration of the water increases; this is measured as a decrease in pH.
Compared to the preindustrial period, the pH of the world’s oceans has decreased by 0.1 unit (IPCC
2021a). Because pH is measured on a logarithmic scale, this decrease represents about a 30 percent
increase in the hydrogen ion concentration of seawater, a substantial acidification of the oceans.
Although research on the ultimate impacts of declining ocean pH is limited, available observational,
laboratory, and theoretical studies indicate that acidification could interfere with the calcification of
coral reefs and inhibit the growth and survival of coral reef ecosystems (EPA 2009; GCRP 2017;

IPCC 2021a). The Fourth National Climate Assessment notes that, by 2100 under the RCP8.5 emissions
scenario, nearly all coral reefs are projected to be surrounded by acidified seawater that will challenge
coral growth (GCRP 2017, GCRP 2018a citing Ricke et al. 2013). If global temperatures reach an average
increase of 1.5°C (2.7°F), 70 to 90 percent of coral reefs are projected to decline, with even greater
losses at 2°C (3.6°F) (IPCC 2021a). At 2°C (3.6°F) above preindustrial levels, mass mortalities of coral
reefs are virtually certain (IPCC 2021a).

The global average surface ocean acidity is projected to increase in acidity (decrease in pH) by 100 to
150 percent by the end of the century under RCP8.5 relative to historical conditions (high confidence)
(GCRP 2017). Most recent IPCC (2021a) projections under SSP5-8.5 show ocean pH could decrease 0.44
units (a 175 percent increase in the hydrogen ion concentration of seawater) by the end of the century
(1870 to 1899 compared to 2080 to 2099 values).

5.2.2.2 Increased Incidence of Severe Weather Events

Tropical cyclones appear to be increasing in intensity since 1970, but no clear trend in the frequency of
tropical cyclones each year has been observed. Identifying long-term trends of tropical cyclones has
been difficult because observations were limited prior to the satellite era (IPCC 2021a). However, there
is observational evidence of an increase in intense tropical cyclone activity correlated with increases of
sea-surface temperatures in the North Atlantic, which includes the Gulf Stream, since about 1970 (GCRP
2017). The tracks of tropical cyclones have shifted in a warming climate, migrating toward the poles
(GCRP 2017). According to IPCC, while recent assessments show no trend in the frequency of U.S.
landfall events this past century, an increasing trend in intensity since the 1970s is virtually certain (IPCC
2021a). Additionally, recent projections indicate that climate change could increase the frequency of the
most intense tropical cyclones by the end of the century, but it is still unclear how the overall frequency
of events might change (GCRP 2017). This trend has been substantiated by the IPCC (2021a), which
shows that globally, major tropical cyclone intensities (Category 3 and above) have increased over the
past four decades. Thus overall, IPCC (2021a) projects tropical cyclones to increase in intensity despite a
decrease in frequency in most tropical regions (medium confidence).

Climate change also causes hurricanes and tropical cyclones to produce heavier precipitation, in part
because a warmer atmosphere holds more moisture and increases the energy available for convection,
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causing stronger storms and heavier precipitation (GCRP 2017; Gertler and O’Gorman 2019). Globally,
the frequency and intensity of heavy precipitation events has increased (high confidence) in a majority
of land regions, particularly in North America, Europe, and Asia (IPCC 2021a). The IPCC (2021a) states
that with increasing temperatures, it is virtually certain that heavy precipitation events (including those
from tropical cyclones) will become more frequent and intense over all continents.

The influence of climate change on recent storms is well documented. For example, the rainfall
produced in Texas and Louisiana by Hurricane Harvey in 2014 was increased by about 15 to 19 percent
due to climate change (Risser and Wehner 2017; van Oldenborgh et al. 2017). Climate change also could
increase the probability of a similar extreme event by 17 percent through 2100 relative to the period
from 1981 to 2000 under RCP8.5 (Emanuel 2017). Looking forward, tropical cyclone rainfall amounts in
the eastern United States could increase by 8 to 17 percent relative to the time period between 1980
and 2006 as a result of a warmer climate (Wright et al. 2015). The frequency of weather and climate
disasters (including those causing more than $1 billion in damages) has increased in the United States
(GCRP 2018a).

There is low confidence in historical trends of hail and severe thunderstorms (IPCC 2021a), which makes
their relationship to climate change difficult to resolve. While the IPCC states that climate models
consistently project environmental changes that would support an increase in the frequency and
intensity of severe thunderstorms that combine tornadoes, hail, and winds, there is low confidence in
the details of the projected increases. Similarly, GCRP (2017) also indicates low confidence for future
projections of severe thunderstorms including tornadoes, hail, and extreme winds.

Changes in ocean heat content and freshwater-driven buoyancy as a result of climate change could
potentially weaken the Atlantic meridional overturning circulation (AMOC), a mechanism for heat
transport in the North Atlantic Ocean that could drive dramatic changes to the regional climates of North
America and Europe. However, there is currently low confidence in models that show AMOC weakening
over the 21st century under a high emissions scenario (RCP8.5) (GCRP 2017). Models show low
agreement in 20th-century AMOC trends (IPCC 2021a). Recent observations show a decline in AMOC
since the 2000s; however, this cannot be distinguished from internal variability (IPCC 2021a).

Climate change is also driving increased wildfire activity. The number of large wildfires in the western
United States increased from 1984 to 2011, and area burned by wildfire has been increasing since the
1970s (GCRP 2017). These changes are driven, in part, by changes in climate, such as increasing
temperatures, more intense droughts, reduced snowpack, and increased fuel availability and
flammability (GCRP 2017, 2018a). Observations of wildfires in western U.S. forests indicate that the area
burned by wildfire from 1984 to 2015 was twice what would be expected in the absence of climate
change (Abatzoglou and Williams 2016).

Wildfires are projected to further increase in intensity, duration, and frequency under climate change.
Projections indicate that for the western United States, large fires will become more of an annual
occurrence and very large fires (larger than 50,000 acres) will increase by 2050 under both low and high
emissions scenarios (RCP4.5 and RCP8.5) (GCRP 2017). The southeast is also expected to see an increase
in wildfires, though with substantial differences between ecoregions (Prestemon et al. 2016). Similarly,
Alaska is expected to experience a longer fire season, with a higher risk of severe fires and greater total
area burned (GCRP 2017). Wildfires are complex systems, but modeling focused on the climate variables
that are closely linked to fire risk (e.g., surface temperature, snowmelt timing) is quite robust and shows
that conditions conducive to wildfires are expected to continue under climate change (GCRP 2017).
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5.2.2.3 Changes in Ice Cover and Permafrost

Changes in air and ocean temperatures, precipitation onto the ice mass, and water salinity are affecting
glaciers, sea-ice cover, and ice sheets. Numerous studies have confirmed that glaciers and ice sheets
have shrunk substantially in the past half century. Satellite images have documented mass loss from the
Greenland ice sheet and the West Antarctic ice sheet (IPCC 2021a; GCRP 2017). Figure 5.2.2-6 shows
polar ice sheet mass change from 1992 to 2016.

Since 1979, annual average Arctic sea-ice area has been declining at a rate of 3.5 to 4.1 percent per
decade (IPCC 2013a). Average Arctic sea-ice area in August, September, and October has decreased
approximately 25 percent in the past 40 years (1979-1988 to 2010-2019) and has decreased to some
extent in every month of the year (IPCC 2021a). Warming in the Arctic has proceeded at about twice the
rate as the global average, leading to decreases in summer sea ice extent, glacier and ice sheet mass
loss, coastal erosion, and permafrost thawing (IPCC 2021a).2! Some Arctic ice that previously was thick
enough to last through summer has now thinned enough to melt completely in summer. As of 2020, the
12 lowest Arctic sea-ice extents in the satellite era occurred in the last 12 years (Kumar et al. 2020a). It is
very likely that more than half of the observed Arctic sea-ice loss in summer is due to anthropogenic
climate change (IPCC 2021a).

In March 2016, the Arctic experienced the lowest winter maximum ice extent in the satellite record
(1979 to 2016), 7 percent below the 1981 to 2010 average (Perovich et al. 2016). Multiyear ice (more
than 1 year old) and first-year ice were 22 percent and 78 percent of the ice cover, respectively,
compared to 45 percent and 55 percent in 1985 (Perovich et al. 2016). In September 2016, the Arctic
sea-ice minimum extent was 33 percent lower than the 1981 to 2010 average minimum ice extent, 22
percent larger than the record minimum set in 2012, and tied with 2007 for the second lowest value in
the satellite record (1979 to 2016) (Perovich et al. 2016).

While there is low confidence in the quantitative volume and thickness estimates due to poor
observations, current analyses show an approximately 72 percent reduction between 1979 and 2016
(IPCC 2021a). These area and thickness reductions allow winds to generate stronger waves, which have
increased shoreline erosion along the Alaskan coast. Alaska has also experienced increased thawing of
the permafrost base of up to 1.6 inches per year since 1992 (EPA 2009; National Science and Technology
Council 2008).

There is high confidence that permafrost temperatures have been increasing over the past three to four
decades in the permafrost regions (IPCC 2021a). Globally, permafrost has warmed approximately 0.29°C
(0.52°F) between 2007 and 2016. The active layer thickness of the permafrost (a layer subject to annual
temperature changes) has increased across the entire Arctic region (IPCC 2021a). At lower depths, IPCC
(2019a) stated with very high confidence that record high permafrost temperatures at the depth of the
zero annual amplitude (the depth about 10 to 20 meters [32.8 to 65.6 feet] below the surface where the
seasonal soil temperature cycle vanishes) were observed in recent decades in the northern circumpolar
permafrost region. They also conclude (high confidence) that global warming over the last decades has
led to widespread permafrost warming. Complete permafrost thaw in recent decades is a common
phenomenon across the permafrost regions (IPCC 2021a). Continued thawing of permafrost over the
next century is virtually certain, with projections showing the volume of perennially frozen soil within

21 permafrost thawing releases CO; and CH, into the atmosphere.
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the upper 3 meters (9.8 feet) of the ground decreasing by about 25 percent per 1°C (1.8°F) of global
surface air temperature increase (IPCC 2021a).

The loss of Arctic sea ice is projected to continue throughout the 21st century and could very likely result
in nearly sea-ice-free?? late summers in the Arctic Ocean by the 2040s (very high confidence) (GCRP
2017). The IPCC (2021a) shows that the Arctic Ocean will likely become practically sea-ice free during the
seasonal sea-ice minimum for the first time before 2050 regardless of SSP scenario. At the same time,
permafrost is projected to continue to decrease, with a switch from continuous to discontinuous
permafrost expected over the 21st century (GCRP 2017 citing Vaughan et al. 2013, Grosse et al. 2016,
and Schuur et al. 2015). Projections show that by end-of-century, near-surface (within 3 to 4 meters)
permafrost could decrease by approximately 24 to 69 percent relative the 1986-to-2005 baseline time
period, based on RCP2.6 and RCP8.5, respectively (IPCC 2019a).

Figure 5.2.2-6. Cumulative Ice Sheet Mass Change from 1992 to 2016
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5.3 Analysis Methods

The methods NHTSA used to characterize the effects of the alternatives on climate have three key
elements:

e Analyzing the impacts of each alternative on GHG emissions. Many analyses of environmental and
energy policies and regulations express their environmental impacts, at least in part, in terms of
GHG emissions increases or decreases.

e Estimating the monetized damages associated with GHG emissions reductions attributable to each
alternative. Economists have estimated the incremental effect of GHG emissions, and monetized
those effects, to express the social costs of carbon, CH4, and N,O in terms of dollars per ton of each
gas. By multiplying the emissions reductions of each gas by estimates of their social cost, NHTSA
derived a monetized estimate of the benefits associated with the emissions reductions projected
under each action alternative. NHTSA has estimated the monetized benefits associated with GHG

2 Sea-ice free means sea ice area below 1 million square kilometers (386,102 square miles).
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emissions reductions in its Final Regulatory Impact Analysis (FRIA), Chapter 6.5.1. See Chapter 6.2.1
of the Technical Support Document (TSD) for a description of the methods used for these estimates.

e Analyzing how GHG emissions reductions under each alternative would affect the climate system
(climate effects). Climate models characterize the relationship between GHG emissions and various
climatic parameters in the atmosphere and ocean system, including temperature, precipitation, sea
level, and ocean pH.?> NHTSA translated the changes in GHG emissions associated with each action
alternative to changes in temperature, precipitation, sea level, and ocean pH in relation to
projections of these climatic parameters under the No Action Alternative.

In this SEIS, impacts on GHG emissions and the climate system are expressed in terms of emissions, CO;
concentrations, temperature, precipitation, sea level, and ocean pH for each of the alternatives.

Comparisons between the No Action Alternative and each action alternative are presented to illustrate
the different environmental impacts of each alternative. The impact of each action alternative is
measured by the difference in the climate parameter (CO, concentration, temperature, sea level,
precipitation, and ocean pH) under the No Action Alternative and the climate parameter under that
action alternative. For example, the reduction in CO; emissions attributable to an action alternative is
measured by the difference in emissions under the No Action Alternative and emissions under that
alternative.

The methods used to characterize emissions and climate impacts consider multiple sources of
uncertainty. Sources of uncertainty include the following sources, in addition to many other factors:

e The pace and effects of technology changes in the transportation sector and other sectors that emit
GHGs.

e Changes in the future fuel supply and fuel characteristics that could affect emissions.

e Sensitivity of climate to increased GHG concentrations.

e The rate of change in the climate system in response to changing GHG concentrations.

e Potential existence of thresholds in the climate system (which cannot be predicted or simulated).
e Regional differences in the magnitude and rate of climate change.

e Sensitivity to natural variability, such as El Nifio conditions.

Moss and Schneider (2000) characterize the “cascade of uncertainty” in climate change simulations
(Figure 5.3-1). As indicated in Figure 5.3-1, the emissions estimates used in this SEIS have narrower
bands of uncertainty than global climate sensitivity, which is even less uncertain than regional climate
change impacts. The impacts on climate are, in turn, less uncertain than the impacts of climate change
on affected resources (such as terrestrial and coastal ecosystems, human health, and other resources
discussed in Section 8.6.5, Health, Societal, and Environmental Impacts of Climate Change). Although the
uncertainty bands broaden with each successive step in the analytic chain, not all values within the
bands are equally likely; the mid-range values have the highest likelihood.

23 |n discussing impacts on ocean pH, this SEIS uses both changes to and reductions of ocean pH to describe ocean acidification.
The metric pH is a parameter that measures how acidic or basic a solution is. The increase in atmospheric concentration of CO,
is causing acidification of the oceans, which can be measured by a decrease in ocean pH.
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Figure 5.3-1. Cascade of Uncertainty in Climate Change Simulations
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emission —> carbon cycle —> globalclimate =—=> regional climate —> range of
scenarios response sensitivity change possible
scenarios impacts

Source: Moss and Schneider 2000

Scientific understanding of the climate system is incomplete; like any analysis of complex, long-term
changes to support decision-making, evaluating reasonably foreseeable impacts on the human
environment involves many assumptions and uncertainties. This SEIS uses methods and data to analyze
climate impacts that represent the best and most current information available on this topic and that
have been subjected to extensive peer review and scrutiny. The information cited throughout this
section, extracted from the most recent EPA, IPCC, and GCRP reports on climate change, has endured a
more thorough and systematic review process than information on virtually any other topic in
environmental science and policy. The tools used to perform the climate change impacts analysis such
as the Model for the Assessment of Greenhouse Gas-Induced Climate Change (MAGICC) are widely
available and are commonly used in the scientific community.

The U.S. Climate Change Science Program Synthesis and Assessment Product 3.1 report on the strengths
and limitations of climate models (CCSP 2008) provides a thorough discussion of the methodological
limitations regarding modeling. Additionally, Chapter 1, Framing, context, methods, of IPCC WGI ARG,
provides an evaluation of the performance of global climate models. Readers interested in a detailed
treatment of this topic will find the Technical Summary and Chapter 1 of IPCC WGI AR6 useful in
understanding the issues that underpin the modeling of environmental impacts of the Proposed Action
and alternatives on climate change.

5.3.1 Methods for Modeling Greenhouse Gas Emissions

This SEIS compares GHG emissions under each action alternative to those under the No Action
Alternative. GHG emissions under each alternative were estimated using the methods described in
Section 2.3, Standard-Setting and SEIS Methods and Assumptions. For years 2020 through 2050, the
emissions estimates in this SEIS include GHG emissions from passenger car and light truck fuel
combustion (tailpipe emissions) as well as upstream emissions from the production and distribution of
fuel. GHG emissions were estimated by the DOT Volpe National Transportation Systems Center (Volpe
Center) using the CAFE Compliance and Effects Model (referred to as the CAFE Model), described in
Section 2.3.1, CAFE Model. To calculate tailpipe CO; emissions, the CAFE Model applies estimates of the
density and carbon content of gasoline and other fuels. To calculate tailpipe CHs and N,O emissions, the
CAFE Model applies gram-per-mile emission factors Volpe Center staff referenced from EPA’s Motor
Vehicle Emissions Simulator (MOVES).?* To calculate GHG emissions from upstream processes such as
refining and electricity generation, the CAFE Model applies process-specific emission factors specified on

2% All downstream emission estimates in the CAFE Model use emission factors from EPA’s MOVES3 model version (EPA 2020a).
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a gram-per-British thermal unit basis; Volpe Center staff developed these emission factors using the
Greenhouse Gases and Regulated Emissions in Transportation (GREET) model, developed by the U.S.
Department of Energy (DOE) Argonne National Laboratory.

For the climate analysis, GHG emissions trajectories are projected through the year 2100. In order to
estimate GHG emissions for the passenger car and light truck fleets for 2051 to 2100, NHTSA
extrapolated from the aforementioned CAFE Model results by applying the projected rate of change in
U.S. transportation fuel consumption over this period from GCAM.?® For 2051 through 2100, the
GCAMReference and GCAMG6.0 scenarios project that U.S. road transportation fuel consumption will
decline slightly because of assumed improvements in efficiency of internal combustion engine-powered
vehicles and increased deployment of noninternal combustion engine vehicles with higher drivetrain
efficiencies. However, the projection of road transport fuel consumption beyond 2050 does not change
substantially. Therefore, emissions remain relatively constant from 2050 through 2100.2° The
assumptions and methods used to extrapolate GHG emissions estimates beyond 2050 for this SEIS are
broadly consistent with those used in the MY 2011-2015 CAFE Final EIS, the MY 2012-2016 CAFE Final
EIS (NHTSA 2010), Phase 1 Fuel Efficiency Standards for Medium- and Heavy-Duty Engines and Vehicles
Final EIS (NHTSA 2011), MY 2017-2025 CAFE Final EIS (NHTSA 2012), Phase 2 Fuel Efficiency Standards
for Medium- and Heavy-Duty Engines and Vehicles Final EIS (NHTSA 2016a), and the MY 2021-2026
Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule Final EIS (NHTSA 2020).

The emissions estimates include global CO,, CHs, and N,O emissions resulting from direct fuel
combustion and the production and distribution of fuel and electricity (upstream emissions).?” The
MOVES model also estimated non-GHG emissions—both criteria pollutants and air toxics—which are
used as inputs in MAGICC®6. Criteria pollutants included are: sulfur dioxide (SO,), nitrogen oxides (NOx),
carbon monoxide (CO), fine particulate matter 2.5 microns or less in diameter (PM2.5), and volatile
organic compounds (VOCs). Air toxics included are acetaldehyde, acrolein, benzene, 1,3-butadiene,
formaldehyde, and diesel particulate matter 10 microns or less in diameter.

Fuel savings from more stringent CAFE standards would result in lower overall emissions of CO; (the
main GHG emitted) because of reduced refining, distribution, and use of transportation fuels.?® Fuel

252050 is the last year for which the CAFE Model provides estimates of fleet CO, emissions for this analysis.

26 NHTSA anticipates a larger post-2050 decline in passenger car and light truck energy consumption than what is projected in
the GCAMReference scenario due to updated projections around technology availability and adoption, as well as other factors
that affect fuel consumption. However, the SEIS approach for projecting emissions from 2051 to 2100 is consistent with
methods used in recent NHTSA EISs, conservative in terms of estimating environmental impacts, and reasonable given the
uncertainty associated with post-2050 projections.

27 Upstream emissions considered in this SEIS include those that occur in the United States during the recovery, extraction, and
transportation of crude petroleum, as well as during the refining, storage, and distribution of transportation fuels. Emissions
from each of these phases of fuel supply are estimated using factors obtained from Argonne’s GREET model. A portion of
finished motor fuels are refined in the United States using imported crude petroleum as a feedstock, and GREET’s emissions
factors are used to estimate emissions associated with transporting imported petroleum from coastal port facilities to U.S.
refineries, refining it to produce transportation fuels, and storing and distributing those fuels. GREET’s emissions factors are
also used to estimate domestic emissions from transportation, storage, and distribution of motor fuels that are imported to the
United States in refined form.

28 Eor this rulemaking, NHTSA estimated emissions of vehicular CO,, CH,4, and N,O emissions, but did not estimate vehicular
emissions of HFCs. HFCs are released to the atmosphere only through air-conditioning system leakage and are not directly
related to fuel efficiency. NHTSA’s authority under the Energy Policy and Conservation Act, as amended by the Energy
Independence and Security Act, extends only to the regulation of vehicle fuel efficiency. For reference, CH4 and N,O account for
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efficiency, fuel consumption, and CO, emissions are closely connected. Fuel efficiency describes how
much fuel a vehicle requires to perform a certain amount of work (for example, how many miles it can
travel or how many tons it can carry per mile traveled). A vehicle is more fuel-efficient if it can perform
more work while consuming less fuel. Lower fuel consumption reduces CO, emissions directly because
the primary source of vehicle-related CO, emissions is the combustion of carbon-based fuel in internal
combustion engines; combustion of a hydrocarbon essentially produces energy (used to power the
vehicle), CO,, and water. Therefore, lowering fuel consumption lowers CO, emissions, and greater fuel
efficiency means fewer CO, emissions.

NHTSA estimated reductions in tailpipe CO, emissions resulting from fuel savings by assuming that the
carbon content of gasoline, diesel, and other fuels is converted entirely to CO, during the combustion
process.? Specifically, NHTSA estimated CO, emissions from fuel combustion as the product of the
volume of each type of fuel consumed (in gallons), its mass density (in grams per gallon), the fraction of
its total mass represented by carbon (measured as a proportion), and CO, emissions per gram of fuel
carbon (the ratio of the molecular weights of CO; and elemental carbon). NHTSA estimated changes in
tailpipe CH4 and N0 emissions by applying MOVES-based emission factors for these GHGs to estimated
annual mileage accumulation (i.e., VMT) of vehicles of different types and vintages.

Reduced fuel consumption also lowers CO, emissions that result from the use of carbon-based energy
sources during fuel production and distribution. At the same time, new CAFE standards may also lead to
increased CO, emissions from processes involved in producing and delivering any alternative energy
sources (i.e., other than petroleum) for which consumption increases. In particular, the CAFE Model
shows electricity consumption by light-duty vehicles increasing more rapidly under the action
alternatives than under the No Action Alternative. NHTSA estimated the CO, emissions during each
phase of fuel and electricity production and distribution (upstream emissions) using CO, emissions rates
obtained from the GREET model using previous assumptions about how fuel savings are reflected in
reductions in activity during each phase of fuel production and distribution. For this Final SEIS, the
Argonne National Laboratory GREET model was updated from the 2020 version to the 2021 version. The
total reduction in CO; emissions from improving fuel economy under each alternative is the sum of the
reductions in motor vehicle emissions from reduced fuel combustion compared to the No Action
Alternative plus the reduction in upstream emissions from a lower volume of fuel production and
distribution than is projected under the No Action Alternative (minus the increase in upstream emissions
resulting from increased electricity generation).

5.3.2 Social Cost of Greenhouse Gas Emissions

This SEIS characterizes the potential environmental impacts of the estimated changes in GHG emissions
in terms of physical effects, such as changes in temperature and sea level. Chapter 6.5.1 of the FRIA
characterizes the monetized social value of these estimated changes in emissions. The social cost of
carbon (SC-CO,), methane (SC-CHy,), or nitrous oxide (SC-N,0) are metrics that estimate the social value
of marginal changes in emissions and are expressed in dollars per ton of incremental emissions. Readers

4 percent of the tailpipe GHG emissions from passenger vehicles and light trucks, and CO; emissions account for the remaining
96 percent. Of the total (including non-tailpipe) GHG emissions from passenger cars and light trucks, tailpipe CO; represents
approximately 97.0 percent, tailpipe CH,; and N,O represent approximately 0.6 percent, and HFCs represent approximately 2.4
percent (values are calculated from EPA 2021c).

2 This assumption results in a slight overestimate of CO, emissions, because a small fraction of the carbon content of gasoline
is emitted as CO and unburned hydrocarbons. However, the magnitude of this overestimation is likely to be extremely small.
This approach is consistent with the recommendation of IPCC for Tier 1 national GHG emissions inventories (IPCC 2006).
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may consult Section II.G.2 of the preamble to the final rule for a description of how the monetized cost-
benefit analysis factors into its decision-making process. The final rule preamble and FRIA are both
available for public review.

5.3.3 Methods for Estimating Climate Effects

This SEIS estimates and reports the projected reductions in GHG emissions, particularly CO,, that would
result from the alternatives. The reduction in GHG emissions is a direct effect of the increased stringency
in passenger car and light truck fuel economy associated with the action alternatives. The reductions in
CO, emissions, in turn, cause indirect effects on five attributes of climate change: CO; concentrations,
temperature, sea level, precipitation, and ocean pH.

The subsections that follow describe methods and models used to characterize the reductions in GHG
emissions and the indirect effects on the attributes of climate change.

5.3.3.1 MAGICC Modeling

NHTSA used a reduced-complexity climate model (MAGICC) to estimate the changes in CO,
concentrations and global mean surface temperature and used increases in global mean surface
temperature combined with an approach and coefficients from the IPCC WGI AR5 (IPCC 2013a) and IPCC
WGI AR6 (IPCC 2021a) to estimate changes in global precipitation. NHTSA used the publicly available
modeling software MAGICC6 (Meinshausen et al. 2011) to estimate changes in key direct and indirect
effects. NHTSA used MAGICC6 to incorporate the estimated reductions in emissions of CO,, CHs, N0,
CO, NOxy, SO,, and VOCs and the associated estimated changes in upstream emissions using factors
obtained from the GREET model and CAFE Model analysis. NHTSA also performed a sensitivity analysis
to examine variations in the direct and indirect climate impacts of the action alternatives under different
assumptions about the sensitivity of climate to GHG concentrations in Earth’s atmosphere. The results
of the sensitivity analysis can be used to infer how the variation in GHG emissions associated with the
action alternatives affects the anticipated magnitudes of direct and indirect climate impacts.

