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ACRONYMS AND ABBREVIATIONS

To ensure a more reader-friendly document, the National Highway Traffic Safety Administration
has endeavored to limit the use of acronyms and abbreviations in this Environmental Impact
Statement. However, this is a complex document, and the use of acronyms and abbreviations is
unavoidable, particularly in tables and figures. This list of acronyms and abbreviations defines
those used in the text of the main document. Table footnotes define acronyms and abbreviations
used therein. Acronyms and abbreviations in figures are defined somewhere in the figures or just
below them.

°C degrees Celsius

°F degrees Fahrenheit

ug/m? micrograms per cubic meter

AEO Annual Energy Outlook

AER Annual Energy Review

AMO Atlantic Multidecadal Oscillation

AMOC Atlantic Meridional Overturning Circulation
AOGCM atmospheric-ocean general circulation model
BACT Best Available Control Technology

BiW Body in White

BTU British thermal unit

CAA Clean Air Act

CAFE Corporate Average Fuel Economy

CARB California Air Resources Board

CBD Center for Biological Diversity

CEQ Council on Environmental Quality

CFR Code of Federal Regulations

CH, methane

CMAQ Congestion Mitigation and Air Quality Improvement
co carbon monoxide

CO, carbon dioxide

CO,e carbon dioxide equivalent

col cost of illness

CRC Consulting Resources Corporation

DICE Dynamic Integrated Climate and Economy model
DOD U.S. Department of Defense

DOE U.S. Department of Energy

DOT U.S. Department of Transportation

DPM diesel particulate matter

EDF Environmental Defense Fund

EEI Edison Electric Institute

EIA Energy Information Administration

EIS Environmental Impact Statement

EISA Energy Independence and Security Act
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Acronyms and Abbreviations

EO

EPA
EPCA
EV
FHWA
FR

FTA
FUND
GCAM
GCM
GDP
GHG
GIS
gpm
GREET
GWP
HD
HEV
HFC
HHS
IARC
ICCT
ICV

IEO
IGSM
IPCC
IRIS
ISO
LCA
Li-ion
MAGICC
MECA
MERGE
MDOT
MMTCO,
MMTCO,e
MOC
MOVES
MOVES2010a
mpg
mph
MSAT
MY

Executive Order

U.S. Environmental Protection Agency

Energy Policy and Conservation Act

electric vehicle

Federal Highway Administration

Federal Register

Federal Transit Administration

Climate Framework for Uncertainty, Negotiation, and Distribution model
Global Change Assessment Model

general circulation model

gross domestic product

greenhouse gas

geographic information system

gallons per mile

Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation
global warming potential

heavy-duty; medium- and heavy-duty

hybrid electric vehicle

hydrofluorocarbon

U.S. Department of Health and Human Services
International Agency for Research on Cancer
International Council on Clean Transportation
internal combustion vehicle

International Energy Outlook

Integrated Global System Model
Intergovernmental Panel on Climate Change
Integrated Risk Information System
International Organization for Standardization
life-cycle assessment

lithium-ion

Model for Assessment of Greenhouse Gas-induced Climate Change
Manufacturers of Emission Controls Association
Model for Evaluating Regional and Global Effects
Michigan Department of Transportation

million metric tons of carbon dioxide

million metric tons of carbon dioxide equivalent
Meridional Overturning Circulation

Motor Vehicle Emission Simulator (EPA)

2010 Motor Vehicle Emission Simulator (EPA)
miles per gallon

miles per hour

mobile source air toxic

model year
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Acronyms and Abbreviations

N,O
NAAQS
NAS
NEI
NEMS
NEPA
NESHAP
NHTSA
NiMH
NO
NO,
NOAA
NOy
NPRM
NRC
NRDC
NVH
PAGE
PAH
PEF
PETM
PFC
PHEV
POM
PM
PMy,
PM s
ppm
PSD
RCP
RFS
RFS2
RGGI
RIA
SAP
SCC
SFe
SIP
SOy
SO,
SRES
TS&D
TSD

nitrous oxide

National Ambient Air Quality Standards
National Academy of Sciences

National Emissions Inventory

Natinal Energy Modeling System

National Environmental Policy Act

National Emissions Standards for Hazardous Air Pollutants
National Highway Traffic Safety Administration
nickel-metal hydride

nitric oxide

nitrogen dioxide

National Oceanic and Atmospheric Administration
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Glossary

To help readers more fully understand this EIS, this Glossary includes definitions for technical and
scientific terms, and plain English terms used differently in the context of the EIS. Italicized terms in
definitions indicate terms also included in this Glossary.

Term

Definition

Adaptation

As used in this EIS, initiatives and measures to reduce the vulnerability of
natural and human systems from actual or expected effects of climate
change effects. There are various types of adaptation, including
anticipatory and reactive, private and public, and autonomous and planned.

Albedo

Surfaces on Earth reflect solar radiation back to space. The reflective
characteristic, known as albedo, indicates the proportion of incoming solar
radiation that the surface reflects. High albedo has a cooling effect because
the surface reflects rather than absorbs most solar radiation.

Anthropogenic

Resulting from or produced by humans.

Attainment area

Region where concentrations of criteria pollutants do not exceed limits
established under National Ambient Air Quality Standards.

Battery electric
vehicle (BEV)

Type of electric vehicle that is completely electrically powered and does not
incorporate an internal combustion engine.

Benthic

Describing habitat or organisms occurring at the bottom of a body of water.

Biofuel

Liquid fuels and blending components produced from biomass feedstocks,
used primarily for transportation.

Biomass

Organic non-fossil material of biological origin (material from living, or
recently living organisms) constituting a renewable energy source. As an
energy source, biomass can either be used directly, or converted into other
energy products such as biofuel. Direct biomass fuel can be used to
generate electricity with steam turbines and gasifiers or produce heat,
usually by direct combustion. Examples include forest residues (such as
dead trees, branches and tree stumps), yard clippings, wood chips, and
even municipal solid waste. Converted biomass includes plant or animal
matter converted into fibers or other industrial chemicals, including
biofuels. Biomass can be grown from numerous types of plants, including
miscanthus, switchgrass, hemp, corn, poplar, willow, sorghum, sugarcane,
and a variety of tree species, ranging from eucalyptus to oil palm (palm oil).

Biosphere

The part of the Earth system comprising all ecosystems and living
organisms, in the atmosphere, on land (terrestrial biosphere), or in the
oceans (marine biosphere).

Black carbon

Operationally defined aerosol species based on measurement of light
absorption and chemical reactivity and/or thermal stability; consists of soot,
charcoal, and/or possible light-absorbing refractory organic matter.
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Definition

Carbon fixation

This is the process by which inorganic carbon (typically CO,) is used in an
organic compound. An example is the uptake of CO, by plants during the
process of photosynthesis.

Carbon sequestration

The act or process of increasing carbon storage of a reservoir (other than
the atmosphere).

Carbon sink

Any process, activity, or mechanism that removes a greenhouse gas, an
aerosol, or a precursor of a greenhouse gas or aerosol from the
atmosphere.

Climate feedback

An interaction mechanism between processes in the climate system is
called a climate feedback, when the result of an initial process triggers
changes in a second process that in turn influences the initial one. A
positive feedback intensifies the original process, and a negative feedback
reduces it.

Criteria pollutants

Air pollutants for which EPA has established National Ambient Air Quality
Standards. Under the Clean Air Act, as amended, EPA has established
National Ambient Air Quality Standards for six relatively commonplace
pollutants (carbon monoxide, airborne lead, nitrogen dioxide, ozone, sulfur
dioxide, and fine particulate matter; these are the criteria pollutants) that
can accumulate in the atmosphere as a result of normal levels of human
activity.

Cryosphere

The portion of Earth’s surface frozen water, such as snow, permafrost,
floating ice, and glaciers.

Cumulative impacts

“...the impact on the environment which results from the incremental
impact of the action when added to other past, present, and reasonably
foreseeable future actions regardless of what agency (Federal or non-
Federal) or person undertakes such other actions.” 40 CFR § 1508.7

Direct impacts

Effects “caused by the action and occur at the same time and place.” 40 CFR
§ 1508.8.

Downstream Emissions released from a vehicle while it is in operation, parked, or being

emissions refueled, and consisting 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.

Ecosystem A system of living organisms interacting with each other and their physical

environment. The boundaries of what could be called an ecosystem are
somewhat arbitrary, depending on the focus of interest or study.
Therefore, the extent of an ecosystem can range from very small spatial
scales to, ultimately, all of Earth.

Electric vehicle (EV)

A vehicle that uses battery technologies to provide power, therefore
reducing or even eliminating liquid fuel consumption during vehicle
operation. The term “electric vehicle” covers a range of different vehicle
types, including battery electric vehicles (BEVs), hybrid electric vehicles
(HEVs), and plug-in hybrid electric vehicles (PHEVs).
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El Nino-Southern
Oscillation (ENSO)

The term El Nifno was initially used to describe a warm-water current that
periodically flows along the coast of Ecuador and Peru, disrupting the local
fishery. It has since become identified with a basin-wide warming of the
tropical Pacific east of the international dateline. This oceanic event is
associated with a fluctuation of a global-scale tropical and subtropical
surface pressure pattern called the Southern Oscillation. This, coupled
atmosphere-ocean phenomenon, with preferred time scales of 2 to
approximately 7 years, is collectively known as El Nifio-Southern Oscillation,
or ENSO. During an ENSO event, the prevailing trade winds weaken,
reducing upwelling and altering ocean currents such that the sea surface
temperatures warm, further weakening the trade winds.

Emission rate

Rate at which contaminants are discharged from a particular source, usually
in weight unit per time period.

Energy intensity

The sum of all energy supplied to an economy divided by its real (inflation-
adjusted) Gross Domestic Product (GDP). Energy intensity measures the
efficiency at which energy is converted to GDP; a high value indicates an
inefficient conversion of energy to GDP and a lower value indicates a more
efficient conversion.

Eutrophication

The process by which a body of water (often shallow) becomes rich in
dissolved nutrients, like phosphorus and nitrogen. Sources for these
nutrients typically include agricultural fertilizers and sewage.

Evapotranspiration

The combined process of water evaporation from Earth’s surface and
transpiration from vegetation.

Fossil fuel

Fuels formed by natural processes such as anaerobic (in the absence of
oxygen) decomposition of buried dead organisms. The age of the organisms
resulting in fossil fuels is typically millions of years, and sometimes exceeds
650 million years. Fossil fuels, which contain carbon, include coal,
petroleum, and natural gas.

Global warming
potential (GWP)

A relative measure of how much heat a greenhouse gas traps in the
atmosphere. It compares the amount of heat trapped by a certain mass of
the gas in question to the amount of heat trapped by a similar mass of CO,.
GWHP is calculated over a specific time interval, commonly 20, 100, or 500
years. GWP is expressed as a factor of CO, (whose GWP is standardized to
1). For example, the 100-year GWP of methane according to IPCC’s Second
Assessment Report is 21, which means that if the same mass of methane
and CO, were introduced into the atmosphere, that methane would trap 21
times more heat than the CO, over the next 100 years.
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Greenhouse gas (GHG)

Greenhouse gases are those gaseous constituents of the atmosphere, both
natural and anthropogenic, that absorb and emit radiation at specific
wavelengths within the spectrum of infrared radiation emitted by Earth’s
surface, the atmosphere, and clouds. This property causes the greenhouse
effect. Water vapor (H,0), CO,, nitrous oxide (N,0), methane (CH,), and
ozone (0Os3) are the primary GHGs in Earth’s atmosphere. Moreover, there
are a number of entirely human-made GHGs in the atmosphere, such as the
halocarbons and other chlorine- and bromine-containing substances.

GREET model

Model developed by Argonne National Laboratory that provides estimates
of energy use and emissions associated with vehicle and fuel systems.
GREET calculates consumption of total energy, fossil fuels, petroleum, coal
and natural gas, emissions of CO,-equivalent greenhouse gases, and
emissions of criteria pollutants. GREET is used in this EIS analysis to model
upstream emissions.

Gross Domestic
Product (GDP)

The total market value of all the goods and services produced in an
economy at a given time.

Hybrid electric vehicle
(HEV)

Type of electric vehicle that incorporates a battery and electric motor
system coupled with an internal combustion engine.

Hydrosphere

The component of the climate system comprising liquid surface and
subterranean water, such as oceans, seas, rivers, freshwater lakes, and
underground water.

Indirect impacts

Effects that “are caused by the action and are later in time or farther
removed in distance, but are still reasonably foreseeable.” 40 CFR § 1508.8

Life-cycle assessment
(LCA)

An analytical method based on a systems perspective used to evaluate the
environmental impacts of materials, products, processes, or systems
throughout their life cycles.

Mass reduction

Mass reduction reduces fuel consumption by decreasing vehicle mass while
maintaining the same vehicle size.

MOVES model

The Motor Vehicle Emission Simulator (MOVES), developed by EPA's Office
of Transportation and Air Quality, is a modeling system that estimates
emissions of criteria pollutants and toxic air pollutants for on-road mobile
sources. MOVES currently estimates emissions from cars, trucks, and
motorcycles, and is used in this EIS analysis to model downstream
emissions.

NEPA scoping process

An early and open process for determining the scope of issues to be
addressed and for identifying the significant issues related to a proposed
action.

Nonattainment area

Region where concentrations of criteria pollutants exceed federal limits
National Ambient Air Quality Standards. Nonattainment areas are required
to develop and implement plans to comply with the National Ambient Air
Quality Standards within specified periods.
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Ocean acidification

A decrease in the pH of sea water due to the uptake of anthropogenic
carbon dioxide.

Paleoclimatology

The study of climate change through the physical evidence left on Earth of
historical global climate change (prior to the widespread availability of
records to temperature, precipitation, and other data).

Permafrost Ground (soil or rock and included ice and organic material) that remains at
or below zero degrees Celsius for at least 2 consecutive years.
Phenology The study of natural phenomena in biological systems that recur

periodically (development stages, migration) and their relationship to
climate and seasonal changes.

Plug-in hybrid electric
vehicle (PHEV)

A hybrid vehicle with a large capacity rechargeable battery that can be
recharged by plugging into the electrical grid as well as using the on-board
charging capabilities of normal hybrids (e.g., regenerative braking). Just like
a normal hybrid vehicle, a plug-in hybrid also utilizes an internal combustion
engine as a backup when battery life is depleted.

Photosynthetic
nitrogen efficiency

The amount of carbon in the plant that is converted to usable sugars during
photosynthesis. With greater atmospheric CO,, the amount of carbon
converted to sugars is greater even when the amount of nitrogen available
to the plant does not change.

Phototoxicity

An abnormal adverse reaction of a plant to ultraviolet radiation during
which a toxic compound in a plant can be produced or enhanced. This can
be exacerbated by environmental pollutants or increasing UV radiation.

Primary fuels

Energy sources consumed in the initial production of energy. Primary fuels
used in the United States include nuclear power, hydropower, coal, natural
gas, and crude oil (converted to petroleum and other liquid fuels for
consumption).

Radiative forcing

Measure of how a climatic factor such as a GHG affects the energy balance
of the Earth-atmosphere system. A positive forcing tends to warm the
Earth’s surface while a negative forcing tends to cool it.

Rebound effect

A effect whereby improved fuel economy reduces the fuel cost of driving
and leads to additional use of passenger cars and light trucks.

Quads

In this EIS, quadrillion British thermal units.

Social cost of carbon
(SCQ)

An estimate of the monetized climate-related damages associated with an
incremental increase in annual carbon emissions; the estimated price of the
damages caused by each ton of CO, released into the atmosphere.

Survival rate

In the context of this EIS, the proportion of vehicles originally produced
during a model year expected to remain in service at the age they will have
reached during each subsequent year.

Stratification

The layering of warmer, less dense water over colder, denser water.

Technologies

In the context of this EIS, engine technologies, transmission, vehicle,
electrification/accessory, and hybrid technologies that affect fuel economy.
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Tipping point

A point in the climate system at which is there is a strong and amplifying
positive feedback from only a moderate additional change in a driver, such
as CO, or temperature increase.

Toxic air pollutants

Toxic air pollutants, also known as hazardous air pollutants, are those
pollutants that are known or suspected to cause cancer or other serious
health effects, such as reproductive effects or birth defects, or adverse
environmental effects. EPA has identified 188 substances as toxic air
pollutants.

Track width

The lateral distance between the centerlines of the base tires at ground.

Transpiration

Water loss from plant leaves.

Upstream emissions

Emissions associated with crude-petroleum extraction and transportation,
and with the refining, storage, and distribution of transportation fuels.

Urban Heat island
effect

Phenomenon of consistently higher ambient temperatures in metropolitan
regions compared to the surrounding rural areas. Metropolitan regions
have modified the land surfaces with materials (e.g., pavement) that absorb
solar energy, thereby retaining heat within the localized area.

Vehicle footprint

A vehicle’s wheelbase multiplied by the vehicle’s average track width.

Vehicle miles traveled
(VMT)

Total number of miles driven.

Volpe model CAFE compliance and effects model developed by the DOT Volpe Center
that, for any given year, applies technologies to the manufacturer's fleet
until the manufacturer achieves compliance with the standard under
consideration.

Wheelbase The longitudinal distance between front and rear wheel centerlines.
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SUMMARY

FOREWORD

The National Highway Traffic Safety Administration (NHTSA) prepared this Environmental Impact
Statement (EIS) to analyze and disclose the potential environmental impacts of the proposed Corporate
Average Fuel Economy (CAFE) standards for passenger cars and light trucks for model years (MYs) 2017
and beyond (the Proposed Action). 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 EIS compares the potential environmental impacts of four alternative approaches to regulating
light-duty vehicle fuel economy for MYs 2017-2025, including a Preferred Alternative and a No Action
Alternative. This EIS analyzes direct, indirect, and cumulative impacts in proportion to their potential
significance. The alternatives NHTSA selected for evaluation encompass a reasonable range of
alternatives to evaluate the potential environmental impacts of the Proposed Action and alternatives
under NEPA. EIS chapters and appendices provide or reference all relevant supporting information.

BACKGROUND

The Energy Policy and Conservation Act of 1975 (EPCA) established the CAFE program to reduce national
energy consumption by increasing the fuel economy of passenger cars and light trucks. EPCA directs the
Secretary of Transportation to set and implement fuel economy standards for passenger cars and light
trucks sold in the United States. The Secretary has delegated responsibility for implementing the CAFE
program to NHTSA.

In December 2007, Congress enacted the Energy Independence and Security Act of 2007 (EISA),
amending the EPCA CAFE program requirements by providing DOT additional rulemaking authority and
responsibilities. Pursuant to EISA, NHTSA has issued final CAFE standards for MY 2011 passenger cars
and light trucks, and standards for MY 2012—-2016 passenger cars and light trucks and MY 2014-2018
medium- and heavy-duty vehicles in joint rulemakings with the Environmental Protection Agency (EPA).

On May 21, 2010, President Obama issued a Presidential Memorandum entitled “Improving Energy
Security, American Competitiveness and Job Creation, and Environmental Protection through a
Transformation of our Nation’s Fleet of Cars and Trucks.” This memorandum builds on the President’s
previous memorandum from January 26, 2009, which established a Joint National Program and led to
the NHTSA and EPA joint final rulemaking establishing fuel economy and greenhouse gas (GHG)
standards for MY 2012—-2016 passenger cars and light trucks. The President’s 2010 memorandum
requested that NHTSA and EPA continue the joint National Program by developing federal standards to
improve fuel efficiency and reduce the GHG emissions of U.S. passenger cars and light trucks
manufactured in MYs 2017-2025. The President requested that the agencies develop a Notice of Intent
announcing plans for setting those standards by September 30, 2010, which would include “potential
standards that could be practicably implemented nationally for the 2017-2025 model years and a
schedule for setting those standards as expeditiously as possible, consistent with providing sufficient
lead time to vehicle manufacturers.”

On September 30, 2010, NHTSA and EPA issued a Notice of Intent that announced plans to develop a
rulemaking setting stringent fuel economy and GHG emissions standards for U.S. passenger cars and
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light trucks for MY 2017 and beyond. The notice was accompanied by an Interim Joint Technical
Assessment Report, intended to inform the rulemaking process, which NHTSA, EPA, and the California
Air Resources Board (CARB) developed in coordination with the U.S. Department of Energy (DOE). On
December 8, 2010, the agencies published a Supplemental Notice of Intent highlighting many of the key
comments received in response to the September Notice of Intent and the Interim Joint Technical
Assessment Report. Over the next several months, the agencies, working with California, engaged in
discussions with individual automobile manufacturers, automotive suppliers, states, environmental
groups, consumer groups, and the United Auto Workers, who all expressed support for continuation of
the National Program. These discussions and efforts focused on developing information that supported
the underlying technical assessments that informed the proposed standards. On May 10, 2011, NHTSA
published a Notice of Intent to prepare an EIS for new CAFE standards. On July 29, 2011, NHTSA and
EPA issued a final Supplemental Notice of Intent generally describing the agencies’ expectations for the
Notice of Proposed Rulemaking (NPRM), including the intended levels of standards to be proposed and
key program elements, such as compliance flexibilities and the mid-term evaluation. The NPRM was
issued together with the Draft EIS on November 16, 2011.

NHTSA developed this EIS pursuant to NEPA, which 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). To inform its development of the final CAFE standards,
NHTSA prepared this EIS, which analyzes, discloses, and compares the potential environmental impacts
of a reasonable range of alternatives, including a Preferred Alternative, and discusses impacts in
proportion to their significance.

PURPOSE AND NEED FOR THE PROPOSED ACTION

NEPA requires that proposed alternatives be developed 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 a reasonable range of alternatives to be considered in
the NEPA analysis. In accordance with EPCA/EISA, one purpose of the Joint Rulemaking is to establish
CAFE standards for MYs 2017 and beyond at “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 the Secretary of Transportation 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.

Under EISA, NHTSA must establish separate standards for passenger cars and light trucks for each model
year, subject to two principal requirements. First, in certain years, the standards are subject to a
minimum requirement regarding stringency — they must be set at levels high enough to ensure that the
combined U.S. passenger car and light-truck fleet achieves an average fuel economy level of not less
than 35 miles per gallon (mpg) not later than MY 2020. Second, the agency must establish separate
average fuel economy standards for all new passenger cars and light trucks at the maximum feasible
average fuel economy level that the Secretary of Transportation decides the manufacturers can achieve
in that model year.
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Finally, NHTSA also is acting pursuant to President Obama’s memorandum to DOT on May 21, 2010, as
described in Section 1.1 of this EIS. This memorandum further outlines the purpose of and need for the
Proposed Action.

PROPOSED ACTION AND ALTERNATIVES AND ANALYSIS METHODOLOGIES

NEPA requires an agency to compare the potential environmental impacts of its proposed action and a
reasonable range of alternatives. NHTSA’s Proposed Action is to set fuel economy standards for
passenger cars and light trucks in accordance with EPCA/EISA. In developing the Proposed Action and
alternatives, NHTSA considered the four EPCA factors that guide the agency’s determination of
“maximum feasible” standards. NHTSA’s decisionmaking process balances the four statutory EPCA
factors, along with considerations such as environmental impacts and safety.

In any single rulemaking under EPCA, fuel economy standards may be established for not more than 5
model years. For this reason, NHTSA’s proposal is limited to setting standards for MYs 2017-2021. In
the NPRM, NHTSA also set forth values for MYs 2022-2025 that reflected the agency’s estimate of the
standards we would have proposed and adopted had we the authority to do so. The CAFE standards for
MYs 2022-2025 will be determined in a subsequent, de novo notice and comment rulemaking.
However, because NHTSA's effort is part of a joint NHTSA/EPA rulemaking for a coordinated and
harmonized National Program covering MYs 2017-2025, this EIS addresses the potential impacts of the
proposed standards for MY 2017-2021 and the values set forth for MYs 2022-2025 for each of the
alternatives, thus covering the full MY 2017-2025 period. When NHTSA refers to the standards in this
EIS as “required,” it recognizes that fuel economy standards for MY 2022-2025 will not, in fact, be
required in this rulemaking. Rather, it is assumed for purposes of the analysis in this EIS that the values
set forth for MYs 2022-2025 will be made required in the future. Similarly, when NHTSA refers to the
“Proposed Action” or to the “proposed standards,” these terms are intended to identify the full time
period covered by the coordinated National Program (MYs 2017-2025) for purposes of analysis, but
subject to the specific caveats noted above.

NHTSA has selected a reasonable range of alternatives to evaluate the potential environmental impacts
of the Proposed Action under NEPA. The specific alternatives NHTSA selected, described below and
listed in Table S-1 and Sections 2.2.4 and 2.2.5 of this EIS, encompass a reasonable range within which to
set CAFE standards and to evaluate the potential environmental impacts under NEPA, in view of EPCA
requirements. Pursuant to CEQ regulations, the agency has included a No Action Alternative
(Alternative 1), which assumes no action would occur under the National Program. The No Action
Alternative assumes that NHTSA would not issue a rule regarding CAFE standards for MY 2017-2025
2025 passenger cars and light trucks; rather, consistent with previous EISs, the agency assumes that
NHTSA’s MY 2016 fuel economy standards and EPA’s MY 2016 GHG standards would continue
indefinitely. This alternative provides an analytical baseline against which to compare the
environmental impacts of the three action alternatives.

Uncertainty over Market-Driven Improvements in Fuel Economy

In recognition of the uncertainty inherent in forecasting the fuel economy of the future light-duty
vehicle fleet in the absence of agency action, this EIS provides two sets of analyses regarding the No
Action Alternative against which the corresponding impacts of the action alternatives were measured.
Analyses Al and A2 reflect a No Action Alternative that assumes that, in the absence of the Proposed
Action, the baseline light-duty vehicle fleet in MY 2017 and beyond would attain an average fleetwide
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fuel economy no higher than the minimum levels necessary to comply with NHTSA and EPA’s MY 2016
standards established by final rule in April 2010. Analyses Al and A2 also assume that the average
annual fleetwide fuel economy under the action alternatives would be no higher than the minimum
necessary to comply with the level of the agency’s CAFE standard for a particular year during the
rulemaking period. Finally, after MY 2025, NHTSA assumes that average fleetwide fuel economy under
the action alternatives will never exceed the level set forth for the MY 2025 standards. Tables and
figures in this summary that depict results for Analysis A have “A1” or “A2” after the table or figure
number.

Analyses B1 and B2 reflect a No Action Alternative that assumes that, in the absence of the Proposed
Action, the average fleetwide fuel economy level of passenger cars and light trucks would continue to
increase beyond the level necessary to meet the MY 2016 standards. These analyses also reflect action
alternatives that assume that once manufacturers comply with the CAFE standard for a particular year
during the MY 2017-2025 period, they would consider making further improvements in fuel economy if
it is cost-effective to do so. NHTSA forecast the fleets assumed in Analyses B1 and B2 using the
“voluntary over-compliance” simulation capability of the Volpe model, described in Section 2.2.1 of this
EIS and in Section IV.C.4.c of the NPRM. For this simulation, the agency used all the same inputs as for
Analysis A, but applied a payback period of 1 year for purposes of simulating whether a manufacturer
would apply additional technology to an already CAFE-compliant fleet through MY 2025. In other
words, NHTSA assumed manufacturers would continue to add fuel economy technologies that pay for
themselves through fuel savings within 1 year. More discussion of this methodology is available in
Section IV.G of the NPRM. In Analyses B1 and B2, the agency has also assumed that average fleetwide
fuel economy will continue to increase after MY 2025 at rates consistent with historical changes in the
fuel economy of new passenger cars and light trucks during periods when CAFE standards remained
fixed and did not require manufacturers to offer vehicles with higher fuel economy than in the
immediately preceding model years. Tables and figures in this summary that depict results for Analyses
B1 and B2 have “B1” or “B2” after the table or figure number.

Uncertainty in New Vehicle Fleet Forecast

To evaluate the environmental impacts of the proposed alternatives, NHTSA must project what vehicles
and technologies will exist in future model years and then evaluate what technologies can feasibly be
applied to those vehicles to raise their fuel economy. To project the future fleet, NHTSA must develop a
baseline vehicle fleet. For this Final EIS, NHTSA has analyzed the potential environmental impacts of the
Proposed Action and alternatives using two different forecasts of the light-duty vehicle fleet through MY
2025.

In the NPRM, NHTSA and EPA used 2008 MY CAFE certification data to establish the “2008-based fleet
projection.” In addition to the MY 2008 CAFE certification data, NHTSA based the forecast of the light-
duty vehicle fleet through 2025 on the Annual Energy Outlook (AEQ) 2011 interim projection of future
fleet sales volumes and on the CSM Worldwide future new vehicle fleet forecast from 2009. In this Final
EIS, one new vehicle fleet forecast (referred to as the MY 2008 baseline and assumed in Analyses Al and
B1) is similar to the one used in the NPRM. In response to comments, this Final EIS also includes another
new vehicle fleet forecast (generally referred to as the MY 2010 baseline and assumed in Analyses A2
and B2) using a baseline fleet constructed from MY 2010 CAFE certification data, AEO 2012 Early Release
fleet sales projections to MY 2025 published in 2012, and a purchased LMC Automotive-based new
vehicle fleet projection (by vehicle type and manufacturer) out to MY 2025. The significant uncertainty
associated with forecasting sales volumes, vehicle technologies, fuel prices, consumer demand, and
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other variables out to MY 2025 makes it reasonable and appropriate to evaluate the impacts of the
Proposed Action and alternatives using two baselines.

The two new vehicle fleet forecasts have certain differences. For example, the MY 2008 vehicle data
(reflected in Analyses Al and B1) represent the most recent model year for which the industry had sales
data that were not affected by the subsequent economic recession. However, the CSM forecast used
for the MY 2008 baseline, appears to have been particularly influenced by the recession, showing major
declines in market share for some manufacturers (e.g., Chrysler), which NHTSA does not believe is
reasonably reflective of future trends. On the other hand, the MY 2010 baseline (reflected in Analyses
A2 and B2) employs a future new vehicle fleet that is more current.

In addition, although MY 2010 CAFE certification data have become available since the publication of the
NPRM, it continues to show the effects of the recession. For example, industry-wide sales were skewed
down 20 percent compared to pre-recession MY 2008 levels. Using the MY 2008 vehicle data avoids
using these sudden and perhaps temporary baseline market shifts when projecting the future new
vehicle fleet. On the other hand, the MY 2010 CAFE certification data accounts for the phase-out of
some brands and the introduction of some technologies, which might be more reflective of the future
new vehicle fleet.

Designation of Analyses in this EIS Based on Uncertainties

In light of the uncertainties discussed above, this Final EIS presents the potential environmental impacts
for each of the alternatives using two different assumptions regarding market-driven fuel economy
improvements and two different sets of fleet characteristic assumptions. By retaining the assumptions
used in Analysis A and Analysis B from the Draft EIS, this approach produces four sets of results for
direct and indirect impacts — Analyses Al and A2 and Analyses B1 and B2 — for each alternative as
described below. The two sets of fleet-characteristic assumptions also produce two sets of results for
cumulative impacts — Analyses C1 and C2 — for each of the alternatives as described below.

e |n Analyses Al and A2, the agency assumes that the average fleetwide fuel economy for light-duty
vehicles would not exceed the minimum level necessary to comply with CAFE standards. Therefore,
Analyses Al and A2 measure the impacts of the action alternatives under which average fleetwide
fuel economy in each model year does not exceed the level of the CAFE standards for that model
year, compared to a No Action Alternative under which average fleetwide fuel economy after MY
2016 will never exceed the level of the agencies’ MY 2016 standards established by final rule in April
2010. Tables and figures in this Final EIS that depict results for Analysis Al (these have “Al” after
the table or figure number) show estimated impacts derived from a MY 2008 baseline fleet, fleet
sales projections to MY 2025 from AEO 2011, and a CSM-based fleet projection. Tables and figures
that depict results for Analysis A2 (these have “A2” after the table or figure number) show
estimated impacts derived from a MY 2010 baseline fleet, fleet sales projections to MY 2025 from
the AEO 2012 Early Release, and an LMC-based fleet projection.

e In Analyses B1 and B2, the agency assumes continued improvements in average fleetwide fuel
economy for light-duty vehicles due to higher market demand for fuel-efficient vehicles. Therefore,
Analyses B1 and B2 measure the impacts of the action alternatives assuming overcompliance by
certain manufacturers through MY 2025 and ongoing improvements in new vehicle fuel economy
after MY 2025, compared to a No Action Alternative that assumes the average fleetwide fuel
economy level of light-duty vehicles would continue to increase beyond the level necessary to meet
the MY 2016 standards, even in the absence of agency action. Tables and figures in this Final EIS
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that depict results for Analysis B1 (these have “B1” after the table or figure number) show estimated
impacts derived from a MY 2008 baseline fleet, fleet sales projections to MY 2025 from AEO 2011,
and a CSM-based fleet projection. Tables and figures that depict results for Analysis B2 (these have
“B2” after the table or figure number) show estimated impacts derived from a MY 2010 baseline
fleet, fleet sales projections to MY 2025 from the AEO 2012 Early Release, and an LMC-based fleet
projection.

e CEQ NEPA implementing regulations require agencies to consider the cumulative impacts of major
federal actions. NHTSA refers to the cumulative impacts analysis as Analysis C throughout this EIS.
In Analyses C1 and C2, the agency compares action alternatives assuming overcompliance by certain
manufacturers through MY 2025 and ongoing fuel economy improvements after MY 2025 with a No
Action Alternative under which there are no continued improvements in fuel economy after MY
2016 (i.e., the average fleetwide fuel economy for light-duty vehicles would not exceed the latest
existing standard). In this way, the cumulative impacts analysis combines the No Action Alternative
from Analyses Al and A2 with the action alternatives from Analyses B1 and B2. Tables and figures in
this Final EIS that depict results for Analysis C1 (these have “C1” after the table or figure number)
show estimated impacts derived from a MY 2008 baseline fleet, fleet sales projections to MY 2025
from AEO 2011, and a CSM-based fleet projection. Tables and figures that depict results for Analysis
C2 (these have “C2” after the table or figure number) show estimated impacts derived from a MY
2010 baseline fleet, fleet sales projections to MY 2025 from the AEO 2012 Early Release, and an
LMC-based fleet projection. For more explanation of NHTSA’s methodology regarding the
cumulative impacts analysis, see Section 2.5.

Analysis Al is generally comparable to Analysis A in the Draft EIS, and Analysis B1 is generally
comparable to Analysis B in the Draft EIS. Analysis A2 and Analysis B2 make the same assumptions
about growth during and after the years of the Proposed Action as Analysis Al and Analysis B1,
respectively, except these analyses reflect a MY 2010 baseline fleet (as described above).

NHTSA has provided separate tables illustrating the environmental impacts projected in each analysis.
In discussing these impacts, NHTSA often presents the results of Analyses Al and A2 together and
Analyses B1 and B2 together in what appears to be a range (e.g., “light-duty vehicle 2017-2060 fuel
consumption is projected to range from 4,987 to 5,372 billion gallons under the Preferred Alternative in
Analyses Al and A2”). This form of presenting the results is not intended to bound all the possible, or
even likely, potential impacts that may occur under a given alternative in a given year. In other words,
the values should not be interpreted as a true minimum or maximum potential impact. Rather, this
format presents results using the same methodology but under different assumptions, as described
above.

Alternatives

NHTSA has analyzed a reasonable range of action alternatives with stringencies that increase annually,
on average, 2 percent to 7 percent from the MY 2016 standards for passenger cars and for light trucks.
As the agency stated in the Notice of Intent to issue an EIS and in the Draft EIS, NHTSA believes that,
based on the different ways it could weigh EPCA’s four statutory factors, the maximum feasible level of
CAFE stringency falls within this range. Throughout this EIS, estimated impacts are shown for three
action alternatives that illustrate this range of average annual percentage increases in fleetwide fuel
economy. The regulatory alternatives analyzed here are the same as those presented in the Draft EIS
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and the NPRM. Table S-1 shows the estimated average required and achieved fleetwide fuel economy
forecasts by model year under the alternatives. The action alternatives are as follows:

e Alternative 2 — Alternative 2 would require a 2 percent average annual fleetwide increase in fuel
economy for both passenger cars and light trucks for MYs 2017-2025. Alternative 2 represents the
lower bound of the range of annual stringency increases NHTSA believes includes the maximum
feasible stringency.

e Alternative 3 (Preferred) — Under the Preferred Alternative, manufacturers would be required to
meet an estimated average fleetwide fuel economy level of 40.3 to 41.0 mpg in MY 2021 and 48.7 to
49.7 mpg in MY 2025. These averages are uncertain, because, as discussed in Section 1.3.2.1 of this
EIS, the actual average required fuel economy levels in the future will depend upon the actual
composition of the future fleet, which can only be estimated — with considerable uncertainty — at
this time. The proposed stringency increases to the attribute-based standards (i.e. the target
functions as expressed on a gallons per mile [gpm] basis) for MYs 2017-2021 average 3.6 percent
for passenger cars. In recognition of manufacturers’ unique challenges in improving the fuel
economy and GHG emissions of full-size pickup trucks (a subset of light trucks) as we transition from
the MY 2016 standards to MY 2017 and later, while preserving the utility (e.g., towing and payload
capabilities) of those vehicles, NHTSA’s proposal includes a slower annual rate of improvement for
light trucks in the first phase of the program. The proposed stringency increases to the attribute-
based standards for MYs 2017-2025 average 2.3 percent (on a gpm basis) for light trucks. For MYs
2022-2025, the annual stringency increases set forth average 4.4 percent (also on a gpm basis) for
both passenger cars and light trucks. The target curves identified as the Preferred Alternative and
analyzed in this Final EIS are the same as those that defined the Preferred Alternative in the Draft
EIS and outlined as the proposal in the NPRM. In other words, the rate of increase in stringency of
the Preferred Alternative analyzed in the Final EIS has not changed.

e Alternative 4 — Alternative 4 would require a 7 percent average annual fleetwide increase in fuel
economy for both passenger cars and light trucks for MYs 2017-2025. Alternative 4 represents the
upper bound of the range of annual stringency increases NHTSA believes includes the maximum
feasible stringency.