The selection of MAGICC for this analysis was driven by several factors:

e MAGICC has been used in the peer-reviewed literature to evaluate changes in global mean surface
temperature and sea-level rise. Applications include the IPCC WGI AR6 (IPCC 2021a) and IPCC WGI
AR5 (IPCC 2013a), where it was used to estimate global mean surface temperature and sea-level rise
for simulations of global emissions scenarios that were not run with the more complex atmospheric-
ocean general circulation models (AOGCMs) (Meinshausen et al. 2011).%°

e MAGICC is publicly available and was designed for the type of analysis performed in this SEIS.

e More complex AOGCMs are not designed for the type of sensitivity analysis performed in this SEIS
and are best used to provide results for groups of scenarios with much greater differences in
emissions.

e MAGICC6 uses updated carbon cycle models that can emulate temperature-feedback impacts on the
heterotrophic respiration carbon fluxes.

30 a5 3 reduced-complexity model, MAGICC relies on a more limited number of potential climate and carbon cycle responses
and a higher level of parameterization to proxy carbon cycle force than more complex models. Results from MAGICC (e.g.,
projected atmospheric CO, concentration in 2100) will, therefore, vary somewhat from those of more complex models
(Meinshausen et al. 2011).
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e MAGICC6 incorporates the latest science from IPCC AR6 and AR5; MAGICC6 was used in the IPCC
WGI AR6 (IPCC 2021a).

5.3.3.2 Sea-Level Rise

NHTSA estimated the projected changes in global mean sea level based on data from the IPCC WGI AR5
(IPCC 2013a).332 The sea-level rise analysis uses global mean surface temperature data and projections
from 1950 to 2100 and global mean sea-level rise projections from 2010 to 2100. These projections are
based on the climate ensemble data of the RCP*? scenarios for sea level and temperature. Simple
equations relating projected changes in sea level to projected changes in temperature are developed for
each scenario using a regression model.

The regression models for the RCP4.5 and GCAMG6.0 scenarios are developed directly from the RCP4.5
and RCP6.0 data, while the regression model for the GCAMReference scenario uses a hybrid relation
based on the RCP6.0 and RCP8.5 data, as there is no equivalent IPCC scenario. The hybrid relation
employs a weighted average of the relationship between RCP6.0 and RCP8.5 sea-level rise and
temperature data based on a comparison of the ERFs. The regression models for RCP4.5 were used to
estimate sea-level rise for the SSP2-4.5 scenario, while the models for RCP6.0 and GCAMReference were
used to estimate sea-level rise for SSP3-7.0 and SSP5-8.5 scenarios, respectively. The temperature
outputs of the MAGICC RCP and SSP simulations are used as inputs to these regression models to project
sea-level rise.3

5.3.3.3 Ocean pH

NHTSA projected changes in ocean pH using the CO, System Calculations (CO2SYS) model, which
calculates parameters of the CO, system in seawater and freshwater. This model translates levels of
atmospheric CO; into changes in ocean pH. A lower ocean pH indicates higher ocean acidity, while a
higher pH indicates lower acidity.>® The model was developed by Brookhaven National Laboratory and
Oak Ridge National Laboratory and is used by both the U.S. Department of Energy and EPA. Orr et al.
(2015) compared multiple ocean carbon system models and found that the CO2SYS model was more
efficient at analyzing observed ocean chemistry data than other models.

This model uses two of four measurable parameters of the CO, system (total alkalinity, total inorganic
CO,, pH, and either fugacity or partial pressure of CO,) to calculate the remaining two input parameters.
NHTSA used the CO2SYS model to estimate the pH of ocean water in the year 2040, 2060, and 2100
under the No Action Alternative and each of the action alternatives. For each action alternative, total
alkalinity and partial pressure of CO, were selected as inputs. The total alkalinity input was held constant
at 2,345 micromoles per kilogram of seawater and the projected atmospheric CO, concentration (ppm)
data was obtained from MAGICC model runs using each action alternative. NHTSA then compared the

31 sea-level rise outputs from MAGICC6 were not used, as this component of the model is still under development.

32 n this SEIS, the relationship between sea-level rise and global mean surface temperature developed using AR5 is used to
estimate sea-level rise using global mean surface temperatures from AR6 for the SSP scenarios.

33 RCP2.6, RCP4.5, RCP6.0, and RCP8.5.

34 The MAGICC model runs simulations from a preindustrial starting point through the year 2100. Results of this analysis are
shown for the years 2040, 2060, and 2100.

35 preindustrial average ocean pH was 8.2. The average pH of the world’s oceans has decreased by 0.1 unit compared to the
preindustrial period, bringing ocean pH to 8.1 (IPCC 2021a).
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pH values calculated from each action alternative to the No Action Alternative to determine the impact
of the Proposed Action and alternatives on ocean pH.

5.3.3.4 Global Emissions Scenarios

MAGICC uses long-term emissions scenarios that represent different assumptions about key drivers of
GHG emissions. The reference scenarios used in the direct and indirect analysis for this SEIS are the
GCAMReference scenario (formerly MiniCAM) and SSP3-7.0 scenario, which do not assume
comprehensive global actions to mitigate GHG emissions.3® NHTSA selected the GCAMReference and
SSP3-7.0 scenarios for their incorporation of a comprehensive suite of GHG and pollutant gas emissions,
including carbonaceous aerosols and a global context of emissions with a full suite of GHGs and ozone
precursors. The GCAMReference scenario is the GCAM representation of a scenario that yields an ERF of
approximately 7.0 W/m?in the year 2100. Similarly, SSP3-7.0 yields an ERF of approximately 7.0 W/m? in
the year 2100, making it a good comparison to GCAMReference. Like GCAMReference, SSP3-7.0 is noted
in the IPCC WGI ARG as being a scenario “in between RCP6.0 and RCP8.5” (IPCC 2021a).

In 2003, CCSP released the Strategic Plan for the U.S. Climate Change Science Program (CCSP 2003),
which called for the preparation of 21 synthesis and assessment products (SAPs) addressing a variety of
topics on climate change science, GHG mitigation, and adapting to the impacts of climate change. These
scenarios used updated economic and technology data along with improved scenario development tools
that incorporated knowledge gained over the years since the IPCC Special Report on Emissions Scenarios
(IPCC 2000) was released. The strategy recognized that it would be important to have a consistent set of
emissions scenarios so that the whole series of SAPs would have the same foundation. Therefore, one of
the earliest products in the series—SAP 2.1, Scenarios of Greenhouse Gas Emissions and Atmospheric
Concentrations and Review of Integrated Scenario Development and Application (Clarke et al. 2007)—
developed 15 global emissions scenarios, corresponding to five different emissions trajectories from
each of three groups using different models (IGSM, MiniCAM, and MERGE). MiniCAM was later renamed
GCAM, which is the updated successor to MiniCAM based on improvements in the modeling, and which
is the scenario used in this SEIS.

Each climate-modeling group independently produced a unique emissions reference scenario based on
the assumption that no climate policy would be implemented beyond the current set of policies in place
using a set of assumptions about drivers such as population changes, economic growth, land and labor
productivity growth, technological options, and resource endowments. In addition, each group
produced four additional stabilization scenarios, which are defined in terms of the total long-term
radiative impact of the suite of GHGs that includes CO;, N,O, CH,, hydrofluorocarbons (HFCs),
perfluorocarbons, and sulfur hexafluoride. These stabilization scenarios represent various levels of
implementation of global GHG emissions reduction policies.

ARG uses updated Global Climate Models and GHG concentration scenarios developed for Coupled
Model Intercomparison Project Phase 6 (CMIP6). The new GHG concentration scenarios are called SSPs
and are designed to provide an expanded set of GHG concentrations based on a range of future
socioeconomic conditions (Riahi et al. 2017). A set of SSPs provide continuity with RCPs by modeling
similar ERF through end of this century (e.g., SSP5-8.5 is a companion to RCP8.5). SSPs also consider a
greater range of future aerosol concentrations, which drives a greater range of temperature projections

36 Eor the cumulative analysis, NHTSA used the GCAM®6.0 scenario as a reference case global emissions scenario; GCAM6.0
assumes a moderate level of global actions to address climate change. For further discussion, see Section 8.6.2.1, Global
Emissions Scenarios Used for the Cumulative Impact Analysis.
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(Riahi et al. 2017). The core set of five SSP scenarios in AR6 (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0,
SSP5-8.5) were chosen to ensure overlap with the existing RCP levels of ERF in the year 2100, while
simultaneously presenting a broader array of potential mitigation and adaptation possibilities.

CMIP6 model ensembles using SSPs yield greater warming and a larger range of projected temperature
and precipitation outcomes than CMIP5. Specifically, CMIP6 models project greater warming at the
upper end of the 5 percent to 95 percent ensemble envelope for the high SSP5-8.5 scenario, and
individual Global Climate Models using SSP5-8.5 simulate warming greater than previously predicted
(Tebaldi et al. 2021). For instance, the upper end (95th percentile) of warming through the end of
century under the SSP5-8.5 is 5.7°C (10.3°F) (IPCC 2021b), while warming under RCP8.5 is 4.8°C (8.6°F)
(IPCC 2013b). CMIP6 models also have larger climate sensitivities than CMIP5 (Zelinka et al. 2020;
Hermans et al. 2021), meaning that, on average, CMIP6 models simulate larger global temperature
change in response to increases in CO, concentrations. For example, effective climate sensitivity
corresponding to CO; quadrupling increased from 3.7 to 8.4°F in CMIP5 to 3.2 to 10.1°F in CMIP6
(zelinka et al. 2020).

The Final SEIS reflects the action alternatives’ climate impacts against the both the RCP and SSP
scenarios. The SSP and RCP scenarios are categorized similarly, by reference to approximate ERF
reached by the end of the 21st century. However, the SSP scenarios and RCP scenarios are not directly
comparable; in general, gas compositions differ, projected 21st-century trajectories differ, and overall
ERF may differ (IPPC 2021a). The AR6 provides a description of each SSP scenario coupled with the
closest RCP scenario available. NHTSA narrowed down the selection of SSP scenarios to those presented
in this AR6 comparison and selected the most similar SSP scenarios to the RCPs presented in this Final
SEIS.

The results of the direct and indirect impacts analysis rely primarily on the GCAMReference and SSP3-7.0
scenarios to represent a reference case emissions scenario. The GCAMReference scenario provides a
global context for emissions of a full suite of GHGs and ozone precursors. The SSP3-7.0 scenario is
considered a medium-high emissions scenario resulting from no additional climate policy and represents
continued non-CO, GHG emissions. NHTSA chose the GCAMReference and SSP3-7.0 scenarios to present
the results of the direct and indirect effects analysis based on the following factors:

e The GCAMReference scenario is a slightly updated version of the scenario developed by the
MiniCAM model of the Joint Global Change Research Institute, a partnership between Pacific
Northwest National Laboratory and the University of Maryland. The GCAMReference scenario is
based on a set of assumptions about drivers such as population, technology, and socioeconomic
changes, in the absence of global action to mitigate climate change.

e Interms of global emissions of CO, from fossil fuels and industrial sources, the GCAMReference
scenario illustrates a pathway of emissions between the IGSM and MERGE reference scenarios for
most of the 21st century. In essence, the GCAMReference scenario is a middle-ground scenario.

e GCAMReference was evaluated in CCSP SAP 2.1.

e Like GCAMReference, SSP3-7.0 is meant to serve as a medium to high reference scenario resulting
from no additional climate policy under the SSP3 socioeconomic development narrative, which
assumes little global cooperation on mitigation efforts.

e SSP3-7.0 has particularly high non-CO, emissions, including high aerosols emissions. It also assumes
pollutant emissions over the 21st century are comparable to current levels, illustrating a middle-
ground scenario.
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e The IPCC often refers to SSP3-7.0 (and SSP2-4.5) as “intermediate emission scenarios”, where CO;
concentrations increase to 2100, but less rapidly than SSP5-8.5, the most extreme scenario.

NHTSA and EPA also used the GCAMReference scenario for the Regulatory Impact Analyses (RIAs) of the
Phase 1 and Phase 2 HD National Program Final Rules, as well as the NHTSA and EPA joint final rules that
established CAFE and GHG emissions standards for MY 2017—-2025 and MY 2021-2026 light-duty vehicle
fleets.

The impact of each action alternative was simulated by calculating the difference between annual GHG
emissions under the No Action Alternative and emissions under that action alternative and subtracting
this change from the selected scenarios to generate modified global-scale emissions scenarios, which
show the effects of the various regulatory alternatives on the global emissions path. For example, CO,
emissions from passenger cars and light trucks in the United States in 2040 under the No Action
Alternative are estimated to be 1,211 million metric tons carbon dioxide (MMTCO); the emissions in
2040 under Alternative 2.5 (Preferred Alternative) are estimated to be 1,110 MMTCO.,. The difference of
101 MMTCO; represents the reduction in emissions projected to result from adopting the Preferred
Alternative. Global emissions in 2040 are estimated to be 51,701 MMTCO; for the GCAMReference
scenario, and 58,494 MMTCO; for the SSP3-7.0 scenario. These global emissions are assumed to
incorporate emissions from passenger cars and light trucks in the United States under the No Action
Alternative. Therefore, global emissions under the Preferred Alternative are estimated to be 101
MMTCO:; less than the reference levels or approximately 51,600 MMTCO; for GCAMReference and
58,393 MMTCO; for SSP3-7.0 in 2040. There are some inconsistencies between the overall assumptions
that SAP 2.1 and the Joint Global Change Research Institute used to develop the global emissions
scenario and the assumptions used in the CAFE Model in terms of economic growth, energy prices,
energy supply, and energy demand. However, these inconsistencies affect the characterization of each
action alternative in equal proportion, so the relative estimates provide a reasonable approximation of
the differences in environmental impacts among the action alternatives.

5.3.3.5 Reference Case Modeling Runs

The modeling runs and sensitivity analysis simulate relative changes in atmospheric concentrations,
global mean surface temperature, precipitation, sea-level rise, and ocean pH that could result under
each alternative. The modeling runs are based on the reductions in emissions estimated to result from
each of the action alternatives compared to projected emissions under the No Action Alternative. They
assume a climate sensitivity of 3°C (5.4°F) for a doubling of CO, concentrations in the atmosphere.?” The
approach uses the following five steps to estimate these changes:

1. NHTSA assumed that global emissions under the No Action Alternative would follow the trajectory
provided by the global emissions scenario.

2. NHTSA assumed that global emissions for each action alternative would be equal to the global
emissions under the No Action Alternative minus the reductions in emissions of CO,, CHs, N2O, SO,,
NOxy, CO, and VOCs estimated to result from each action alternative. For example, the global
emissions scenario under Alternative 2 equals the global emissions scenario minus the emissions
reductions from that alternative. All SO, reductions were applied to the Aerosol Region 1 of
MAGICC, which includes North America.

37 NHTSA used a climate sensitivity of 3°C (5.4°F), as this is IPCC’s best estimate, with a likely range of 1.5 to 4.0°C (2.7 to 7.2°F)
(IPCC 2021a).
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3. NHTSA used MAGICCS6 to estimate the changes in global CO, concentrations, global mean surface
temperature, and sea-level rise through 2100 using the global emissions scenario under each
alternative developed in steps 1 and 2.

4. NHTSA utilized the CO2SYS model to estimate changes in ocean acidification. Changes in global CO,
concentrations calculated within the MAGICC6 model are parsed to the CO2SYS ocean acidification
model to calculate change. This model uses two of four measurable parameters of the ocean CO,
system—total alkalinity, total inorganic CO,, pH, and either fugacity or partial pressure of CO,—to
calculate the remaining two input parameters. NHTSA used the CO2SYS model to estimate the pH of
ocean water in the years 2040, 2060, and 2100 under the No Action Alternative and each of the
action alternatives.

5. NHTSA used the increase in global mean surface temperature to estimate the increase in both global
average precipitation and sea-level rise for each alternative using the global emissions scenario.

5.3.3.6 Sensitivity Analysis

NHTSA performed a sensitivity analysis to examine the effect of various equilibrium climate sensitivities
on the results. Equilibrium climate sensitivity is the projected responsiveness of Earth’s global climate
system to increased ERF from higher GHG concentrations and is expressed in terms of changes to global
surface temperature resulting from a doubling of CO, compared to preindustrial atmospheric
concentrations (278 ppm CO;) (IPCC 2021a). Sensitivity analyses examine the relationship among the
alternatives, likely climate sensitivities, and scenarios of global emissions paths and the associated direct
and indirect impacts for each combination.

The IPCC WGI AR6 expresses stronger confidence in some fundamental processes in models that
determine climate sensitivity than the AR5 (IPCC 2021a). According to IPCC, the very likely range of
equilibrium climate sensitivity is between 2°C (3.6°F) (high confidence) and 5°C (9°F) (medium
confidence). The assessed best estimate is 3°C (5.4°F) with a likely range of 2.5°C (4.5°F) to 4°C (7.2°F)
(high confidence), compared to 1.5°C (2.7°F) to 4.5°C (8.1°F) in ARS5.

NHTSA assessed climate sensitivities of 1.5, 2.0, 2.5, 3.0, 4.5, and 6.0°C (2.7, 3.6, 4.5, 5.4, 8.1, and 10.8°F)
for a doubling of CO; concentrations in the atmosphere. NHTSA performed the sensitivity analysis
around three of the alternatives—the No Action Alternative, Alternative 1, and Alternative 3—because
this was deemed sufficient to assess the effect of various climate sensitivities on the results under the
range of alternatives considered in this SEIS.

The approach uses the following four steps to estimate the sensitivity of the results to alternative
estimates of the climate sensitivity:

1. NHTSA used the GCAMReference and SSP3-7.0 scenarios to represent emissions from the No Action
Alternative.

2. Starting with the respective scenarios, NHTSA assumed that the reductions in global emissions of
CO,, CH4, N30, SO;, NOx, CO, and VOCs resulting from the least stringent alternative (Alternative 1)
would be equal to the global emissions of each pollutant under the No Action Alternative minus
emissions of each pollutant under Alternative 1. Separately, NHTSA used the same approach for

5-35



Chapter 5 Greenhouse Gas Emissions and Climate Change

Alternative 3 (the lowest GHG emissions alternative) as compared to the No Action Alternative.*® All
SO, reductions were applied to Aerosol Region 1 of MAGICC, which includes North America.

3. NHTSA assumed a range of climate sensitivity values consistent with the 10 to 90 percent probability
distribution from the IPCC WGI AR6 (IPCC 2021a) of 1.5, 2.0, 2.5, 3.0, 4.5, and 6.0°C (2.7, 3.6, 4.5,
5.4,8.1, and 10.8°F).

4. For each climate sensitivity value in Step 3, NHTSA used MAGICC6 to estimate the resulting changes
in CO; concentrations and global mean surface temperature, as well as the regression-based analysis
to estimate sea-level rise through 2100 for the global emissions scenarios in Steps 1 and 2.

Section 5.4, Environmental Consequences, presents the results of the model runs for the alternatives.
For the direct and indirect impacts analysis, the sensitivity analysis was performed against the
GCAMReference and SSP3-7.0 scenarios (789 ppm and 800 ppm, respectively, in 2100).

5.3.4 Tipping Points and Abrupt Climate Change

The term tipping point is most typically used, in the context of climate change, to describe situations in
which the climate system (the atmosphere, hydrosphere, land, cryosphere, and biosphere) reaches a
point at which a disproportionally large or singular response in a climate-affected system occurs as a
result of a moderate additional change in the inputs to that system (such as an increase in the CO;
concentration). Exceeding one or more tipping points, which “occur when the climate system is forced
to cross some threshold, triggering a transition to a new state at a rate determined by the climate
system itself and faster than the cause” (EPA 2009 citing NRC 2002), could result in abrupt changes in
the climate or any part of the climate system. Abrupt climate changes could occur so quickly and
unexpectedly that human systems would have difficulty adapting to them (EPA 2009 citing NRC 2002).

NHTSA's assessment of tipping points and abrupt climate change is largely based on an analysis of
recent climate change science synthesis reports: Climate Change 2021: The Physical Science Basis.
Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change (IPCC 2021a) and Climate Change 2013: The Physical Science Basis. Contribution of
Working Group | to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC
2013a), Climate Change Impacts in the United States: The Third National Climate Assessment (GCRP
2014), and Climate Science Special Report: Fourth National Climate Assessment, Volume 1 (GCRP 2017).
The analysis identifies vulnerable systems, potential thresholds, and estimates of the causes, likelihood,
timing, and impacts of abrupt climate events.

Although there are methodological approaches to estimate changes in temperatures resulting from a
reduction in GHG emissions and associated ERF, the current state of science does not allow for
guantifying how reduced emissions from a specific policy or action might affect the probability and
timing of abrupt climate change. This area of climate science is one of the most complex and
scientifically challenging. Given the difficulty of simulating the large-scale processes involved in these
tipping points, or inferring their characteristics from paleoclimatology, considerable uncertainties
remain on tipping points and the rate of change. Despite the lack of a precise quantitative

38 Some SO, emissions are associated with the charging of EVs. However, total power plant emissions are limited by “caps”
under the EPA Acid Rain Program and the Cross-State Air Pollution Rule, and will be reduced through emissions standards such
as the Mercury and Air Toxics Standards rule. Because of these rules and advances in technology, emissions from the power-
generation sector are expected to decline over time (the grid is expected to become cleaner). Any economic activity or trend
that leads to an increase in electrical demand—including increases in electric vehicle sales and use—would be accommodated
by the power industry in planning for compliance with applicable emissions limitations.
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methodological approach, NHTSA has provided a qualitative and comparative analysis of tipping points
and abrupt climate change in Chapter 8, Cumulative Impacts, Section 8.6.5.2, Sectoral Impacts of
Climate Change, under Tipping Points and Abrupt Climate Change. The analysis applies equally to direct
and indirect impacts, as well as to cumulative impacts.

5.4 Environmental Consequences

This section describes projected impacts on climate under the Proposed Action and alternatives relative
to the No Action Alternative. NHTSA has identified Alternative 2.5 as the Preferred Alternative. Using the
methods described in Section 5.3, Analysis Methods, NHTSA modeled the direct and indirect impacts of
the alternatives on atmospheric CO, concentrations, temperature, precipitation, sea level, and ocean
pH.3° This analysis is based on a scenario under which no other major global actions would reduce GHGs
(i.e., the current climate trajectory, independent of other actions). The analysis of cumulative impacts
can be found in Chapter 8, Cumulative Impacts.

In summary, each of the action alternatives would result in reduced GHG emissions compared with the
No Action Alternative. The more an alternative would decrease GHG emissions, the more it would be
expected to decrease the direct and indirect climate change impacts associated with such emissions.

5.4.1 Greenhouse Gas Emissions

Using the methods described in Section 5.3, Analysis Methods, NHTSA estimated projected emissions
reductions under the action alternatives for 2021 through 2100. These emissions reductions represent
the differences in total annual emissions in future years of U.S. passenger cars and light trucks in use
under the No Action Alternative and each action alternative. The projected change in fuel production
and use under each alternative determines the resulting impacts on total energy use and petroleum
consumption, which, in turn, determine the reduction in CO, emissions under each alternative. Because
CO;, accounts for such a large fraction of total GHGs emitted during fuel production and use—more than
96 percent, even after accounting for the higher GWPs of other GHGs—NHTSA’s consideration of GHG
impacts focuses on reductions in CO, emissions expected under the Proposed Action and alternatives.
However, in assessing the direct and indirect impacts and cumulative impacts on climate change
indicators (i.e., global average surface temperature, sea level, precipitation, and ocean pH, as described
in Section 5.4.2, Direct and Indirect Impacts on Climate Change Indicators, and Section 8.6.4, Cumulative
Impacts on Greenhouse Gas Emissions and Climate Change), NHTSA incorporates reductions of all GHGs
by the nature of the models used to project changes in the relevant climate indicators.

Table 5.4.1-1 and Figure 5.4.1-1 show total U.S. passenger car and light truck CO, emissions under the
No Action Alternative and emissions reductions that would result from the Proposed Action and
alternatives from 2021 to 2100. All action alternatives would result in lower CO; emissions than the No
Action Alternative because all action alternatives involve more stringent CAFE standards than the No
Action Alternative. U.S. passenger car and light truck emissions from 2021 to 2100 would range from a
low of 80,400 MMTCO, under Alternative 3 to a high of 89,200 MMTCO; under the No Action
Alternative. Compared to the No Action Alternative, projected emissions reductions from 2021 to 2100
under the action alternatives would range from 3,500 to 8,800 MMTCO,. Compared to GCAMReference

39 previous NHTSA EISs used the same approaches to quantifying impacts on global atmospheric CO, concentrations,
temperature change, precipitation change, sea-level rise, and ocean pH. See MY 2011-2015 CAFE standards EIS, MY 2012-2016
CAFE standards EIS, Phase 1 HD standards EIS, MY 2017-2025 CAFE standards EIS, Phase 2 HD standards EIS, and SAFE Vehicles
Rule EIS.
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total global emissions projection of 4,950,865 MMTCO, over this period, this rulemaking is expected to
reduce global CO, emissions by approximately 0.07 to 0.18 percent from projected levels under the No
Action Alternative. Using the SSP3-7.0 total global emissions projection of 5,277,281 MMTCO; over this
period, reductions would range from approximately 0.07 to 0.17 percent from projected levels under
the No Action Alternative.

Table 5.4.1-1. Carbon Dioxide Emissions and Emissions Reductions (MMTCO;) from All Passenger Cars
and Light Trucks, 2021 to 2100, by Alternative®

Percent (%) Emissions Reductions
Total Emissions Reductions Compared to No Action Alternative

Alternative Emissions Compared to No Action Emissions

Alt. 0 (No Action) 89,200 - -

Alt. 1 85,700 3,500 4%

Alt. 2 82,700 6,500 7%

Alt 2.5 82,000 7,200 8%

Alt. 3 80,400 8,800 10%

Notes:

2The numbers in this table have been rounded for presentation purposes. As a result, the reductions do not reflect the exact
differences between the values.

MMTCO, = million metric tons of carbon dioxide

Figure 5.4.1-1. Carbon Dioxide Emissions and Emissions Reductions (MMTCO;) from All Passenger Cars
and Light Trucks, 2021 to 2100, by Alternative
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To get a sense of the relative magnitude of these reductions, it can be helpful to consider emissions
from passenger cars and light trucks in the context of emissions projections from the transportation
sector. Passenger cars and light trucks currently account for 20 percent of CO; emissions in the United
States. The action alternatives would reduce total CO; emissions from U.S. passenger cars and light
trucks by a range of 4 to 10 percent from 2021 to 2100 compared to the No Action Alternative.
Compared to annual U.S. CO; emissions of 7,193 MMTCO; from all sources by the end of the century
projected by the GCAMReference scenario (Thomson et al. 2011), the action alternatives would reduce
total U.S. CO, emissions in the year 2100 by a range of 0.7 to 1.6 percent.*° Figure 5.4.1-2 shows the
projected annual emissions from U.S. passenger cars and light trucks under the alternatives.
Alternatively, using estimated U.S. emissions at the end of the century projected by the SSP3-7.0
baseline scenario (9,477 MMTCO, from all sources), the action alternatives would reduce total U.S. CO,
emissions in the year 2100 by a range of 0.4 to 0.9 percent.

Figure 5.4.1-2. Projected Annual Carbon Dioxide Emissions (MMTCO,) from All Passenger Cars and
Light Trucks by Alternative
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Table 5.4.1-2 also illustrates that the Proposed Action and alternatives would reduce passenger car and
light truck emissions of CO, from their projected levels under the No Action Alternative. Similarly, under
the Proposed Action and alternatives, CHs and N,O emissions in future years are projected to decline
from their projected levels under the No Action Alternative. These reductions are presented in CO;
equivalents (MMTCO.e) in the table below. All action alternatives would result in emissions reductions
compared to the No Action Alternative. Of all the action alternatives, Alternative 3 would result in the
greatest emissions reductions.

40 ryel consumption data is held constant after 2095, as this is the last year emissions data are available from GCAMReference.
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Table 5.4.1-2. Emissions of Greenhouse Gases (MMTCO,e per year) from All Passenger Cars and Light

Trucks by Alternative®

Alt. 0
GHG and Year (No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3
Carbon dioxide (CO,)
2020 1,275 1,275 1,275 1,275 1,275
2040 1,211 1,166 1,122 1,110 1,082
2060 1,047 995 953 943 921
2080 1,040 988 946 936 914
2100 967 919 880 870 850
Methane (CHy)
2020 42 42 42 42 42
2040 40 39 37 37 36
2060 36 34 33 33 32
2080 35 34 33 32 32
2100 33 31 30 30 30
Nitrous oxide (N,O)
2020 16 16 16 16 16
2040 13 12 12 12 11
2060 11 10 10 10 9
2080 11 10 10 10
2100 10 9 9 9
Total (all GHGs)
2020 1,333 1,333 1,333 1,333 1,333
2040 1,264 1,217 1,171 1,159 1,129
2060 1,093 1,040 996 985 962
2080 1,086 1,032 989 978 955
2100 1,010 960 919 910 888

Notes:

2Emissions from 2051 to 2100 were scaled using the rate of change for the U.S. transportation fuel consumption from the
GCAMReference scenario. These assumptions project a slight decline over this period.
MMTCO,e = million metric tons carbon dioxide equivalent

5.4.1.1 Comparison to the U.S. Greenhouse Gas Targets Submitted to the United
Nations Framework Convention on Climate Change

These results can be viewed in light of U.S. GHG emissions reduction targets. On April 22, 2021,
President Biden submitted a “Nationally Determined Contribution” (NDC) to the United Nations
Framework Convention on Climate Change (UNFCCC), with a target for the United States to achieve a 50
to 52 percent reduction in economy-wide net GHG pollution from 2005 levels by 2030. This target was
submitted under the Paris Agreement under the UNFCCC, which entered into force on November 4,
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2016. The United States formally withdrew from the Paris Agreement in November 2020, and officially
rejoined the Paris Agreement in February 2021.4

Total GHG emissions from U.S. passenger cars and light trucks in 2030 are projected to be below 2005
levels for the No Action and action alternatives. The percentage decreases range from a 11.5 percent
reduction for the No Action Alternative to an 15.6 percent reduction for the most stringent alternative
(Alternative 3). These reductions in emissions alone would not reduce total passenger car and light truck
vehicle emissions to a 50 to 52 percent reduction from 2005 levels by 2030.

However, the Energy Policy and Conservation Act, as amended by the Energy Independence and Security
Act, requires NHTSA to continue setting fuel economy standards for MYs 2027-2030, which can further
contribute to meeting the U.S. target. In addition, the President’s targets outlined above do not specify
that every emitting sector of the economy must contribute equally proportional emissions reductions.
Thus, smaller emissions reductions in the passenger car and light truck sector could be compensated for
by larger reductions in other sectors. In addition, the action of setting fuel economy standards does not
directly regulate total emissions from vehicles. NHTSA’s authority to promulgate CAFE standards does
not allow the agency to regulate other mobile sources of GHG emissions (e.g., HFC emissions from
vehicle air conditioners) or other factors affecting transportation emissions, such as driving habits or use
trends; NHTSA cannot, for example, control VMT. Under all of the alternatives, growth in the number of
passenger cars and light trucks in use throughout the United States, combined with assumed increases
in their average use (annual VMT per vehicle) due to economic improvement and a variety of other
factors, is projected to result in growth in passenger car and light truck VMT, peaking in 2040 and
declining gradually in the following years. While NHTSA does not have the authority to regulate VMT,
the DOT is investing in efforts to reduce VMT to help the United States meet its emissions reductions
targets. These efforts include investing in smart cities and public transportation improvements.

This projected growth in travel between 2020 and 2045 offsets some of the effect of increased
passenger car and light truck fuel economy under the action alternatives, due to increases in U.S.
transportation fuel consumption from vehicles. Despite expected growth in travel, CO; emissions are
projected to decrease mainly due to a rise in average miles per gallon for all passenger cars and light
trucks in use resulting from older, less efficient, vehicles being replaced by newer, more efficient,
models over time and due to increasing percentages of electric vehicles, which have zero tailpipe
emissions and produce lower emissions from a life-cycle perspective. The projected decrease in CO;
emissions highlights how this rulemaking is an important component of a variety of actions in various
sectors to meet the U.S. GHG targets stated in the United States’ NDC.

5.4.1.2 Comparison to Annual Emissions from Passenger Cars and Light Trucks

As an illustration of the fuel use projected under the Proposed Action and alternatives, Figure 5.4.1-3
expresses the CO; reductions under each action alternative in 2025 as the equivalent number of
passenger cars and light trucks that would produce those emissions in that year. The emissions
reductions under the action alternatives would be equivalent to the annual emissions from 1,143,017
passenger cars and light trucks (Alternative 1) to 2,379,681 passenger cars and light trucks (Alternative

41 United Nations. January 20, 2021. Paris Agreement Instrument of Acceptance: United States of America. Available at
https://treaties.un.org/doc/Publication/CN/2021/CN.10.2021-Eng.pdf; U.S. Department of State. Press Statement. February 19,
2021. Anthony J. Blinken, Secretary of State. “The United States Officially Rejoins the Paris Agreement”. Available at
https://www.state.gov/the-united-states-officially-rejoins-the-paris-
agreement/#:~:text=0n%20January%2020%2C%200n%20his,back%20into%20the%20Paris%20Agreement.
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3) in 2025, compared to the annual emissions that would occur under the No Action Alternative. A total
number of 253,949,461 passenger cars and light trucks are projected to be on the road in 2025 under
the No Action Alternative.***3

Figure 5.4.1-3. Number of Passenger Cars and Light Trucks Equivalent to Carbon Dioxide Reductions in
2025 Compared to the No Action Alternative
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5.4.1.3 Global Carbon Budget

In response to public comments received on prior NHTSA EISs, the agency has considered the GHG
impacts of its fuel economy actions in terms of a global carbon “budget.” This budget is an estimate for
the total amount of anthropogenic CO; that can be emitted to have a certain chance of limiting the
global average temperature increase to below 2°C (3.6°F) relative to preindustrial levels. IPCC estimates
that if cumulative global CO; emissions from 1870 onwards are limited to approximately 1,000 gigatons
(Gt) carbon (3,670 Gt CO,), then the probability of limiting the temperature increase to below 2°C (3.6°F)
is greater than 66 percent (IPCC 2013b). Since this IPCC report was published, various studies have
produced estimates of the remaining global carbon budget; some estimates have been larger (Millar et
al. 2017) and others have been smaller (Lowe and Bernie 2018). Most notably, the AR6 detailed the
implications of methodological advancements in estimating the remaining carbon budget. The report
concluded that, due to a variety of factors, estimates for limiting warming to 2°C (3.6°F) are about 11 to

42 values for vehicle totals have been rounded.

3 The passenger car and light truck equivalency is based on an average per-vehicle emissions estimate, which includes both
tailpipe CO, emissions and associated upstream emissions from fuel production and distribution. The average passenger car and
light truck is projected to account for 5.64 metric tons of CO, emissions in 2025 based on MOVES, the GREET model, and EPA
analysis.
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14 Gt carbon (40 to 50 Gt CO,) higher (IPCC 2021a) than estimates in AR5. These estimates vary
depending on a range of factors, such as the assumed conditions and the climate model used (Rogelj et
al. 2019). Because of underlying uncertainties and assumptions, no one number for the remaining global
carbon budget can be considered definite.

Using IPCC'’s estimated carbon budget in AR6, as of 2019, approximately 655 Gt carbon (2,403 Gt CO;) of
this budget has already been emitted, leaving a remaining budget of 358 Gt carbon (1,313 Gt CO;) (IPCC
2021a). Emissions from 2015 to 2019 alone totaled 210 Gt carbon (771 Gt CO,). Global emissions in 2020
totaled 34 Gt carbon (125 Gt CO;). Under the No Action Alternative, U.S. passenger cars and trucks are
projected to emit 24 Gt carbon (89 Gt CO;) from 2021 to 2100, or 7.9 percent of the remaining global
carbon budget. Under Alternative 3, this projection decreases to 22 Gt carbon (80 Gt CO,) or 6.2 percent
of the remaining budget.

The emissions reductions necessary to keep global emissions within this carbon budget must include
dramatic reductions in emissions from the U.S. passenger car and light truck vehicle fleet but could not
be achieved solely with those reductions. The emissions reductions needed to keep global emissions
within this carbon budget would also require dramatic reductions in all U.S. sectors and from the rest of
the developed and developing world. Even with the full implementation of global emissions reduction
commitments to date, global emissions in 2030 would still be roughly 11 Gt COe higher than what is
consistent with a scenario that limits warming to 2°C [3.6°F] from preindustrial levels (United Nations
Environment Programme 2021).

In addition, achieving GHG reductions from the passenger car and light truck vehicle fleet to the same
degree that emissions reductions will be needed globally to avoid using all of the carbon budget would
require substantial increases in technology innovation and adoption compared to today’s levels and
would require the economy and the vehicle fleet to substantially move away from the use of fossil fuels.

5.4.2 Direct and Indirect Impacts on Climate Change Indicators

The direct and indirect impacts of the Proposed Action and alternatives on five relevant climate change
indicators are described in Section 5.4.2.1, Atmospheric Carbon Dioxide Concentrations, and Section
5.4.2.2, Climate Change Attributes. Section 5.4.2.3, Climate Sensitivity Variations, presents the sensitivity
analysis. The impacts of the Proposed Action and alternatives on global mean surface temperature,
atmospheric CO; concentrations, precipitation, sea level, and ocean pH would be small compared to the
expected changes associated with the emissions trajectories in the GCAMReference and SSP3-7.0
scenarios. This is due primarily to the global and multi-sectoral nature of climate change. Although these
effects are small, they occur on a global scale and are long-lasting. More importantly, these reductions
play an important role in national and global efforts to reduce GHG emissions across a wide range of
sources. The combined impact of the emissions reductions associated with the Proposed Action and
alternatives with emissions reductions from other sources could have large health, societal, and
environmental impacts. Finally, NHTSA is required by the Energy Independence and Security Act to set
standards for MY 2027 through at least MY 2030, standards that are likely to be more stringent than
Alternative 2.5 and produce additional GHG reductions.

MAGICC6 is a reduced-complexity climate model well calibrated to the mean of the multimodel
ensemble results for four of the most commonly used RCP emissions scenarios—RCP2.6 (low), RCP4.5
(medium), RCP6.0 (medium-high), and RCP8.5 (high) as well as five of the most widely used SSP
scenarios (i.e., SSP1-1.9 [low], SSP1-2.6 [medium-low], SSP2-4.5 [medium], SSP3-7.0 [medium-high], and
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SSP5-8.5 [high])—as shown in Table 5.4.2-1 and Table 5.4.2-2.#* As the tables show, the results of the
model runs developed for this analysis agree relatively well with IPCC estimates for both CO,
concentrations and surface temperature. Table 5.4.2-1 compares the RCP emissions scenarios with CO,
concentrations and surface temperature estimates from AR5, while Table 5.4.2-2 compares the SSP
scenario model results with estimates from AR®6.

Table 5.4.2-1. Comparison of MAGICC Modeling Results and Reported IPCC AR5 Results®

CO; Concentration (ppm) Global Mean Increase in Surface Temperature (°C)
Scenario IPCC WGI (2100) | MAGICC (2100) IPCC WGI (2081-2100) MAGICC (2100)
RCP2.6 421 426 1.0 1.1
RCP4.5 538 544 1.8 2.1
RCP6.0 670 674 2.2 2.6
RCP8.5 936 938 3.7 4.2

Notes:

2The IPCC values represent the average of the 5 to 95 percent range of global mean surface air temperature.

Source: IPCC 2013b

ppm = parts per million; °C = degrees Celsius; MAGICC = Model for the Assessment of Greenhouse-gas Induced Climate Change;
IPCC = Intergovernmental Panel on Climate Change; RCP = Representative Concentration Pathways; WGI = Working Group 1

Table 5.4.2-2. Comparison of MAGICC Modeling Results and Reported IPCC AR6 Results?

CO, Concentration (ppm) Global Mean Increase in Surface Temperature (°C)
Scenario IPCC WGI (2100) | MAGICC (2100) IPCC WGI (2081-2100) MAGICC (2100)
SSP1-1.9 337 384 14 13
SSP1-2.6 446 434 1.8 1.6
SSP2-4.5 603 582 2.7 2.7
SSP3-7.0 867 828 3.6 4.0
SSP5-8.5 1,135 1,082 4.4 4.9

Notes:

2The IPCC values represent the average of the 5 to 95 percent range of global mean surface air temperature.

Source: IPCC 2021a

ppm = parts per million; °C = degrees Celsius; MAGICC = Model for the Assessment of Greenhouse-gas Induced Climate Change;
IPCC = Intergovernmental Panel on Climate Change; SSP = Shared Socioeconomic Pathway; WG| = Working Group 1.

As discussed in Section 5.3.1, Methods for Modeling Greenhouse Gas Emissions, NHTSA used the
GCAMReference and SSP3-7.0 emissions scenarios to represent the No Action Alternative in the MAGICC
modeling runs. CO; concentrations under the GCAMReference scenario for the No Action Alternative are
789.11 ppm and range from 788.80 under Alternative 1 to 788.33 ppm under Alternative 3 in 2100
(Table 5.4.2-3). The CO; concentrations under the SSP3-7.0 emissions scenario for the No Action
Alternative are 800.39 ppm and range from 800.09 under Alternative 1 to 799.57 ppm under Alternative
3in 2100 (Table 5.4.2-4). For 2040 and 2060, the corresponding range of ppm differences across
alternatives is even smaller. Because CO, concentrations are the key determinant of other climate

4% NHTSA used the MAGICC default climate sensitivity of 3.0 °C (5.4 °F).
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effects (which in turn drive the resource impacts discussed in Section 8.6, Greenhouse Gas Emissions and
Climate Change), this leads to very small differences in these effects.

Table 5.4.2-3. Carbon Dioxide Concentrations, Global Mean Surface Temperature Increase, Sea-Level
Rise, and Ocean pH (GCAMReference) by Alternative?

Global Mean Surface
CO; Concentration Temperature
(ppm) Increase (°C) ¢ Sea-Level Rise (cm) > ¢ Ocean pH ©

2040 | 2060 | 2100 | 2040 | 2060 | 2100 | 2040 | 2060 | 2100 | 2040 | 2060 | 2100
Totals by Alternative
Alt. 0 (No
Action) 479.04 | 565.44 | 789.11 | 1.287 | 2.008 | 3.484 | 22.87 | 36.56 | 76.28 |8.4099 | 8.3476 | 8.2176
Alt. 1 478.99 | 565.31 (788.80 | 1.287 | 2.008 | 3.483 | 22.87 | 36.56 | 76.26 | 8.4099 | 8.3477 | 8.2177
Alt. 2 478.96 | 565.19 | 788.53 | 1.287 | 2.007 | 3.482 | 22.87 | 36.55 | 76.23 | 8.4100 | 8.3478 | 8.2179
Alt. 2.5 478.95|565.16 | 788.47 | 1.287 | 2.007 | 3.481 | 22.87 | 36.55 | 76.23 | 8.4100 | 8.3478 | 8.2179
Alt. 3 478.92 | 565.10 | 788.33 | 1.287 | 2.006 | 3.481 | 22.87 | 36.55 | 76.22 | 8.4100 | 8.3478 | 8.2180
Reductions Under Proposed Action and Alternatives
Alt. 1 0.04 0.13 0.31 | 0.000 | 0.001 | 0.001 | 0.00 0.01 0.03 |0.0000 [-0.0001(-0.0002
Alt. 2 0.08 | 0.25 | 0.57 | 0.000 | 0.001 | 0.002 | 0.00 | 0.01 | 0.05 |-0.0001|-0.0002-0.0003
Alt. 2.5 0.09 0.28 0.64 | 0.000 | 0.001 | 0.003 | 0.00 0.01 0.05 |-0.0001(-0.0002(-0.0003
Alt. 3 0.12 | 0.34 | 0.78 | 0.001 | 0.002 | 0.003 | 0.00 | 0.01 | 0.07 |-0.0001|-0.0002-0.0004
Notes:

2The numbers in this table have been rounded for presentation purposes. As a result, the reductions and increases might not

reflect the exact difference of the values in all cases.

bThe values for global mean surface temperature and sea-level rise are relative to the average of the years 1986 to 2005.
¢Temperature changes reported as 0.000 are more than zero but less than 0.001.
dSea-level rise changes reported as 0.00 are more than zero but less than 0.01.
€Qcean pH changes reported as 0.0000 are less than zero but more than -0.0001.
CO; = carbon dioxide; °C = degrees Celsius; ppm = parts per million; cm = centimeters; GCAM = Global Change Assessment

Model

Table 5.4.2-4. Carbon Dioxide Concentrations, Global Mean Surface Temperature Increase, Sea-Level
Rise, and Ocean pH (SSP3-7.0) by Alternative?

€O, Concentration Global Mean Surface
2 (ppm) Temperature Sea-Level Rise (cm)® ¢ Ocean pH®
pp Increase (°C)™ ¢

2040 2060 | 2100 | 2040 | 2060 | 2100 | 2040 | 2060 | 2100 | 2040 2060 2100
Totals by Alternative
Alt. 0 (No
Action) 488.08 | 577.31|800.39 | 1.324 | 2.068 | 3.564 | 23.20 | 37.38 | 78.53 | 8.4030 | 8.3397 | 8.2119
Alt. 1 488.04 | 577.18 | 800.09 | 1.324 | 2.068 | 3.562 | 23.20 | 37.38 | 78.51 | 8.4030 | 8.3398 | 8.2120
Alt. 2 488.00 | 577.06 | 799.80 | 1.323 | 2.067 | 3.561 | 23.20 | 37.36 | 78.47 | 8.4030 | 8.3398 | 8.2122
Alt. 2.5 487.99 | 577.02 1799.73 | 1.323 | 2.066 | 3.560|23.20 | 37.36 | 78.45| 8.4030 | 8.3399 | 8.2122
Alt. 3 487.96 | 576.95|799.57 | 1.322 | 2.066 | 3.559|23.20 | 37.35 | 78.43 | 8.4030 | 8.3399 | 8.2123
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. Global Mean Surface
CO; Concentration . b, d
- Temperature Sea-Level Rise (cm)®™ Ocean pH¢
PP Increase (°C)™ ¢
2040 | 2060 | 2100 | 2040 | 2060 | 2100 | 2040 | 2060 | 2100 | 2040 2060 | 2100

Reductions Under Proposed Action and Alternatives
Alt. 1 0.04 | 0.13 0.30 |0.000| 0.001 |0.001| 0.00 | 0.00 | 0.02 | 0.0000 |-0.0001 |-0.0002
Alt. 2 0.08 0.25 0.59 |0.001| 0.002 |0.003| 0.00 | 0.01 0.06 |-0.0001 | -0.0002 |-0.0003
Alt. 2.5 0.09 0.29 0.67 |0.001| 0.002 |0.003| 0.00 | 0.02 0.07 |-0.0001 | -0.0002 |-0.0003
Alt. 3 0.12 0.36 0.82 |0.001| 0.003 |0.004| 0.00 | 0.03 0.10 | -0.0001 | -0.0002 |-0.0004
Notes:

2The numbers in this table have been rounded for presentation purposes. As a result, the increases might not reflect the exact

difference of the values in all cases.

bThe values for global mean surface temperature and sea-level rise are relative to the average of the years 1986 to 2005.
¢Temperature changes reported as 0.000 are more than zero but less than 0.001.

dSea-level rise changes reported as 0.00 are more than zero but less than 0.01.

€Qcean pH changes reported as 0.0000 are less than zero but more than -0.0001.

CO; = carbon dioxide; °C = degrees Celsius; ppm = parts per million; cm = centimeters; SSP = Shared Socioeconomic Pathway

5.4.2.1 Atmospheric Carbon Dioxide Concentrations

As Figure 5.4.2-1 and Figure 5.4.2-2 show, the reduction in projected CO; concentrations under the
Proposed Action and alternatives compared to the No Action Alternative amounts to a very small
fraction of the projected total increases in CO; concentrations. However, the relative impact of the
Proposed Action and alternatives is demonstrated by the reduction in the rise of CO, concentrations
under the range of action alternatives. As shown in Figure 5.4.2-3 and Figure 5.4.2-4, the reduction in
CO, concentrations by 2100 under Alternative 3 compared to the No Action Alternative is more than
double that of Alternative 1 for both the GCAMReference and SSP3-7.0 emissions scenario modeling
results.
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Figure 5.4.2-1. Atmospheric Carbon Dioxide Concentrations by Alternative—GCAMReference
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Figure 5.4.2-3. Reductions in Atmospheric Carbon Dioxide Concentrations Compared to the No Action
Alternative—GCAMReference
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Figure 5.4.2-4. Reductions in Atmospheric Carbon Dioxide Concentrations Compared to the No Action
Alternative—SSP3-7.0
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5.4.2.2 Climate Change Attributes
Temperature

Table 5.4.2-1 and Table 5.4.2-2 list MAGICC simulations of mean global surface air temperature
increases for the GCAMReference and SSP3-7.0 emissions scenarios. Under the No Action Alternative for
the GCAMReference scenario, global surface air temperature is projected to increase from 1986 to 2005
average levels by 1.29°C (2.32°F) by 2040, 2.01°C (3.61°F) by 2060, and 3.48°C (6.27°F) by 2100.%° Under
the No Action Alternative for the SSP3-7.0 emissions scenario, global surface air temperature is
projected to increase from 1986 to 2005 average levels by 1.32°C (2.38°F) by 2040, 2.07°C (3.73°F) by
2060, and 3.56°C (6.41°F) by 2100. The differences among the reductions in baseline temperature
increases projected to result from the various action alternatives are small compared to total projected
temperature increases, which are shown in Figure 5.4.2-5 and Figure 5.4.2-6 for the GCAMReference
and SSP3-7.0 emissions scenarios, respectively. For example, in 2100 the reduction in temperature rise
compared to the No Action Alternative for the GCAMReference ranges from 0.001°C (0.002°F) under
Alternative 1 to 0.003°C (0.006°F) under Alternative 3. Under the SSP3-7.0 emissions scenario, this
temperature reduction range compared to the No Action Alternative is 0.001°C (0.002°F) under
Alternative 1 to 0.004°C (0.007°F) under Alternative 3.

Figure 5.4.2-5. Global Mean Surface Temperature Increase by Alternative—GCAMReference
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4> Because the actual increase in global mean surface temperature lags the “commitment to warming” (i.e., continued warming
from GHGs that have already been emitted to date, because of the slow response of the climate system), the impact on global
mean surface temperature increase is less than the impact on the long-term commitment to warming. The actual increase in
surface temperature lags the commitment due primarily to the time required to heat the ocean to the level committed by the
concentrations of the GHGs.
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Figure 5.4.2-6. Global Mean Surface Temperature Increase by Alternative—SSP3-7.0
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Figure 5.4.2-5 and Figure 5.4.2-6 also illustrate that reduction in the growth of projected global mean
surface temperature under the Proposed Action and alternatives compared to the No Action Alternative
are anticipated to be small compared to total projected temperature increases. However, the relative
impacts of the Proposed Action and alternatives can be seen by comparing the reductions in the rise in
global mean surface temperature projected to occur under Alternatives 1 and 3. As shown in Figure
5.4.2-7 and Figure 5.4.2-8, the reduction in the projected growth in global temperature under
Alternative 3 is more than triple that under Alternative 1 in 2100 for both emissions scenarios.

At this time, quantifying the changes in regional climate due to the Proposed Action and alternatives is
not possible because of the limitations of existing climate models, but the Proposed Action and
alternatives would be expected to reduce the regional impacts in proportion to reductions in global
mean surface temperature increases. To provide context on how the projected changes in temperature
from the MAGICC modeling may differentially affect geographic regions, Table 5.4.2-5 summarizes the
regional changes in warming and seasonal temperatures presented in the IPCC AR6 from present day
through 2100.
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Figure 5.4.2-7. Reduction in Global Mean Surface Temperature Compared to the No Action
Alternative—GCAMReference
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Table 5.4.2-5. Regional Changes to Warming and Seasonal Temperatures in the Year 2100 Compared
to Current Conditions, Summarized from the IPCC Sixth Assessment Report

Land Area

Subregion

Mean Warming

Other Impacts on Temperature

Africa

Northern Africa
and Northern
Sahara

High confidence of increase in
mean annual temperature @

Very likely to experience a warming
larger than 3°C (5.4°F)¢

High confidence that cold spells and
low target temperatures will
decrease in future

East Africa

High confidence of increase in
mean annual temperature @

Very likely to experience a warming
larger than 3°C (5.4°F)¢

High confidence that cold spells and
low target temperatures will
decrease in future

Southern Africa

High confidence of increase in
mean annual temperature @

Very likely to experience a warming
larger than 3°C (5.4°F)¢

High confidence that cold spells and
low target temperatures will
decrease in future

Western Africa

High confidence of increase in
mean annual temperature @

Very likely to experience a warming
larger than 3°C (5.4°F)¢

High confidence that cold spells and
low target temperatures will
decrease in future

Mediterranean | Northern High confidence of increase in Very likely decrease in cold spells and
and Europe Europe mean annual temperature ? frost days 2, more frequent heat
waves
Central Europe | High confidence of increase in Very likely decrease in cold spells and
mean annual temperature @ frost days, more frequent heat waves

Southern High confidence of increase in Very likely decrease in cold spells and
Europe and mean annual temperature 2 frost days, more frequent heat waves
Mediterranean

Asia Central Asia High confidence of increase in High confidence of increase in hot

mean annual temperature and
extreme heat?

days and warm nights, decrease in
cool days and cold nights, increase in
frequency and duration of heat
waves

Northern Asia

High confidence of increase in
mean annual temperature and
extreme heat ?

High confidence of increase in hot
days and warm nights, decrease in
cool days and cold nights, increase in
frequency and duration of heat
waves

Eastern Asia

High confidence of increase in
mean annual temperature and
extreme heat ?