Table S-1. Estimated Average Required® and Achieved" Fleetwide Fuel Economy (mpg) for Combined U.S.
Passenger Cars and Light Trucks by Model Year and Alternative under each Analysis

My My My My My My My My My
Alternative Analysis 2017 2018 2019 2020 2021 2022 2023 2024 2025

Estimated Average Required

Al &B1 34.6 34.7 34.8 34.8 34.8 34.9 34.9 35.0 35.1

1 - No Action

A2 & B2 34.3 34.3 34.3 34.3 34.3 34.4 34.4 34.5 34.5
2 —2%/Year Cars Al &B1 35.5 36.3 37.2 37.9 38.8 39.6 40.5 41.5 42.5
and Trucks A2 & B2 35.1 35.8 36.6 37.4 38.2 39.0 39.8 40.8 41.6

Al &B1 354 36.5 37.7 38.9 41.0 43.0 45.1 47.4 49.7

3 — Preferred
A2 & B2 35.1 36.1 37.1 38.3 40.3 42.3 44.3 46.5 48.7

4—7%/Year Cars A1&B1 | 373 | 403 | 436 | 470 | 508 | 548 | 592 | 640 | 692

and Trucks A2 & B2 36.9 39.8 42.9 46.3 49.9 53.9 58.2 62.8 67.8
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Table S-1. Estimated Average Required® and Achieved® Fleetwide Fuel Economy (mpg) for Combined U.S.
Passenger Cars and Light Trucks by Model Year and Alternative under each Analysis (continued)

My My My MY My My My My My

Alternative Analysis | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Estimated Average Achieved

Al 33.7 34.1 344 346 349 349 35.0 35.1 35.2

1 — No Action A2 33.3 33.7 33.9 34.3 34.4 345 345 34.6 34.6

B1 345 35.3 36.1 36.4 36.7 37.0 37.2 37.3 37.5

B2 34.1 34,5 35.2 35.7 36.2 36.4 36.6 36.8 36.9

Al 35.0 36.1 375 38.6 39.6 40.2 40.8 416 41.9

2 - 2%/Year Cars A2 34.7 35.6 36.7 37.9 38.8 39.2 39.9 40.7 40.9

and Trucks B1 35.2 36.4 37.7 38.8 39.4 40.2 40.7 415 42.2

B2 34.8 35.6 36.8 38.0 38.9 39.4 40.1 40.9 415

Al 35.0 36.6 38.7 40.8 42.6 43.8 44.6 46.0 47.4

3 preferred A2 34.8 36.0 38.2 39.9 42.0 42.9 44.2 45.6 46.2

B1 35.6 37.1 39.1 40.8 42.3 43.6 44.6 46.1 48.1

B2 34.9 36.1 38.4 403 42.1 43.2 445 45.7 47.1

Al 37.8 40.3 43.4 46.7 49.7 52.3 53.8 56.4 58.4

4 - 7%/Year Cars A2 37.2 39.0 421 45.1 47.7 49.7 51.9 54.5 57.1

and Trucks B1 379 | 405 | 439 | 467 | 496 | 516 | 538 | 561 | 583

B2 37.0 38.8 42.2 455 483 50.2 52.0 54.8 56.9

a. Estimated average required fuel economy levels are based on application of the mathematical function defining the alternative to the
market forecast defining the estimated future fleets of new passenger cars and light trucks.

b. For the No Action Alternative, estimated average achieved fuel economy levels reflect the agency’s estimates of manufacturers’ potential
responses to these requirements, taking into account available technology, available adjustments to fuel economy levels based on
reduction of air conditioner energy consumption, fuel economy calculations specific to electric vehicles, and EISA/EPCA provisions allowing
manufacturers to earn CAFE credits by producing flexible-fuel vehicles, to pay civil penalties in lieu of achieving compliance with CAFE
standards, to carry CAFE credits forward between model years (up to 5 years), and to transfer CAFE credits between the passenger car and
light-truck fleets. In addition, for the action alternatives, estimated achieved levels take into account available adjustments to fuel
economy levels based on application of technologies (other than those that improve air conditioner efficiency) that reduce off-cycle energy
consumption.

The range being considered under the action alternatives encompasses a spectrum of possible standards
the agency could select, based on the different ways NHTSA could weigh EPCA’s four statutory factors.
By providing environmental analyses of these points and the Preferred Alternative, the decisionmaker
and the public can determine the environmental effects of points that fall between Alternatives 2 and 4.
The action alternatives evaluated in this EIS therefore provide decisionmakers with the ability to select
from a wide variety of other potential alternatives with stringencies that increase annually at average
percentage rates between 2 and 7 percent. This includes, for example, alternatives with stringencies
that increase at different rates for passenger cars and for light trucks, and stringencies that increase by
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 GHGs. For example,
the most stringent alternative NHTSA is evaluating (Alternative 4) would require greater adoption of
technology across the fleet, including more advanced technology, than the least stringent action
alternative (Alternative 2) NHTSA is evaluating. As a result, Alternative 4 would impose greater costs
and achieve greater energy conservation and related reductions in GHGs than other action alternatives,
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compared to the No Action Alternative. The agency’s Preferred Alternative (Alternative 3) represents
the required fuel economy level NHTSA has tentatively determined to be the maximum feasible level
under EPCA, based on balancing the four statutory factors and other relevant considerations. For a
detailed description of the alternatives, see Section 2.2 of this Final EIS.

POTENTIAL ENVIRONMENTAL CONSEQUENCES

This section describes how the Proposed Action and alternatives could affect energy use, air quality, and
climate, as reported in Chapters 3, 4, and 5 of the EIS, respectively. Air quality and climate impacts are
reported for the entire light-duty vehicle fleet (passenger cars and light trucks combined), while
Appendix A to the EIS provides the air quality and climate impacts of the Proposed Action and
alternatives for passenger cars and light trucks separately. The EIS also qualitatively describes potential
additional impacts on water resources, biological resources, hazardous materials and regulated wastes,
noise, and environmental justice.

The impacts on energy use, air quality, and climate described in the EIS 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 analysis of the direct and indirect impacts compares the action alternatives in a particular analysis
(A1, A2, B1, or B2) with the No Action Alternative in that analysis, applying their respective assumptions
as described above. The cumulative impacts analysis accounts for other past, present, and reasonably
foreseeable future actions, consistent with NEPA requirements. The cumulative impacts analysis
presents the environmental impacts (including impacts to energy, air quality, and climate) due to the
fuel economy improvements that result directly or indirectly from the action alternatives in addition to
reasonably foreseeable improvements in fuel economy caused by other actions — that is, fuel economy
improvements that would result from actions taken by manufacturers without the agency’s action and
in response to market demands. The cumulative impacts analysis also compares the action alternatives
in a particular analysis (C1 or C2) with the No Action Alternative in that analysis, applying their
respective assumptions as described above.

Energy

NHTSA’s Proposed Action would regulate fuel economy and therefore impact fuel consumption in the
U.S. transportation sector. Transportation fuel comprises 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. Because automotive fuel consumption is expected to account for most U.S. net energy imports
through 2035, the United States has the potential to achieve large reductions in imported oil use and,
consequently, reductions in the country’s net energy imports during this time by increasing the fuel
economy of its fleet of passenger cars and light trucks.

Increasing the fuel economy of the light-duty vehicle fleet is likely to have far-reaching impacts related
to reducing U.S. dependence on foreign oil. Reducing dependence on energy imports is a key
component of the President’s March 30, 2011, Blueprint for a Secure Energy Future, which indicates that
increasing transportation efficiency is an essential step toward that goal. The 1-year progress report to
the President’s Blueprint reaffirms the major role increased fuel efficiency in transportation has already
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played in reducing U.S. dependence on foreign oil. Similarly, DOE has stated that vehicle efficiency has
the greatest short- to mid-term impact on oil consumption.

Energy intensity measures the efficiency at which energy is converted to Gross Domestic Product (GDP),
with a high value indicating an inefficient conversion of energy to GDP and a lower value indicating a
more efficient conversion. The energy intensity of the U.S. economy has decreased by 54 percent over 4
decades (from 15,890 British thermal units [Btu] per real dollar of GDP in 1970 to 7,400 Btu per real
dollar of GDP in 2010), indicating an overall increase in the efficiency with which the U.S. uses energy.
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.

Most of the increase in U.S. energy consumption over the past decades has not come from increased
domestic energy production, but instead from the increase in imports largely for use in the
transportation sector. Transportation fuel consumption has grown steadily on an annual basis.
Transportation is now the largest consumer of petroleum in the U.S. economy and a major contributor
to U.S. net imports. The United States is poised to reverse the trend of the last 4 decades and achieve
large reductions in net energy imports through 2035 due to continuing increases in U.S. energy
efficiency and recent developments in U.S. energy production. Stronger fuel economy standards for
light-duty vehicles have the potential to further increase U.S. energy efficiency in the transportation
sector and reduce U.S. dependence on petroleum.

The transportation sector is the second-largest consumer of energy in the United States (after the
industrial sector), representing 28 percent of total U.S. energy use, as shown in Figure S-1.

Figure S-1. U.S. Energy Consumption by Sector, 2010

Transportation . .
28% Residential

22%

Commercial

Industrial 19%
31%

Source: EIA (Energy Information Administration). Annual Energy Outlook 2012. Early Release Overview. DOE/EIA-0383ER. U.S. Department of
Energy: Washington, DC. Available at: <http://www.eia.gov/forecasts/aeo/er/>. (Accessed: May 31, 2012).
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Petroleum is by far the largest source of energy used in the transportation sector, accounting for almost
95 percent of this sector’s energy consumption. Consequently, transportation accounts for the largest
share of total U.S. petroleum consumption. As shown in Figure S-2, the transportation sector consumes
72 percent of the petroleum used in the United States.

Figure S-2. U.S. Petroleum Consumption by Sector, 2010

Air Transport 9%  Other Non-Highway
\ / Transport 11%

Passenger Cars and
Light Trucks
63%

Industrial
22%

Residential 3% /
Commercial 2%  Electric Power 1%

HD = heavy-duty

Left Pie Chart Data Source: EIA. 2012. Annual Energy Outlook 2012. Early Release Overview. Table 7—Transportation Sector key Indicators and
Delivered Energy Consumption. DOE/EIA-0383ER. U.S. Department of Energy: Washington, D.C. Available at:
<http://www.eia.gov/oiaf/aeo/tablebrowser/>. (Accessed: May 31, 2012).

Right Pie Chart Data Source: EIA. 2011. Annual Energy Review 2010. Table 5.13a-d—Petroleum Consumption Estimates, 1949-2010. DOE/EIA-
0384 (2010). U.S. Department of Energy: Washington, D.C. Available at: <http://www.eia.gov/totalenergy/data/annual/pdf/aer.pdf>.
(Accessed: April 20, 2012).

More than half of transportation-sector energy use can be attributed to petroleum (gasoline and diesel
fuel) consumption by passenger cars and light trucks. In the future, the transportation sector will
continue to be the largest petroleum consumer and the second largest component of total U.S. energy
consumption after the industrial sector. NHTSA’s analysis of fuel consumption in this EIS assumes that
fuel consumed by passenger cars and light trucks will consist predominantly of gasoline and diesel fuel
derived from petroleum for the foreseeable future.

Key Findings for Energy Use

To calculate fuel savings for each action alternative, NHTSA subtracted projected fuel consumption
under each action alternative from the level under the No Action Alternative. The fuel consumption and
savings figures presented below are for 2017-2060 (2060 being the year by which nearly the entire U.S.
light-duty vehicle fleet will likely be composed of MY 2017-2025 and later vehicles).
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Direct and Indirect Impacts

As the alternatives increase in stringency, total fuel consumption decreases in all of the analyses. In
Analyses Al and A2, light-duty vehicle fuel consumption from 2017-2060 under the No Action
Alternative is projected to range from 6,052 to 6,562 billion gallons. Light-duty vehicle fuel consumption
from 2017-2060 is projected to range from 5,400 to 5,812 billion gallons under Alternative 2, 4,987 to
5,372 billion gallons under the Preferred Alternative, and 4,456 to 4,795 billion gallons under Alternative
4. In Analyses B1 and B2, light-duty vehicle fuel consumption from 2017-2060 under the No Action
Alternative is projected to range from 5,280 to 5,694 billion gallons. Light-duty vehicle fuel consumption
from 2017-2060 is projected to range from 5,080 to 5,476 billion gallons under Alternative 2, 4,694 to
5,054 under the Preferred Alternative, and 4,261 to 4,559 billion gallons under Alternative 4.

Fuel savings is the reduction in fuel consumption over a specific period. In contrast to fuel consumption,
fuel savings under each action alternative compared to the No Action Alternative increases with
stringency. Figures S-3-A1, A2, B1, and B2 demonstrate fuel savings for Analyses A1, A2, B1 and B2,
respectively, from 2017-2060 under each action alternative compared to the No Action Alternative. In
Analyses Al and A2, light-duty vehicle 2017-2060 fuel savings would range from 652 to 751 billion
gallons under Alternative 2, 1,066 to 1,190 billion gallons under the Preferred Alternative, and 1,597 to
1,767 billion gallons under Alternative 4. In Analyses B1 and B2, light-duty vehicle 2017-2060 fuel
savings would range from 200 to 219 billion gallons under Alternative 2, 585 to 640 billion gallons under
the Preferred Alternative, and 1,019 to 1,135 billion gallons under Alternative 4.
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Figure S-3-A1. U.S. Passenger Car and Light Truck Fuel Savings by Alternative (billion gasoline gallon equivalent
total for calendar years 2017-2060), Analysis Al
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Figure S-3-A2. U.S. Passenger Car and Light Truck Fuel Savings by Alternative (billion gasoline gallon equivalent
total for calendar years 2017-2060), Analysis A2

Fuel Savings
(billion gasoline gallon equivalent)

2000

1800

1600

1400

1200

1000

800

600

400

200

Alt. 2 - 2%l/year Cars and
Trucks

Alt. 3 - Preferred

Alt. 4 - 7%/year Cars and
Trucks

@ Light Trucks
OCars

S-14




Summary

Figure S-3-B1. U.S. Passenger Car and Light Truck Fuel Savings by Alternative (billion gasoline gallon equivalent
total for calendar years 2017-2060), Analysis B1

1200
1000
g
< 800
=
>
o
n O
25
g8 600 @ Light Trucks
n (O]
© £
E é OCars
©
(o))
_5 400
E
200 -
0 .

Alt. 2 - 2%l/year Cars and Alt. 3 - Preferred Alt. 4 - 7%/year Cars and
Trucks Trucks

$-15



Summary

Figure S-3-B2. U.S. Passenger Car and Light Truck Fuel Savings by Alternative (billion gasoline gallon equivalent
total for calendar years 2017-2060), Analysis B2
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Cumulative Impacts

As with direct and indirect impacts, fuel consumption under each action alternative will decrease with
increasing stringency under the cumulative impacts analysis, which incorporates other past, present,
and reasonably foreseeable future actions that would lead to improvements in fuel economy. Under
the No Action Alternative, total combined gas and diesel fuel consumption during the period 2017-2060
is projected to be 6,562 billion gallons in Analysis C1 and 6,052 billion gallons in Analysis C2. In Analysis
C1, total fuel consumption for the same period under the action alternatives ranges from a low of 4,559
billion gallons under Alternative 4 to a high of 5,476 billion gallons under Alternative 2. Total fuel
consumption under the Preferred Alternative falls between these levels, amounting to 5,054 billion
gallons. In Analysis C2, total fuel consumption under the action alternatives ranges from a low of 4,261
billion gallons under Alternative 4 to a high of 5,080 billion gallons under Alternative 2. Total fuel
consumption under the Preferred Alternative falls between these levels, amounting to 4,694 billion
gallons.

Similarly, under the cumulative impacts analysis, fuel savings from passenger cars and light trucks
increase with increased fuel economy stringency. Figures S-3-C1 and C2 show fuel savings for the period
2017-2060 under each alternative compared to the No Action Alternative. In Analysis C1, fuel savings
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during this period range from a low of 1,087 billion gallons under Alternative 2 to a high of 2,003 billion
gallons under Alternative 4. Fuel savings under the Preferred Alternative in Analysis C1 falls between
these levels, amounting to 1,508 billion gallons. In Analysis C2, fuel savings range from a low of 973
billion gallons under Alternative 2 to a high of 1,792 billion gallons under Alternative 4. Fuel savings
under the Preferred Alternative in Analysis C2 falls between these levels, amounting to 1,358 billion
gallons.

Figure S-3-C1. U.S. Passenger Car and Light Truck Fuel Savings by Alternative (billion gasoline gallon equivalent
total for calendar years 2017-2060), Analysis C1
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Figure S-3-C2. U.S. Passenger Car and Light Truck Fuel Savings by Alternative (billion gasoline gallon equivalent
total for calendar years 2017-2060), Analysis C2
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Air Quality

Air pollution and air quality can affect public health, public welfare, and the environment. The Proposed
Action and alternatives under consideration would affect air pollutant emissions and air quality. The EIS
air quality analysis assesses the impacts of the alternatives in relation to emissions of pollutants of
concern from mobile sources, the resulting impacts to human health, and the monetized health benefits
of emissions reductions. Although air pollutant emissions generally decline under the action
alternatives compared to the No Action Alternative, the magnitudes of the declines are not consistent
across all pollutants (and some air pollutant emissions might increase), reflecting the complex
interactions between tailpipe emission rates of the various vehicle types, the technologies NHTSA
assumes manufacturers will incorporate to comply with the standards, upstream emission rates, the
relative proportions of gasoline and diesel in total fuel consumption reductions, and increases in vehicle
miles traveled (VMT).

Under the authority of the Clean Air Act (CAA) and its amendments, EPA has established National
Ambient Air Quality Standards (NAAQS) for six relatively common air pollutants — known as “criteria”
pollutants because EPA regulates them by developing human health-based or environmentally based
criteria for setting permissible levels. The criteria pollutants are carbon monoxide (CO), nitrogen dioxide
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(NO,), ozone, sulfur dioxide (SO,), lead, and particulate matter (PM) with an aerodynamic diameter
equal to or less than 10 microns (PMyg) and 2.5 microns (PM,, or fine particles). Ozone is not emitted
directly from vehicles, but is formed from emissions of ozone precursor pollutants such as nitrogen
oxides (NO,) and volatile organic compounds (VOCs).

In addition to criteria pollutants, motor vehicles emit some substances defined by the 1990 CAA
Amendments as hazardous air pollutants. Hazardous air pollutants include certain VOCs, compounds in
PM, pesticides, herbicides, and radionuclides that present tangible hazards based on scientific studies of
human (and other mammal) exposure. Hazardous air pollutants from vehicles are known 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 have identified these air toxics as the MSATSs that typically are of greatest concern when
analyzing impacts of highway vehicles. DPM is a component of exhaust from diesel-fueled vehicles and
falls almost entirely within the PM, 5 particle-size class.

Health Effects of the Pollutants

The criteria pollutants assessed in the EIS have been shown to cause a range of adverse health effects at
various concentrations and exposures, including:

e Damage to lung tissue

e Reduced lung function

e Exacerbation of existing respiratory and cardiovascular diseases
e Difficulty breathing

e |rritation of the upper respiratory tract

e Bronchitis and pneumonia

e Reduced resistance to respiratory infections

e Alterations to the body’s defense systems against foreign materials
e Reduced delivery of oxygen to the body’s organs and tissues

e Impairment of the brain’s ability to function properly

e Cancer and premature death

MSATSs are also associated with adverse health effects. 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 non-cancer health effects, 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 as a result of pollution controls on vehicles and regulation of the chemical
content of fuels.

Highway vehicles (including vehicles covered by the proposed rule) are responsible for approximately 53
percent of total U.S. emissions of CO, 1.7 percent of PM, s emissions, and 1.2 percent of PMj, emissions.
Highway vehicles also contribute approximately 24 percent of total nationwide emissions of VOCs and
31 percent of NO,, both of which are chemical precursors of ozone. In addition, NO, is a PM, s precursor
and VOCs can be PM, s precursors. Highway vehicles contribute less than 0.4 percent of SO,, but SO,
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and other oxides of sulfur (SO,) are important because they contribute to the formation of PM, s in the
atmosphere. With the elimination of lead in automotive gasoline, it is no longer emitted from motor
vehicles in more than negligible quantities and therefore is not assessed in this analysis.