High confidence of increase in hot
days and warm nights, decrease in
cool days and cold nights, increase in
frequency and duration of heat
waves
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Land Area Subregion Mean Warming Other Impacts on Temperature
West Asia High confidence of increase in High confidence of increase in hot
mean annual temperature and days and warm nights, decrease in
extreme heat ? cool days and cold nights, increase in
frequency and duration of heat
waves
South Asia High confidence of increase in High confidence of increase in hot

mean annual temperature and
extreme heat?

days and warm nights, decrease in
cool days and cold nights, increase in
frequency and duration of heat
waves

Southeast Asia

High confidence of increase in
mean annual temperature and
extreme heat ?

High confidence of increase in hot
days and warm nights, decrease in
cool days and cold nights, increase in
frequency and duration of heat
waves

North America | Northern High confidence of increase in High confidence of decrease in cold
regions/ mean annual temperature and spells, with the largest decreases
Northern North | extreme heat ® most common in the winter season
America
Southwest High confidence of increase in High confidence of decrease in cold
mean annual temperature and spells, with the largest decreases
extreme heat ? most common in the winter season
Central and Southern High confidence of increase in High confidence of decrease in cold
South America | Central mean annual temperature and spells by mid-century ®
America extreme heat ?
Southeastern High confidence of increase in High confidence of decrease in cold

South America

mean annual temperature and
extreme heat ?

spells by mid-century ®

Northern South

High confidence of increase in

High confidence of decrease in cold

America mean annual temperature and spells 2
extreme heat ?
Largest increases in temperature
taking place in the Amazon Basin
Southwestern High confidence of increase in High confidence of decrease in cold

South America

mean annual temperature and
extreme heat ?

spells 2

Northeastern
South America

High confidence of increase in
mean annual temperature and
extreme heat?

High confidence of decrease in cold
spells 2

Australia and
New Zealand

Southern
Australia

High confidence of increase in
mean annual temperature and
extreme heat?

Very likely increase in hot days and
warm nights, decrease in cool days
and cold nights, likely increase in
frequency and duration of heat
waves
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Land Area Subregion Mean Warming Other Impacts on Temperature
Southwestern High confidence of increase in Very likely increase in hot days and
Australia mean annual temperature and warm nights, decrease in cool days
extreme heat ? and cold nights, likely increase in
frequency and duration of heat
waves
Rest of High confidence of increase in Very likely increase in hot days and
Australia mean annual temperature and warm nights, decrease in cool days
extreme heat ? and cold nights, likely increase in
frequency and duration of heat
waves
New Zealand High confidence of increase in Very likely increase in hot days and
mean annual temperature and warm nights, decrease in cool days
extreme heat? and cold nights, likely increase in
frequency and duration of heat
waves
Polar Regions Arctic High confidence of increase in
mean annual temperature and
extreme heat ? -
Warming at more than twice the
global mean rate
Antarctic High confidence of increase in
mean annual temperature @ N
Small Islands High confidence of increase in Likely that the intensity and
mean annual temperature 2 frequency of hot temperature
extremes will increase and cold
temperature extremes will decrease

Notes:

Information is omitted from the table where no data was available from AR6.

Regional changes are provided for end-of-century compared to today’s baseline, unless otherwise noted. Future modeled
change can vary depending on a number of factors such as the concentration pathways used to drive the climate models (e.g.,
the amount of CO, emitted each year around the globe). The following superscripts were used to distinguish the various
concentration pathways associated with specific findings:

@ Already emerged in the historical period

b RCP2.6

¢RCP8.5 or SSP5-8.5

4 RCP4.5

€ RCP6.0

fSRES A1B

Source: IPCC 2021a

No superscripts were used for those findings where the concentration pathways were not identified.

Sea-Level Rise

IPCC identifies five primary components of sea-level rise: thermal expansion of ocean water, melting of
glaciers and ice caps, loss of land-based ice in Antarctica, loss of land-based ice in Greenland, and
contributions from anthropogenic impacts on water storage (e.g., extraction of groundwater) (IPCC
2013a). Ocean circulation, changes in atmospheric pressure, and geological processes can also influence
sea-level rise at a regional scale (EPA 2009). The Working Group | contribution to the IPCC AR5 (IPCC
2013a) projects the mean sea-level rise for each of the RCP scenarios. As noted in Section 5.3.3.2, Sea-

5-54



Chapter 5 Greenhouse Gas Emissions and Climate Change

Level Rise, NHTSA has used the relationship between the sea-level rise and temperature increases for
each of the scenarios from IPCC AR5 to project sea-level rise in this SEIS.

IPCC ARS5 projects ranges of sea-level rise for each of the RCP scenarios. For 2081 to 2100, sea-level rise
is likely to increase 26 to 55 centimeters (10.2 to 21.7 inches) for RCP2.6, 32 to 63 centimeters (12.6 to
24.8 inches) for RCP4.5, 33 to 63 centimeters (13.0 to 24.8 inches) for RCP6.0, and 45 to 82 centimeters
(17.7 to 32.3 inches) for RCP8.5 compared to 1986 to 2005 (IPCC 2013a). The 2019 IPCC Special Report
on the Ocean and Cryosphere in a Changing Climate provides similar projections, with sea level likely to
increase 29 to 59 centimeters (11.4 to 23.2 inches) for RCP2.6 and 61 to 110 centimeters (24.0 to 43.3
inches) for RCP8.5 compared to 1986 to 2005 (IPCC 2019a). Sea-level rise projections in the IPCC AR5
and 2019 Special Report are substantially higher than projections in the IPCC AR4 because they include
significant contributions of melting from large ice sheets (in particular, Greenland and Antarctica) and
mountain glaciers. Further, the contribution from anthropogenic impacts on land water, which were not
included in AR4, also adds to the overall increase in projected sea-level rise (IPCC 2013a). However, IPCC
results for sea-level projections are still lower than results modeled by some other studies, which were
based largely on semi-empirical relationships (USACE 2014). NOAA notes that there is high confidence
that the global mean sea level will rise at least 20 centimeters (8 inches) and no more than 200
centimeters (78 inches) by 2100 (GCRP 2014 citing Parris et al. 2012). See Section 5.3.3.2, Sea-Level Rise,
for more information.

IPCC ARG further confirms that it is virtually certain that global mean sea level will continue to rise
through 2100. In the year 2100, sea level is likely to rise 28 to 55 centimeters (11 to 21.7 inches) under
the SSP1-1.9 emissions scenario and 63 to 102 centimeters (24.8 to 40.2 inches) centimeters for the
SSP5-8.5 emissions scenario. Higher amounts of global mean sea-level rise before 2100 could be caused
by earlier than projected disintegration of the marine ice shelves (IPCC 2021a).

Table 5.4.2-3 lists the impacts of the Proposed Action and alternatives on sea-level rise under the
GCAMReference scenario and Table 5.4.2-4 lists the impacts under the SSP3-7.0 scenario. This analysis
under the GCAMReference scenario shows sea-level rise in 2100 ranging from 76.28 centimeters (30.03
inches) under the No Action Alternative to between 76.22 centimeters (30.01 inches) under Alternative
3 and 76.26 centimeters (30.02 inches) under Alternative 1. This represents a maximum reduction of
0.07 centimeter (0.03 inch) by 2100 under Alternative 3 compared to the No Action Alternative.
Alternative 2.5, the Preferred Alternative, would lead to sea-level rise of 76.23 centimeters (30.01
inches) in 2100, or a reduction of 0.05 centimeter (0.020 inch) compared to the No Action Alternative.
Analysis under the SSP3-7.0 scenario shows sea-level rise in 2100 ranging from 78.53 centimeters (30.92
inches) under the No Action Alternative to between 78.43 centimeters (30.88 inches) under Alternative
3 and 78.51 centimeters (30.91 inches) under Alternative 1. This represents a maximum reduction of
0.10 centimeter (0.04 inch) by 2100 under Alternative 3 compared to the No Action Alternative.
Projected sea-level rise under Alternative 2.5 in 2100 would be 78.45 centimeters (30.89 inches), or a
reduction of 0.07 centimeter (0.028 inch) compared to the No Action Alternative.

Precipitation

In some areas, the increase in energy available to the hydrologic cycle is expected to increase
precipitation. Increases in precipitation result from higher temperatures causing more water
evaporation, which causes more water vapor to be available for precipitation (EPA 2009). Increased
evaporation leads to increased precipitation in areas where surface water is sufficient, such as over
oceans and lakes. In drier areas, increased evaporation can actually accelerate surface drying (EPA
2009). Overall, according to the IPCC (IPCC 2013a, 2021a), global mean precipitation is expected to
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increase under all climate scenarios. However, spatial and seasonal variations will be considerable.
Generally, precipitation increases are very likely to occur in high latitudes, and decreases are likely to
occur in the subtropics (EPA 2009).

MAGICC does not directly simulate changes in precipitation, and NHTSA has not undertaken
precipitation modeling with a full AOGCM (further explained in Chapter 8, Cumulative Impacts).
However, the IPCC (IPCC 2013a, 2021a) summary of precipitation represents the most thoroughly
reviewed, credible means of producing an assessment of this highly uncertain factor. NHTSA expects
that the Proposed Action and alternatives would reduce anticipated changes in precipitation (i.e., in a
reference case with no GHG emissions reduction policies) in proportion to the impacts of the
alternatives on temperature.

The global mean change in precipitation provided by IPCC for the RCP and SSP emissions scenarios (IPCC
2013a, 2021a) is given as the scaled change in precipitation (expressed as a percentage change from
1980 to 1999 averages for RCP emissions scenarios and from 1995 to 2014 averages for SSP emissions
scenarios) divided by the increase in global mean surface warming for the same period (per °C), as
shown in Table 5.4.2-6 and Table 5.4.2-7. IPCC provides average scaling factors in the year range of 2006
to 2100. NHTSA used the scaling factors for the RCP6.0 scenario (which has an ERF in 2100 of 6 W/m?,
similar to the GCAMReference scenario’s ERF of 7 W/m?) in the analysis of RCP emissions scenarios
because MAGICC does not directly estimate changes in global mean precipitation. Similarly, in the
analysis of SSP emissions scenarios, NHTSA used the scaling factor for the SSP3-7.0 scenario as it also
yields an ERF of approximately 7.0 W/m? in the year 2100, making it a good comparison to
GCAMReference. Table 5.4.2-7 describes the mean change in precipitation for each SSP emissions
scenario, ranging from an increase of 1.83 percent per °C (SSP5-8.5) to 3.05 percent per °C (SSP1-2.6).

Table 5.4.2-6. Rates of Global Mean Precipitation Increase over the 21% Century, per Representative
Concentration Pathways Emissions Scenario

Scenario Percent per °C
RCP8.5 1.58
RCP6.0 1.68
RCP4.5 1.96
RCP2.6 2.39

Source: IPCC 2013b: Figure 12-7
°C = degrees Celsius

Table 5.4.2-7. Rates of Global Mean Precipitation Increase over the 21% Century, per Shared
Socioeconomic Pathways Emissions Scenario

Scenario Percent per °C**
SSP5-8.5 1.83
SSP3-7.0 1.71
SSP2-4.5 2.16
SSP1-2.6 3.05

Notes:

3Global percent precipitation anomalies are calculated relative to model averages
over 1995 through 2014 for 2081 through 2100 from Table 4.3 in IPCC 2021a.
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bPercent per °C is calculated using average changes in global annual surface
temperature presented in Table 5.4.2-2 scaled to the new reference time period of
1995 through 2014 by subtracting 0.85°C (IPCC 2021a).

°C = degrees Celsius

Applying these scaling factors to the reductions in global mean surface warming provides estimates of
changes in global mean precipitation. The Proposed Action and alternatives are projected to decrease
temperature rise and predicted increases in precipitation slightly compared to the No Action Alternative,
as shown in Table 5.4.2-8 (GCAMReference scenario) and Table 5.4.2-9 (SSP3-7.0 scenario)(based on the
scaling factor from the RCP6.0 and SSP3-7.0 scenarios respectively).

Table 5.4.2-8. Global Mean Precipitation (Percent Increase) Based on GCAMReference Scenario Using
Increases in Global Mean Surface Temperature Simulated by MAGICC, by Alternative?

Scenario 2040 ‘ 2060 2100
Global Mean Precipitation Change (scaling factor, % change 1.68%

in precipitation per °C change in temperature)

Global Temperature Above Average 1986—2005 Levels (°C) for the GCAMReference Scenario by Alternative
Alt. 0 (No Action) 1.287 2.008 3.484
Alt. 1 1.287 2.008 3.483
Alt. 2 1.287 2.007 3.482
Alt. 2.5 1.287 2.007 3.481
Alt. 3 1.287 2.006 3.481
Reductions in Global Temperature (°C) by Alternative, (Compared to the No Action Alternative) ®

Alt. 1 0.000 0.001 0.001
Alt. 2 0.000 0.001 0.002
Alt. 2.5 0.000 0.001 0.003
Alt. 3 0.001 0.002 0.003
Global Mean Precipitation Increase by Alternative (%)

Alt. 0 (No Action) 2.16% 3.37% 5.85%
Alt. 1 2.16% 3.37% 5.85%
Alt. 2 2.16% 3.37% 5.85%
Alt. 2.5 2.16% 3.37% 5.85%
Alt. 3 2.16% 3.37% 5.85%
Reductions in Global Mean Precipitation Increase by Alternative (% Compared to the No Action Alternative)
Alt. 1 0.00% 0.00% 0.00%
Alt. 2 0.00% 0.00% 0.00%
Alt. 2.5 0.00% 0.00% 0.00%
Alt. 3 0.00% 0.00% 0.01%
Notes:

2 The numbers in this table have been rounded for presentation purposes. As a result, the reductions might not reflect the exact

difference of the values in all cases.

b Precipitation changes reported as 0.000 are more than zero but less than 0.001.
¢ The decrease in precipitation is less than 0.005%, and thus is rounded to 0.00%.

GCAM = Global Change Assessment Model; MAGICC = Model for the Assessment of Greenhouse-gas Induced Climate Change;

°C = degrees Celsius
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Table 5.4.2-9. Global Mean Precipitation (Percent Increase) Based on SSP3-7.0 Scenario Using
Increases in Global Mean Surface Temperature Simulated by MAGICC, by Alternative®

Scenario 2040 2060 2100
Global Mean Precipitation Change (scaling factor, % change 1.71%

in precipitation per °C change in temperature)

Global Temperature Above Average 1986-2005 Levels (°C) for the SSP3-7.0 Scenario by Alternative

Alt. 0 (No Action) 1.324 2.068 3.564
Alt. 1 1.324 2.068 3.562
Alt. 2 1.323 2.067 3.561
Alt. 2.5 1.323 2.066 3.560
Alt. 3 1.322 2.066 3.559
Reductions in Global Temperature (°C) by Alternative (Compared to the No Action Alternative)®

Alt. 1 0.000 0.001 0.001
Alt. 2 0.001 0.002 0.003
Alt. 2.5 0.001 0.002 0.003
Alt. 3 0.001 0.003 0.004
Global Mean Precipitation Increase by Alternative (%)

Alt. 0 (No Action) 2.26% 3.54% 6.09%
Alt. 1 2.26% 3.54% 6.09%
Alt. 2 2.26% 3.53% 6.09%
Alt. 2.5 2.26% 3.53% 6.09%
Alt. 3 2.26% 3.53% 6.09%
Reductions in Global Mean Precipitation Increase by Alternative (% Compared to the No Action Alternative)
Alt. 1 0.00% 0.00% 0.00%
Alt. 2 0.00% 0.00% 0.00%
Alt. 2.5 0.00% 0.00% 0.01%
Alt. 3 0.00% 0.00% 0.01%
Notes:

3 The numbers in this table have been rounded for presentation purposes. As a result, the increases might not reflect the exact
difference of the values in all cases.

b Precipitation changes reported as 0.000 are more than zero but less than 0.001.

¢ The increase in precipitation is less than 0.005%, and thus is rounded to 0.00%.

SSP = Shared Socioeconomic Pathway; MAGICC = Model for the Assessment of Greenhouse-gas Induced Climate Change; °C = degrees
Celsius

In addition to changes in mean annual precipitation, climate change is anticipated to affect the intensity
of precipitation.*® Regional variations and changes in the intensity of precipitation cannot be further
quantified, primarily due to the lack of available AOGCMs required to estimate these changes. These

46 As described in Meehl et al. 2007, the “intensity of precipitation events is projected to increase, particularly in tropical and
high latitude areas that experience increases in mean precipitation. Even in areas where mean precipitation decreases (most
subtropical and mid-latitude regions), precipitation intensity is projected to increase but periods between rainfall events would
be longer. The mid-continental areas tend to dry during summer, indicating a greater risk of droughts in those regions.
Precipitation extremes increase more than the mean in most tropical and mid- and high-latitude areas.”
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models typically are used to provide results among scenarios with very large changes in emissions, such
as the selection of the RCP and SSP scenarios; very small changes in emissions profiles (such as those
resulting from the Proposed Action and alternatives) would produce results that would be difficult to
resolve among scenarios. In addition, the multiple AOGCMs produce results regionally consistent in
some cases but inconsistent in others.

Quantifying the changes in regional climate under the Proposed Action and alternatives is not possible
at this time, but the action alternatives would be expected to reduce the relative precipitation changes
in proportion to the reduction in global mean surface temperature rise. To provide context on how the
projected changes in precipitation from the MAGICC modeling may differentially affect geographic

regions, Table 5.4.2-10 summarizes, in qualitative terms, the regional changes in precipitation from the

IPCC AR6 from the present day through 2100.

Table 5.4.2-10. Regional Changes to Precipitation in the Year 2100 Compared to Current Conditions,
Summarized from the IPCC Sixth Assessment Report

Land Area

Subregion

Precipitation

Snow Season and Snow
Depth

Africa

Northern Africa and
Northern Sahara

High confidence in decreases in mean
annual precipitation ®

Eastern Africa

Likely increase in mean annual
precipitation over the Ethiopian
Highlands

Medium confidence of drying in
western portions and wettening in
eastern portions

Central Africa

High confidence that the intensity of
extreme precipitation will increase ©

Southern Africa

Medium to high confidence in
decreases in mean annual
precipitation beginning mid-century ®

Western Africa

Medium confidence of drying in
western portions and wettening in
eastern portions

High confidence that the intensity of
extreme precipitation will increase ©

Mediterranean

Northern Europe

High confidence of increase in annual

High confidence in

and Europe precipitation ° decrease of snow cover
High confidence in extreme extent and seasonal
precipitation increase duration
Central Europe High confidence in extreme
precipitation increase
Southern Europe and High confidence of decrease in
Mediterranean annual precipitation ©
Asia Central Asia High confidence of increase in annual | High confidence of

precipitation

Northern Asia

High confidence of increase in annual
precipitation by mid-century ®

decrease in snow
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Land Area

Subregion

Precipitation

Snow Season and Snow
Depth

Eastern Asia

High confidence of increase in annual
precipitation

West Asia Medium confidence of precipitation High confidence of
decreasing in summer and increasing | decrease in snow
in winter

South Asia High confidence of increase in annual | High confidence of

precipitation

decrease in snow

Southeast Asia

Medium confidence of increase in
annual precipitation

High confidence of decrease in
precipitation in Indonesia

North America

Northern
regions/Northern
North America

High confidence of increase in
precipitation by end-of-century ¢,
higher confidence of increase in
northern regions and lower
confidence toward south

High to medium
confidence in decrease of
snow season length and
snow depth ¢

Snow may increase in
some high elevations and
during the cold season
and decrease in other
seasons and at lower
elevations

Southwest

Increasing precipitation in northern
regions and decreasing toward south

High confidence in
decrease of snow season
length and snow depth ®

Northeast USA

High confidence of increase in
precipitation by end of century,
higher confidence in increase in
northern regions and lower
confidence toward south

High confidence in
decrease of snow season
length and snow depth ®
Snow may increase in
some high elevations and
during the cold season
and decrease in other
seasons and at lower
elevations

Central and
South America

Southern Central
America

Medium confidence of decrease in
precipitation

Southeastern South
America

High confidence of increase in
precipitation

Northern South
America

Medium confidence of decrease in
precipitation

Southwestern South
America

High confidence of decrease in
precipitation

Northeastern South
America

High confidence of decrease in
precipitation

5-60



Chapter 5 Greenhouse Gas Emissions and Climate Change

Land Area Subregion

Precipitation

Snow Season and Snow
Depth

Australia and
New Zealand

Southern Australia

Medium confidence of decrease in
precipitation ©

High confidence of
decrease in snow

Southwestern Australia

High confidence of decrease in
precipitation

New Zealand

Medium confidence of decrease in
precipitation in north and east and
increase in south and west

High confidence of
decrease in Glacier
volume, medium
confidence of decrease in
snow

Polar Regions Arctic

High confidence of increase in
precipitation

High confidence of
decrease in snow

Snow may increase in
some high elevations and
during the cold season
and decrease in other
seasons and at lower
elevations

Antarctic

High confidence of increase in
precipitation

Medium confidence of
decrease in snow

Snow may increase in
some high elevations and
during the cold season
and decrease in other
seasons and at lower
elevations

Small Islands

High confidence in precipitation
decrease in the Caribbean region,
Low confidence in decrease in
eastern Pacific and southern Pacific
subtropics and increase in parts of
western and equatorial Pacific

Notes:

Information is omitted from the table where no data was available from IPCC AR®6.
Regional changes are provided for end-of-century compared to today’s baseline, unless otherwise noted. Future modeled
change can vary depending on a number of factors such as the concentration pathways used to drive the climate models (e.g.,
the amount of CO, emitted each year around the globe). The following superscripts were used to distinguish the various
concentration pathways associated with specific findings:

2 Already emerged in the historical time period

b Emerging by 2050 at least in scenarios RCP8.5/SSP5-8.5 with medium to high confidence
¢ Emerging after 2050 and by 2100 at least in scenarios RCP8.5/SSP5-8.5 with medium to high confidence

4 RCP2.6
¢ RCP8.5
Source: IPCC 2021
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Ocean pH

Table 5.4.2-3 shows the projected increase of ocean pH under each action alternative compared to the
No Action Alternative under the GCAMReference scenario. Ocean pH under the alternatives ranges from
8.2176 under the No Action Alternative to 8.2180 under Alternative 3, for a maximum increase in pH of
0.0004 by 2100. Table 5.4.2-4 shows the projected increase of ocean pH under each action alternative
compared to the No Action Alternative under the SSP3-7.0 scenario. Ocean pH under the alternatives
ranges from 8.2119 under the No Action Alternative to 8.2123 under Alternative 3, for a maximum
increase in pH of 0.0004 by 2100.

5.4.2.3 Climate Sensitivity Variations

Using the methods described in Section 5.3.3.6, Sensitivity Analysis, NHTSA examined the sensitivity of
projected climate impacts on key technical or scientific assumptions used in the analysis. This
examination included modeling the impact of various climate sensitivities on the climate effects under
the No Action Alternative using the GCAMReference and SSP3-7.0 scenarios.

Table 5.4.2-11 lists the results from the sensitivity analysis under the GCAMReference scenario while
Table 5.4.2-12 details the sensitivity results for the SSP3-7.0 scenario, both of which included climate
sensitivities of 1.5°C, 2.0°C, 2.5°C, 3.0°C, 4.5°C, and 6.0°C (2.7°F, 3.6°F, 4.5°F, 5.4°F, 8.1°F, and 10.8°F) for
a doubling of CO, compared to preindustrial atmospheric concentrations (278 ppm CO;) (Section 5.3.3.6,
Sensitivity Analysis).

Table 5.4.2-11. Carbon Dioxide Concentrations, Global Mean Surface Temperature Increases, Sea-
Level Rise, and Ocean pH for Varying Climate Sensitivities for Selected Alternatives>—GCAMReference

Sea Level
Climate Global Mean Surface Rise Ocean
Sensitivity CO, Concentration (ppm) | Temperature Increase (°C)® | (cm)® pH

Alternative (°Cfor2xCO;) | 2040 2060 2100 2040 2060 2100 2100 2100
Alt. 0 (No 15 469.61 | 546.10 | 737.48 | 0.741 1.128 1.890 41.05 8.2445
Action) 2.0 473.09 | 553.09 | 755.49 | 0.941 1.446 2.451 52.74 8.2350
2.5 476.22 | 559.52 | 772.69 | 1.123 1.738 2.981 64.52 8.2260
3.0 479.04 | 565.44 | 789.11 1.287 2.008 3.484 76.28 8.2176
4.5 486.00 | 580.62 | 834.28 | 1.699 | 2.707 | 4.868 110.93 | 8.1952
6.0 491.34 | 592.87 | 874.88 | 2.020 3.279 6.171 144.70 | 8.1759
Alt. 1 15 469.57 | 545.97 | 737.20 | 0.741 1.128 1.889 41.03 8.2447
2.0 473.05 | 552.96 | 755.19 | 0.941 1.445 2.450 52.73 8.2351
2.5 476.17 | 559.39 | 772.39 | 1.122 1.738 2.980 64.50 8.2261
3.0 478.99 | 565.31 | 788.80 | 1.287 2.008 3.483 76.26 8.2177
4.5 485.95 | 580.49 | 833.94 | 1.699 2.706 4.866 110.89 | 8.1954
6.0 491.30 | 592.74 | 874.51 2.019 3.278 6.169 144.64 8.1761
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Sea Level
Climate Global Mean Surface Rise Ocean
Sensitivity CO, Concentration (ppm) | Temperature Increase (°C)® | (cm)® pH
Alternative (°Cfor2xCO;) | 2040 2060 2100 2040 2060 2100 2100 2100
Alt. 3 1.5 469.49 | 545.76 | 736.76 | 0.740 1.127 1.888 41.01 8.2449
2.0 472.98 | 552.75 | 754.75 0.941 1.444 2.449 52.70 8.2353
25 476.10 | 559.18 | 771.93 | 1.122 1.737 2.978 64.47 8.2264
3.0 478.92 | 565.10 | 788.33 | 1.287 | 2.006 3.481 76.22 8.2180
4.5 485.88 | 580.27 | 833.45 | 1.698 | 2.705 | 4.864 110.83 | 8.1956
6.0 491.22 | 592.51 | 874.00 | 2.019 3.277 6.165 144.55 | 8.1763
Reductions Under Alternative 1 Compared to No Action Alternative
Alt. 1 1.5 0.04 0.13 0.29 0.000 | 0.000 | 0.001 0.01 -0.0002
2.0 0.04 0.13 0.29 0.000 | 0.001 | 0.001 0.02 -0.0002
2.5 0.04 0.13 0.30 0.000 | 0.001 | 0.001 0.02 -0.0002
3.0 0.04 0.13 0.31 0.000 | 0.001 | 0.001 0.03 -0.0002
4.5 0.04 0.13 0.34 0.000 | 0.001 | 0.002 0.04 -0.0002
6.0 0.04 0.14 0.37 0.000 | 0.001 | 0.003 0.06 -0.0002
Reductions Under Alternative 3 Compared to No Action Alternative
Alt. 3 1.5 0.12 0.33 0.72 0.000 | 0.001 | 0.002 0.03 -0.0004
2.0 0.12 0.34 0.74 0.000 | 0.001 | 0.002 0.04 -0.0004
2.5 0.12 0.34 0.76 0.000 | 0.002 | 0.003 0.05 -0.0004
3.0 0.12 0.34 0.78 0.001 | 0.002 | 0.003 0.07 -0.0004
4.5 0.12 0.35 0.82 0.001 | 0.002 | 0.005 0.10 -0.0004
6.0 0.12 0.36 0.88 0.001 | 0.003 0.006 0.15 -0.0004

Notes:

2The numbers in this table have been rounded for presentation purposes. As a result, the reductions do not reflect the exact
difference of the values.

bThe values for global mean surface temperature and sea-level rise are relative to the average of the years 1986 through 2005.
ppm = parts per million; °C = degrees Celsius; CO, = carbon dioxide; cm = centimeters

Table 5.4.2-12. Carbon Dioxide Concentrations, Global Mean Surface Temperature Increases, Sea-
Level Rise, and Ocean pH for Varying Climate Sensitivities for Selected Alternatives®—SSP3-7.0

Global Mean Surface
Climate CO; Concentration Temperatouri Increase Sfea Level
Sensitivity (ppm) (°C) Rise (cm)© Ocean pH

Alternative (°Cfor2xCO;) | 2040 | 2060 | 2100 | 2040 | 2060 | 2100 2100 2100
Alt. 0 (No 1.5 478.50 | 557.44 | 746.90 | 0.764 | 1.164 | 1.934 42.07 8.2395
Action) 2.0 482.04 | 564.64 | 765.59 | 0.970 | 1.491 | 2.508 54.17 8.2297

2.5 485.22 | 571.24 | 783.41 | 1.155 | 1.791 | 3.050 66.36 8.2205

3.0 488.08 | 577.31 | 800.39 | 1.324 | 2.068 | 3.564 78.53 8.2119

4.5 495.12 | 592.82 | 847.00 | 1.743 | 2.784 | 4.976 114.38 8.1891

6.0 500.49 | 605.26 | 888.66 | 2.070 | 3.369 | 6.297 149.24 8.1696
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Global Mean Surface
Climate CO, Concentration Temperatyreb Increase S.ea Levelc
Sensitivity (ppm) (°C) Rise (cm) Ocean pH
Alternative (°Cfor2xCO;) | 2040 | 2060 | 2100 | 2040 | 2060 | 2100 2100 2100
Alt. 1 1.5 478.46 | 557.32 | 746.61 | 0.764 | 1.163 | 1.933 42.06 8.2396
2.0 482.00 | 564.52 | 765.29 | 0.970 | 1.490 | 2.507 54.15 8.2298
2.5 485.18 | 571.12 | 783.11 | 1.155 | 1.791 | 3.049 66.34 8.2206
3.0 488.04 | 577.18 | 800.09 | 1.324 | 2.068 | 3.562 78.51 8.2120
4.5 495.08 | 592.69 | 846.70 | 1.744 | 2.784 | 4.974 114.35 8.1892
6.0 500.45 | 605.13 | 888.28 | 2.070 | 3.369 | 6.294 149.20 8.1697
Alt. 3 1.5 478.39 | 557.10 | 746.16 | 0.763 | 1.162 | 1.932 42.02 8.2399
2.0 481.93 | 564.29 | 764.82 | 0.969 | 1.489 | 2.505 54.11 8.2301
2.5 485.10|570.89 | 782.61 | 1.154 | 1.789 | 3.046 66.28 8.2209
3.0 487.96 | 576.95 | 799.57 | 1.322 | 2.066 | 3.559 78.43 8.2123
4.5 495.00 | 592.44 | 846.10 | 1.742 | 2.781 | 4.970 114.22 8.1895
6.0 500.38 | 604.87 | 887.67 | 2.068 | 3.365 | 6.288 149.03 8.1700
Reductions Under Alternative 1 Compared to the No Action Alternative
Alt. 1 1.5 0.04 0.13 0.28 0.000 | 0.000 | 0.001 0.01 -0.0002
2.0 0.04 0.13 0.29 | 0.000 | 0.000 | 0.001 0.01 -0.0002
2.5 0.04 0.13 0.30 0.000 | 0.000 | 0.001 0.02 -0.0002
3.0 0.04 0.13 0.30 0.000 | 0.001 | 0.001 0.02 -0.0002
4.5 0.04 0.13 0.30 | 0.000 | 0.001 | 0.002 0.03 -0.0001
6.0 0.04 0.13 0.37 0.000 | 0.001 | 0.002 0.04 -0.0002
Reductions Under Alternative 3 Compared to the No Action Alternative
Alt. 3 1.5 0.12 0.34 0.74 0.001 | 0.002 | 0.002 0.04 -0.0004
2.0 0.12 0.35 0.77 | 0.001 | 0.002 | 0.003 0.06 -0.0004
2.5 0.12 0.36 0.79 0.001 | 0.002 | 0.004 0.08 -0.0004
3.0 0.12 0.36 0.82 0.001 | 0.003 | 0.004 0.10 -0.0004
4.5 0.12 0.37 0.90 0.001 | 0.003 | 0.006 0.15 -0.0004
6.0 0.12 0.38 0.98 | 0.002 | 0.004 | 0.009 0.22 -0.0005

Notes:

2The numbers in this table have been rounded for presentation purposes. As a result, the increases do not reflect the exact difference
of the values.

bThe values for global mean surface temperature and sea-level rise are relative to the average of the years 1986 through 2005.

ppm = parts per million; °C = degrees Celsius; CO, = carbon dioxide; cm = centimeters

As the tables show, varying climate sensitivities (the equilibrium warming that occurs at a doubling of
CO, from preindustrial levels) can affect not only estimated warming, but also estimated sea-level rise,
ocean pH, and atmospheric CO, concentration. This complex set of interactions occurs because both
atmospheric CO; and temperature affect ocean absorption of atmospheric CO,, which reduces ocean
pH. Specifically, higher temperatures result in lower aqueous solubility of CO,, while higher
concentrations of atmospheric CO; lead to more ocean absorption of CO,. Atmospheric CO,
concentrations are affected by the amount of ocean carbon storage. Therefore, as Table 5.4.2-11 and
Table 5.4.2-12 show, projected future atmospheric CO; concentrations differ with varying climate
sensitivities even under the same alternative, despite the fact that CO, emissions are fixed under each
alternative.

5-64



Chapter 5 Greenhouse Gas Emissions and Climate Change

Simulated atmospheric CO, concentrations in 2040, 2060, and 2100 are a function of changes in climate
sensitivity. The small changes in concentration are due primarily to small changes in the aqueous
solubility of CO; in ocean water: slightly warmer air and sea surface temperatures lead to less CO; being
dissolved in the ocean and slightly higher atmospheric concentrations.

The response of simulated global mean surface temperatures under the GCAMReference scenario to
variation in the climate sensitivity parameter varies among the years 2040, 2060, and 2100, as shown in
Table 5.4.2-11. In 2040, the impact of assumed variation in climate sensitivity is low, due primarily to the
limited rate at which the global mean surface temperature increases in response to increases in ERF. In
2100, the impact of variation in climate sensitivity is magnified by the larger change in emissions. The
increase in 2100 global mean surface temperature from the No Action Alternative to Alternative 3
ranges from 0.002°C (0.004°F) for the 1.5°C (2.7°F) climate sensitivity to 0.006°C (0.011°F) for the 6.0°C
(10.8°F) climate sensitivity.

The sensitivity of the simulated sea-level rise under the GCAMReference scenario to change in climate
sensitivity and global GHG emissions mirrors that of global temperature, as shown in Table 5.4.2-11.
Scenarios with lower climate sensitivities show generally smaller increases in sea-level rise; at the same
time, sea-level rise is lower under the Proposed Action and alternatives compared to the No Action
Alternative. Conversely, scenarios with higher climate sensitivities have higher projected sea-level rise;
again, however, sea-level rise is lower under the Proposed Action and alternatives compared to the No
Action Alternative. The range in reductions of sea-level rise under Alternative 3 compared to the No
Action Alternative is 0.03 to 0.15 centimeter (0.016 to 0.059 inch), depending on the assumed climate
sensitivity.

The response of simulated global mean surface temperatures under the SSP3-7.0 scenario to variation in
the climate sensitivity parameter similarly varies among the years 2040, 2060, and 2100, as shown in
Table 5.4.2-12. The increase in 2100 global mean surface temperature from the No Action Alternative to
Alternative 3 ranges from 0.002°C (0.004°F) for the 1.5°C (2.7°F) climate sensitivity to 0.009°C (0.016°F)
for the 6.0°C (10.8°F) climate sensitivity.

The sensitivity of the simulated sea-level rise under the SSP3-7.0 scenario to change in climate sensitivity
and global GHG emissions mirrors that of global temperature and follows the same pattern under the
SSP3-7.0 scenario as it does under the GCAMReference scenario. The reductions of sea-level rise under
Alternative 3 compared to the No Action Alternative ranges from 0.04 to 0.22 centimeter (0.016 to
0.087 inch), depending on the assumed climate sensitivity.
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CHAPTER 6 LIFE-CYCLE ASSESSMENT IMPLICATIONS OF
VEHICLE ENERGY, MATERIALS, AND
TECHNOLOGIES

6.1 Introduction

The International Organization for Standardization (ISO) defines a life-cycle assessment (LCA) as the
“compilation and evaluation of the input, output, and potential environmental impact of a product
system throughout its life cycle” (1ISO 2006). Like any product, a vehicle’s life-cycle impacts do not accrue
exclusively during the time it spends in use (i.e., they are not limited to engine exhaust emissions and
evaporative emissions during vehicle operation). Each phase of a vehicle’s life cycle, including
production of fuel for vehicle use and sourcing of material inputs, contributes to greenhouse gas (GHG)
emissions, energy use, and other environmental impacts.

The vehicle life cycle includes three main phases: (1) the upstream phase including production of fuel for
vehicle use, raw material extraction and production of vehicle inputs, and the vehicle manufacture; (2)
the use phase of vehicle operation, including fuel combustion and/or electricity use and vehicle
maintenance; and (3) the downstream phase of recycling or disposal of the vehicle and vehicle parts.
These are discussed further in Section 6.1.1, Life-Cycle Assessment for Vehicles.

Life-cycle considerations are already included in other analyses in this SEIS. For example, air quality and
climate impacts reported in Chapter 4, Air Quality, and Chapter 5, Greenhouse Gas Emissions and
Climate Change, include upstream emissions from the following sources:

e Feedstock extraction.

e The use, leakage, spillage, flaring, and evaporation of fuels during feedstock production (e.g., crude
oil or natural gas).

e Feedstock transportation (to refineries or processing plants).
e Fuel refining and processing (into gasoline, diesel, dry natural gas, and natural gas liquids).
o Refined product transportation (from bulk terminals to retail outlets).

e  Electricity generation.

These upstream emissions account for around 20 percent of total GHG emissions from internal
combustion engine (ICE) passenger car and light truck use based on literature reviewed. Air quality and
climate impacts reported in Chapter 4, Air Quality, and Chapter 5, Greenhouse Gas Emissions and
Climate Change, however, include only emissions associated with the vehicle fuel life cycle. Therefore,
Chapters 4 and 5 do not include any estimated life-cycle impacts associated with passenger car and light
truck materials or technologies that might be applied to improve fuel efficiency, including emissions
related to vehicle manufacturing.

A complete LCA of the impacts of this rulemaking, which is beyond the scope of this SEIS, would require
extensive data collection on many variables that are highly uncertain, such as the following variables:

e The future response of passenger car and light truck manufacturers to the MY 2024-2026 fuel
economy standards.
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e The specific design of multiple fuel efficiency technologies and their manufacturing processes,
application to vehicles, and disposal after use.

e Interactions between applications of multiple fuel savings technologies.
e Regional fuel sourcing projections.

e Primary data on the variety of vehicle types, manufacturers, and uses expected in the future,
including unprecedented detail regarding specific vehicle componentry, materials, and supply chain
and manufacturing processes.

The Proposed Action and alternatives are based on performance and do not mandate the adoption of
specific technologies. As a result, NHTSA does not know precisely how manufacturers will choose from a
suite of available technologies to meet the standards. In addition, manufacturing and disposal processes
may change over time and are beyond the scope of NHTSA’s capabilities to predict and effectively
analyze. Because the information necessary to quantitatively differentiate between the alternatives in
this chapter is too extensive and unknowable, the intent of this chapter instead is to understand the life-
cycle implications of energy production, material substitution, and fuel efficiency technologies for
passenger cars and light trucks. This information is helpful to the decision-maker in understanding the
potential life-cycle impacts of manufacturer responses to different levels of stringency based on
forecasts of materials and technologies manufacturers could employ to meet the various levels of CAFE
standards. Therefore, this chapter focuses on existing credible scientific information to evaluate the
most significant environmental impacts from some of the fuels, materials, and technologies that may be
used to comply with the Proposed Action and alternatives. This chapter also discusses the extent to
which the Proposed Action and alternatives could result in significant life-cycle GHG emissions and
energy benefits, based on the different technology penetration rates projected by NHTSA’s CAFE Model
across alternatives.

The literature synthesis in this chapter is divided into the following sections:

e Section 6.1, Introduction, provides background on applying LCA methods to passenger cars and light
trucks.

e Section 6.2, Energy Sources, examines LCA impacts associated with the different types of fuels used
by passenger cars and light trucks.

e Section 6.3, Vehicle Technologies that Affect Vehicle Life-Cycle Emissions, examines LCA impacts
associated with passenger car and light truck materials and technologies.

e Section 6.4, Conclusions, presents conclusions from this research synthesis.

This chapter does not attempt to provide a comprehensive review of all LCA studies related to passenger
cars and light trucks. Rather, it focuses on recent studies that provide more background on fuel use and
upstream emissions already incorporated in the analyses in Chapters 3, 4, and 5, as well as the material
and technology life-cycle impacts not reflected in the analyses in those chapters. This literature
synthesis supplements the quantitative analysis of the Proposed Action and alternatives reported in
Chapters 3, 4, and 5.

6.1.1 Life-Cycle Assessment for Vehicles
Activities at each phase of a vehicle’s life cycle contribute to GHG emissions, energy use, and other

environmental impacts. For example, mining and transporting ore requires energy (usually in the form
of fossil fuels), as does transforming ore into metal, shaping the metal into parts, assembling the vehicle,

6-2



Chapter 6 Life-Cycle Assessment Implications of Vehicle Energy, Materials, and Technologies

driving and maintaining the vehicle, and disposing of and/or recycling the vehicle at the end of its life.
While recycling processes require energy and produce emissions, recycling vehicle components can save
energy and resources and can reduce emissions by displacing the production of virgin materials (e.g.,
ore, bauxite). For example, recycling aluminum requires less than 10 percent of the energy required to
produce aluminum from raw materials (Aluminum Association 2021a). Vehicle LCAs typically evaluate
environmental impacts associated with five primary phases:

e Raw-material extraction. Extraction includes the mining and sourcing of material and fuel inputs.

e Manufacturing. Manufacturing can be identified by phases, such as material and part production
and vehicle assembly.

e Vehicle use. Use typically consists of two phases: the vehicle operations (e.g., fuel supply and
consumption) and maintenance (e.g., part repair or replacement).

e End-of-life management. Steps in this phase can include parts recovery, disassembly, shredding,
recycling, and landfilling.

e Transportation. Materials and product are moved between these various phases.
Figure 6.1.1-1 shows a general example of a light-duty vehicle’s life cycle.

Figure 6.1.1-1. Light-Duty Vehicle Life Cycle
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An LCA study can help identify major sources of environmental impacts throughout a vehicle’s life cycle,
and it can identify opportunities for impact mitigation. LCA is useful for examining and comparing
vehicle technologies and material alternatives. For example, analysts often assess whether certain
materials and technologies save energy over the entire life cycle of vehicles, holding other factors (e.g.,
miles traveled, tons of freight carried, vehicle life) constant. Changes in the material composition of
vehicles could decrease potential emissions during vehicle use but increase them during raw material
extraction and manufacturing (Geyer 2008). Because a high proportion of total emissions occur during
the vehicle’s use, the fuel-saving benefits from improved fuel economy often outweigh the additional
energy investment associated with material changes (Cheah et al. 2009).

While LCA allows users to evaluate the environmental impacts of different vehicle technologies on an
equal basis within a given study, LCAs nonetheless often vary greatly in their scope, design, data sources,
data availability, and assumptions, making it challenging to compare results between studies. In setting
the scope of each study, LCA practitioners decide on the unit of measure, life-cycle boundaries,
environmental impact categories to consider, and other factors that address the defined purpose of the
study. Most studies reviewed for this chapter’s analysis evaluate different classes of passenger cars and
light trucks with different assumptions for vehicle weight, vehicle life, and miles traveled, which
influence the final study results.

In terms of impacts, some studies include those across the entire cradle-to-grave life cycle (i.e., from
resource extraction through end of life), including impacts from extraction of all energy and material
inputs. Others include impacts only from cradle to [factory] gate (i.e., from resource extraction through
manufacturing and assembly, but excluding vehicle use and end of life). Most of the studies evaluate
energy use and climate change impact measured by GHG emissions, but several also include other
environmental impact categories (e.g., acidification, eutrophication, odor and aesthetics, water quality,
landfill space, ozone depletion, particulates, solid and hazardous waste generation, and smog formation).
Data and time often influence the boundaries and impacts included. LCA practitioners decide how to
assign or allocate environmental impacts between the product under study and other products produced
by the system.! For example, scrap material can perform functions after its use in a vehicle. Studies that
consider scrap flows outside the vehicle life-cycle boundary might account for it in the following ways:

e Allocating a portion of the impacts associated with vehicle manufacture or recycling to the scrap
flow.

e Treating scrap as a waste flow and not allocating any impacts to it.

e Expanding the system to include the scrap output flow within the system boundary.

The varying treatment of scrap material and other LCA aspects and assumptions in each study limits the
comparability of the results.

For some of the studies considered in this chapter, the authors used existing models to assess life-cycle
emissions. Other studies addressed life-cycle implications using study-specific models developed from
life-cycle inventory data sources, such as the ecoinvent database.? The most commonly used model in

1150 advises that LCAs avoid allocation by dividing the process into separate production systems or through system expansion,
including the additional coproduct functions (ISO 2006).

2 Life-cycle inventory data is information on the inputs, outputs, and potential environmental impacts of a product or process.
The ecoinvent database, managed by the Swiss Centre for Life Cycle Inventories, is a large source of life-cycle inventory data on
products and processes from different countries around the world, including the United States.
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the surveyed literature is the Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation
(GREET) model, a public-domain model developed at Argonne National Laboratory that allows users to
estimate life-cycle energy and emissions impacts on a full fuel-cycle and vehicle life-cycle basis

(ANL 2021). Argonne National Laboratory developed GREET in 1996 and has updated the model to
reflect recent data, new fuel pathways, and vehicle technologies. GREET uses a process-based approach
wherein the model calculates life-cycle results by modeling the various processes and technologies used
to extract, refine, and distribute fuels, and to manufacture, use, and dispose of vehicles. The upstream
emissions included in the air quality and climate impacts reported in Chapters 4 and 5 are estimates
based on information from GREET.

Because LCAs are highly sensitive to design and input assumptions, their impact results vary. When
comparing and synthesizing studies, this chapter identifies which assumptions influence variability in
studies. The intent is to synthesize the key existing and emerging topics in LCAs of passenger cars and
light trucks, including research challenges and opportunities.

6.1.2 Life-Cycle Assessment Literature

NHTSA identified LCA studies across a range of sources, including academic journals and publications of
industry associations and nongovernmental organizations. Appendix C, Life-Cycle Assessment Studies,
lists all the studies reviewed. The vast majority of studies identified were published within the last 10
years. NHTSA prioritized more recent literature and LCAs specifically focused on passenger car and light
truck technologies, including studies that take into account full fuel life cycles. NHTSA incorporates by
reference the related LCA literature synthesis for passenger cars and light trucks reported in Chapter 6
of the Final Environmental Impact Statement for Corporate Average Fuel Economy Standards, Model
Years 2017-2025 (the MY 2017-2025 CAFE standards Final EIS) (NHTSA 2012), and for medium- and
heavy-duty engines and vehicles reported in Chapter 6 of the Final Environmental Impact Statement for
Phase 2 Fuel Efficiency Standards for Medium- and Heavy-Duty Engines and Vehicles (NHTSA 2016a).
NHTSA included additional studies in this Final SEIS based on comments received on the Draft SEIS.

Passenger cars and light trucks have many variations and combinations of drivetrain, fuel sources, and
other materials/technologies. Passenger car and light truck LCAs commonly include gasoline and diesel
powered conventional vehicles, hybrid-electric vehicles (HEVs), plug-in hybrid electric vehicles (PHEVs),
battery electric vehicles (BEVs), and flex-fuel vehicles. Each vehicle type is potentially capable of
accepting multiple energy or fuel sources in operations. This chapter compares these variations through
common functional units. For any LCAs, the functional unit represents the basis for which all
environmental impacts are quantified to generate results throughout a product’s or process’ lifetime
(ISO 2006). For example, LCA results between vehicle types or life-cycle phases are often communicated
in GHG emissions per unit of distance traveled. In this example, the unit of distance is the functional
unit. In this chapter, functional units vary based on the specific technology examined but are consistent
within specific sections for comparison purposes.

6.2 Energy Sources

In the Annual Energy Outlook (AEO) 2021 (U.S. Energy Information Administration [EIA] 2021a), the
transportation sector accounted for 78.9 percent of total U.S. petroleum consumption in 2020, and
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transportation is expected to account for 76.9 percent of U.S. petroleum use in 2050.% Passenger cars
and light trucks accounted for 55.5 percent of transportation energy consumption in 2020, and they are
expected to account for 48.6 percent of transportation energy consumption in 2050. Despite a 31.2
percent forecasted increase in vehicle miles traveled by passenger cars and light trucks from 2020 to
2050, transportation sector gasoline consumption is projected to decrease by 1.7 percent, largely due to
increased fuel economy.*

According to the AEO 2021, gasoline (including ethanol used in gasoline blending) accounted for 99.2
percent of passenger car and light truck fuel consumption in 2020, and is projected to account for 96.2
percent of consumption in 2050. As illustrated in Table 6.2-1, AEO projects the gasoline share of
passenger car and light truck fuel use to decline slightly as a result of projected growth in electricity and
diesel.’

Table 6.2-1. Energy Consumption for Passenger Cars and Light Trucks for 2020 and 2050

Fuel 2020 (%) 2050 (%)
Gasoline (including ethanol blending) 99.2 96.2
Electricity 0.1 2.8
Diesel 0.4 0.8
E85 0.2 0.2
Other fuels <0.1 0.1

Source: EIA 2021a

The AEO 2021 projections represent hypothetical scenarios based on policies in place at the time of the
AEQ’s publication (early February 2021), market prices, resource constraints, and technologies. Broad
national and international projections are inherently uncertain and will fail to incorporate major events
that generate sudden, unforeseen shifts. Additionally, energy market forecasts are highly uncertain
because it is difficult to predict changes in forces that shape these markets, such as changes in
technology, demographics, and resources. However, these projections offer opportunities to analyze
how different assumptions for variables influence future scenarios (Piotrowski 2016). This section uses
the AEO 2021 reference case as a guide in analyzing the most relevant trends for passenger cars and
light trucks. Note that the AEO reference case does not yet reflect more recent policies that likely will
affect the market for electric vehicles (EVs), such as the current administration’s call for the replacement
of the federal fleet with EVs® and increased investment in the expansion of vehicle charging

3 The Docket for the SEIS includes an Excel workbook that shows how values reported in this chapter reflect separate AEO 2021
tables for Energy Supply and Disposition, Energy Consumption by Sector and Source, and Renewable Consumption by sector
and source (NHTSA-2021-0054-007, file name “Draft SEIS Energy Figures based on 2021 AEO”). The data presented in this
chapter do include electricity losses, again in order to provide supply and demand values that are comparable. The British
thermal unit (Btu) amounts used in electricity generation include electricity losses because those losses are part of the supply
Btus (coal, natural gas, etc.) used to deliver electricity for consumption.

4 The projected reduction in gasoline consumption is lower than projected previously by EIA because of the increase in
estimated vehicle miles traveled.

5 In the CAFE Model, used to estimate the impacts of the alternatives considered in this SEIS, NHTSA relies on different
assumptions than the AEO regarding the cost and application of alternative fuel technologies that ultimately affect projected
alternative fuel use. These CAFE Model inputs are described in detail in Chapter 3 of the Technical Support Document (TSD) that
accompanies NHTSA's final rule and in Section I1.C of the final rule preamble. Differences in outputs from AEO and the CAFE
Model are expected due to these differing assumptions, model design, and purposes of these models.

6 Executive Order 14008, Tackling the Climate Crisis at Home and Abroad, Sec. 205, 86 FR 7619 (Feb. 1, 2021).
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infrastructure.” NHTSA’s CAFE Model projects that the share of total light-duty vehicles running on
electricity only (i.e., dedicated EVs) will increase from 5.7 percent in the No Action Alternative to 11.9
percent in Alternative 3 in 2050.

This section synthesizes life-cycle findings on fuel sources for passenger cars and light trucks in Section
6.2.1, Diesel and Gasoline; Section 6.2.2, Natural Gas; Section 6.2.3, Electricity; Section 6.2.4, Biofuels;
and Section 6.2.5, Hydrogen Fuel Cells. The synthesis of LCA studies related to fuel cells is relatively brief
because the AEO 2021 does not forecast substantial changes in fuel cell use, and this rulemaking is not
expected to have a large impact on the extent of fuel cell use. NHTSA’s CAFE Model shows that fuel cell
use will stay low in future years—at less than 0.01 percent technology penetration rate in all alternatives
in all future model years.

6.2.1 Diesel and Gasoline

Gasoline and diesel represent the largest share of light-duty vehicle fuel consumption, both now (99.6
percent of total fuel consumption in 2020 for diesel and gasoline) and in the future (97.0 percent in
2050) based on the AEO 2021 projections (EIA 2021a). Life-cycle GHG emissions from the extraction,
refining, supply, and combustion of gasoline and diesel generally account for 80 percent of total vehicle
life-cycle emissions, but this can vary based on vehicle type and supply chain characteristics (Hawkins et
al. 2012; Ambrose and Kendall 2016). Although upstream emissions are associated with conventional oil
production and refining, there is less consensus on the LCA impacts of unconventional sources of
petroleum, including shale oil produced by advanced well completion processes involving fracturing
(fracking) and petroleum from oil sands. The methane emissions from upstream petroleum production
and natural gas systems are discussed in Section 6.2.2.1, Methane Emissions from Oil and Natural Gas.