Methodology

The air quality results presented in this EIS, including impacts to human health, are based on a number
of assumptions about the types and rates of emissions from the combustion of fossil fuels. In addition
to tailpipe emissions, the analysis accounts for upstream emissions from the 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.” To estimate upstream
emissions, the analysis uses the GREET model (1 2011 version developed by DOE Argonne National
Laboratory), which contains data on emissions intensities (amount of pollutant emitted per unit of
electrical energy generated) that extend to 2020. To project the U.S. average electricity generating fuel
mix for the reference year 2020, the analysis uses the National Energy Modeling System (NEMS) AEO
2012 Early Release version, an energy-economy modeling system from DOE.

Assumptions in the modeling tools result in a temporally static and geographically homogeneous grid
that overstates air quality impacts under alternatives that predict a high level of EV deployment.
Therefore, NHTSA has added an alternate analysis to illustrate the effects of a cleaner future grid on air
quality. This analysis is based on an assumption of steady improvements to the grid during the course of
the next several decades — the period during which any EV deployment associated with increases in the
CAFE standards would occur — and, if the current early trends continue, a higher concentration of EVs in
areas served by cleaner electrical grids. This alternate analysis was performed using the same
methodology used throughout the document, and it generated the inputs necessary to allow modeling
of air quality impacts and their resulting health outcomes and monetized health effects. The results of
the health outcomes and monetized health effects of these two cases are reported alongside each other
for comparison in Chapter 4 of the EIS, and summarized below. In the discussion below, the “Base Grid
Mix” is the analysis presented throughout this document and is based on NEMS AEO 2012 Early Release
version fuel mix and emissions projections for the year 2020. The “Alternate Grid Mix” is based on the
fuel mix and emissions projections of the cleaner “GHG Price Economy-Wide” emissions side case in the
final AEO 2011 for the year 2035. Supporting calculations for the Alternate Grid Mix appear in the
charts in Appendix H.

Key Findings for Air Quality

The findings for air quality effects are shown for the year 2040 in this Summary, a mid-term forecast
year by which time a large proportion of passenger car and light-truck VMT would be accounted for by
vehicles that meet the proposed standards. The results reported in this section apply to Analyses A1,
A2, B1, B2, C1, and C2 for 2040, unless otherwise noted. The EIS provides findings for air quality effects
for 2021, 2025, 2040, and 2060. In general, emissions of criteria air pollutants decrease with increased
stringency across alternatives, with several exceptions. The increases and decreases in emissions reflect
the complex interactions among tailpipe emission rates of the various vehicle types, the technologies
assumed to be incorporated by manufacturers in response to the proposed standards, upstream
emission rates, the relative proportions of gasoline and diesel in total fuel consumption reductions, and
increases in VMT.
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To estimate reduced incidence of PM, s-related adverse health effects and the associated monetized
health benefits from the emission reductions, NHTSA multiplied direct PM, s and PM, s precursor (NO,,
S0,, and VOCs) emission reductions by EPA-provided pollutant-specific benefit-per-ton estimates.
Reductions in adverse health outcomes include reduced incidences of premature mortality, chronic
bronchitis, respiratory emergency room visits, and work-loss days.

Direct and Indirect Impacts
Criteria Pollutants

e Emissions of criteria pollutants are highest under the No Action Alternative and generally decline as
fuel consumption decreases from the least stringent alternative (No Action) to the most stringent
(Alternative 4), as shown in Figures S-4-A1, A2, B1, and B2. CO is a partial exception to this general
trend, with CO emissions increasing under Alternatives 2 and 3, and decreasing under Alternative 4.
These increases under Alternatives 2 and 3 occur because the increases in vehicle emissions due to
the rebound effect more than offset reductions in upstream emissions due to improved fuel
economy and the resulting decline in the volume of fuel refined and distributed. Under Alternative
4, the reverse is true. NO, and SO, are also partial exceptions, with emissions generally decreasing
under Alternatives 2 and 3, and increasing under Alternative 4. Many of the emissions changes are
relatively small, especially under Alternatives 2 and 3 in the years before 2060.

e Emissions of CO, PM, s, and VOCs generally are lowest under Alternative 4, while emissions of SO,
and NO, are highest under Alternative 4.

e Under the Preferred Alternative, emissions of all criteria pollutants are reduced compared to the No
Action Alternative for most analyses, except CO emissions, which increase slightly from the No
Action Alternative in all analyses. Excluding CO, emissions under the Preferred Alternative generally
are lower than emissions under Alternative 2 for all pollutants. Emissions of PM, s and VOCs under
the Preferred Alternative are generally higher than emissions under Alternative 4, while emissions of
NO, and SO, under the Preferred Alternative are generally lower than emissions under Alternative 4.

e Asdiscussed above, these results depend upon assumptions regarding the future electrical grid mix.
NHTSA has also conducted an alternate analysis which examines the impacts of the action
alternatives assuming a cleaner grid mix.
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Figure S-4-A1. Nationwide Criteria Pollutant Emissions (tons/year) from U.S. Passenger Cars and Light Trucks for
2040 by Alternative, Analysis Al
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Figure S-4-A2. Nationwide Criteria Pollutant Emissions (tons/year) from U.S. Passenger Cars and Light Trucks for
2040 by Alternative, Analysis A2
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Figure S-4-B1. Nationwide Criteria Pollutant Emissions (tons/year) from U.S. Passenger Cars and Light Trucks for
2040 by Alternative, Analysis B1
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Figure S-4-B2. Nationwide Criteria Pollutant Emissions (tons/year) from U.S. Passenger Cars and Light Trucks for
2040 by Alternative, Analysis B2
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Hazardous Air Pollutants

Emissions of acetaldehyde, acrolein, and formaldehyde generally increase from Alternative 1 to
Alternative 4, as shown in Figures S-5-A1, A2, B1, and B2. These increases occur because the
increases in vehicle emissions due to the rebound effect more than offset reductions in upstream
emissions due to improved fuel economy and the resulting decline in the volume of fuel refined and
distributed. This trend is least pronounced for formaldehyde, for which emissions decrease under
Alternatives 2 and 3 for several combinations of analyses and years. Acetaldehyde emissions also
decrease under Alternative 4 for certain analyses and years. Many of the emissions changes are
relatively small, especially under Alternatives 2 and 3 in the years before 2060.

Emissions of 1,3-butadiene are approximately equivalent for each alternative and year (except for
decreases under Alternative 4 in 2040 and 2060). Benzene emissions generally decrease from
Alternative 1 to Alternative 4. DPM emissions generally decrease from Alternative 1 to Alternative 3
for all analysis years. Under Alternative 4, DPM emissions decrease until 2025 by an amount that is
smaller than under the other action alternatives, and increase to just below or above the No Action
Alternative levels (except in Analysis Al). These trends are accounted for by the extent of
technologies assumed to be deployed under the different alternatives to meet the different levels of
fuel economy requirements.

Under the Preferred Alternative, emissions of benzene and DPM are generally reduced compared to
the No Action Alternative. In contrast, emissions of acetaldehyde, acrolein, and 1,3-butadiene
generally increase under the Preferred Alternative compared to the No Action Alternative.
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Emissions of formaldehyde under the Preferred Alternative either increase or decrease compared to
the No Action Alternative, depending on the analysis. Emissions of benzene and DPM under the
Preferred Alternative are lower than under Alternative 2, and higher than under Alternative 4
(except for DPM in Analyses Al and A2). Emissions of acetaldehyde, acrolein and 1,3-butadiene
under the Preferred Alternative are generally higher than under Alternative 2 and either higher or
lower than under Alternative 4, depending on the year and analysis. Emissions of formaldehyde
under the Preferred Alternative are either lower or higher than under Alternative 2 depending on
the analysis, but lower than under Alternative 4 across all analyses.

Figure S-5-A1. Nationwide Toxic Air Pollutant Emissions (tons/year) from U.S. Passenger Cars and Light Trucks
for 2040 by Alternative, Analysis Al
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Figure S-5-A2. Nationwide Toxic Air Pollutant Emissions (tons/year) from U.S. Passenger Cars and Light Trucks
for 2040 by Alternative, Analysis A2
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Figure S-5-B1. Nationwide Toxic Air Pollutant Emissions (tons/year) from U.S. Passenger Cars and Light Trucks
for 2040 by Alternative, Analysis B1
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Figure S-5-B2. Nationwide Toxic Air Pollutant Emissions (tons/year) from U.S. Passenger Cars and Light Trucks
for 2040 by Alternative, Analysis B2
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Health and Monetized Health Benefits

e All action alternatives would generally result in reduced adverse health effects (mortality, chronic
bronchitis, emergency room visits for asthma, and work-loss days) nationwide compared to the No
Action Alternative. Exceptions to this trend in the Base Grid Mix case are Alternative 2 in 2060 and
Alternative 4 in 2040 and 2060, under which adverse health outcomes increase in Analyses B1 and
B2 compared to the No Action Alternative. Assuming the Alternate Grid Mix, all action alternatives
would generally result in reduced adverse health effects nationwide compared to the No Action
Alternative.

e Because monetized health benefits increase with reductions in adverse health effects, monetized
benefits would generally increase across alternatives along with increasing fuel economy standards.
When estimating quantified and monetized health impacts, EPA relies on results from two PM, s-
related premature mortality studies it considers equivalent: Pope et al. (2002) and Laden et al.
(2006). EPA recommends that monetized benefits be shown using incidence estimates derived from
each of these studies and valued using a 3 percent and a 7 percent discount rate to account for an
assumed lag in the occurrence of mortality after exposure, for a total of four separate calculations of
monetized health benefits in each grid mix. Assuming the Base Grid Mix, estimated monetized
health benefits in 2040 range from $750 million to $6.7 billion ($2.3 billion to $6.7 billion under the
Preferred Alternative) in Analyses A1 and A2. In Analyses B1 and B2, monetized health impacts in
2040 range from a negative impact of $48 million to a benefit of $3.7 billion ($1.0 billion to $3.7
billion under the Preferred Alternative). With the Alternate Grid Mix, estimated monetized health
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benefits in 2040 range from $1.5 billion to $9.1 billion in Analyses A1 and A2. In Analyses B1 and B2,
monetized health benefits in 2040 range from $590 million to $6.3 billion.

e Under the Preferred Alternative in the Base Grid Mix case, reductions in adverse health outcomes
are greater and monetized health benefits are higher than under the No Action Alternative,
Alternative 2, and Alternative 4 (except in 2021). Under the Preferred Alternative in the Alternate
Grid Mix case, reductions in adverse health outcomes are greater and monetized health benefits are
higher than under the No Action Alternative and Alternative 2, but lower than under Alternative 4 in
all years.

See Section 4.2.1 of this EIS for data on the direct effects of criteria and hazardous air pollutant
emissions, and monetized health benefits for the alternatives.

Cumulative Impacts
Criteria Pollutants

e Cumulative emissions of criteria pollutants are highest under the No Action Alternative and
generally decline as fuel consumption decreases across the action alternatives, as shown in Figures
S-4-C1 and C2. CO is a partial exception to this general trend, with CO emissions increasing under
Alternative 2, increasing or decreasing under the Preferred Alternative (depending on analysis), and
decreasing further under Alternative 4 to below the level of the No Action Alternative. Increases
that are projected to occur under Alternatives 2 and 3 do so because the increases in vehicle
emissions due to the rebound effect more than offset reductions in upstream emissions due to
improved fuel economy and the resulting decline in the volume of fuel refined and distributed. NO,
and SO, are also partial exceptions, with emissions decreasing under Alternative 2 and the Preferred
Alternative but increasing under Alternative 4.

e Emissions of CO, PM, s, and VOCs are lowest under Alternative 4, while emissions of NO, and SO, are
lowest under the Preferred Alternative (except in 2021) or Alternative 4 (in 2021).

e Under the Preferred Alternative, emissions of all criteria pollutants are reduced compared to the No
Action Alternative, except for CO emissions, which are slightly higher under the Preferred
Alternative than under the No Action Alternative. Emissions of all criteria pollutants under the
Preferred Alternative are lower than emissions under Alternative 2 (except CO emissions for some
years). Emissions of PM, s and VOCs under the Preferred Alternative are higher than emissions
under Alternative 4, while emissions of NO,and SO, under the Preferred Alternative are generally
lower than emissions under Alternative 4.

e Asdiscussed above, these results depend upon assumptions regarding the future electrical grid mix.
NHTSA has also conducted an alternate analysis which examines the impacts of the action
alternatives assuming a cleaner grid mix.
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Figure S-4-C1. Nationwide Criteria Pollutant Emissions (tons/year) from U.S. Passenger Cars and Light Trucks for
2040 by Alternative, Analysis C1
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Figure S-4-C2. Nationwide Criteria Pollutant Emissions (tons/year) from U.S. Passenger Cars and Light Trucks for
2040 by Alternative, Analysis C2
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Hazardous Air Pollutants

Emissions of benzene generally are highest under the No Action Alternative and decline as fuel
consumption decreases across the action alternatives, as shown in Figures S-5-C1 and C2. Emissions
of acetaldehyde and 1,3-butadiene increase under Alternative 2 and the Preferred Alternative and
generally decrease under Alternative 4. Emissions of DPM are highest under the No Action
Alternative, decrease under Alternative 2 and the Preferred Alternative, and decrease by a lesser
amount under Alternative 4. Emissions of acrolein and formaldehyde generally increase with
decreasing fuel consumption across all the action alternatives because of increased driving due to
the rebound effect.

Emissions of benzene and 1,3-butadiene generally are lowest under Alternative 4, while emissions of
acrolein, are lowest under the No Action Alternative. Emissions of DPM are lowest under the
Preferred Alternative or Alternative 4, depending on the analysis. Emissions of acetaldehyde are the
lowest under the No Action Alternative or Alternative 4, depending on the analysis, and emissions of
formaldehyde are lowest under the Alternative 2 or the Preferred Alternative, depending on the
analysis.

Under the Preferred Alternative, emissions of acetaldehyde and acrolein generally increase
compared to the No Action Alternative. Emissions of benzene under the Preferred Alternative
generally are lower than under Alternative 2 and higher than under Alternative 4. Emissions of 1,3-
butadiene under the Preferred Alternative are slightly higher than under Alternative 2 and generally
higher than under Alternative 4. Under the Preferred Alternative, emissions of DPM are reduced
compared to the No Action Alternative, but are higher or lower than under Alternative 4, depending
on the analysis. Formaldehyde emissions under the Preferred Alternative are either higher or lower
compared to the No Action Alternative, depending on the analysis, but lower than under
Alternative 4.
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Figure S-5-C1. Nationwide Toxic Air Pollutant Emissions (tons/year) from U.S. Passenger Cars and Light Trucks
for 2040 by Alternative, Analysis C1
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Figure S-5-C2. Nationwide Toxic Air Pollutant Emissions (tons/year) from U.S. Passenger Cars and Light Trucks
for 2040 by Alternative, Analysis C2
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Health and Monetized Health Benefits

e Alternatives 2 through 4 would result in reduced adverse health effects nationwide compared to the
No Action Alternative. Reductions generally increase as fuel consumption decreases across
alternatives.

e The monetized health benefits follow the same patterns as the reductions in adverse health effects.
In the Base Grid Mix case, estimated annual monetized health benefits in 2040 range from a low of
$1.6 billion to a high of $7.6 billion ($2.6 billion to $7.6 billion under the Preferred Alternative). In
the Alternate Grid Mix case, estimated monetized health benefits in 2040 range from $2.0 billion to
$10.0 billion ($2.2 billion to $6.7 billion under the Preferred Alternative).

e Under the Preferred Alternative with the Base Grid Mix, cumulative reductions in adverse health
outcomes are greater and monetized health benefits are higher than under the No Action
Alternative, Alternative 2, and Alternative 4. Under the Preferred Alternative with the Alternate
Grid Mix, reductions in adverse health outcomes are greater and monetized health benefits are
higher than under the No Action Alternative and Alternative 2, but lower than under Alternative 4.

See Section 4.2.2 of this EIS for cumulative effects data on criteria and hazardous air pollutant emissions,
monetized health benefits for the alternatives.
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Climate

Earth’s natural greenhouse effect is responsible for maintaining surface temperatures warm enough to
sustain life (see Figure S-6). Human activities emit greenhouse gases (GHGs) to the atmosphere through
the combustion of fossil fuels, industrial processes, solvent use, land-use change, forest management,
agricultural production, and waste management. Carbon Dioxide (CO,) and other GHGs trap heat in the
troposphere (the layer of the atmosphere that extends from Earth’s surface up to approximately 8
miles), absorb heat energy emitted by Earth’s surface and its lower atmosphere, and radiate much of it
back to the surface. Without GHGs in the atmosphere, most of this heat energy would escape back to
space.

Figure S-6. The Greenhouse Effect

Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

About half the solar radiation
is absorbed by the
Earth’s surface and warms it. Infrared radiation is
emitted from the Earth's
surface.

Source: IPCC (Intergovernmental Panel on Climate Change). 2007. Climate Change 2007: The Physical Science
Basis. Contribution of working group | to the Fourth Assessment report of the Intergovernmental Panel on
Climate Change. [Solomon, S., d. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor and H.l. Miller
(eds.)] Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA. 996 pgs.

The amount of CO, and other natural GHGs in the atmosphere — such as methane (CH,), nitrous oxide
(N,0), water vapor, and ozone — has fluctuated over time, but natural emissions of GHGs are largely
balanced by natural sinks, such as vegetation (which, when buried and compressed over long periods,
becomes fossil fuel) and the oceans, which remove the gases from the atmosphere.

Since the industrial revolution, when fossil fuels began to be burned in increasing quantities,
concentrations of GHGs in the atmosphere have increased. CO, has increased by more than 38 percent
since pre-industrial times, while the concentration of CH, is now 149 percent above pre-industrial levels.
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This buildup of GHGs in the atmosphere is upsetting Earth’s energy balance and causing the planet to
warm, which in turn affects sea levels, precipitation patterns, cloud cover, ocean temperatures and
currents, and other climatic conditions. Scientists refer to this phenomenon as “global climate change.”

During the past century, Earth’s surface temperature has risen by an average of approximately 0.74
degree Celsius (°C) (1.3 degrees Fahrenheit [°F]) and sea levels have risen 0.17 meter (6.7 inches), with a
maximum rate of about 2 millimeters (0.08 inch) per year over the past 50 years on the northeastern
coast of the United States.

A recent National Research Council (NRC) report stated that there is a strong, credible body of evidence,
based on multiple lines of research, documenting that climate is changing and that the changes are
largely caused by human activities. These activities — such as the combustion of fossil fuel, the
production of agricultural commodities, and the harvesting of trees — contribute to increased
concentrations of GHGs in the atmosphere, which in turn trap increasing amounts of heat, altering
Earth’s energy balance.

Throughout this EIS, NHTSA has relied extensively on findings of the United Nations Intergovernmental
Panel on Climate Change (IPCC), the U.S. Climate Change Science Program (CCSP), the NRC, the Arctic
Council, the U.S. Global Change Research Program (GCRP), and EPA. This discussion focuses heavily on
the most recent, thoroughly peer-reviewed, and credible assessments of global and U.S. climate change.
See Section 5.1 of this EIS for more detail.

Impacts of Climate Change

Climate change is expected to have a wide range of effects on temperature, sea level, precipitation
patterns, severe weather events, and water resources, which in turn could affect human health and
safety, infrastructure, food and water supplies, and natural ecosystems. For example:

e Impacts on freshwater resources could include changes in precipitation patterns; decreasing aquifer
recharge in some locations; changes in snowpack and timing of snowmelt; saltwater intrusion from
sea-level changes; changes in weather patterns resulting in flooding or drought in certain regions;
increased water temperature; and numerous other changes to freshwater systems that disrupt
human use and natural aquatic habitats.

e Impacts on terrestrial ecosystems could include shifts in species range and migration patterns,
potential extinctions of sensitive species 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,.

e Impacts on coastal ecosystems could include the loss of coastal areas due to submersion and
erosion, additional impacts from severe weather and storm surges, and increased salinization of
estuaries and freshwater aquifers.

e Impacts on land use could include flooding and severe-weather impacts on coastal, floodplain and
island settlements; extreme heat and cold waves; increases in drought in some locations; and
weather- or sea level-related disruptions of the service, agricultural, and transportation sectors.

e Impacts on human health could include increased mortality and morbidity due to excessive heat,
increases in respiratory conditions due to poor air quality, increases in water and food-borne
diseases, changes in the seasonal patterns of vector-borne diseases, and increases in malnutrition.
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In addition to its role as a GHG in the atmosphere, CO, is transferred from the atmosphere to water,
plants, and soil. In water, CO, combines with water molecules to form carbonic acid. When CO,
dissolves in seawater, a series of well-known chemical reactions begins that increases the concentration
of hydrogen ions and makes seawater more acidic, which adversely affects corals and other marine life.

Increased concentrations of CO; in the atmosphere can also stimulate plant growth to some degree, a
phenomenon known as the CO, fertilization effect. The available evidence indicates that different plants
respond in different ways to enhanced CO, concentrations.

Contribution of the U.S. Transportation Sector to Climate Change

Contributions to the buildup of GHGs in the atmosphere vary greatly from country to country and
depend heavily on the level of industrial and economic activity. Emissions from the United States
account for approximately 17.4 percent of total global CO, emissions (based on comprehensive global
CO, emissions data available for 2005). As shown in Figure S-7, the U.S. transportation sector
contributed 31 percent of total U.S. CO, emissions in 2010, with passenger cars and light trucks
accounting for 61 percent of total U.S. CO, emissions from transportation. Therefore, 18.8 percent of
total U.S. CO, emissions come from passenger cars and light trucks. From a global perspective, U.S.
passenger cars and light trucks account for roughly 3.3 percent of total global CO, emissions.

Figure S-7. Contribution of Transportation to U.S. CO2 Emissions and
Proportion Attributable by Mode, 2010
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Source: EPA (U.S. Environmental Protection Agency). 2012. Inventory of U.S. Greenhouse Gas
Emissions and Sinks: 1990-2010. Tables 2-14 and 2-15. Washington, D.C. EPA 430-R-12-001.
Available at: <http://www.epa.gov/climatechange/emissions/usinventoryreport.html>.
(Accessed: April 20, 2012).
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Key Findings for Climate

The action alternatives would decrease the growth in global GHG emissions when compared to the No
Action Alternative, resulting in reductions in the anticipated increases that are otherwise projected to
occur in CO, concentrations, temperature, precipitation, and sea level. They would also, to a small
degree, reduce the impacts and risks of climate change.

Note that under the No Action Alternative, total CO,, CH,4, and N,O emissions from passenger cars and
light trucks in the United States are projected to substantially increase between 2017 and 2100 in
Analyses Al and A2, while undergoing little to moderate growth in Analyses B1 and B2. Growth in the
number of passenger cars and light trucks in use throughout the United States, combined with assumed
increases in their average use, is projected to result in a growth in VMT. Because CO, emissions are a
direct consequence of total fuel consumption, the same result is projected for total CO, emissions from
passenger cars and light trucks.

NHTSA estimates that the action alternatives would reduce fuel consumption and CO, emissions from
what they would be in the absence of the standards (i.e., fuel consumption and CO, emissions under the
No Action Alternative) (see Figures S-8-A1, A2, B1, and B2).

The global emissions scenario used in the cumulative effects analysis (and described in Chapter 5 of this
EIS) differs from the global emissions scenario used for climate change modeling of direct and indirect
effects. In the cumulative effects analysis, the Reference Case global emissions scenario used in the
climate modeling analysis reflects reasonably foreseeable actions in global climate change policy; in
contrast, the global emissions scenario used for the analysis of direct and indirect effects assumes that
no significant global controls on GHG emissions are adopted. See Section 5.3.3.2.2 of the EIS for more
explanation of the cumulative effects methodology.

Estimates of GHG emissions and reductions (direct and indirect impacts and cumulative impacts) are
presented below for each of the four alternatives. Key climate effects, such as mean global increase in
surface temperature and sea-level rise, which result from changes in GHG emissions, are also presented
for each of the four alternatives. These effects are typically modeled to 2100 or longer due to the
amount of time required for the climate system to show the effects of the GHG (or in this case,
emission) reductions. This inertia primarily reflects the amount of time required for the ocean to warm
in response to increased radiative forcing.

The impacts of the action alternatives on global mean surface temperature, precipitation, or sea-level
rise are small in relation to the expected changes associated with the emissions trajectories that assume
that no significant global controls on GHG emissions are adopted. This is due primarily to the global and
multi-sectoral nature of the climate problem. 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 would be an important contribution to reducing the risks associated with climate change.

Direct and Indirect Impacts
Greenhouse Gas Emissions

e |n Analyses Al and A2, U.S. passenger cars and light trucks are projected to emit between 138,800
and 155,400 million metric tons of carbon dioxide (MMTCO,) in the period 2017-2100. In Analyses
B1 and B2, these vehicles are projected to emit between 111,400 and 124,100 MMTCO,. The action
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alternatives would reduce these emissions by 12 to 28 percent in Analyses Al and A2 and by 2 to 18
percent in Analyses B1 and B2 by 2100. Figures S-8-A1, A2, B1, and B2 show projected annual CO,
emissions from passenger cars and light trucks under each alternative. As shown in the figures,
emissions are highest under the No Action Alternative, while Alternatives 2 through 4 show
increasing reductions in emissions compared to the No Action Alternative.

Compared to total projected U.S. emissions of 7,193 MMTCO, under the No Action Alternative in
2100, the action alternatives are expected to reduce U.S. CO, emissions in 2100 by between 3.2 and
8.3 percent in Analysis A and between 0.1 and 3.6 percent in Analysis B.

Compared to total global CO, emissions from all sources of 5,099,256 MMTCO, under the No Action
Alternative from 2017 through 2100, the action alternatives are expected to reduce global CO,
emissions by between 0.33 and 0.84 percent in Analysis A and between 0.05 and 0.43 percent in
Analysis B by 2100.

The emission reductions under the alternatives are equivalent to the annual emissions from
between 14.8 and 36.9 million passenger cars and light trucks in 2025 in Analysis A and between 9.2
and 30.6 million passenger cars and light trucks in Analysis B, compared to the No Action
Alternative. Emission reductions in 2025 under the Preferred Alternative fall within this range, and
are projected to be equivalent to a reduction of between 22.9 to 23.3 million passenger cars and
light trucks in Analysis A and 17.5 million passenger cars and light trucks in Analysis B.

Figure S-8-Al. Projected Annual CO, Emissions (MMTCO,) from U.S. Passenger Cars and Light Trucks by
Alternative, Analysis Al
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Figure S-8-A2. Projected Annual CO, Emissions (MMTCO,) from U.S. Passenger Cars and Light Trucks by

Alternative, Analysis A2
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Figure S-8-B1. Projected Annual CO, Emissions (MMTCO,) from U.S. Passenger Cars and Light Trucks by
Alternative, Analysis B1
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Figure S-8-B2. Projected Annual CO, Emissions (MMTCO,) from U.S. Passenger Cars and Light Trucks by

Alternative, Analysis B2
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CO, Concentration, Global Mean Surface Temperature, Sea-level Rise, and Precipitation

CO, emissions affect the concentration of CO, in the atmosphere, which in turn affects global

temperature, sea level, and precipitation patterns. For the analysis of direct and indirect effects, NHTSA
used the GCAMReference scenario to represent the Reference Case emissions scenario; that is, future

global emissions assuming no additional climate policy. The impacts of the Proposed Action and
alternatives on temperature, precipitation, or sea-level rise are small in absolute terms because the

action alternatives result in a small proportional change to the emissions trajectories in the Reference
Case scenario to which the alternatives were compared. Although these effects are small, they occur on

a global scale and are long-lasting, and would be an important contribution to reducing the risks

associated with climate change.

e Estimated CO, concentrations in the atmosphere for 2100 would range from approximately 781

parts per million (ppm) in Analysis A and 783 ppm in Analysis B under Alternative 4 to approximately

785 ppm under the No Action Alternative, indicating a maximum atmospheric CO, reduction of
approximately 4 ppm from the No Action Alternative in Analysis A and 2 ppm in Analysis B. The

Preferred Alternative would reduce global CO, concentrations by approximately 3.0 ppm in Analysis
A and 1.1 ppm in Analysis B from CO, concentrations under the No Action Alternative.
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Global mean surface temperature is anticipated to increase by approximately 3.06 °C (5.51 °F) under
the No Action Alternative by 2100. Implementing the most stringent alternative (Alternative 4)
would reduce this projected temperature increase by between 0.014 and 0.015 °C (0.025 and
0.027 °F) in Analysis A and between 0.007 and 0.008 °C (0.013 and 0.014 °F) in Analysis B, while
implementing Alternative 2 would reduce projected temperature increase by up to 0.006 °C

(0.011 °F) in Analysis A and 0.001 °C (0.002 °F) in Analysis B. Falling between these two levels, the
Preferred Alternative would decrease projected temperature increase under the No Action
Alternative by between 0.009 and 0.010 °C (0.016 and 0.018 °F) in Analysis A and 0.004 °C (0.007 °F)
in Analysis B. Figures S-9-A1, A2, B1, and B2 demonstrate show in the growth of projected global
mean temperature under each action alternative compared to the No Action Alternative.

Projected sea-level rise in 2100 ranges from a high of 37.40 centimeters (14.72 inches) under the No
Action Alternative to a low of 37.26 centimeters (14.67 inches) in Analysis A and 37.32 centimeters
(14.69 inches) in Analysis B under Alternative 4. Therefore, the action alternatives would result in a
maximum reduction of sea-level rise equal to 0.14 centimeter (0.06 inch) in Analysis A and 0.08
centimeter (0.03 inch) in Analysis B by 2100 from the level projected under the No Action
Alternative. Sea-level rise under the Preferred Alternative would be reduced by between 0.09
centimeter and 0.10 centimeter (0.035 and 0.039 inch) in Analysis A to between 0.04 centimeter
and 0.05 centimeter (0.016 and 0.020 inch) in Analysis B from the No Action Alternative.

Global mean precipitation is anticipated to increase by 4.50 percent by 2090 under the No Action
Alternative. Under the action alternatives, this increase would be reduced by approximately 0.02
percent under Alternative 4 to between 0.00 percent and 0.01 percent under Alternative 2. The
Preferred Alternative would result in a reduction of between 0.01 percent and 0.02 percent in
Analysis A (0.01 percent in Analysis B) in global mean precipitation increase, indicating a total
increase of 4.49 percent in Analysis A (4.50 percent in Analysis B).
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Figure S-9-A1. Reduction in Global Mean Surface Temperature Compared to the No Action Alternative,
Analysis Al
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Figure S-9-A2. Reduction in Global Mean Surface Temperature Compared to the No Action Alternative,
Analysis A2
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Figure S-9-B1. Reduction in Global Mean Surface Temperature Compared to the No Action Alternative,
Analysis B1
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Figure S-9-B2. Reduction in Global Mean Surface Temperature Compared to the No Action Alternative,
Analysis B2
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Cumulative Impacts
Greenhouse Gas Emissions

e Projections of total emission reductions over the 2017-2100 period under the action alternatives
and other reasonably foreseeable future actions (i.e., forecasted fuel-efficiency increases resulting
from market-driven demand) range from 29,800 to 53,300 MMTCO, compared to the No Action
Alternative. The action alternatives would reduce total U.S. passenger car and light-truck emissions
by between 22 and 34 percent by 2100. Figures S-8-C1 and C2 show projected annual CO, emissions
from U.S. passenger cars and light trucks by alternative compared to the No Action Alternative.

e Compared to projected total global CO, emissions from all sources of 4,190,614 MMTCO, from 2017
through 2100, the incremental impact of this rulemaking is expected to reduce global CO, emissions
by about 0.7 to 1.3 percent across all action alternatives from their projected levels under the No
Action Alternative.
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Figure S-8-C1. Projected Annual CO, Emissions (MMTCO,) from U.S. Passenger Cars and Light Trucks by

Alternative, Analysis C1
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Figure S-8-C2. Projected Annual CO, Emissions (MMTCO,) from U.S. Passenger Cars and Light Trucks by
Alternative, Analysis C2
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CO, Concentration, Global Mean Surface Temperature, Sea-level Rise, and Precipitation

Estimated atmospheric CO, concentrations for 2100 range from a low of 672.9 ppm under
Alternative 4 to a high of 677.8 ppm under the No Action Alternative. The Preferred Alternative
would result in CO, concentrations of between 673.8 ppm and 674.3 ppm, a reduction of between
3.5 and 4.0 ppm from the No Action Alternative.

The reduction in global mean temperature increase for the action alternatives in relation to the No
Action Alternative in 2100 ranges from a low of 0.011 °C (0.020 °F) to a high of 0.020 °C (0.036 °F).
The Preferred Alternative would result in a reduction of between 0.014 and 0.016 °C (0.25 and 0.029
°F) from the projected temperature increase of 2.564 °C (4.615 °F) under the No Action Alternative.
Figures S-9-C1 and C2 illustrate reductions in the increase of global mean temperature under each
action alternative compared to the No Action Alternative.

Projected sea-level rise in 2100 ranges from a high of 33.42 centimeters (13.16 inches) under the No
Action Alternative to a low of 33.25 centimeters (13.09 inches) under Alternative 4, indicating a
maximum reduction of sea-level rise equal to 0.17 centimeter (0.07 inch) by 2100 from the level that
could occur under the No Action Alternative. Sea-level rise under the Preferred Alternative would
be between 33.29 and 33.30 centimeters (13.106 to 13.110 inches), a 0.13- to 0.12-centimeter
(0.051- to 0.047-inch) reduction from the No Action Alternative.
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See Section 5.4 of this EIS for more details about the direct, indirect, and cumulative impacts on climate.

Figure S-9-C1. Reduction in Global Mean Surface Temperature Compared to the No Action Alternative,
Analysis C1
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Figure S-9-C2. Reduction in Global Mean Surface Temperature Compared to the No Action Alternative,
Analysis C2
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Health, Societal, and Environmental Impacts of Climate Change

The action 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 is roughly 2 to 4 ppm less of CO,, a few hundredths of a degree
difference in temperature increase, a small percentage change in the rate of precipitation increase, and
1 to 2 millimeters (0.04 to 0.08 inch) of sea-level rise. Although the projected reductions in CO, and
climate effects are small compared to total projected future climate change, they are quantifiable,
directionally consistent, and would be an important contribution to reducing the risks associated with
climate change. While NHTSA does quantify the reductions in monetized damages attributable to each
action alternative (in the social cost of carbon analysis), many specific impacts on health, society, and
the environment cannot be estimated quantitatively. Therefore, NHTSA provides a detailed discussion
of the impacts of climate change on various resource sectors in Section 5.5 of the EIS. Section 5.6
discusses the changes in non-climate impacts (such as ocean acidification by CO,) associated with the
alternatives.
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CHAPTER1 PURPOSE AND NEED FOR THE PROPOSED ACTION

1.1 Introduction

The Energy Policy and Conservation Act of 1975 (EPCA)" established the Corporate Average Fuel
Economy (CAFE) Program to reduce national energy consumption by increasing the fuel economy of
passenger cars and light trucks. EPCA directs the Secretary of Transportation to set and implement fuel
economy standards for passenger cars and light trucks sold in the United States.” The Secretary has
delegated the responsibility for implementing the EPCA fuel economy program to the National Highway
Traffic Safety Administration (NHTSA).?

In December 2007, Congress enacted the Energy Independence and Security Act of 2007 (EISA),”
amending the EPCA CAFE program requirements by providing the U.S. Department of Transportation
(DOT) additional rulemaking authority and responsibilities. Pursuant to EISA, NHTSA has issued final
CAFE standards for model year (MY) 2011 passenger cars and light trucks,” and standards for MY 2012—
2016 passenger cars and light trucks® and MY 2014-2018 medium- and heavy-duty vehicles in joint
rulemakings with the U.S. Environmental Protection Agency (EPA).

On May 21, 2010, President Obama issued a Presidential Memorandum entitled “Improving Energy
Security, American Competitiveness and Job Creation, and Environmental Protection through a
Transformation of our Nation’s Fleet of Cars and Trucks.”® This memorandum builds on the President’s
previous memorandum?® from January 26, 2009, which established the Joint National Program and led to
the NHTSA and EPA joint final rulemaking establishing fuel economy and greenhouse gas (GHG)
standards for MY 2012-2016 passenger cars and light trucks. The President’s 2010 memorandum
requested that NHTSA and EPA continue the Joint National Program by developing joint federal
standards to improve fuel economy and reduce the GHG emissions of light-duty vehicles manufactured
in MYs 2017-2025. The President requested that the agencies develop a Notice of Intent (NOI)
announcing plans for setting those standards by September 30, 2010, which would include “potential
standards that could be practicably implemented nationally for the 2017-2025 model years and a
schedule for setting those standards as expeditiously as possible, consistent with providing sufficient
lead time to vehicle manufacturers.”

! EPCA was enacted for the purpose of serving the Nation’s energy demands and promoting conservation methods when
feasibly obtainable. EPCA is codified at 49 United States Code (U.S.C.) § 32901 et seq.

% 49 Code of Federal Regulations (CFR) § 1.50. In addition, EPA calculates the average fuel economy for each automobile
manufacturer that sells vehicles in the United States. 49 U.S.C. § 32904.

3 Accordingly, the Secretary of Transportation, DOT, and NHTSA are used interchangeably in this section of the Final EIS.

* EISA amends and builds on EPCA by setting forth a comprehensive energy strategy for the twenty-first century, addressing
renewable fuels and CAFE standards. Pub. L. No. 110-140, 121 Stat. 1492 (Dec. 19, 2007).

> 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 this rulemaking (see DOT 2009). Instead, 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]).

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

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

8 See White House (2010b).

® See White House (2009).




Chapter 1 Purpose and Need for the Proposed Action

On September 30, 2010, NHTSA and EPA issued an NOI that announced plans to develop a rulemaking
setting stringent fuel economy and GHG emissions standards for light-duty vehicles for MY 2017 and
beyond.® The notice was accompanied by an Interim Joint Technical Assessment Report, intended to
inform the rulemaking process, which was developed by NHTSA, EPA, and the California Air Resources
Board (CARB), in coordination with the U.S. Department of Energy (DOE). On December 8, 2010, the
agencies published a Supplemental NOI highlighting many of the key comments received in response to
the September NOI and the Interim Technical Assessment Report.'* Over the next several months, the
agencies, working with California, engaged in discussions with individual auto manufacturers,
automotive suppliers, states, environmental groups, consumer groups, and the United Auto Workers,
who all expressed support for a continuation of the National Program. These discussions and efforts
focused on developing information that supported the underlying technical assessments that informed
the proposed standards.”> On May 10, 2011, NHTSA published an NOI to prepare an Environmental
Impact Statement (EIS) for new CAFE standards.”® On July 29, 2011, NHTSA and EPA issued a final
Supplemental NOI generally describing the agencies’ expectations for the Notice of Proposed
Rulemaking (NPRM), including the intended levels of standards to be proposed and key program
elements like compliance flexibilities and the mid-term evaluation.™ The NPRM™ was issued together
with the Draft EIS on November 16, 2011.*

This EIS has been developed pursuant to the National Environmental Policy Act (NEPA)."” 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).’® To
inform its development of the final CAFE standards, NHTSA prepared this EIS, which analyzes, discloses,
and compares the potential environmental impacts of a reasonable range of action alternatives,
including a Preferred Alternative,™ pursuant to Council on Environmental Quality (CEQ) NEPA
implementing regulations, DOT Order 5610.1C, and NHTSA regulations.?® This EIS analyzes direct,
indirect, and cumulative impacts, and discusses impacts in proportion to their significance.