Oil sands, also known as tar sands or bituminous sands, are a mixture of sand and clay saturated with a
viscous form of petroleum (bitumen). The United States imports oil sands products—primarily diluted
bitumen and synthetic crude from Canada (Canadian National Energy Board 2020, 2021). Gasoline and
diesel refined from oil sands can be substituted for gasoline and diesel produced from conventional
sources without any modifications to vehicle equipment or changes in performance. From a life-cycle
perspective, the sole difference occurs upstream in the life cycle during extraction and processing,
resulting in additional GHG emissions and environmental impacts. The rapid rise of U.S. shale oil
production in the years leading up to 2020, declines in crude oil prices, growing availability of low-cost
renewable energy sources, and the cancellation of the permit for and subsequent abandonment by
developers of the Keystone XL pipeline that was intended to bring petroleum from Canadian oil sands to
the U.S. market creates uncertainty in the long-term growth of oil sands production (Findlay 2016; Kirk
2021; TC Energy 2021).

A variety of studies have evaluated the well-to-wheels emissions associated with petroleum from oil
sands and have reached a consensus that oil sands petroleum is more GHG-intensive to produce than
conventional counterparts, because oil sands petroleum requires more energy to extract and process.
Oil sands also contain higher amounts of impurities that require more energy-intensive processing prior
to end use (Lattanzio 2014).

7 The White House, Fact Sheet: Biden Administration Advances Electric Vehicle Charging Infrastructure (Apr. 22, 2021).
Available at: https://www.whitehouse.gov/briefing-room/statements-releases/2021/04/22/fact-sheet-biden-administration-
advances-electric-vehicle-charging-infrastructure/.
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In addition to upstream GHG emissions from extraction and processing, the mining of oil sands affects
land to a higher degree than conventional oil extraction. Surface mining involves land clearance and
extraction of shallow deposits, and in situ recovery involves drilling wells and injecting steam
underground to reduce bitumen viscosity. One study showed that land disturbance in Alberta ranges
from 1.6 to 7.1 hectares per well pad, averaging 3.3 hectares. These impacts are significantly higher than
land disturbance for conventional oil drilling in California, which averages 1.1 hectares per well

(Yeh et al. 2010). Furthermore, land disturbance for oil sands extraction in Alberta has been shown to
affect peat deposits, which results in additional life-cycle GHG emissions regardless of reclamation
efforts. Changes in soil carbon stocks and biomass removal from surface mining emit 3.9 and 0.04 grams
(0.14 and 0.001 ounce) of carbon dioxide equivalent® per megajoule of energy (g CO,e/MJ), respectively,
from in situ extraction of oil sands in Alberta. For comparison, emissions related to soil carbon stock
changes and biomass removal are 50 percent and 5 percent lower, respectively, for crude oil extraction
in Alberta (Yeh et al. 2010).

Additionally, oil sands extraction, production, and transport can present other environmental impacts.
For example, open pit mining of oil sands can lead to water contamination, referred to as oil sands
process-affected water (OSPW). Release of OSPW is not permitted in Alberta and many studies have
attempted to evaluate the toxicity levels of OSPW, identifying the most toxic compounds to be
naphthenic acids and acid-extractable organics (Li et al. 2017). Studies have shown these compounds to
have damaging effects on fish and crustaceans, and a chemical study of an aged OSPW sample (i.e.,
OSPW that had been stored in a constructed pond since 1993) found chloride and copper levels above
Canadian Council of Minister of the Environment and EPA water quality guidelines (Bauer et al. 2019).
Transportation of crude oils extracted from oil sands via pipeline, rail, or barge also can present serious
threats of fire, death, and damage to the environment when incidents of spills occur given the toxic and
flammable qualities of these oil sands-derived crude oils (Walker et al. 2016).° While emissions from
accidents are impactful, they are infrequent and are not usually considered in an LCA (EPA 2006);
however, these risks should be considered when assessing oil sands extraction and production.

Shale oil, commonly called tight oil, represents the other major unconventional oil source. Shale oil
comes from hydraulic fracturing of porous geologic formations containing oil. The specific processes,
equipment, and resources required in hydraulic fracturing operations are discussed in Section 6.2.2.2,
Shale Gas and Hydraulic Fracturing. In 2020, shale oil represented the largest portion of U.S. oil
production (65.8 percent), totaling 7.54 million barrels per day (EIA 2021a).

Argonne National Laboratory’s GREET model provides a snapshot of life-cycle GHG impacts associated
with international and domestic conventional petroleum-based fuel pathways. In the model’s updates in
2015 and 2020, researchers updated the refinery efficiencies and included values for Canadian oil sands
and domestic tight oil from shale based on research at Stanford University and the University of
California, Davis (ANL 2021; Englander and Brandt 2014; Ghandi et al. 2015; Brandt et al. 2015). GREET’s
2021 version uses EIA projections for crude oil supplies to generate a default average (77 percent

8 Carbon dioxide equivalent (COe) is a measure that expresses the relative global warming potential of greenhouse gas
emissions, usually measured over 100 years.

9 ExxonMobil’s “Pegasus Pipeline” that transported heavy crude oil from sands in Alberta ruptured near Mayflower, Arkansas,
in 2013, leading to the evacuation of 62 homes and devastation to the surrounding wildlife. Possibly the worst example of the
risks of heavy crude oil transport is the tragedy in Lac-Megantic, Quebec, when a runaway transport train derailed and led to a
massive fire, leading to 47 deaths in 2013 (Walker et al. 2016).
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conventional, 16 percent shale oil, 7 percent oil sands) for well-to-tank or well-to-wheels gasoline, as
well as enabling the model user to define custom supply profiles. Figure 6.2.1-1 summarizes the LCA
findings for gasoline production from GREET, including a shale oil LCA that focuses on the same Bakken
region assessed in the GREET model (Laurenzi et al. 2016).1°

Figure 6.2.1-1. Well-to-Tank GHG Emissions for Gasoline
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Source: ANL 2021; Laurenzi et al. 2016
GHG = greenhouse gas; g CO,e/MJ = grams of carbon dioxide equivalent per megajoule; GREET = Greenhouse Gases, Regulated
Emissions, and Energy Use in Transportation

Diesel production has similar but slightly lower well-to-tank LCA results than gasoline, but slightly higher
emissions from combustion (Tong et al. 2015). Figure 6.2.1-2 shows the variations in diesel emissions
from GREET modeling results. The lower well-to-tank results are primarily driven by slightly less overall
energy use in diesel refining operations, based on GREET’s 2021 simulation of refining processes.

10 aurenzi et al. 2016 uses IPCC Sth National Climate Assessment (NCA) (AR5) global warming potential factors, while GREET
uses 4th NCA (AR4) values. However, those factors have little impact on results, as the CO; global warming potential is constant
and CO; accounts for the vast majority of well-to-tank GHG emissions.
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Figure 6.2.1-2. Well-to-Tank Greenhouse Gas Emissions for Diesel
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Source: ANL 2021
GHG = greenhouse gas; g CO,e/MJ = grams of carbon dioxide equivalent per megajoule; GREET = Greenhouse Gases, Regulated
Emissions, and Energy Use in Transportation

The boundaries for the previous two figures are limited to well-to-tank emissions, which is common in
LCA literature on transportation fuels. Table 6.2.1-1 presents the carbon dioxide (CO,), methane, and
nitrous oxide emissions from tank-to-wheels (i.e., vehicle operations) for gasoline and diesel fuels.

Table 6.2.1-1. Estimated Diesel and Gasoline Tank-to-Wheel Emissions (g CO.e/MJ)

Fuel Carbon Dioxide Methane? Nitrous Oxide? COe Totals

Diesel 74.9 0 <0.001 75.0

Gasoline 72.7 0.003 0.001 73.0
Notes:

@ The values are calculated using AR5 global warming potential factors.
Source: ANL 2021
g CO,e/MJ = grams of carbon dioxide equivalent per megajoule; CO,e = carbon dioxide equivalent

The use of unconventional oil is expected to grow as extraction costs decline through drilling efficiency
improvements (EIA 2016b). Because extraction of unconventional sources of oil results in higher GHG
emissions per unit of energy, their increased use could lead to higher upstream GHG emissions for
diesel- and gasoline-powered vehicles. However, more stringent CAFE standards and increased market
penetration of EVs could reduce the market for these unconventional fuels used for vehicles (ANL 2021;
EIA 2021a). This could represent an even greater emissions reduction if the share of unconventional oil
fuels in the vehicle fuel mix increases. The market share of unconventional petroleum varies by region,
which creates further uncertainty when trying to calculate avoided emissions from using EVs (EPA
2021g).
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6.2.2 Natural Gas

Natural gas can be used in vehicles in compressed or liquid forms. It is also a fuel used for electricity
generation that in turn can power EVs. In 2020, natural gas represented 0.02 percent of the total fuel
supplied for direct use in passenger cars and light trucks. This share is projected to remain steady
through 2050 (EIA 2021a).2! However, natural gas has recently become a significantly larger portion of
U.S. electricity generation—reaching 40.3 percent in 2020. That share is projected to decrease to 35.8
percent of generation capacity by 2050, even though the overall amount of electricity generated from
natural gas is projected to increase by 19.4 percent in the same time period. The decline in the natural
gas share of electricity generation is due to the anticipated growth in electricity generation from
renewable sources. EV sales are expected to increase in the future compared to current levels (final rule
preamble, Tables V-19 through V-36), and electricity is projected to be the largest source of non-
gasoline light-duty vehicle fuel consumption by 2035 (EIA 2021a). Based on this, the life-cycle impacts of
natural gas production and consumption are considered here.

Increased market penetration of natural gas in the industrial and power sectors is a result of increased
U.S. production of natural gas, in large part due to development of shale gas resources, as shown in
Figure 6.2.2-1. Production growth and improvements in shale gas extraction technologies have lowered
natural gas prices, generating increased consumption in the previously mentioned sectors (EIA 2021a).

During the vehicle use phase for vehicles running on natural gas fuels, natural gas results in lower CO,
emissions per unit of energy than other fossil fuels (EIA 2021a, 2021c, 2021d); however, NHTSA's
analysis shows natural gas use in light-duty vehicles remaining exceedingly limited through 2050 (final
rule preamble, Section I1.C.7). When substituted for coal to produce heat or electricity, natural gas has
lower emissions of sulfur dioxide (SO,), nitrogen oxides (NOx), and mercury (Moore et al. 2014).

1 some compressed and liquefied natural gas used in vehicles is considered renewable natural gas, which is derived from
biogas collected at landfills, municipal wastewater treatment facility digesters, agricultural digesters, and separated municipal
solid waste digesters. Biogas from these sources is processed to be the same quality as pipeline-quality natural gas. EIA
estimated that 257 billion cubic feet of compressed natural gas or liquefied natural gas derived from renewable natural gas was
collected and burned in 2019, amounting to 0.3 percent of total U.S. utility-level generation in 2019 (EIA 2020b). Because this
accounts for a very small share of total U.S. natural gas production, renewable natural gas is not explored in detail as part of
this chapter.
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Figure 6.2.2-1. U.S. Natural Gas Production by Source, Annual Energy Outlook 2021 Reference Case
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6.2.2.1 Methane Emissions from Oil and Natural Gas

Methane accounted for an estimated 10 percent of total U.S. GHG emissions in 2019 (EPA 2021c). From
1990 through 2019, annual U.S. methane emissions decreased by 15 percent, largely because of
emissions reductions from landfills, coal mining, and natural gas systems (EPA 2021c). Natural gas
systems are currently the largest source of anthropogenic methane emissions in the United States (EPA
2021c). In 2019, approximately 24 percent of the methane emitted in the United States was attributed
to natural gas systems, and 6 percent was from petroleum systems. Because methane emissions from oil
and natural gas are often presented together in the literature, this section includes a discussion of both
natural gas and petroleum systems. Additional information on the life-cycle impacts of oil-based fuels is
presented in Section 6.2.1, Diesel and Gasoline.

Methane emissions occur at multiple points upstream of the end use of oil and natural gas for industrial,
power generation, and transportation purposes. Natural gas systems consist of four major stages:
production (extracting the natural gas), processing, transmission and storage, and distribution. Oil
supply chain methane emissions primarily emanate from production, with smaller amounts emanating
from transportation and refining. Methane emissions, which represent a combination of venting and
leakage, occur at a variety of points in these different supply chain stages. EPA estimates that in 2019,
the United States emitted 157.6 MMTCO,e of methane from upstream natural gas systems and 39.1
MMTCOze from upstream oil processes. For natural gas, 59.5 percent of methane emissions were from
field production, 7.9 percent were from processing, 23.5 percent were from transmission and storage,
and 8.9 percent were from distribution. For oil, field production is the primary source of emissions with
96.8 percent of total emissions and 3.2 percent from transportation and refining (EPA 2021c). These
emissions do not include emissions related to use of natural gas (i.e., combustion of natural gas in
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vehicles or combustion in power plants). The primary sources of methane emissions from natural gas
and oil systems are as follows:

e Production (natural gas and oil). In 2019, the most significant identified natural gas production
sources of methane emissions identified in the EPA Inventory!? are gathering stations, pneumatic
devices, Kimray pumps, liquids unloading, condensate tanks, gathering pipeline leaks, and offshore
platforms. Sources of emissions in oil production include pneumatic devices and controllers,
offshore oil platforms, gas venting and flaring, engines, chemical injection pumps, oil tanks,
hydraulically fractured well completions, and oil wellheads (EPA 2021c).

e Processing (natural gas). Raw natural gas is composed of methane as well as other impurities. To
prevent pipeline corrosion, these impurities must be removed before the natural gas can be
transported and serve its end-use purpose. At processing facilities, the natural gas is separated from
the other constituents of the raw gas. This requires maintaining certain levels of pressure during
processing, and during the processing stage methane emissions arise mainly from compressors (EPA
2021c).

e Transmission and storage (natural gas). Processed natural gas is then sent to transmission systems
to be transported to distribution systems and hence to end-use consumption. In some instances, the
processed product is stored in underground formations or liquefied and stored above ground in
tanks. During transmission, methane emissions mainly arise from compressor stations, pneumatic
devices, and pipeline venting. Natural gas is stored during periods of low demand and distributed
during periods of high demand. When natural gas is stored, it can leak from compressors and
dehydrators. Natural gas also leaks from pipelines during routine maintenance (EPA 2021c).

e Distribution (natural gas). During distribution, natural gas is emitted mainly from the gate stations
and pipelines (EPA 2021c).

A reduction in leaks and venting throughout upstream natural gas life-cycle stages has resulted in a

9 percent decrease in overall natural gas methane emissions from 1990 to 2019. Methane emissions
from petroleum production and use declined by 20 percent between 1990 and 2019 due to decreases in
vented methane and more efficient storage tanks (EPA 2021c).

There has been a wealth of research and literature around quantifying methane emissions and
understanding how to reduce emissions. Previous studies find that methane emissions can occur in
multiple locations upstream and near the point of use, although these emissions are highly variable and
difficult to quantify (Jackson et al. 2014; Payne and Ackley 2012; Peischl et al. 2013; Phillips et al. 2012).
More recent studies that use on-site measurements for specific regions have analyzed upstream
methane emissions from natural gas and oil production and processing (Marchese et al. 2015; Zavala-
Araiza et al. 2015a; Lyon et al. 2015) to storage and distribution (Zimmerle et al. 2015; Lamb et al. 2015).
These studies reveal that emissions can vary significantly throughout natural gas and oil systems, but
additional on-site measurements—particularly of super-emitters that constitute a major share of total
industry emissions—are needed to better quantify overall emissions and identify emissions-reduction
opportunities. The EPA Inventory has been significantly updated in light of these studies. Using
Intergovernmental Panel on Climate Change (IPCC) and EPA resources on oil and gas densities, and EIA
data for U.S. production, the EPA Inventory leak rate in 2019 for emissions from oil and gas systems was

2 Annually, EPA compiles the Inventory of U.S. Greenhouse Gas Emissions and Sinks report, referred to here as the EPA
Inventory. The EPA Inventory estimates national GHG emissions and removals by source, economic sector, and GHG type. The
latest report includes data for each year from 1990 to 2019 (EPA 2021d).
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about 5.4 percent of total production and 6.1 percent of transmission and distribution (EPA 19953,
2021a; IPCC 2006; EIA 20193, 2019b).

The GREET model used to evaluate emissions from vehicles that use natural gas in their production or
use phases also incorporates two other sources of methane emissions related to vehicle use. First,
GREET includes the natural gas used during the process of crude oil production and refining, especially in
the processes of heating refineries and providing the energy necessary to produce the hydrogen gas
needed to transform oil hydrocarbons into the preferred hydrocarbon form for use, called “cracking”
(EPA 2015b; EIA 2021e). In 2020, domestic oil refineries used over 972 billion cubic feet of methane,
which was a 14 percent increase from 2015 (EIA 2021e). The GREET model also includes emissions from
escaped methane from pipeline leaks in its calculations (Burnham 2021).

Methane leak rates upstream of oil and gas consumption play a critical role in LCAs of fuel pathways.
Multiple studies modeled the effects of various leak rates on life-cycle GHG emissions of natural gas for
electricity generation, and some examined its use specifically in EVs. An LCA assessing natural gas
pathways for direct use in alternative light-duty fuel vehicles and in natural-gas-powered EVs found that,
on a life-cycle basis, vehicles fueled directly with compressed natural gas became less fuel efficient than
conventional gasoline vehicles at given upstream methane leak rates (1 to 11 percent) depending on the
vehicle and GWP timeframe (Tong et al. 2015). A similar study modeled the effects of various methane
leak rates of less than 5 percent in natural gas systems, finding that increasing a leak rate from 1 to 5
percent increases overall life-cycle emissions of natural gas from 0.16 to 0.81 g CO,e/MJ (Farquharson et
al. 2016). While the latest EPA Inventory estimate for overall leak rates is on the lower end of these
variations, a few specific sites in natural gas systems can exceed 4.6 percent, with these super-emitter
sites responsible for a majority of methane emissions (Zavala-Araiza et al. 2015b). However, a recent
study estimated that in 2015 the EPA Inventory was underreporting supply chain methane emissions
from oil and natural gas industries by about 60 percent. The authors found that this underreporting was
due to the inventory estimation methods at the time not capturing methane emissions from abnormal
operating conditions in production (Alvarez et al. 2018).

Studies have found that EVs powered by natural-gas-fueled electricity resulted in significantly lower life-
cycle GHG emissions—36 to 47 percent lower (Ou et al. 2013) and 40 percent lower (Tong et al. 2015)—
compared to those for gasoline-fueled ICE vehicles. Because these results are sensitive to methane leak
rates, identifying and eliminating upstream leaks could be environmentally important for deciding
whether to shift the fleet toward EVs (with electricity powered by natural gas) and away from gasoline.
Ou et al. 2013 also found that applying CO; capture and storage nearly doubled the emissions reduction
benefit for EVs that use natural-gas-powered electricity.

6.2.2.2 Shale Gas and Hydraulic Fracturing

Hydraulic fracturing of shale gas deposits had previously been referred to as an unconventional source
of natural gas but has become the largest source of natural gas in the United States in the last decade. In
2019, hydraulically fractured wells accounted for 86 percent of marketed U.S. natural gas production.
This share is projected to increase to 92 percent of natural gas production by 2050 (EIA 2021a).

Shale gas is sourced from gas-rich, low-permeability shale formations that consist of hydrocarbons
trapped in fractures and pores of rock deep underground. To access and extract this gas, a well is drilled
down to the shale formation and then turned horizontally to follow the shale formation. Gas is then
freed by forcing a mixture of water, sand, and chemicals at high pressure to fracture the shale formation
and force the gas to the wellhead (NETL 2011). These techniques result in upstream environmental
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impacts that differ from those of conventional natural gas extraction. This section focuses on two
significant environmental concerns surrounding shale gas development: GHG and other air pollutant
emissions, and water-related impacts (i.e., water pollution and consumption).

Following the rapid rise of shale gas development and consumption, shale gas became a trending topic
in LCA research, primarily focused on life-cycle GHG emissions. Two LCA shale gas literature reviews
compare and assess the results of almost 20 different LCAs. Weber and Clavin (2012) analyzed the
sensitivity of emissions from hydraulic fracturing natural gas production to different study assumptions.
Heath et al. (2014) used a harmonization approach as part of the broader National Renewable Energy
Laboratory’s (NREL) electricity LCA harmonization research. This harmonization approach adjusts the
models of existing LCAs to create comparable boundaries and assumptions (e.g., including emissions
from liquids unloading, consistent global warming potential factors) for a more consistent comparison of
results (Heath et al. 2014).

Upstream of electricity generation or other fuel combustion, production and supply of shale gas has
several variables that drive LCA emissions estimates. Regional variations in the characteristics of shale
formations and wells affect the estimated ultimate recovery of methane (Weber and Clavin 2012).
Methane leaked, vented, or flared varies between studies. Methane emissions from shale gas
development, production, and supply are detailed in Section 6.2.2.1, Methane Emissions from Oil and
Natural Gas. Table 6.2.2-1 summarizes the results from upstream GHG emissions for both shale and
conventional gas from these LCA reviews. For the median case in each study, upstream natural gas GHG
emissions represent 13 to 20 percent of shale gas life-cycle emissions, and 14 to 16 percent of
conventional natural gas life-cycle emissions.’® Note that the low and high results for Heath et al. (2014)
reflect the 25th and 75th percentiles and maximum and minimum values for Weber and Clavin (2012). A
more recent LCA of shale gas produced from the Marcellus shale formation found upstream GHG
emissions to be 28 g CO,e/MJ, or about 20 percent of total life-cycle emissions, similar to the results of
Heath et al. (2014) (Laurenzi 2015).

Table 6.2.2-1. Results Summary for Upstream Shale Gas LCA Literature Reviews

Shale Gas (g CO,e/MJ Generated) Conventional Gas (g CO,e/M)J Generated)
LCA Literature Review Low Median High Low Median High
Heath et al. (2014) 18 25 39 11 19 22
Weber and Clavin (2012) 8 15 27 5 16 18

LCA = life-cycle assessment; g CO,e/MJ = grams of carbon dioxide equivalent per megajoule

Upstream shale gas production activities have also created concerns for increased air pollution
emissions from drilling and fracturing operations and trucking (Zoback and Arent 2014). One study
estimated Pennsylvania air pollution emissions (volatile organic compounds, NOy, sulfur oxides, and
particulate matter 2.5 or 10 microns or less in diameter (PM2.5 and PM10, respectively)) using 2011
data from transportation activities (water, equipment, and wastewater), well drilling and hydraulic
fracturing (fuel use), natural gas production (fuel use and methane leaks), and compressor stations (fuel
use). Drilling, fracturing, and production activities accounted for the majority of emissions, with
transportation contributing less than 10 percent across all pollutants (Litovitz et al. 2013).

13 Life-cycle emissions calculations assume natural gas will be combusted for electricity generation.
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Hydraulic fracturing water pollution concerns center on wastewater handling and local groundwater
vulnerabilities. Wastewater primarily comes from flowback, the fluid used in hydraulic fracturing that
returns to the surface during and after operations, which can contain contaminants (e.g., salt, selenium,
arsenic, iron). Efforts to reduce wastewater treatment needs include flowback reuse, where some
operations reuse nearly all flowback for future wells, returning contaminants to the original formations
(Zoback and Arent 2014). Flowback reuse also alleviates freshwater use in fracturing operations. While
freshwater consumption estimates in the literature have significant uncertainties, one literature review
estimates freshwater consumption in shale gas extraction to be more than twice as high as in
conventional gas extraction (Cooper et al. 2016). Other industry practices in minimizing freshwater
consumption include using brackish or saline water for fracturing (Zoback and Arent 2014). Local
groundwater contamination impacts can come from well construction or drilling practices. Close
attention in casing and cement design and construction and pressure management can prevent
contamination risks (Zoback and Arent 2014).

Hydraulic fracturing intentionally induces small-scale seismic events in order to increase the connective
space between pores in impermeable rock holding the natural gas (Lépez-Comino et al. 2018); however,
growing evidence suggests that this process could cause small, unintentional seismic events as well. A
U.S. Geological Survey (USGS) analysis revealed that earthquakes east of the Rocky Mountains, primarily
in Oklahoma, have increased substantially since 2009. This timeline coincides with the rise of shale oil
and gas production in the region, which generates increased volumes of wastewater injection into
geologic formations. Before 2009, Oklahoma experienced low-magnitude earthquakes once or twice
annually. Since 2014, these low-magnitude events have been occurring daily, with limited instances of
higher-magnitude events (USGS no date; EPA 2016b). In the regions of the United States with increased
seismic activity that track increases in hydraulic fracturing, many studies have linked the seismic activity
to the process of storing wastewater from hydraulic fracturing deep underground (Brudzinski and
Koztowska 2019; USGS 2017; Bao and Eaton 2016). However, evidence from Western Canada and the
Sichuan Basin in China shows the effect of hydraulic fracturing in areas that are near pre-existing faults,
where larger earthquakes that cause more extreme risk to safety and property can be triggered by the
fracturing process (Meng et al. 2019; Bao and Eaton 2016). Low-magnitude earthquakes caused by
wastewater storage and by increased pressure on fault lines are capable of causing as much damage as a
higher-magnitude natural earthquake because of the depth at which they occur. Earthquakes caused by
hydraulic fracturing or wastewater storage typically originate less than 5 kilometers (3.1 miles) deep,
whereas natural earthquakes usually originate between 5 and 20 kilometers (between 3.1 and 12.4
miles) underground. As the earthquakes begin closer to the surface, there is less time for the waves to
be absorbed by rocks sitting above the origin, which leaves more waves to reach the surface and cause
damage (Lei et al. 2017).

6.2.2.3 Natural Gas Representation in GREET

Argonne National Laboratory accounts for natural gas from conventional and renewable sources in
GREET, which is used in the CAFE Model for estimating emission rates from fuel production and
distribution processes. Conventional sources are distributed between North American, non-North
American, and shale gas reservoirs while renewable sources include gas produced as a byproduct of
landfills, wastewater treatment, and animal waste. Supply production is split evenly between
conventional and shale gas wells and much of it is utilized for heat in the industrial, commercial, and
residential sectors. The remaining gas supply is then compressed or liquefied for use as a transportation
fuel or as a feedstock for electricity generation, or otherwise converted into another fuel product such
as naphtha or dimethyl ether. In GREET 2021, roughly one-third of all electricity is generated from
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natural gas sources in 2018 and after, although without any meaningful growth in its electric grid mix
share over time.

According to AEO 2021 projections, natural gas is far less common as a transportation fuel. Compressed
natural gas, liquefied natural gas, or liquefied petroleum gas constitute only an insignificant fraction of
total fuel use in the transportation sector—less than a 1-percent share of all light-duty vehicles and less
than a 3-percent share of all freight trucks from 2020 to 2050. Currently, electricity is more likely than
natural gas to be used as a motor vehicle fuel, and is projected to remain more popular through 2050
(EIA 2021a).