1% 5ee 2017 and Later Model Year Light-Duty Vehicle GHG Emissions and CAFE Standards: Notice of Intent, 75 FR 62739 (Oct. 13,
2010).

" See 2017 and Later Model Year Light-Duty Vehicle GHG Emissions and CAFE Standards: Supplemental Notice of Intent, 75 FR
76337 (Dec. 8, 2010).

12 5ee 2017-2025 Model Year Light-Duty Vehicle GHG Emissions and CAFE Standards: Supplemental Notice of Intent, 76 FR
48758 (Aug. 9, 2011).

13 Notice of Intent to Prepare an Environmental Impact Statement for New Corporate Average Fuel Economy Standards, 76 FR
26996 (May 10, 2011).

1% See 2017-2025 Model Year Light-Duty Vehicle GHG Emissions and CAFE Standards: Supplemental Notice of Intent, 76 FR
48758 (Aug. 9, 2011).

13 see Notice of Proposed Rulemaking (NPRM) for 2017 and Later Model Year Light-Duty Vehicle Corporate Average Fuel
Economy and Greenhouse Gas Emissions Standards, 76 FR 74854 (Dec. 1, 2011).

18 NHTSA posted both the NPRM and the Draft EIS on its fuel economy website (www.nhtsa.gov/fuel-economy). On November
25,2011, NHTSA published the Notice of Availability of the Draft EIS in the Federal Register. See Notice of Availability of the
Draft Environmental Impact Statement for New Corporate Average Fuel Economy Standards Model Years 2017-2025, 76 FR
72703 (Nov. 25, 2011).

42 US.C. §§ 4321-4347.

¥ 42U.5.C. §4332.

¥ on July 29, 2011, President Obama announced aspects of the agency’s proposed Preferred Alternative (White House 2011a).
On that day, a number of stakeholders signed “Letters of Commitment” in support of the program but recognizing that the
National Program will be subject to full notice-and-comment rulemaking, which provides all interested parties “the right to
participate fully, comment, and submit information, the results of which are not pre-determined but depend upon processes
set by law” (NHTSA 2011a). Preparation of this Final EIS is part of this process and will inform NHTSA’s final decision.

% NEPA is codified at 42 U.S.C. §§ 4321-4347. CEQ NEPA implementing regulations are codified at 40 CFR Parts 1500-1508,
and NHTSA’s NEPA implementing regulations are codified at 49 CFR Part 520.

1-2



Chapter 1 Purpose and Need for the Proposed Action

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, one purpose of the joint rulemaking is to establish
CAFE standards for MY 2017 and beyond at “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 the Secretary of Transportation 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 defined these considerations 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  “Economic 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 unreasonable elimination of consumer choice.

e “The effect of other motor vehicle standards of the Government on fuel economy” involves an
analysis of the effects of compliance with emission,? safety, noise, or damageability standards on
fuel economy capability and therefore 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.

Under EISA, NHTSA must establish separate standards for passenger cars and light trucks for each model
year, subject to two principal requirements. First, the standards are subject to a minimum requirement
regarding stringency — they must be set at levels high enough to ensure that the combined U.S.
passenger car and light-truck fleet achieves an average fuel economy level of not less than 35 miles per
gallon (mpg) not later than MY 2020.” Second, the agency must establish separate average fuel
economy standards for all new passenger cars and light trucks at the maximum feasible average fuel

*1 40 CFR § 1502.13.

249 U.S.C. § 32902(a).

2 49 U.S.C. §§ 32902(a), 32902(f).

2 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)); Average Fuel Economy Standards, Passenger Cars and Light Trucks; Model
Years 2011-2015, Notice of Proposed Rulemaking, 73 FR 24352 (May 2, 2008).

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

% |n the case of emission standards, this includes standards adopted by the Federal Government and can include standards
adopted by the states, because in certain circumstances, the Clean Air Act (CAA) allows states to adopt and enforce state
standards different from the federal standards.

7 49 U.S.C. § 32902(b)(2)(A).
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economy level that the Secretary of Transportation decides the manufacturers can achieve in that
model year.”®

Standards must also be “based on one or more vehicle attributes related to fuel economy” and
“expressed in the form of a mathematical function.”?® In addition, EISA requires that the CAFE standards
for passenger cars and light trucks increase ratably in each model year between MY 2011 and MY
2020.%° Finally, NHTSA is also guided by President Obama’s memorandum to DOT on May 21, 2010, as
described in Section 1.1. This memorandum further outlines the purpose of and need for the Proposed
Action.

1.3 National Environmental Policy Act and Joint Rulemaking Process

Together with the Draft EIS, NHTSA and EPA issued proposed rules to establish CAFE standards and GHG
emission standards for light-duty vehicles for MY 2017 and beyond. The proposed rules address the
urgent and closely intertwined challenges of energy independence and security and climate change by
proposing a strong and coordinated federal fuel economy and GHG program for passenger cars, light-
duty trucks, and medium-duty passenger vehicles (hereinafter, “passenger cars and light trucks” or
“light-duty vehicles”), referred to as the National Program. The proposed rules can achieve substantial
improvements in fuel economy and reductions of GHG emissions from the light-duty vehicle sector. The
proposal built on the first phase of the National Program, established by a joint final rulemaking issued
by NHTSA and EPA in April 2010, in which NHTSA set CAFE standards and EPA set GHG emission
standards for MY 2012—-2016 passenger cars and light trucks.*

The National Program holds the promise of delivering additional environmental and energy benefits,
cost savings, and administrative efficiencies nationwide that might not be available under a less
coordinated approach. The National Program also offers the prospect of regulatory convergence by
making it possible for the standards of two federal agencies and the standards of California and other
states to act in a unified way to provide these benefits. This would allow automakers to produce and
sell a single light-duty fleet nationally. Therefore, the approach mitigates the additional costs
manufacturers would otherwise potentially face in having to comply with multiple sets of federal and
state standards.

1.3.1 Building Blocks of the National Program

The National Program is both needed and possible because the relationship between improving fuel
economy and reducing carbon dioxide (CO,) tailpipe emissions is a very direct and close one. The
amount of CO, emissions is essentially constant per gallon combusted of a given type of fuel. Therefore,
the more fuel efficient a vehicle, the less fuel it burns to travel a given distance. The less fuel it burns,
the less CO, it emits in traveling that distance. While there are emission control technologies that
reduce the pollutants (e.g., carbon monoxide) produced by imperfect combustion of fuel by capturing or
destroying them, there is no such technology for CO,. Further, while some of those pollutants can also
be reduced by achieving a more complete combustion of fuel, doing so only increases the tailpipe

%% 49 U.S.C. § 32902(a).

49 U.S.C. § 32902(b)(3)(A).

®49Us.C.§ 32902(b)(2)(C). NHTSA interprets this requirement, in combination with the requirement to set the standards for
each model year at the level determined to be the maximum feasible level for that model year, to mean that the annual
increases should not be disproportionately large or small in relation to each other.

3 Light-Duty Vehicle Greenhouse Gas Emission Standards and Corporate Average Fuel Economy Standards; Final Rule, 75 FR
25324 (May 7, 2010).
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emissions of CO,. Therefore, the same technologies address these twin problems (those that reduce
fuel consumption and thereby reduce CO, emissions).

1.3.1.1 DOT’s Corporate Average Fuel Economy Program

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 both to standards and market factors, have resulted in saving billions of
barrels of oil and avoiding billions of metric tons of CO, emissions. In December 2007, Congress enacted
EISA, amending EPCA to require substantial, continuing increases in fuel economy standards.

To verify compliance with the CAFE standards, EPA determines fuel economy by measuring the amount
of CO, and other carbon compounds emitted from the tailpipe. The carbon content of the test fuel is
then used to calculate the amount of fuel that had to be consumed per mile to produce that amount of
CO,. Finally, that fuel consumption figure is converted into an mpg figure. CAFE standards do not
address the 5 to 8 percent of GHG emissions that are not CO; (i.e., nitrous oxide, methane, and
hydrofluorocarbons [HFCs]).

1.3.1.2 EPA’s Greenhouse Gas Standards for Light-Duty Vehicles

Under the Clean Air Act (CAA), EPA is responsible for addressing air pollutants from motor vehicles. In
2007, the U.S. Supreme Court issued a decision on 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 were 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

32549 U.S. 497 (2007).

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

3549 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.
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welfare.®> The NHTSA and EPA joint final rulemaking for MY 2012-2016 passenger cars and light trucks
issued in 2010 and the current proposal are part of EPA’s response to the U.S. Supreme Court decision.*®

1.3.1.3 California Air Resources Board Greenhouse Gas Program

CARB sets emissions standards for motor vehicles for the State of California. In 2004, CARB approved
standards regulating the emission of CO, and other GHGs for MY 2009—-2016 light-duty vehicles. The
California standards apply to each model year from 2009 through 2016 and require maximum emissions
for passenger cars and some light trucks of 323 grams per mile CO,-equivalent (CO,e) in 2009, increasing
in stringency to 205 grams per mile in 2016, and 439 grams per mile for light trucks in 2009, increasing in
stringency to 332 grams per mile in 2016.%”

On June 30, 2009, EPA granted California’s request for a waiver of preemption under the CAA.*® The
waiver allowed California, and the 13 other states (as well as the District of Columbia) that had adopted
the California standards, to implement the standards beginning with MY 2009. In February 2010, CARB
revised its program so that for MYs 2012—-2016 manufacturers may elect to comply with the California
standards by demonstrating compliance with the EPA GHG standards.*® On June 14, 2011, EPA
confirmed that CARB’s amendments to its motor vehicle emissions standards are within the scope of the
existing waiver for California’s GHG emissions standards for 2009 and later, thereby allowing continued
implementation of the California emission standards in applicable states.*

As requested by the President and in the interest of maximizing regulatory harmonization, NHTSA and
EPA worked closely with CARB throughout the development of the proposed rules. In a letter to
Secretary of Transportation Ray LaHood and EPA Administrator Lisa Jackson dated July 28, 2011, CARB
wrote that “California welcomes the opportunity to be a partner in helping to advance a continued,
harmonized National Program” for model years 2017 and beyond.** On December 9, 2011, CARB
released its proposal for MY 2017-2025 GHG emissions standards consistent with the standards EPA
proposed, and CARB adopted these standards on January 26, 2012.* In adopting their GHG standards,
CARB directed the Executive Officer to continue collaborating with EPA and NHTSA as the federal GHG
standards were finalized, and in the mid-term review process to minimize potential lost benefits from
federal treatment of upstream emissions of electricity and hydrogen fueled vehicles.** CARB also
reconfirmed its commitment to propose to revise its GHG emissions standards for MYs 2017-2025 such
that compliance with EPA GHG emissions standards shall be deemed compliance with the California
GHG emissions standards, “as long as EPA’s final GHG standards, at a minimum, preserve the

* 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).
% see Light-Duty Vehicles Greenhouse Gas Emission Standards and Corporate Average Fuel Economy Standards; Final Rule, 75
FR 25324 (May 7, 2010).
%7 california Code of Regulations, Title 13 § 1961.1(a)(1).
38 See California State Motor Vehicle Pollution Control Standards, Notice of Decision Granting a Waiver of Clean Air Act
Preemption for California’s 2009 and Subsequent Model Year Greenhouse Gas Emission Standards for New Motor Vehicles, 74
FR 32744 (July 8, 2009).
% See California Code of Regulations, Title 13 § 1961.1(a)(1)(A)(ii).
“0 california State Motor Vehicle Pollution Control Standards; Within-the-Scope Determination for Amendments to California’s
Motor Vehicle Greenhouse Gas Regulations; Notice of Decision, 76 FR 34693 (June 14, 2011).
*1 See CARB (2011).
*2 see California Low-Emission Vehicles (LEV) & GHG 2012 regulations approved by State of California Air Resources Board,
ﬁesolution 12-11. Available at: <http://www.arb.ca.gov/regact/2012/cfo2012/res12-11.pdf>. (Accessed: June 11, 2012).

Id.
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greenhouse reduction benefits set forth in U.S. EPA’s December 1, 2011 Notice of Proposed Rulemaking
for 2017 through 2025 model year passenger vehicles.”**

1.3.2 Proposed Action

For this EIS, NHTSA’s Proposed Action is to set fuel economy standards for passenger cars and light
trucks, in accordance with EPCA/EISA. In any single rulemaking under EPCA, fuel economy standards
may be established for not more than 5 model years.”” For this reason, NHTSA’s proposal is limited to
setting standards for MYs 2017-2021. In the NPRM, NHTSA also set forth values for MYs 2022-2025
that reflected the agency’s estimate of the standards we would have proposed and adopted had we the
authority to do so. The CAFE standards for MYs 2022—-2025 will be determined in a subsequent, de novo
notice and comment rulemaking. However, because NHTSA’s effort is part of a joint NHTSA and EPA
rulemaking for a coordinated and harmonized National Program covering MYs 2017-2025, this EIS
addresses the potential impacts of the proposed standards for MYs 2017-2021 and the values set forth
for MYs 2022-2025 for each of the alternatives, therefore covering the full MY 2017—-2025 period.
When NHTSA refers to the standards in this EIS as “required,” it recognizes that fuel economy standards
for MY 2022-2025 will not, in fact, be required in this rulemaking. Rather, it is assumed for purposes of
the analysis in this EIS that the values set forth for MYs 2022-2025 will be made required in the future.
Similarly, when NHTSA refers to the “Proposed Action” or to the “proposed standards,” these terms are
intended to identify the full period covered by the coordinated National Program (MYs 2017-2025) for
purposes of analysis, but subject to the specific caveats noted above.

1.3.2.1 Level of the Standards

In the NPRM, NHTSA and EPA proposed separate but harmonized sets of standards for passenger cars
and light trucks under each agency’s respective statutory authority. The proposed standards for both
agencies begin with MY 2017, with standards increasing in stringency through MY 2025. Under NHTSA's
Proposed Action, the agency currently estimates that the combined average of manufacturers’ required
fuel economy levels would be 40.3 to 41.0 mpg in MY 2021 and 48.7 to 49.7 mpg in MY 2025 (as
compared to estimated average required fuel economy levels of 34.3 to 34.8 mpg and 34.5 to 35.1 mpg
in MY 2021 and MY 2025, respectively, under the No Action Alternative). Under EPA’s proposal, issued
concurrently with NHTSA’s proposal, EPA estimated that manufacturers would, on average, be required
to meet an estimated combined average emissions level of approximately 163 grams per mile of CO, in
MY 2025.

The averages for NHTSA’s Proposed Action differ slightly from those presented in the Draft EIS and
NRPM. The differences reflect corrections to the MY 2008-based new vehicle fleet forecast underlying
the analysis presented in the Draft EIS and NPRM, and development of the MY 2010-based new vehicle
fleet forecast to support the analysis for this Final EIS.*® However, the standards defining the No Action
Alternative, the Preferred Alternative, and the other regulatory alternatives are the same as those
presented in the Draft EIS and NPRM. 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 future composition of the fleet. NHTSA has estimated the future
composition of the fleet nearly 15 years into the future, and such estimates are subject to considerable
uncertainty. Therefore, the average future required fuel economy under each regulatory alternative is
also subject to considerable uncertainty.

“ See CARB (2011).
%49 U.S.C. § 32902(b)(3)(B).
* See Section 2.2.2 for more information about the new vehicle fleet forecasts used in this Final EIS.
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Under EPCA, EPA has the authority to measure and calculate manufacturers’ average fuel economy for
the CAFE program. For the first time, EPA’s proposed rule would allow manufacturers to account for
improvements to air conditioner efficiency that have a measurable impact on real-world fuel economy
in the calculation of fuel economy for CAFE compliance. Because such improvements are available for
compliance, NHTSA’s proposed standards (like EPA’s GHG standards) assume manufacturers will
improve air conditioner efficiency to meet those standards. This aspect of the agencies’ proposal is
discussed in more detail in the NPRM.

The standards are “harmonized,” even though they are not identical and reflect different rates of
increase in stringency for the different programs. The difference is rooted in differences in NHTSA’s and
EPA’s respective statutory authorities. For example, whereas NHTSA is regulating vehicle fuel economy,
EPA is regulating GHGs, which include HFC-based refrigerants used in air conditioner systems that can
leak from vehicles during normal vehicle operation or at end-of-life. Under the proposed GHG
standards, EPA expects manufacturers to take advantage of the option to generate CO,-e credits by
reducing HFC leakage from vehicle air conditioner systems. Accordingly, the level of EPA’s proposed
standards reflects the expected amounts of HFC leakage improvement. Air-conditioner refrigerant
leakage improvements, unlike the air conditioner efficiency improvements described above, have no
impact on fuel economy. Therefore, NHTSA does not consider improvements in air conditioner systems
related to refrigerant leakage for purposes of CAFE compliance, and NHTSA’s Proposed Action does not
include such improvements or their mpg equivalents. The agencies’ joint proposals are still harmonized
because they allow industry to build a single national fleet that will satisfy both CAFE requirements
under EPCA/EISA, and GHG emissions requirements under the CAA.

1.3.2.2 Form of the Standards

In this rulemaking, NHTSA and EPA again proposed attribute-based standards for passenger cars and
light trucks. NHTSA adopted an attribute standard based on vehicle footprint in its Reformed CAFE
program for light trucks for MYs 2008—-2011,"” and extended this approach to passenger cars in the CAFE
rule for MY 2011, as required by EISA.*® NHTSA and EPA also used an attribute standard for the joint
rule establishing standards for MY 2012—2016 passenger cars and light trucks.*

Under an attribute-based standard, each vehicle model has a performance target (fuel economy for the
CAFE standards; CO, grams per mile for the GHG emissions standards), the level of which depends on
the vehicle’s attribute. For this rulemaking, along with the rulemakings for previous model years, NHTSA
and EPA proposed vehicle footprint as the attribute for CAFE and GHG standards. Vehicle footprint is
one measure of vehicle size and is defined as a vehicle’s wheelbase multiplied by the vehicle’s track
width. The agencies believe that the footprint attribute is the most appropriate attribute on which to
base the standards under consideration, as discussed in the NPRM. As required by EPCA and amended
by EISA, each manufacturer would 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)
would be subject to less stringent standards (i.e., higher CO, gram-per-mile standards and lower CAFE
standards) than smaller vehicles. This is because, typically, smaller vehicles are more capable of
achieving more stringent standards than larger vehicles.

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

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

* See Chapter 2 of NHTSA (2010a).

1-8



Chapter 1 Purpose and Need for the Proposed Action

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 particular vehicle is required to meet or exceed its particular
performance target level, but the fleet on average must meet or exceed the average required level to
comply.

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 production figures. 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 the NPRM, NHTSA and EPA included a full discussion of the equations and coefficients that define the
passenger car and light-truck curves proposed for each model year by each agency.

1.3.2.3 Program Flexibilities for Achieving Compliance

As with previous model-year rules, NHTSA and EPA proposed standards intended to provide
manufacturers compliance flexibility, especially in the early years of the program. The flexibility
provisions the agencies proposed for this rulemaking, and that are discussed in the NPRM, fall under the
following categories: CO,/CAFE Credits Generated Based on Fleet Average Over-Compliance; Air
Conditioning Improvement Credits/Fuel Economy Value Increases; Off-Cycle Credits/Fuel Economy
Value Increases; Incentives for Electric Vehicles, Plug-in Hybrid Electric Vehicles, and Fuel Cell Vehicles;
and Incentives for “Game Changing” Technologies Performance for Full-Size Pickup Trucks including
Hybridization. Under the proposal, some of these flexibilities would be available to manufacturers in
aiding compliance under both sets of standards, but some flexibilities, such as air conditioning credits
related to refrigerant leakage and incentives for electric vehicles, plug-in hybrid electric vehicles, and
fuel cell vehicles, would only be available under the EPA standard due to 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/EISA is more constrained.

1.3.2.4 Compliance

The MY 2012-2016 final rules established detailed and comprehensive regulatory provisions for
compliance and enforcement under the CAFE and GHG emissions standards programs. These provisions
remain in place for model years beyond MY 2016 without additional action by the agencies, and the
agencies did not propose any significant modifications to them in the NPRM for the MY 2017-2025
program. EPA already oversees testing, collects and processes test data, and performs calculations to
determine compliance with both CAFE and CAA standards, and EPA developed certification, testing,
reporting, and associated compliance activities for the GHG program that closely track those in
previously existing CAFE and CAA Tier 2 vehicle emission standards programs. Under this coordinated
approach, the compliance mechanisms for both programs are consistent and not duplicative. EPA also
applies the CAA authorities applicable to its separate in-use requirements in this program.

The compliance approach allows manufacturers to satisfy the GHG program requirements in the same
general way they comply with previously existing applicable CAA and CAFE requirements.
Manufacturers will demonstrate compliance on a fleet-average basis at the end of each model year,

%0 production for sale in the United States.
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allowing model-level testing to continue throughout the year, as is the current practice for CAFE
determinations. The compliance program design includes a single set of manufacturer reporting
requirements and relies on a single set of underlying data. This approach still allows each agency to
assess compliance with its respective program under its respective statutory authority.

1.4 Cooperating Agency

Section 1501.6 of the 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 either have jurisdiction by law or have special expertise regarding issues considered in an
EIS.>* On September 26, 2011, NHTSA invited EPA to be a cooperating agency pursuant to CEQ
regulations because of its special expertise in the areas of climate change and air quality. In its
invitation letter, NHTSA suggested that EPA’s role in the development of the EIS could include the
following:

e Providing input on determining the significant issues to be analyzed in the EIS from climate change
and air quality perspectives.

e Helping NHTSA “identify and eliminate from detailed study the issues which are not significant or
which have been covered by prior environmental review (§ 1506.3), narrowing the discussion of
these issues in the statement to a brief presentation of why they will not have a significant effect on
the human environment or providing a reference to their coverage elsewhere.” 40 CFR
§ 501.7(a)(3).

e Participating in coordination meetings, as appropriate.

e Reviewing and commenting on the Draft EIS and the Final EIS before publication.

On October 7, 2011, EPA accepted NHTSA’s invitation and agreed to become a cooperating agency.>?
EPA personnel have participated in technical discussions regarding analyses for the proposal and were
asked to review and comment on draft sections and the draft final versions of the Draft and Final EISs.

1.5 Public Review and Comment

NHTSA submitted to EPA a Draft EIS 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 5610.1C, and NHTSA regulations. On November 25, 2011, EPA published a
Notice of Availability of the Draft EIS for the new CAFE standards for MY 2017-2025 passenger cars and
light trucks.”® The Draft EIS requested public input on the agency’s environmental analysis by January
31, 2012; publication of the Notice of Availability triggered the Draft EIS public comment period. On
December 1, 2011, EPA and NHTSA published the joint NPRM,>* and opened a 60-day comment period.
The agencies invited the public to submit comments on the NPRM on or before January 30, 2012, by

>140 CFR § 1501.6.

2 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 GHG emission standards for light-duty vehicles under the joint
rulemaking, 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 is completing its own environmental review of the proposed rule as part of a separate
Regulatory Impact Analysis for this rulemaking.

>3 Notice of Availability of the Draft Environmental Impact Statement for New Corporate Average Fuel Economy Standards
Model Year 2017-2025, 76 FR 72703 (Nov. 25, 2011).

> Proposed Rulemaking To Establish 2017 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emission and Corporate
Average Fuel Economy Standards, 76 FR 74854 (Dec. 1, 2011).

1-10



Chapter 1 Purpose and Need for the Proposed Action

posting to either the NHTSA or EPA docket (NHTSA-2010-0131 or EPA-HQ-OAR-2010-0799). The
comment period for the NPRM was subsequently extended to February 15, 2012.%

Consistent with NEPA and its implementing regulations, NHTSA mailed a copy of the Draft EIS 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 expects to be
interested in the NEPA analysis for the new CAFE standards, including advocacy, industry, and other
organizations

NHTSA and EPA held joint public hearings on the Draft EIS and NPRM on January 17, 2012, in Detroit,
Michigan; on January 19, 2012, in Philadelphia, Pennsylvania; and on January 24, 2012, in San Francisco,
California.

NHTSA received 18 responses to its May 10, 2011°° NOI. In addition to these comments, NHTSA
received more than 10,000 comments from supporters of the National Wildlife Federation Action Fund,
mostly as form letters, and a comment letter from the Union of Concerned Scientists enclosing more
than 600 individual comments from its supporters. Chapter 1 of the Draft EIS summarizes comments on
the NOI.

NHTSA also received several thousand comments in the dockets for the Draft EIS and the NPRM,
including numerous comments in form letters. The agency also received 402 oral comments and 118
written comments during the 3 public hearings. NHTSA reviewed the oral and written submissions for
comments relevant to the EIS. Several commenters referenced or submitted studies, research, and
other information supporting or in addition to their comments. NHTSA carefully reviewed these
submissions to determine if they were appropriate for inclusion in this EIS.

As described in Chapter 9 of this EIS, comments that raised issues central to the rule or the rulemaking
process will be addressed by the forthcoming final rule and the associated documents.

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

No sooner than 30 days after EPA announces the availability of the Final EIS in the Federal Register,
NHTSA will publish a final rule and Record of Decision. The Record of Decision will state and explain
NHTSA’s decision.

%77 FR 2028 (Jan. 13, 2012).
*% Notice of Intent to Prepare an Environmental Impact Statement for New Corporate Average Fuel Economy Standards, 76 FR
26996 (May 10, 2011).
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CHAPTER 2 PROPOSED ACTION AND ALTERNATIVES AND ANALYSIS
METHODOLOGIES

2.1 Introduction

NEPA requires that, in the case of a major federal action, an agency must evaluate the environmental
impacts of its proposed action and alternatives to that action." An agency must rigorously explore and
objectively evaluate all reasonable alternatives, including the alternative of taking no action. For
alternatives 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 the alternatives examined in this EIS; explains the
methodologies and assumptions applied in the analysis of environmental impacts; and summarizes
environmental impacts reported in subsequent EIS chapters, as follows:

Section 2.2, Proposed Action and Alternatives

Section 2.3, Standards-setting and EIS Methodologies and Assumptions
Section 2.4, Resource Areas Affected and Types of Emissions

Section 2.5, Direct and Indirect versus Cumulative Impacts

Section 2.6, Comparison of Alternatives

2.2 Proposed Action and Alternatives

NHTSA's Proposed Action is to set fuel economy standards for MY 2017 and beyond passenger cars and
light trucks (also referred to as the light-duty vehicle fleet) in accordance with EPCA, as amended by
EISA. In developing the Proposed Action and alternatives, NHTSA considered the four EPCA 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 energy.” In addition, NHTSA considered relevant environmental
and safety factors.” During the process of developing 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 EIS compares the Proposed Action and a reasonable range of
alternatives to the No Action Alternative (Alternative 1), which assumes that NHTSA and EPA would not
issue a new rule regarding CAFE or greenhouse gas (GHG) emission standards.’

142 U.s.C. § 4332(2)(C).

2 40 CFR §§ 1502.14(a), (d).

% 40 CFR § 1502.13. See Vermont Yankee Nuclear Power Corp. v. Natural Res. Def. Council, 435 U.S. 519, 551 (1978); City of
Alexandria v. Slater, 198 F.3d 862, 867-69 (D.C. Cir. 1999), cert. denied sub nom., 531 U.S. 820 (2000).

* 49 U.S.C. § 32902(f).

> 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).

®49 U.S.C. § 32902(i).

7 40 CFR § 1502.14(d).

2-1



Chapter 2 Proposed Action and Alternatives and Analysis Methodologies

Under EPCA, as amended by EISA, NHTSA is required to set separate average fuel economy standards for
passenger cars and light trucks. Because NHTSA intends to set standards both for cars and for trucks,
and because evaluating the environmental impacts of this proposal requires consideration of the
impacts of the standards for both vehicle classes, the main analyses presented in this EIS reflect the
combined environmental impacts associated with the proposed standards for passenger cars and light
trucks. In addition, Appendix A shows separate results for passenger cars and light trucks under each
alternative.

2.2.1 Uncertainty Over Market-Driven Improvements in Fuel Economy (Analyses A and B)

If NHTSA were not to adopt new fuel economy standards, it is possible that manufacturers would attain
an average fleetwide fuel economy no better than that required under the existing NHTSA and EPA
standards for MY 2016. An assumption that fleetwide fuel economy would generally remain unchanged
in the absence of additional action under the National Program, described more fully in the Notice of
Proposed Rulemaking (NPRM), is based on projections of relatively stable fuel prices, certain historical
evidence of manufacturer CAFE compliance, and market observations wherein consumers appear not to
purchase products that are in their economic self-interest (the “energy paradox”). In the context of
vehicle fuel economy, selecting an appropriate baseline against which to compare this proposal and the
alternatives is complex and challenging. As NHTSA recently stated regarding the agencies’ new
standards for heavy-duty (HD) vehicles, it is not possible to know with certainty the future fleetwide fuel
efficiency and GHG emissions performance of a vehicle fleet in the absence of more stringent standards,
because manufacturer behavior, consumer sales, and vehicle use depend on many factors beyond the
agencies’ control.

NHTSA understands that market forces can independently result in changes to the future light-duty
vehicle fleet even in the absence of agency action, and that, to the extent they can be estimated, those
changes should be incorporated into the baseline. In response to the MY 2014-2018 HD Draft EIS,
NHTSA received several comments comparing the action alternatives to the HD vehicle annual energy
consumption forecast produced by the U.S. Energy Information Administration (EIA) and describing that
forecast, known as the Annual Energy Outlook (AEQ), as “business as usual.” In response to these
comments, in the MY 2014-2018 HD Final EIS, NHTSA added a market forecast analysis” comparing the
environmental impacts of the action alternatives to those of a baseline derived from the AEO forecast
available at the time the EIS modeling was performed. That baseline assumed that market forces would
independently result in increases in fuel efficiency in the future HD fleet even in the absence of the
proposed HD vehicle rule.

NHTSA believes that similar considerations are appropriate and relevant to this analysis. From a market-
driven perspective, there is considerable evidence that many customers now care more about fuel
economy than in past decades due to, among other things, uncertainty over future fuel prices and
growing concern for energy security and the environmental impacts of petroleum use. A number of
manufacturers have announced plans to introduce technology that would allow them to reach fuel
economy levels well beyond levels required by the MY 2016 standards, and some historical evidence
indicates that manufacturers might overcomply with standards under certain economic and regulatory
conditions.® Although fuel price projections reported in the AEO appear relatively stable, there is
inherent uncertainty in such projections, and actual fuel prices could fluctuate, perhaps significantly,

8 In its latest report on the fuel economy, carbon dioxide (CO,) emissions, and technology trends of new light-duty vehicles, EPA
notes that the fuel economy of the combined car and light-truck fleet has increased since 2005, with the largest increase in
2009. In fact, MY 2010 had the highest fuel economy since the tracking database began in 1975 (EPA 2012b).
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from the AEO forecasts. As a result of these considerations and comments received during the scoping
process for this EIS, NHTSA believes it is appropriate to account for market forces and technology
advances that would result in fuel economy gains even in the absence of regulatory action.

In recognition of the uncertainty inherent in forecasting the fuel economy of the future light-duty
vehicle fleet in the absence of agency action, the Draft EIS provided two analyses regarding the No
Action Alternative against which the corresponding impacts of the action alternatives were measured.
Analysis A reflected a No Action Alternative that assumed that, in the absence of the Proposed Action,
the baseline fleet in MY 2017 and beyond would attain an average fleetwide fuel economy no higher
than the minimum necessary to comply with the agencies’ MY 2016 standards established by final rule
in April 2010. Analysis B reflected a No Action Alternative that assumed that, in the absence of the
Proposed Action, the average fleetwide fuel economy level of light-duty vehicles would continue to
increase beyond the level necessary to meet the MY 2016 standards.’ NHTSA forecast the fleet for
Analysis B using the “voluntary overcompliance” simulation capability of the Volpe model, described
below and in Section IV.C.4.c of the NPRM. Specifically, the agency used all of the same inputs as for
Analysis A, but applied a payback period of 1 year for purposes of calculating the value of future fuel
savings when simulating whether a manufacturer would apply additional technology to an already CAFE-
compliant fleet.’® More discussion about this methodology is available in Section IV.G.4 of the NPRM.

In addition, NHTSA provides more information about the use of payback periods in its analysis in Section
9.2.3.3.3 of this Final EIS.

Regarding the action alternatives, there is similar uncertainty about whether and to what degree
manufacturers will overcomply with CAFE standards during the rulemaking period and about whether
and to what degree fleetwide fuel economy will change in the absence of further agency action after the
rulemaking period. For the action alternatives during and after the rulemaking period, assumptions
should be generally consistent with those made for the No Action Alternative regarding manufacturers’
incentive to increase fuel economy. For example, if the agency assumes that market forces would lead
to anincrease in fuel economy in the absence of the rule, it is reasonable also to assume manufacturer
overcompliance during the rulemaking period and continued growth in fuel economy after the
rulemaking period. On the other hand, if the agency assumes that manufacturers would achieve fuel
economy levels no higher than the level of current standards in the absence of a new rule, it is
reasonable also to assume manufacturers would not overcomply during or after the rulemaking period.

Therefore, for Analysis A in the Draft EIS NHTSA assumed that the average annual fleetwide fuel
economy under the action alternatives would be no higher than the minimum necessary to comply with
the level of the agency’s CAFE standard for a particular year during the rulemaking period. For Analysis
B NHTSA assumed that once manufacturers complied with the CAFE standard during the MY 2017-2025
period, they would consider making further improvements in fuel economy as if buyers were willing to
pay for fuel savings that would be realized during the first year of vehicle ownership (as described above
for the No Action Alternative). Therefore, Analysis B assumed manufacturers would overcomply if
additional technology were sufficiently cost effective. In effect, this assumption assumed manufacturers

® The No Action Alternative used in Analysis B is referred to as the “market-driven baseline” in NHTSA’s Preliminary Regulatory
Impact Analysis (RIA) and as “voluntary overcompliance” in the NPRM.

1% other words, NHTSA assumes that manufacturers will act as if buyers value the resulting savings in fuel costs associated
with additional fuel economy technology only during their first year of ownership. If a consumer will not recover the full cost of
the additional technology within the first year of vehicle ownership, NHTSA assumes the manufacturer will not incorporate that
technology.
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would add an even greater degree of additional technologies in earlier years to cover compliance in later
years of the rulemaking period.

After MY 2025, for Analysis A NHTSA assumed that average fleetwide fuel economy under the action
alternatives would never exceed the level set forth for the MY 2025 standards. In contrast, for Analysis
B the agency assumed that fleetwide fuel economy would continue to increase after MY 2025 beyond
the levels set forth in the MY 2025 standards. Specifically, in the Draft EIS, in Analysis B the agency
assumed that the fuel economy achieved by new passenger cars and light trucks would increase at rates
of 0.2 percent and 0.4 percent, respectively, annually after MY 2025. These rates of increase were
developed by examining historical changes in the fuel economy of new passenger cars and light trucks
during periods when CAFE standards remained fixed, and therefore did not require manufacturers to
offer vehicles with higher fuel economy than in the immediately preceding model years. While the
actual fuel economy of new vehicles produced during such years was undoubtedly affected by many
factors other than CAFE standards, the agency viewed these figures as reasonable estimates of the likely
trend in fuel economy in model years following 2025."*

Although the agency received several comments in response to the Draft EIS that questioned whether
manufacturers would continue to improve fuel economy absent increasingly stringent CAFE regulations,
other commenters noted that manufacturers have consistently improved fuel economy over time. In
addition, many commenters noted increasingly high demand among consumers for increased fuel
economy. Based on this uncertainty, NHTSA believes it is valuable to continue to present both analyses
to ensure that the decisionmaker and the public are fully informed. Therefore, this Final EIS continues
to present results for Analyses A and B, using the same general assumptions, in recognition of the
uncertainty inherent in forecasting the extent to which the fuel economy level of light-duty vehicles
would continue to increase beyond the level necessary to meet regulatory standards. However, in
response to comments, NHTSA has reevaluated the assumed rates of growth in fuel economy after the
rulemaking period for Analysis B by improving the way we account for fuel prices and technological
development in the assumed rate of fuel economy improvement. For the analysis presented in this Final
EIS, in Analysis B the agency assumed that the fuel economy achieved by new passenger cars and light
trucks would increase at rates of 0.25 percent and 0.87 percent, respectively, annually after MY 2025.

2.2.2 Uncertainty in New Vehicle Fleet Forecast

To evaluate the environmental impacts of the proposed alternatives, NHTSA must project what vehicles
and technologies will exist in future model years and then evaluate what technologies can feasibly be
applied to those vehicles to raise their fuel economy (see Section 2.3.2.1). To project the future fleet,
NHTSA must develop a baseline vehicle fleet. In the NPRM, the NHTSA and EPA used MY 2008 CAFE
certification data to establish the “2008-based fleet projection.”*? The agencies noted that MY 2009
CAFE certification data was not likely to be representative because it was so dramatically influenced by
the economic recession (Joint Draft Technical Support Document [TSD] Section 1.2.1). The agencies
further noted that MY 2010 CAFE certification data might be available for use in the final rulemaking for
purposes of creating a baseline fleet. The agencies also stated that a copy of the MY 2010 CAFE

" Market-driven improvements in fuel economy for MYs 2017-2025 are calculated by the Volpe model and are based on
vehicle sales and the application of specific fuel-saving technologies by manufacturers. In contrast, for MY 2026 and later,
market-driven improvements in fuel economy are not technology specific, but rather are extrapolated based on historical
evidence. This methodology differs from that used in the AEO, which generally assumes technology-specific improvements in
fuel economy through 2035.

12 2008-based fleet projection is a new term that is the same as the reference fleet. The term is added to clarify when we are
using the 2008 baseline and reference fleet rather than the 2010 baseline and reference fleet described later in this section.

2-4



Chapter 2 Proposed Action and Alternatives and Analysis Methodologies

certification data would be put in the public docket if it became available during the comment period.
The MY 2010 data were reported by the manufacturers throughout calendar year 2011 as the final sales
figures were compiled and submitted to the EPA database. Because the CAFE data submissions were
late,™® it was not possible to submit the new 2010 data into the docket during the public comment
period.