6.2.3 Electricity

Electricity currently makes up 0.1 percent of light-duty vehicle fuel use, but the AEO 2021 projects this
proportion to increase to 2.8 percent by 2050, representing the largest share of fuel consumption
outside of gasoline (EIA 2021a). Current U.S. policies expanding the federal EV fleet and improving
vehicle charging infrastructure are anticipated to drive this number higher. NHTSA’s CAFE Model
projects that by 2050, the share of total light-duty vehicles running on electricity only (i.e., dedicated
EVs) will increase from 5.7 percent in the No Action Alternative to 11.9 percent in Alternative 3.
Worldwide, projections estimate that more than 125 million EVs will be on the road by 2030 (Miao et al.
2019). EVs use battery technologies to provide power, thereby reducing or even eliminating liquid fuel
consumption during vehicle operation. EVs cover a range of different engine types, including HEVs,
PHEVs, and BEVs (Notter et al. 2010; Patterson et al. 2011; U.S. Department of Energy [DOE] 2013a).
HEVs incorporate a battery and electric motor combined with an ICE (or fuel cell), and have regenerative
charging capabilities (e.g., regenerative braking) but are not charged by the electric grid. PHEVs are
fitted with a large-capacity rechargeable battery that can be charged from the electric grid; like HEVs,
they also use an ICE or fuel cell as backup when battery power is depleted. BEVs are purely electrically
powered, requiring charging from the electric grid, and do not incorporate an ICE. For more information
on EVs and market trends, see Chapter 8, Cumulative Impacts.

EV LCAs have centered on three primary life-cycle phases in quantifying environmental impacts: vehicle
manufacturing, battery manufacturing, and vehicle operations. Air quality and climate impacts reported
in Chapter 4, Air Quality, and Chapter 5, Greenhouse Gas Emissions and Climate Change, do not include
vehicle or battery manufacturing LCA impacts but do reflect downstream (tailpipe) and upstream
(refinery and electricity generation) emissions associated with fuel used in vehicle operations. Upstream
emissions reflected in Chapters 4 and 5 are based on recent forecasts for the mix of fuels used for U.S.
electricity generation, consistent with the AEO 2021 forecast. The U.S. grid mix has changed significantly
over the past decade, and this means that older LCAs based on different grid mix assumptions might not
be comparable with findings in Chapters 4 and 5, which are based on more recent grid mix forecasts.
Some LCAs of EVs and ICE vehicles have also examined the impacts from end-of-life management of
vehicle batteries, as summarized in Section 6.3.3, Electric Vehicle Batteries.

Overall, production emissions account for roughly 40 percent of the lifetime GHG emissions for a BEV, as
opposed to less than 10 percent for ICE vehicles (Ambrose et al. 2020). In comparison to ICE vehicles,
BEVs have higher emissions (between 1.3 to 2.0 times) associated with raw material acquisition and
processing as well as vehicle production stages. This is due to the energy-intensive process of making
BEV batteries. Under a scenario where nearly all of the electricity on the grid is generated by renewable
sources, emissions from the production of a BEV could reach up to about 65 percent of the lifetime
emissions of that vehicle (Ambrose et al. 2020). However, these upstream emissions are not large
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enough to negate the large-scale reduction in emissions for EVs throughout the remainder of the vehicle
life cycle (Bieker 2021; Kamiya et al. 2019). Given that BEVs have significantly lower vehicle in-use stage
emissions, they have lower life-cycle emissions than ICE vehicles (Congressional Research Service 2020;
Ehrenberger et al. 2019). For this reason, to a large extent, the success of decarbonizing the transport
sector relies in part on further development of battery technologies (Wessel et al. 2021).

Figure 6.2.3-1 shows that oil, natural gas, wind, and solar power accounted for most electricity capacity
additions from 2005 through 2020, and coal power plants accounted for most power plant retirements.
Figure 6.2.3-2 shows that natural gas power plants also accounted for most of the capacity additions in
the 1990s. EIA projects that electricity generation in the United States will increase steadily through
2050, with large gains in solar and wind generating capacity, and decreases in coal-fired generation
facilities, as shown in Figure 6.2.3-3. This projected increase in natural gas and renewable energy
sources in the electricity grid mix will lower the GHG emissions associated with electricity consumption,
and subsequently emissions from BEV use, over time.

Figure 6.2.3-1. Historical and Projected U.S. Utility-Scale Electric Capacity Additions and Retirements
(2005 to 2050)
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Figure 6.2.3-2. Historical U.S. Utility-Scale Electric Generating Capacity by Initial Operating Year (as of
December 2016)
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Figure 6.2.3-3. U.S. Electricity Generating Capacity by Year, Projections to 2050

1800
| .
' 1600 - i i i M Other Fossil Fuels
u
m = [ | [ |
1400 s m = i i i i N | i Other Renewable
H |
mm=snfl |
1200 - ii|lll m Hydro
==2 00 B in
- l l
1000 g I Coal
800 M Nuclear

Power Generation Capacity (Gigawatts)

600 I I I I B Wind

400 Solar

200 B Oil and Natural
Gas

2020 2025 2030 2035 2040 2045 2050
Source: EIA 2021a

=]

The CAFE Model projects that EVs will comprise a growing share of manufacturers’ vehicle fleets in
future years and particularly in Alternatives 2, 2.5, and 3. As shown in Table 6.2.3-1, Alternatives 2, 2.5,
and 3 would result in significantly higher penetration of EVs in the light-duty vehicle fleet (9.6, 10.6, and
12.2 percent, respectively, by MY 2029) as compared to the penetration of EV technologies under the
No Action Alternative (approximately 6 percent). LCA studies show that EVs present lower overall life-
cycle vehicle GHG emissions compared to ICE vehicles in most of the country, regardless of the grid mix.
The CAFE Model thus predicts that alternatives with higher increases in fuel economy would result in
lower life-cycle vehicle GHG emissions. When considered with the projected cleaner U.S. grid mix, this
life-cycle GHG benefit will grow in future years; the life-cycle GHG benefit will also be more significant in
regions where the grid mixes incorporate a greater share of renewables, natural gas, and nuclear.

Table 6.2.3-1. Electric Vehicle Technology Penetration Rates for Model Year 2029

Alt. 0
Technology Type (No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3
PHEVs 0.18% 0.32% 0.28% 0.32% 0.32%
PHEV20: 20-mile PHEV with HCR Engine 0.11% 0.22% 0.22% 0.26% 0.25%
PHEV20T: 20-mile PHEV with Turbo Engine 0.06% 0.09% 0.07% 0.07% 0.07%
Dedicated EVs 5.7% 6.8% 9.3% 10.3% 11.9%
BEV200: 200-mile EV 2.8% 3.5% 3.7% 3.8% 4.0%
BEV300: 300-mile EV 2.6% 3.1% 5.3% 6.2% 7.6%
BEV400: 400-mile EV 0.3% 0.3% 0.3% 0.3% 0.3%
Total for PHEVs and Dedicated EVs 5.9% 7.1% 9.6% 10.6% 12.2%

Notes:
For BEV200, BEV300, and BEV400, the number refers to the EV’s mileage driving range.
PHEV = plug-in hybrid electric vehicle; EV = electric vehicle; BEV = battery electric vehicle
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The increase in natural gas power plant capacity since the 1980s is primarily from the addition of
combined-cycle units (EIA 2011). Combined-cycle plants are much more efficient than other types of
power plants, where efficiency is measured by power plant heat rate, which is the number of British
thermal units (Btu) from source fuel needed to generate 1 kilowatt-hour (kWh; a lower heat rate
indicates more efficient source fuel conversion). The average heat rate for combined-cycle natural gas
plants is approximately 7,500 Btu per kWh, compared to average heat rates above 10,000 Btu per kWh
for coal power plants and older natural gas combustion turbine and steam turbine plants (EIA 2017b).

As new combined-cycle plants have been added, and less-efficient natural gas combustion and steam
turbine plants are retired, the overall average heat rate for natural gas power plants has declined from
an average of 8,471 BTU per kWh in 2006 to 7,732 in 2019 (EIA 2017b, 2020c). In the AEO 2021, EIA
reported an increase of 3.4 gigawatts of natural gas combined cycled capacity between 2020 and 2021.
Steam power capacity from oil and natural gas declined by 1.2 gigawatts, and natural gas and diesel
combustion turbine capacity added 3.3 gigawatt of capacity over this same period (EIA 2021a).

Figure 6.2.3-4 shows that U.S. electricity generation from coal fell from approximately 2,000 billion kWh
in 2007 to 750 billion kWh in 2020, reflecting the combined impact of additional natural gas and
renewable energy generating capacity and historically low natural gas prices. The 2021 AEO projects
that electricity generation from coal will remain near this level to 2050 (EIA 2021a).

Figure 6.2.3-4. Net Electricity Generation by Source (1990 to 2050)
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Figure 6.2.3-5 shows the relative contributions of these phases to life-cycle EV GHG emissions for cars
operating in the United States in 2021, including variations for PHEVs and BEVs, and hydrogen fuel cells
made using both natural gas and renewable sources from a report by the International Council on Clean
Transportation (Bieker 2021). The operation phase (more specifically, electricity consumption during
operation) accounts for a significant portion of a vehicle’s life-cycle environmental impacts, but the
production phase for HEVs and BEVs represents a larger percentage of their life-cycle emissions than it
does for ICE vehicles (Bieker 2021; Gaines et al. 2011; Notter et al. 2010).
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Figure 6.2.3-5. Life-Cycle GHG Emissions of Electric Vehicles Registered in the United States in 2021
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Increased market penetration of EVs also likely offer substantial health benefits and associated cost
savings across the United States. Peters et al. (2020) found that, at 25 percent EV adoption with the
current mix of fuels supplying the domestic grid, there would be a 242 million ton reduction in CO,
emissions, over 550 fewer deaths due to air pollution, and significant reductions in vehicle pollution-
related illnesses. This effect would be magnified as the grid itself increases the supply of electricity from
renewable sources and as EV usage becomes more common. Similarly, Choma et al. (2020) found that
pollution from ICE vehicles causes on average 6.5 deaths per million miles in metropolitan areas, while
pollution from BEVs cause 2.8 deaths per million miles.

This section focuses on EV operations (i.e., use phase) and the associated life-cycle environmental
impacts. This primarily consists of examining the dynamics of EV electricity consumption, including
location and time of consumption. Electricity generation sources are the drivers of EV operation
impacts. However, material production impacts are important considerations in EV LCAs, as EVs use
more rare earth elements in drivetrain and battery design than ICE vehicles, which increase overall
environmental impacts outside of vehicle operations (Gradin et al. 2017). Similarly, rare earth metals
(platinum, palladium) are required for emissions controls in catalytic converters for ICE vehicles, and
material demands will increase with stricter controls (Seo and Morimoto 2017). Associated impacts of
EV and vehicle material production and end-of-life management are examined in Section 6.3.3, Electric
Vehicle Batteries. Upstream electricity emissions from feedstock extraction, refining, and transportation
prior to the use phase are considered in the CAFE Model using available GREET data.

6.2.3.1 Charging Location

The LCA literature concludes that use-phase GHG emissions from EVs depend on several factors,
including where they are charged (Elgowainy et al. 2010; Holland et al. 2014; Nealer and Hendrickson
2015; Onat et al. 2015; Tamayao et al. 2015; Kawamoto et al. 2019; Kamiya et al. 2019). This is primarily
because the grid mix used to supply electricity to EVs varies by location. Where EVs are driven and
charged can affect their overall life-cycle emissions: those charged in areas with more carbon-intensive
grid mixes have higher use-phase emissions than those charged in areas with greater shares of natural
gas, nuclear, hydropower, or renewable energy in the grid mix. While the production of batteries for EVs
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is energy intensive, the environmental benefits of EV charging in locations with less carbon-intensive
electricity can outweigh the upstream impacts, as discussed further below and in Section 6.3.3, Electric
Vehicle Batteries.

In the United States, the grid mix consists of coal, natural gas, nuclear, hydroelectric, oil, and renewable
energy sources. The relative proportions of these components can be analyzed by regions, including
National Electricity Reliability Commission (NERC) regions (Figure 6.2.3-6) and EPA Emissions &
Generation Resource Integrated Database (eGRID) subregions (Figure 6.2.3-7), which are based on
energy transmission, distribution, and utility territories to analyze the environmental aspects of power
generation. For example, in the eGRID subregion that includes Missouri and much of lllinois, the
majority (67 percent) of electricity was generated by coal in 2019, while in most of Alaska, the majority
(63 percent) of energy came from hydropower in the same year, indicating that the magnitude of
emissions associated with EVs charged in the two subregions would likely differ significantly (EPA
2021g). A breakdown of grid mix by eGRID subregion, as of 2019, is shown in Figure 6.2.3-8.

Figure 6.2.3-6. National Electricity Reliability Commission Regional Map

Source: EPA 2019¢
MRO = Midwest Reliability Organization; NPCC = Northeast Power Coordinating Council; RF = Reliability First; SERC = SERC
Reliability Corporation; Texas RE = Texas Reliability Entity; WECC = Western Electricity Coordinating Council
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Figure 6.2.3-7. Environmental Protection Agency eGRID Subregions
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eGRID = Emissions & Generation Resource Integrated Database. eGRID subregions are derived from NERC names: FRCC = FRCC
All; MORE = MRO East; MROW = MRO West; NEWE = NPCC New England; NYCW = NPCC NYC/Westchester; NYLI = NPSS long
island; NYUP = NPCC Upstate NY; RFCE = RFC East; RFCM = RFC Michigan; RFCW = RFC West; SRMW = SERC Midwest;

SRMV = SERC Mississippi Valley; SRSO = ERV South, SRTV = SERC Tennessee Valley; SRVC = SERC Virginia/Carolina;
SPNO = SPP North; SPSO = SPP South; CAMX = WECC California; NWPP = WECC Northwest; RMPA = WECC Rockies;

AZNM = WECC Southwest; ERCT = Electric Reliability Council of Texas; AKGD = ASCC Alaska Grid; AKMS = ASCC Miscellaneous;

HIOA = HICC Oahu; HIMS = HICC Miscellaneous; PRMS = Puerto Rico Miscellaneous.
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Figure 6.2.3-8. 2019 U.S. Average and eGRID Subregion Grid Mix
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eGRID = Emissions & Generation Resource Integrated Database. Ordered from region with lowest carbon dioxide equivalent
emission rate grid mix to highest. Regional names are derived from NERC regional names: NYUP = NPCC Upstate NY; CAMX =
WECC California; NEWE = NPCC New England; AKMS = ASCC Miscellaneous; NYCW = NPCC NYC/Westchester; SRVC = SERC
Virginia/Carolina; RFCE = RFC East; NWPP = WECC Northwest; SRMV = SERC Mississippi Valley; FRCC = FRCC All; ERCT = Electric
Reliability Council of Texas; SRTV = SERC Tennessee Valley; AZNM = WECC Southwest; SRSO = ERV South; SPSO = SPP South;
RFCW = RFC West; SPNO = SPP North; MROW = MRO West; AKGD = ASCC Alaska Grid; HIMS = HICC Miscellaneous; RFCM = RFC
Michigan; NYLI = NPSS long island; RMPA = WECC Rockies; MROE = MRO East; PRMS = Puerto Rico Miscellaneous; SRMW =
SERC Midwest; HIOA = HICC Oahu

Because of the variation in grid mixes, electricity average emission factors (AEFs) vary significantly by
subregion, with the most carbon-intensive subregion of the United States emitting more than 4.7 times
as much CO; per kWh relative to the least carbon-intensive subregion, as shown in Figure 6.2.3-9.
Generally, AEFs and emissions associated with EV use-phase electricity consumption are lowest in the
West, Northeast, and Alaska, and highest in the Central United States. In recent years, the U.S.
electricity grid has become much less carbon-intensive overall. The CO, emission rates for most eGRID
subregions have declined by more than 20 percent between 2012 and 2019 (EPA 2015c, 2021g).
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Figure 6.2.3-9. eGRID Subregion Average Emission Factors for Electricity (g CO,e/kWh)
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eGRID = Emissions & Generation Resource Integrated Database; g CO,e/kWh = grams of carbon dioxide equivalent per kilowatt
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An NREL BEV use-phase study (McLaren et al. 2016) estimated GHG emissions per day for potential BEV
and PHEVs, and found that total daily emissions for a BEV increased by more than a factor of three
between a low carbon electricity mix (97 percent renewables and hydropower, 8.8 kilograms [19.4
pounds] CO,/day) and high carbon mix (93 percent coal, 26.4 kilograms [58.2 pounds] CO,/day). A well-
to-wheels study of BEVs in three Canadian regions with very different grid mixes found that the BEV
emissions intensity varied significantly between regions (Kamiya et al. 2019). However, even in regions
with more carbon-intensive electricity, Kamiya et al. 2019 found that the well-to-wheels GHG emissions
were lower for BEVs relative to gasoline-fueled ICE vehicles in all scenarios modeled, including short and
long term. Each region offered emissions reductions—78 to 98 percent in British Columbia, 58 to 92
percent in Ontario, and 34 to 41 percent in Alberta (Kamiya et al. 2019).

Marginal electricity refers to electricity generated in response to a new load at a given time and location
(Tamayao et al. 2015), as potentially resulting from additional EV penetration. The use of marginal
emission factors (MEFs) rather than AEFs can significantly affect EV life-cycle impacts, as electricity
consumption emission factors are highly variable and dictate use-phase emissions. There is a lack in
recent (2018 or later) LCA studies projecting MEFs in the upcoming years. A recent study by Kamjou et
al. (2021), however, illustrates average annual MEF comparisons, using different methodologies, for the
U.S. electrical grid data in 2013, as shown in Figure 6.2.3-10. In this figure, different MEF calculations
methodologies are compared to demonstrate the fluctuation in the concept of an MEF, and this
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fluctuation, along with the unreliability of MEF projections in future years, is part of the reason why
recent LCA studies have moved away from using MEFs as a standard indicator.

Figure 6.2.3-10. Methodological Differences in Calculating MEFs for 2013 U.S. Electric Grid
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Electricity grid mix also plays a substantial role in EV life-cycle air pollution outside of GHG emissions. EV
electricity consumption is a main driver of life-cycle particulate matter, sulfur oxides, and NOx emissions,
as well as ozone formation (Weis et al. 2016; Tessum et al. 2014; Hawkins et al. 2013). Carbon-intensive
grid mixes, primarily those that are reliant on coal, create significantly higher particulate emissions and
ozone formation potential than conventional ICE vehicles (Hawkins et al. 2013; Tessum et al. 2014).
Substituting coal electricity generation with renewable or less carbon-intensive sources can reduce EV
life-cycle particulate matter, NOyx, and sulfur oxide emissions substantially (Weis et al. 2016).

Kawamoto et al. (2019) assessed the relationship between driving distance and electricity mix in life-
cycle emissions of EVs in comparison to ICE vehicles. The authors found that regional differences in the
energy mix of electricity generation showed great significance in the overall LCA of an EV depending on
the distance traveled throughout the vehicles’ lifetime. In particular, regions with higher penetrations of
renewables and/or lower carbon alternatives improved the LCA of EVs, such that a breakeven point with
ICE vehicles—in terms of life-cycle emissions—would occur in the United States at approximately 60,000
kilometers (around 37,000 miles) (Kawamoto et al. 2019).

A 2016 NREL study performed an analysis of anticipated emissions resulting from BEVs and PHEVs for
four charging scenarios and five electricity profiles, and the main conclusion of the study was that
vehicle use-phase emissions are highly dependent on the percentage of fossil fuels in the grid, and that
restricting charging to off-peak time results in higher total emissions for all vehicle types, in comparison
to other charging scenarios (NREL 2016). The methodological approach used in the NREL study presents
a more comprehensive LCA study by accounting for owner behavioral change assumptions relating to
using the different vehicle categories (ICE, BEVs, and PHEVs) in different scenarios. The NREL
methodology takes into account the most probable composition of the total on-road fleet, and their
apportioned shares of the total vehicle miles traveled.

This 2016 NREL study concludes that regions with grids that are more carbon intensive will experience
greater emissions reductions associated with EVs by focusing on reducing the carbon intensity of the
electricity grid, rather than focusing efforts on charging behaviors, as illustrated in Figure 6.2.3-11.
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Figure 6.2.3-11. Percentage Difference in Emissions between Home and Workplace Charging Scenarios
as a Function of Grid CO; Intensity
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Another factor emphasized by the 2016 NREL study on EV charging emissions variability is that the
availability of daytime charging increases the percentage of miles that PHEVs drive on electricity and
results in greater petroleum displacement. However, emissions reduction benefits of workplace
charging diminish as the CO; intensity of the grid increases. Of all charging scenarios evaluated, the
time-restricted charging results in the lowest number of electric miles and the highest level of emissions
for most grids and vehicle types. Emissions savings can be greater for PHEVs (than for BEVs) when the
grid carbon intensity is high, due to the relative efficiencies of the vehicles. BEVs have more electric
miles overall; however, the efficiency of the ICE vehicle used by BEV owners when they are unable to
use their EV is 40.8 miles per gallon (NREL 2016) compared to a PHEV efficiency of 66.8 miles per gallon
in gasoline mode. In other words, the carbon intensity of the BEV non-electric miles is higher than the
intensity of the PHEV non-electric miles. These conclusions are based on the assumption that the non-
electric miles calculated in the study are made by EV owners driving ICE vehicles for trips unable to be
made in a BEV.

Based on the 2016 NREL Study, a BEV using time-restricted charging on a high-carbon grid results in the
highest level of emissions, and a BEV using workplace charging on a low carbon grid provides the
greatest emissions reductions (Figure 6.2.3-12). Reducing grid mix carbon intensity reduces both GHG
and criteria pollutant emissions for the EV use phase.
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Figure 6.2.3-12. Total Emissions for a BEV200 for All Charging Scenarios and Three Electricity Grids
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6.2.3.2 Marginal Grid Greenhouse Gas Intensity

MEFs discussed in Section 6.2.3.1, Charging Location, focus on specific locations relative to the national
average, but several studies have focused on emissions variations from the timing of electricity
consumption and EV charging. Both time of day (peak vs. off-peak loads) and seasonal fluctuations can
affect the GHG intensity of electricity generation (Archsmith et al. 2015). Some studies argue that MEFs
more accurately reflect the emissions associated with the electricity used to fuel EVs (Nealer and
Hendrickson 2015; Ryan et al. 2016). However, the high variation in MEFs creates difficulty in
determining which power plant responds to meet marginal electricity demand (Tamayao et al. 2015).
Therefore, many studies use AEFs to calculate EV emissions (Nealer and Hendrickson 2015; Tamayao et
al. 2015). The difference between the two types of emission factors can translate to a discrepancy of up
to 50 percent for a given NERC region and 120 percent for a given state for estimates of GHG emissions
per vehicle mile traveled (Tamayao et al. 2015). Some studies take an alternate approach, generating
hypothetical scenarios for electricity emissions outside of MEFs or AEFs, but these studies are subjective
and may not reflect real-world behavior (Weis et al. 2016).

The regional discrepancy between MEFs and AEFs is illustrated in Figure 6.2.3-13 (Zivin et al. 2014).
While MEFs differ significantly from AEFs in the Northeast (NPCC: 103 percent difference), upper
Midwest (MRO: 40 percent difference), and central United States (SPP: -32 percent difference),
differences are minimal in the West (WECC: 4 percent difference) and the Mid-Atlantic/Midwest (RFC:
5 percent difference). Gas is generally the largest marginal fuel source in regions where MEFs
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approximate or are lower than AEFs (e.g., marginal fuel is 81 percent gas in NPCC, 86 percent in WECC,
84 percent in TRE [ERCOT]). Coal and oil are significant marginal fuel sources where MEFs exceed AEFs
(e.g., marginal fuel is 79 percent coal in MRO and 70 percent in RFC, and marginal fuel is 12 percent oil
in FRCC and 11 percent in NPCC) (Siler-Evans et al. 2012).

Figure 6.2.3-13. Marginal Emission Factors and 95 Percent Confidence Intervals versus Average
Emission Factors by National Electricity Reliability Commission Region
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CO; = carbon dioxide; WECC = Western Electricity Coordinating Council; ERCOT = Electric Reliability Council of Texas; FRCC =
Florida Reliability Coordinating Council; MRO = Midwest Reliability Organization; NPCC = Northeast Power Coordinating Council;
RFC = Reliability First Corporation; SERC = SERC Reliability Corporation; SPP= Southwest Power Pool

MEFs vary throughout the day (Figure 6.2.3-14). For many NERC regions, MEFs are lower than AEFs
during the 7 to 8 a.m. electricity load peak, at which point natural gas is often used to fuel marginal
electricity (Tamayao et al. 2015). However, EVs are not typically charged during this time; they are
charged after the last trip of the day, a pattern known as convenience charging. Tamayao et al. (2015)
presents the profile of EV convenience charging (black bars in Figure 6.2.3-14) with diurnal MEF
estimates for NERC regions (colored plots in Figure 6.2.3-14) for two MEF estimation methods. While in
some regions the convenience charge peak coincides with a dip in MEFs (e.g., MRO), in others it does
not.
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Figure 6.2.3-14. Convenience Charging Profile  and Hourly Marginal Emission Factors ° by National
Electricity Reliability Commission Region ¢
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MEFs also vary over the course of the year. However, as with diurnal MEF estimates, different models
produce different seasonal patterns (Ryan et al. 2016). Figure 6.2.3-15 shows results from two models,
PLEXOS and AVERT, which estimate MEFs over time for the upper Midwest. While AVERT produces a
clear pattern of lower MEFs during the day in winter and summer relative to spring and fall, PLEXOS
does not produce the same trend and produces less variation overall (Ryan et al. 2016). Ryan et al.
(2016) suggest that the minimal hourly variability in the PLEXOS model may be because PLEXOS
incorporates interregional trading while AVERT does not. Because of the variability in MEF estimates,
model selection and results interpretation must consider the assumptions of estimation methods

(Ryan et al. 2016).
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Figure 6.2.3-15. Hourly and Monthly Carbon Dioxide Emission Factors and Emissions from Electric
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6.2.4 Biofuels

Over the past decade, the United States has seen significant increases in biofuel production due to
federal legislation mandating that transportation fuel contain a minimum volume of renewable fuels, or
biofuels. In 2005, the Energy Policy Act'* established the Renewable Fuel Standard, which was expanded
by the Energy Independence and Security Act of 2007.%° The Renewable Fuel Standard requires that
transportation fuel contain a certain volume of four categories of biofuel: biomass-based diesel,
cellulosic biofuel, advanced biofuel, and total renewable fuel. By 2022, the program mandates the
production of 36 billion gallons of total renewable fuel. The biofuels also must meet specific life-cycle
GHG reduction targets relative to a 2005 petroleum baseline.

As illustrated in Figure 6.2.4-1, ethanol is projected to make up the majority of transportation sector
renewable fuel, followed by biodiesel, renewable diesel, gasoline, and liquids from biomass.

Figure 6.2.4-1. Transportation Renewable Energy Projections by Source
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Given AEO 2021 (EIA 2021a) projections, the biofuel component of this literature synthesis focuses on
ethanol and biodiesel. All diesel-powered passenger cars and light trucks are potential candidates for
biodiesel blends.

14 pub. L. No 109-58, 119 Stat. 594 (Aug. 8, 2005).
15 pub. L. No. 110-140, 121 Stat. 1492 (Dec. 19, 2007).
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6.2.4.1 Biodiesel

When used as a fuel in on-road vehicles, biodiesel offers significant GHG emissions advantages over
conventional petroleum diesel. Biodiesel is a renewable fuel that can be manufactured domestically
from used cooking and plant oils, as well as from animal fats, including beef tallow and pork lard. To
produce biodiesel, oils and fats are put through a process called transesterification, which converts oils
and fats by causing them to react with a short-chain alcohol and catalyst to form fatty-acid methyl esters
(NREL 2009). The majority of U.S. biodiesel can be combined with petroleum diesel to create different
blends, the most common being B2 (2 percent biodiesel), B5 (5 percent biodiesel), and B20 (6 to 20
percent biodiesel) (AFDC 2017). Biodiesel for sale in the United States must meet standards specified by
American Society for Testing and Materials (ASTM) International. Biodiesel blends of 6 to 20 percent
must meet ASTM D7467 specifications while pure biodiesel (B100) must meet ASTM D6751
specifications. As illustrated in Figure 6.2.4-2, U.S. biodiesel consumption and production increased
significantly from 2005 through 2016, then leveled out through 2020. AEO 2021 projects that domestic
production and consumption of biodiesel will remain at around 2,000 million gallons a year through
2050, as shown in the projected section of Figure 6.2.4-2 (EIA 2021a). Although production of biodiesel
remains relatively steady, EIA projects that its market share will increase over this period as demand for
non-petroleum-based fuels increases and the cost of petroleum-based diesel and gasoline rises.

Figure 6.2.4-2. Historical and Projected U.S. Biodiesel Production, Exports, Stocks, and Consumption
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B20 and other lower-concentration biodiesel blends can be used in nearly all diesel equipment with few
or no engine modifications (AFDC 2017). B100 and other high-level blends used in motors not
recommended or approved by the manufacturer to use B100 can degrade and soften incompatible
vehicle parts and equipment such as hoses and plastics. Starting in 1994, many engine manufacturers
began replacing the vulnerable parts of the engine, including rubber components, with materials
compatible with biodiesel blends (AFDC 2017). Because not all engines are compatible with higher-level
blends, the NREL recommends contacting the engine manufacturer before using them (NREL 2009).
Reducing the blend of biodiesel used in the winter months can avoid having biodiesel crystallize in cold
temperatures. While biodiesel performance tends to improve in cold temperatures as the blend is
reduced, additional measures such as incorporation of cold-flow additives can allow use of biodiesel
blends up to B20 in cold weather conditions (AFDC 2015).

Argonne National Laboratory’s Alternative Fuel Life-Cycle Environmental and Economic Transportation
(AFLEET) Tool shows that replacing one diesel passenger car with a comparable model running on B20
reduces GHG emissions from 3.6 to 3.1 metric tons CO,e annually, and replacement with a B100 vehicle
reduces GHG emissions to 1.4 metric tons CO,e annually. Similarly, the GREET model estimates well-to-
wheels emissions for petroleum diesel and B20 biodiesel at 450 and 395 grams of CO»e per mile,
respectively (ANL 2020b). These well-to-wheels emissions assume a soybean feedstock, which has lower
life-cycle CO, emissions than algae feedstock. These estimates are consistent with an Argonne National
Laboratory LCA that shows that GHG emissions can be decreased by 66 to 74 percent when using 100
percent biodiesel as a replacement for petroleum diesel (ANL 2020b; AFDC 2017). For the Renewable
Fuel Standard, EPA’s life-cycle analysis of soybean oil-based biodiesel produced from transesterification
showed similarly sizeable reductions in emissions—57 percent lower net emissions relative to those for
a baseline petroleum fuel (EPA 2016c).

6.2.4.2 Ethanol

Ethanol used as an on-road vehicle fuel has the potential to reduce GHG emissions substantially,
compared with conventional gasoline, depending on feedstock and blend level. The vast majority

(98 percent) of ethanol produced in the United States is manufactured from corn (EIA 2021a). However,
ethanol also can be produced from cellulosic feedstock like woody biomass and crop residue. Similar to
biodiesel, when ethanol crops are grown, they capture CO; and offset the GHG emissions later released
through fuel combustion. The higher the blend of ethanol in the fuel, the lower the net GHG emissions.

Corn ethanol production has increased significantly in recent years, growing by 40 percent from 2009 to
2014, to more than 12 billion gallons per year (Rosenfeld et al. 2018; EIA 2021a). Most of the gasoline
sold in the United States contains up to 10 percent ethanol (E10). All gasoline-powered vehicles are
approved by EPA to use E10 in their engines because the fuel is considered substantially similar to
gasoline. Regarding other low-level blends of ethanol, 15 percent ethanol (E15) and 85 percent gasoline
was approved by EPA for use in conventional gasoline passenger vehicles of model year 2001 and
newer. Mid-level blends containing 25 to 40 percent ethanol can be used in a high-octane fuel. High-
octane fuel is designed to enable efficiency improvements that are sufficient to offset its lower energy
density in a suitably calibrated and designed engine system, such as a flex fuel vehicle (Theiss et al.
2016). Besides E10, the most commonly used blend of ethanol in the United States is a blend of gasoline
and ethanol containing 51 to 83 percent ethanol (E85). Ethanol blends over E15, including E85, are
designed to be used primarily in flexible fuel vehicles, because ethanol has a high alcohol content and
can soften and degrade gaskets, seals, and other equipment in nonflexible fuel vehicles. To meet flexible
fuel demands, fueling system equipment manufacturers have produced materials and products that are
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compatible with ethanol blends over E15 for fuel station infrastructure (DOE 2016a). Additionally, a pilot
program in Nebraska to study the use of E30 in conventional vehicles owned by the state demonstrated
that higher ethanol blends do not adversely affect vehicle performance or fuel economy (Saha et al.
2021). As illustrated in Figure 6.2.4-3, E85 consumption by light-duty vehicles is projected to decrease
slightly through 2038, then slowly climb back to current levels. E85 consumption will rise more markedly
after a slight decrease through 2032, a change that is mostly driven by the increase of E85 use in
commercial light trucks.

Figure 6.2.4-3. Projected E85 Consumption for Selected Vehicle Types
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Light-duty vehicles include passenger and fleet cars and trucks with a gross vehicle weight rating of 8,500 pounds or less (EIA
2018a).

The light truck category includes pickup trucks, minivans, sport-utility vehicles, and all other light-duty vehicles that are not
classified as passenger cars (EIA 2017c).

Source: EIA 2021a

Btu = British thermal units

Recent studies and LCA models have found that corn ethanol has declined in carbon intensity over time,
revealing increased GHG emissions savings relative to gasoline and other fossil fuels. This section
summarizes these updates in ethanol LCA research that address improved modeling, technologies, and
management practices through well-to-wheel life-cycle stages, including land-use change, farming, fuel
production, supply-chain transportation, and end-use fuel efficiencies.

Wang et al. (2007) found that, depending on the energy source used during production, corn ethanol
can reduce well-to-wheels GHG emissions by up to 52 percent compared to gasoline. Similarly, Canter et
al. (2015) estimate that corn grain ethanol can lead to a 40 percent reduction in GHG emissions.
Cellulosic ethanol can create an even larger reduction in GHG emissions, ranging from 74 to 91 percent
in reductions compared to gasoline (AFDC 2014; Morales et al. 2015; Canter et al. 2015). The GREET
model estimates well-to-wheels emissions for gasoline, E85 in a dedicated ethanol vehicle, and pure
corn ethanol fuel cell vehicle to be 409, 258, and 159 grams of CO.e per mile, respectively (ANL 2020b).
A study by the Oak Ridge National Laboratory, the NREL, and Argonne National Laboratory (Theiss et al.
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2016) examined the impact on well-to-wheels GHG emissions from high-octane fuel vehicles resulting
from miles per gallon of gasoline-equivalent (MPGGE) gains of 5 and 10 percent, various ethanol blend
levels (E10, E25 and E40), and changes in refinery operation with high-octane fuel production relative to
baseline E10 gasoline vehicles. Table 6.2.4-1 presents the percent change in well-to-wheels GHG
emissions resulting from the high-octane fuel vehicle scenarios modeled in Theiss et al. (2016).

Table 6.2.4-1. Well-to-Wheels GHG Emissions Reductions in Vehicles Fueled by High-Octane Fuels with
Different Ethanol Blending Levels Relative to Regular Gasoline (E10) Baseline Vehicles

Corn Ethanol Corn Stover Ethanol
Efficiency Scenario E10 E25 E40 E10 E25 E40
5% MPGGE Gains 4% 8% 13% 6% 16% 27%
10% MPGGE Gains 8% 12% 17% 10% 20% 31%

Source: Theiss et al. 2016
GHG = greenhouse gas; MPGGE = miles per gallon of gasoline-equivalent

Rosenfeld et al. (2018) estimated that, based on 2014 conditions, U.S. corn grain ethanol life-cycle GHG
emissions are 59,766 grams of carbon dioxide equivalent per million British thermal units

(g CO2e/MMBtu), approximately 43 percent lower than those from gasoline on an energy equivalent
basis (Figure 6.2.4-4). The figure shows that vehicle use GHG emissions dominate the gasoline well-to-
wheel life cycle, while they represent a small percentage of the ethanol vehicle life-cycle emissions
profile. Other studies have produced similar results, including 60,000 g CO,e/MMBtu (Canter et al. 2015)
and 62,700 to 72,700 g CO,e/MMBtu (Zhang and Kendall 2016). GHG emissions estimates from corn
stover (the stalks and cobs remaining after harvest) cellulosic ethanol are as low as 26,000 g
CO,e/MMBtu (Canter et al. 2015), 15,400 to 33,900 g CO,e/MMBtu (Zhang and Kendall 2016), and
21,000 to 32,000 g CO,e/MMBtu (Murphy and Kendall 2015). By 2022, the carbon intensity of corn grain
ethanol is projected to decline from 2014 levels by nearly 10 percent under a business-as-usual scenario
and by nearly 55 percent under a scenario with increased agricultural conservation and efficiency gains
throughout the life cycle, making ethanol between 44 and 72 percent less GHG-intensive than gasoline
(Rosenfeld et al. 2018). For the Renewable Fuel Standard, EPA’s life-cycle analysis, completed in 2010,
found that net emissions for corn starch ethanol produced in dry mill plants using natural gas were 21
percent lower relative to those for a baseline petroleum fuel (EPA 2016c). The more recent studies
described above have shown a larger percentage differential between corn ethanol and gasoline life-
cycle GHG emissions as newer data and information have become available (Lewandrowski et al. 2020).
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Figure 6.2.4-4. GHG Emission Profiles of Gasoline and Corn Ethanol
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As illustrated in Figure 6.2.4-4, the largest components of the Rosenfeld et al. (2018) corn ethanol life-
cycle GHG profile for 2014 conditions (“current profile”) include fuel production (58 percent, 34,518 g
CO,e/MMBtu), domestic farm inputs and fertilizer (15 percent, 9,065 g CO,e/MMBtu), and international
land use change (15 percent, 9,082 g CO,e/MMBtu). Previous studies have estimated similar GHG
profiles for corn ethanol production, including 28 g CO,e/MJ (EPA 2010e), 30 g CO,e/MJ (Wang et al.
2012), 15 to 20 g CO,e/MJ (Wang et al. 2015), and 20 to 35 g CO,e/MJ (Boland and Unnasch 2014). EPA’s
study reported comparatively higher GHG emissions for corn ethanol agricultural impacts (17 kilograms
CO,e/MMBtu) and land use change (28 kilograms CO,e/MMBtu) (EPA 2010e, 2016c). Boland and
Unnasch (2014) estimated that production using biomass produces a 10 g CO,e/MJ emission intensity.
Ethanol production GHG intensity declined by 4 percent from 2010 to 2014, and is projected to decline
by between 9 and 53 percent from 2012 to 2022 (Boland and Unnasch 2014; Rosenfeld et al. 2018)
because of improved technology and the development of new coproducts.

6.2.5 Hydrogen Fuel Cells

Fuel-cell vehicles are fueled by hydrogen that is converted to electricity via a fuel cell. While current
light-duty fuel cell vehicle hydrogen consumption is less than 0.01 percent of total light-duty fuel
consumption and current models (including the CAFE Model) project that it will remain less than 0.01
percent of light-duty fuel consumption through 2050 (EIA 2021a), fuel cells represent another potential
alternative to carbon-intensive fuels, depending on the hydrogen production pathway. NHTSA’s CAFE
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Model also shows that fuel cell use will stay low in future years—at less than 0.01 percent technology
penetration rate in all alternatives in all future model years. The fuel cell is similar in structure to an EV
battery, but active components (i.e., cathode, anode, and electrolyte) use different materials. Fuel-cell
vehicles emit no GHG or air pollutants when operating because the chemical conversion of hydrogen to
electricity generates only water and heat. However, upstream fuel production (well-to-tank) of
hydrogen from natural gas or grid electricity, plus compression and cooling, can yield significant GHG
and air pollution emissions (Elgowainy et al. 2016). Life-cycle emissions vary widely based on this
hydrogen production technology (Nitta and Moriguchi 2011).

Hydrogen is most commonly produced using steam methane reforming, but can also be produced via
clean pathways, such as water electrolysis using clean electricity or steam methane reforming with
carbon capture and sequestration. In transportation and distribution, electricity is required for
compression and conditioning of hydrogen for eventual refueling and vehicle storage (Elgowainy et al.
2016). Using steam methane reforming, the GREET model estimates the cradle-to-gate GHG emissions
for a fuel-cell vehicle to be about 40 percent lower than those of traditional ICE vehicles, and over 80
percent lower when the hydrogen is supplied by renewables, assuming gaseous hydrogen delivery and
use of grid electricity to power the hydrogen fueling station (Elgowainy et al. 2021; ANL 2020b).

Numerous factors limit fuel-cell vehicle adoption, namely the cost and the lack of a hydrogen
distribution infrastructure (NRC 2013a). Ongoing research and development are currently targeting
breakthroughs to reduce the cost of hydrogen distribution infrastructure by a factor of two by 2025. It is
possible that additional demand for hydrogen in transportation can be established by emerging
applications such as industry (including chemicals manufacturing, steel manufacturing, biofuels, and
synthetic fuels), which are being explored by DOE’s H2@Scale initiative (DOE 2018). Recent studies have
also shown that hydrogen fuel cells can be a cost-competitive option in the future to decarbonize
medium- and heavy-duty vehicles, particularly where long range and fast fill times are required (Hunter
et al. 2021).

6.3 Vehicle Technologies that Affect Vehicle Life-Cycle Emissions

Vehicle manufacturers have improved and will continue to improve fuel efficiency by reducing overall
vehicle weight, reducing drag and friction, and by introducing new technologies that support alternative
fuels. LCA studies have examined the GHG emissions impacts associated with the production, supply,
and disposal of new materials to support these fuel efficiency improvements. LCAs have also compared
these fuel efficiency benefits against potential increased emissions in upstream and downstream life-
cycle stages from new materials. This section reviews LCA literature related to road load technologies
including those affecting vehicle mass reduction (Section 6.3.1, Road Load Technologies—Mass
Reduction), tires (Section 6.3.2, Road Load Technologies—Tires), and EV batteries (Section 6.3.3, Electric
Vehicle Batteries).

6.3.1 Road Load Technologies—Mass Reduction

Material substitution in vehicles and material joining technologies that offer mass reduction can
improve passenger car and light truck fuel efficiency. This section examines the LCA impacts for three
categories of materials—aluminum and high-strength steel, plastics, and magnesium—and four broad
categories of material joining techniques—laser welding, hydroforming, tailor-welded blanks (TWB), and
aluminum casting and extrusion. The studies to date suggest that changing vehicle mass using material
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substitution offers higher GHG emissions reduction potential than changing vehicle mass by altering
material joining techniques.

NHTSA’s CAFE Model estimates vehicle mass reduction at different increments of glider weight
reduction in future vehicle model years. Glider refers to the vehicle curb weight excluding the
powertrain weight. As shown in Table 6.3.1-1, the lower levels of mass reduction (no change, 5, and 7.5
percent reductions in glider weight) will see less technology penetration across all action alternatives
relative to the No Action Alternative with the exception of the 5 percent mass reduction under
Alternative 1. However, the CAFE Model projects an increase in higher levels of mass reduction (10 and
15 percent reductions in glider weight) under Alternatives 1, 2, and 2.5 as well as under Alternative 3 for
the 15 percent reduction in glider weight. For example, the penetration/use of technologies or materials
that allow for a 15 percent reduction in glider weight are projected to increase across action alternatives
as CAFE standard stringency increases, from 13 percent under No Action Alternative to 39 percent under
Alternative 3. The life-cycle implications discussed in Section 6.3.1.1, Vehicle Mass Reduction by Material
Substitution, and Section 6.3.1.2, Vehicle Mass Reduction by Material Joining Techniques, are relevant to
the extent that manufacturers apply the technologies and materials discussed in these sections to meet
the MY 2024-2026 CAFE standards.

Table 6.3.1-1. Mass Reduction Technology Penetration Rates for Model Year 2029

Alt. 0

Technology Type (No Action) Alt. 1 Alt. 2 Alt. 2.5 Alt. 3
Baseline Mass 8% 2% 2% 4% 2%

Mass Reduction, Level 1 (5% 26% 27% 22% 19% 19%
Reduction in Glider Weight)

Mass Reduction, Level 2 (7.5% 17% 6% 6% 6% 6%

Reduction in Glider Weight)

Mass Reduction, Level 3 (10% 36% 50% 43% 42% 33%
Reduction in Glider Weight)

Mass Reduction, Level 4 (15% 13% 15% 27% 27% 39%
Reduction in Glider Weight)

6.3.1.1 Vehicle Mass Reduction by Material Substitution

Reducing vehicle mass through material substitution has implications across the life cycle of a vehicle,
including reducing the amount of conventional material required to manufacture vehicles; increasing
the amount of alternative, lighter-weight materials used to manufacture vehicles; saving fuel over the
life of the vehicle; and influencing disassembly and recycling at end of life. Replacing materials such as
conventional steel with other lightweight materials reduces vehicle fuel consumption but also could
increase the upstream environmental burden associated with producing these materials. A literature
review of vehicle mass reduction LCAs found that overall life-cycle energy use will decline for passenger
cars and light trucks through use-phase fuel economy benefits of material substitution, but will increase
upstream energy use in material production (Hottle et al. 2017). This tradeoff is often measured by the
material’s breakeven distance. Breakeven distance is the mileage at which the use-phase energy
reductions outweigh any increases in the extraction and manufacturing life-cycle phases (Das 2014; Kelly
et al. 2015).
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A study by Kelly et al. (2015) compared the life-cycle impacts of material substitution—specifically, of
replacing steel with one of four lightweight materials: advanced high-strength steel, magnesium,
polymer composites (both carbon fiber-reinforced polymer, and glass fiber-reinforced polymer), and
two types of aluminum (cast and wrought). Life-cycle impacts and driving breakeven distance for each
material were calculated for two different fuel reduction values representing cases with or without
powertrain adjustments (0.15 to 0.25 and 0.25 to 0.5 liter per 100 kilometers [62.1 miles] by 100
kilograms [220.5 pounds]), respectively). The authors used the GREET2 model for energy and emissions
data and for modifying vehicle models to explore the substitution impacts.t®

Material substitution ratios were obtained separately from a DOE report (DOE 2013b). Magnesium, cast
aluminum, and wrought aluminum had breakeven distances under 100,000 kilometers (62,000 miles)
regardless of fuel reduction values, except for the highest substitution ratio scenarios for wrought
aluminum and magnesium. In general, cast aluminum demonstrated the lowest breakeven distance
among those three. Carbon fiber-reinforced polymer had a breakeven distance of more than 100,000
kilometers (62,000 miles) for several scenarios but could be less than 50,000 kilometers (31,000 miles) in
multiple scenarios using the low subsitution ratio. Glass fiber-reinforced polymer fared the best of all
materials, having breakeven distances of less than 10,000 kilometers (6,200 miles) for all scenarios
(Figure 6.3.1-1).

Figure 6.3.1-1. Breakeven Driving Distance for Different Material Substitution Pairs and Substitution
Ratios
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Figure 5. Breakeven driving distance for different material substitution
pairs and substitution ratios, assuming different FRV/FRV* values.

Source: Kelly et al. 2015

16 GREET2 is a module of Argonne National Laboratory’s GREET model. GREET2 assesses life-cycle impacts from vehicle
materials production and management, whereas GREET evaluates impacts from energy production and vehicle use.
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FRV = fuel reduction values; km = kilometers; Fe = iron; Al = aluminum; W. Al = wrought aluminum; Mg = magnesium; CFRP =
carbon fiber-reinforced polymer; GFRP = glass fiber-reinforced polymer

A comprehensive review of vehicle lightweighting LCAs examined the range of estimated fuel savings
from almost 50 studies and models for 3 different vehicle types (i.e., ICE vehicles, HEVs, and BEVs). The
study found that fuel reduction estimates varied significantly when reducing overall vehicle weight by
100 kilograms (220.5 pounds). The authors studied the effect of different variables on life-cycle fuel
reduction including powertrain size, vehicle class (e.g., car, sport-utility vehicle), and driving settings
(i.e., city or highway). The results show that driving settings had the greatest influence on overall fuel
savings, with mass reduction leading to larger fuel savings during city driving and significantly lower fuel
savings (60 to 90 percent less savings) during highway driving. Powertrain sizing also had a significant
impact, but vehicle class showed little variation in results (Luk et al. 2017).

Aluminum and High-Strength Steel

Automotive grade aluminum, which is used intensively in the transportation sector, has a high strength-
to-weight ratio, corrosion resistance, and processability (Cheah et al. 2009). High-strength steel has the
same density as conventional steel but provides greater strength; thus, less high-strength steel is
required to fulfill the same function as conventional steel. Aluminum and high-strength steel can reduce
weight while providing strength and rigidity similar to and sometimes greater than conventional steel.
Aluminum is lighter than the conventional steel it replaces, and high-strength steel saves weight by
using less material to provide the same level of strength. Aluminum is a suitable substitute for cast-iron
components, molded steel parts such as wheels, and stamped-steel body panels. High-strength steel
provides the greatest weight-reduction benefits in structural or load-bearing applications, where
strength is a key factor in material selection (Cheah and Heywood 2011; Kim et al. 2010a; Koffler and
Provo 2012; Mohapatra and Das 2014).

NHTSA identified 23 studies!’ that examined the life-cycle impacts of substituting aluminum and/or
high-strength steel for mild steel components in vehicles (Kim et al. 2010b; Hakamada et al. 2007;
Bertram et al. 2009; Dubreuil et al. 2010; Caceres 2009; Stodolsky et al. 1995; Lloyd and Lave 2003;
Geyer 2008; Birat et al. 2003; Weiss et al. 2000; Bandivadekar et al. 2008; Ungureanu et al. 2007,
Mayyas et al. 2012; Liu and Miiller 2012; Shinde et al. 2016; Kelly et al. 2015; Das 2014; Modaresi et al.
2014; Raugei et al. 2015; Hardwick and Outteridge 2015; Sebastian and Thimons 2017; Milovanoff et al.
2019; Palazzo and Geyer 2019). Some of these (Bertram et al. 2009; Geyer 2008; Lloyd and Lave 2003;
Hakamada et al. 2007; Mayyas et al. 2012; Kelly et al. 2015) focus on material substitution in specific
vehicle components. Other studies estimate overall mass reduction from material substitution and
vehicle redesign (Weiss et al. 2000; Bandivadekar et al. 2008; Ungureanu et al. 2007; Kim et al. 2010b;
Das 2014). The studies show the following trends.

e Net energy reduction. In general, the reduced energy use and GHG emissions during the use phase
of aluminum and high-strength steel material substitution is greater than the increased energy use
(and associated GHG emissions) needed to manufacture these lightweight materials at the vehicle

7 The following studies in this literature review indicated that they relied—at least partially—on industry funding or industry-
funded data to evaluate the life-cycle impacts of aluminum and high-strength steel material substitution: Kim et al. (2010b),
Geyer (2007, 2008), Dubreuil et al. (2010), Das (2014), Birat et al. (2003), Sebastian and Thimons 2017, and Milovanoff et al.
(2019). Most of the studies reviewed have undergone peer review for publication in academic journals, although Sebastian and
Thimons (2017) was not published in an academic journal. Certain studies noted where critical reviews were conducted in
accordance with I1SO 14044 standards on either the method (Geyer 2008), life-cycle inventory inputs (Dubreuil et al. 2010), or
both (Sebastian and Thimons 2017), or where critical review was not performed (Bertram et al. 2009).
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production phase; thus, a net energy reduction ensues.On a fleet-wide scale, substituting aluminum
for steel in body panels in one year’s sales volume of vehicles in the United States in 2000 (16.9
million vehicles) would, according to one study, have led to a decrease in 3.8 million tons of GHG
emissions over the life cycle of the vehicles (Lloyd and Lave 2003). The impacts of a future fleet with
a more aluminum-intensive design than currently implemented could result in global annual savings
as high as 1 gigaton CO,e annually by 2050 (Modaresi et al. 2014).8

e Variables affecting reduced energy consumption and emissions. The magnitudes of life-cycle GHG
emissions reductions and energy-use savings are influenced by the amount of recycled material
used in vehicle components, end-of-life recycling rate, lifetime of vehicles in use,*® and location of
aluminum production.

Other research has focused on the breakeven driving distance. Depending on which parts are
substituted and the amount of material displaced, studies estimated that aluminum parts substituting
for steel parts have a breakeven distance between 19,000 and 160,000 miles (Das 2014; Kelly et al.
2015; Mayyas et al. 2012). The lower end of that range equates to approximately 1 year of vehicle
lifetime (Das 2014). In a study comparing the total life cycle emissions impacts of several different
lightweight materials compared to a steel baseline, aluminum showed the greatest potential reduction
(Raugei et al. 2015). Another assessment concluded that significant environmental impact
improvements can be achieved through the increased use of advanced high-strength steels in the body
structures of vehicles (Hardwick and Outteridge 2015).

In addition to vehicle mileage, many studies emphasize the sensitivity of LCA results to the amount of
recycled material used in automobile components and the materials recycling rate at end of life
(Mayyas et al. 2012; Raugei et al. 2015). Substituting rolled aluminum or high-strength steel for mild-
steel sheet parts reduces the total life-cycle GHG emissions. The savings in aluminum results can depend
on scrap recycling rather than just vehicle fuel economy improvement (Geyer 2008). Life-cycle GHG
savings from aluminum component substitution also depend heavily on the location of aluminum
production and the share of secondary aluminum used (Kim et al. 2010b). Growing use of aluminum
sheet in vehicles will result in significant growth of high-value aluminum scrap in the recycling
market.?’ The increased volume of aluminum scrap presents an opportunity for vehicle manufacturers
to increase the recycled content of vehicles and reduce th