For analysis supporting the NPRM, the agencies developed a forecast of the new light-duty vehicle fleet
through MY 2025 based on: (1) the vehicle models in the MY 2008 CAFE certification data, (2) the AEO
2011 interim projection of future fleet sales volumes, and (3) the future new vehicle fleet forecast by
CSM Worldwide in 2009. In the proposal, the agencies stated that they planned to use MY 2010 CAFE
certification data, if available, for analysis supporting the final rule (Joint Draft TSD, p. 1-2). The
agencies also indicated their intention, for analysis supporting the final rule, to use a more recent
version of EIA’s AEO and an updated market forecast (Joint Draft TSD, p. 1-28).

For this Final EIS, NHTSA has analyzed the potential environmental impacts of the Proposed Action and
alternatives using two different forecasts of the new light-duty vehicle fleet through MY 2025. These
two fleet forecasts (Analyses 1 and 2, as defined below) were combined with the two fuel economy
forecasts (Analyses A and B) described in Section 2.2.1 to create a total of four different analyses of the
direct and indirect impacts of the alternatives (A1, A2, B1, and B2; see Section 2.2.3). The significant
uncertainty associated with forecasting sales volumes, vehicle technologies, fuel prices, consumer
demand, and other variables out to MY 2025 makes it reasonable and appropriate to evaluate the
impacts of the Proposed Action and alternatives using two fleet baselines.’* One new vehicle fleet
forecast (generally referred to as the “MY 2008 baseline” and reflected in Analyses Al and B1) is similar
to the one used for the NPRM and uses corrected™ MY 2008 CAFE certification data, AEO fleet sales
projections published in 2011, and a purchased CSM-based new vehicle fleet projection (by vehicle type
and manufacturer) out to MY 2025. The agencies received comments regarding the fleet forecast used
in the NPRM suggesting that updates in several respects could be helpful to the agencies’ analysis of
final standards. Given those comments, and because the agencies were already planning to produce an
updated new vehicle fleet forecast, this EIS also contains another fleet forecast (generally referred to as
the “MY 2010 baseline” and reflected in Analyses A2 and B2) using a baseline fleet constructed from MY
2010 CAFE certification data, AEO fleet sales projections to MY 2025 published in 2012, and a purchased
LMC Automotive-based new vehicle fleet projection (by vehicle type and manufacturer) out to MY 2025.

The two new vehicle fleet forecasts have certain differences. For example, the MY 2008 vehicle data
(reflected in Analyses Al and B1) represents the most recent model year for which the industry had
sales data that was not affected by the subsequent economic recession. This information could help
provide a reasonable forecast if one believes that future vehicle sales are more likely to be reflective of
pre-recession sales than sales over the past several model years. Conversely, the MY 2010 baseline
(reflected in Analyses A2 and B2) employs a future new vehicle fleet forecast provided by LMC, which is
more current than the projection provided by CSM in 2009. Furthermore, the CSM forecast, used for
the MY 2008 baseline, appears to have been particularly influenced by the recession, showing major

 This was partly due to the earthquake and tsunami in Japan.

* OMB Circular A-4 states that agencies should consider measuring a rule’s impacts against multiple baselines when more than
one baseline might be reasonable and the choice of a different baseline will significantly affect estimated costs and benefits
(OMB 2003).

> NHTSA made some very minor corrections to vehicle footprint values in the CAFE data (to wheelbase data errors in the
certification data that were discovered after publication of the NPRM) and to some technology “overrides” and technology
class assignments used in DOT’s modeling system.
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declines in market share for some manufacturers (e.g., Chrysler), which NHTSA does not believe
reasonably reflects future trends.

In addition, although MY 2010 CAFE certification data has become available since publication of the
NPRM, it continues to show the effects of the recession. For example, industry-wide sales were skewed
down 20 percent compared to pre-recession MY 2008 levels. For some companies, like Chrysler,
Mitsubishi, and Subaru, sales were down 30 to 40 percent. For BMW, General Motors, Jaguar/Land
Rover, Porsche, and Suzuki, sales were down more than 40 percent. Using the MY 2008 vehicle data
avoids using these sudden and perhaps temporary baseline market shifts when projecting the future
new vehicle fleet, although it also perpetuates vehicle brands and models (and therefore, their outdated
fuel economy levels and engineering characteristics) that have since been discontinued —in all
likelihood, permanently. The MY 2010 CAFE certification data accounts for the phase-out of some
brands (e.g., Saab, Pontiac, Hummer) and the introduction of some technologies (e.g., Ford’s Ecoboost
engine), which might be more reflective of the future new vehicle fleet.

Therefore, given the volume of information that goes into creating a baseline forecast and given the
significant uncertainty in any projection out to MY 2025, NHTSA believes that the best way to illustrate
the possible impacts of this uncertainty for purposes of this Final EIS is to analyze the effects of the
Proposed Action and alternatives under both the MY 2008 baseline and the MY 2010 baseline.

2.2.3 Designation of Analyses in this EIS Based on Uncertainties

In light of the uncertainties discussed above, this Final EIS presents the potential environmental impacts
for each of the alternatives using two different assumptions regarding market-driven fuel economy
improvements and two different sets of fleet-characteristic assumptions. By retaining the assumptions
used in Analysis A and Analysis B from the Draft EIS (described above), this approach therefore produces
four sets of results for direct and indirect impacts — Analyses Al and A2 and Analyses B1 and B2 — for
each of the alternatives as described below. The two sets of fleet-characteristic assumptions also
produce two sets of results for cumulative impacts — Analyses C1 and C2 — for each of the alternatives as
described below.

e |n Analyses Al and A2, the agency assumes that the average fleetwide fuel economy for light-duty
vehicles would not exceed the minimum level necessary to comply with CAFE standards. Therefore,
Analyses Al and A2 measure the impacts of the action alternatives under which average fleetwide
fuel economy in each model year does not exceed the level of the CAFE standards for that model
year, compared to a No Action Alternative under which average fleetwide fuel economy after MY
2016 will never exceed the level of the agencies’ MY 2016 standards established by final rule in April
2010. Tables and figures in this Final EIS that depict results for Analysis Al (these have “Al” after
the table or figure number) show estimated impacts derived from a MY 2008 baseline fleet, fleet
sales projections to MY 2025 from AEO 2011, and a CSM-based fleet projection. Tables and figures
that depict results for Analysis A2 (these have “A2” after the table or figure number) show
estimated impacts derived from a MY 2010 baseline fleet, fleet sales projections to MY 2025 from
the AEO 2012 Early Release, and an LMC-based fleet projection.

e In Analyses B1 and B2, the agency assumes continued improvements in average fleetwide fuel
economy for light-duty vehicles due to higher market demand for fuel-efficient vehicles. Therefore,
Analyses B1 and B2 measure the impacts of the action alternatives assuming overcompliance by
certain manufacturers through MY 2025 and ongoing improvements in new vehicle fuel economy
after MY 2025, compared to a No Action Alternative that assumes the average fleetwide fuel

2-6



Chapter 2 Proposed Action and Alternatives and Analysis Methodologies

economy level of light-duty vehicles would continue to increase beyond the level necessary to meet
the MY 2016 standards, even in the absence of agency action. Tables and figures in this Final EIS
that depict results for Analysis B1 (these have “B1” after the table or figure number) show estimated
impacts derived from a MY 2008 baseline fleet, fleet sales projections to MY 2025 from AEO 2011,
and a CSM-based fleet projection. Tables and figures that depict results for Analysis B2 (these have
“B2” after the table or figure number) show estimated impacts derived from a MY 2010 baseline
fleet, fleet sales projections to MY 2025 from the AEO 2012 Early Release, and an LMC-based fleet
projection.

e CEQ NEPA implementing regulations require agencies to consider the cumulative impacts of major
federal actions. NHTSA refers to the cumulative impacts analysis as Analysis C throughout this EIS.
In Analyses C1 and C2, the agency compares action alternatives assuming overcompliance by certain
manufacturers through MY 2025 and ongoing fuel economy improvements after MY 2025 with a No
Action Alternative under which there are no continued improvements in fuel economy after MY
2016 (i.e., the average fleetwide fuel economy for light-duty vehicles would not exceed the latest
existing standard). In this way, the cumulative impacts analysis combines the No Action Alternative
from Analyses Al and A2 with the action alternatives from Analyses B1 and B2. Tables and figures in
this Final EIS that depict results for Analysis C1 (these have “C1” after the table or figure number)
show estimated impacts derived from a MY 2008 baseline fleet, fleet sales projections to MY 2025
from AEO 2011, and a CSM-based fleet projection. Tables and figures that depict results for Analysis
C2 (these have “C2” after the table or figure number) show estimated impacts derived from a MY
2010 baseline fleet, fleet sales projections to MY 2025 from the AEO 2012 Early Release, and an
LMC-based fleet projection. For more explanation of NHTSA’s methodology regarding the
cumulative impacts analysis, see Section 2.5.

Analysis Al is generally comparable to Analysis A in the Draft EIS and Analysis B1 is generally comparable
to Analysis B in the Draft EIS — all of these analyses reflect a MY 2008 baseline fleet, new vehicle sales
projections to MY 2025 from AEO 2011, and a CSM-based fleet projection. However, the Final EIS
results reflect updated input values for the Volpe model (further discussed in Section 2.3.1) that result in
somewhat lower fuel use and associated environmental impacts than reported in the Draft EIS. In
particular, Analyses Al and B1 reflect vehicle-use estimates based on the 2009 National Household
Travel Survey, whereas Analyses A and B in the Draft EIS reflected data from the 2001 survey. The 2009
survey showed somewhat lower average vehicle use (annual vehicle miles traveled [VMT] per vehicle)
than had been estimated based on the 2001 survey. This results in lower fuel use and total VMT
estimates in the Final EIS than in the Draft EIS.

Analysis A2 and Analysis B2 make the same assumptions about growth during and after the years of the
Proposed Action as Analyses Al and Analysis B1, respectively, except these analyses reflect a MY 2010
baseline fleet (as described above). In addition to reflecting updated model inputs based on the 2009
National Household Travel Survey, Analyses A2 and B2 also reflect updated sales forecasts consistent
with the AEO 2012 Early Release. These updated inputs result in a lower forecast growth rate in the
light-duty vehicle fleet and in total VMT compared to the inputs for Analyses Al and B1, which are based
on AEO 2011. As a result, fuel use and associated environmental impacts are generally lower for
Analysis A2 than for Analysis Al and lower for Analysis B2 than for Analysis B1.

NHTSA has provided separate tables illustrating the environmental impacts projected under each
analysis throughout this Final EIS. In discussing these impacts throughout the EIS, NHTSA often presents
the results of Analyses Al and A2 together and Analyses B1 and B2 together in what appears to be a
range (e.g., “light-duty vehicle 2017-2060 fuel consumption is projected to range from 4,987 to 5,372
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billion gallons under the Preferred Alternative under Analyses Al and A2”). This form of presenting the
results is not intended to bound all the possible, or even likely, potential impacts that could occur under
a given alternative in a given year. In other words, the values should not be interpreted as a true
minimum or maximum of potential impacts. Rather, this format presents results using the same
methodology but under different assumptions, as described above.

2.2.4 Alternative 1: No Action

The No Action Alternative assumes that NHTSA would not issue a rule regarding CAFE standards for MY
2017-2025 passenger cars and light trucks; rather, consistent with previous EISs, the No Action
Alternative assumes that NHTSA’s latest CAFE standards (the MY 2016 fuel economy standards, issued in
conjunction with EPA’s MY 2016 GHG standards) would continue indefinitely, subject to the market and
fleet assumptions described above. This alternative provides an analytical baseline against which to
compare the environmental impacts of the other alternatives presented in the EIS.*® NEPA expressly
requires agencies to consider a ““no action’ alternative in their NEPA analyses and to compare the
effects of not taking action with the effects of action alternatives to demonstrate the environmental
effects of the action alternatives. The No Action Alternative assumes that average fuel economy levels
and GHG emissions performance in the absence of the agencies’ action would equal what
manufacturers would achieve without additional regulation. The No Action Alternative would yield no
additional environmental improvement other than what might occur from manufacturers changing fuel
economy and GHG emissions performance in response to market forces. The environmental impacts of
the action alternatives are calculated in relation to the baseline of the No Action Alternative.

Table 2.2.4-1 shows the estimated required and achieved fleetwide fuel economy NHTSA forecasts
under the No Action Alternative in Analyses A1, A2, B1 and B2. Because the No Action Alternative
assumes that NHTSA would not issue MY 2017-2025 CAFE standards, estimated required values
represent what is forecast under the agency’s latest CAFE standards (the MY 2016 fuel economy
standards, issued in conjunction with EPA’s MY 2016 GHG standards), which are assumed to continue
indefinitely for purposes of the No Action Alternative in this EIS. The fuel economy numbers presented
here are what are forecast to be determined through future laboratory testing and do not include a fuel
economy adjustment factor to account for real-world driving conditions (see Section 2.2.7 for more
discussion about the difference between adjusted and unadjusted mile-per-gallon [mpg] values).

18 See 40 CFR §§ 1502.2(e), 1502.14(d). 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. [See 40 CFR §
1502.14(c).] * * * Inclusion of such an analysis in the EIS is necessary to inform Congress, the public, and the President as
intended by NEPA. [See 40 CFR § 1500.1(a).]” Forty Most Asked Questions Concerning CEQ’s National Environmental Policy Act
Regulations, 46 FR 18026 (Mar. 23, 1981).
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Table 2.2.4-1. Estimated U.S. Passenger Car and Light-Truck Average Fleetwide Fuel Economy (mpg) by Model
Year under the No Action Alternative

MY My My MY MY MY My MY My
2017 2018 2019 2020 2021 2022 2023 2024 2025
Estimated Average Required under MY 2016 CAFE Standards — Analyses Al and B1
Passenger cars 38.7 38.7 38.7 38.7 38.7 38.7 38.7 38.7 38.7
Light trucks 29.3 29.3 29.3 29.3 29.3 29.3 29.4 29.4 29.4
;:g;ntbr':fk‘i cars 34.6 34.7 34.8 34.8 34.8 34.9 34.9 35.0 35.1
Estimated Average Required under MY 2016 CAFE Standards — Analyses A2 and B2
Passenger cars 38.2 38.2 38.2 38.1 38.1 38.2 38.1 38.2 38.1
Light trucks 28.9 28.9 28.9 28.9 28.9 28.9 28.9 28.9 28.9
gr?;“tt;'l:’ceki cars 34.3 343 34.3 343 34.3 34.4 34.4 34.5 34.5
Estimated Average Achieved — Analysis A1
Passenger cars 37.5 38.0 38.3 38.6 38.7 38.8 38.8 38.8 38.8
Light trucks 28.7 28.8 29.0 29.1 29.3 29.4 29.4 29.5 29.5
Combined cars 33.7 34.1 34.4 34.6 34.9 34.9 35.0 35.1 35.2
and trucks
Estimated Average Achieved — Analysis A2
Passenger cars 37.2 37.7 379 38.1 38.2 38.2 38.2 38.2 38.2
Light trucks 28.0 28.2 28.4 28.8 29.0 29.0 29.0 29.1 29.1
Combined cars 33.3 33.7 33.9 343 34.4 34.5 34.5 34.6 34.6
and trucks
Estimated Average Achieved — Analysis B1
Passenger cars 38.3 39.0 39.6 39.8 40.1 40.4 40.5 40.5 40.6
Light trucks 29.5 30.1 31.1 314 31.6 31.9 32.1 32.2 324
Combined cars 34.5 35.3 36.1 36.4 36.7 37.0 37.2 37.3 37.5
and trucks
Estimated Average Achieved — Analysis B2
Passenger cars 38.0 38.6 39.0 39.4 39.6 39.8 39.9 40.0 40.1
Light trucks 28.6 28.9 29.9 30.5 31.0 31.3 31.5 31.7 31.8
Combined cars 34.1 34.5 35.2 35.7 36.2 36.4 36.6 36.8 36.9
and trucks

For the No Action Alternative, estimated average required fuel economy levels are based on application
of the mathematical function defining the alternative (i.e., the curve that defines the MY 2016 CAFE
standards) to the market forecast defining the estimated future fleets of new passenger cars and light
trucks.'” For the No Action Alternative, estimated average achieved fuel economy levels reflect the
agency’s estimates of manufacturers’ potential responses to these requirements, taking into account
available technology, available adjustments to fuel economy levels based on reduction of air conditioner
energy consumption, fuel economy calculations specific to electric vehicles (EVs), and EISA (as amended
by EPCA) provisions allowing manufacturers to earn CAFE credits by producing flexible-fuel vehicles, to

7 Both the MY 2012-2016 standards and the proposed standards are attribute-based standards based on vehicle footprint.
Under the footprint-based standards, a curve defines a GHG or fuel economy performance target for each separate car or truck
footprint. Using the curves, each manufacturer therefore would have a GHG and CAFE average 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 fleets’ 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.
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pay civil penalties in lieu of achieving compliance with CAFE standards, to carry CAFE credits forward
between model years (up to 5 years), and to transfer CAFE credits between the passenger car and light-
truck fleets. Table 2.2.4-1 shows different sets of estimated average achieved fuel economy values for
Analyses A1, A2, B1, and B2, but only two sets of estimated average required fuel economy (for Analyses
A1/B1 and A2/B2) because those values are not affected by assumptions related to market-based
improvements in fuel economy in the absence of agency action.

2.2.5 Action Alternatives

In addition to the No Action Alternative, NHTSA analyzed a range of action alternatives with fuel
economy stringencies that increase on average 2 percent to 7 percent annually from the MY 2016
standards for passenger cars and for light trucks. As NHTSA stated in the Notice of Intent to issue an EIS,
the Draft EIS, and the NPRM, 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 this
range.'®

Throughout this EIS, estimated impacts are shown for 3 action alternatives that illustrate this range of
average annual percentage increases in fuel economy: a 2 percent per year average increase for both
passenger cars and light trucks (Alternative 2); the Preferred Alternative with annual percentage
increases for passenger cars and for light trucks that, on average, fall between the 2 percent and 7
percent per year increase (Alternative 3); and a 7 percent per year average increase for both passenger
cars and light trucks (Alternative 4).

Alternatives 2 and 4 are intended to provide the lower and upper bounds of a reasonable range of
alternatives within which the agency believes the maximum feasible standards fall. This range
encompasses a spectrum of possible standards the agency could select, based on the different ways
NHTSA could weigh EPCA’s four statutory factors. By providing environmental analyses of these points
and the Preferred Alternative, the decisionmaker and the public can determine the environmental
impacts of points that fall between Alternatives 2 and 4. The action alternatives evaluated in this EIS
therefore provide decisionmakers with the ability to select from a wide variety of other potential
alternatives with stringencies that increase annually at average percentage rates between 2 and 7
percent. This includes, for example, alternatives with stringencies that increase at different rates for
passenger cars and for light trucks and stringencies that increase by different rates in different years.

Tables in this section for each of the regulatory 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. Like Table
2.2.5-1 for the No Action Alternative, estimated average achieved fuel economy levels presented for the
action alternatives below reflect the agency’s estimates of manufacturers’ potential responses to these
requirements, taking into account available technology, available adjustments to fuel economy levels
based on reduction of air conditioner energy consumption, fuel economy calculations specific to EVs,
and EISA/EPCA provisions allowing manufacturers to earn CAFE credits by producing flexible fuel
vehicles, to pay civil penalties in lieu of achieving compliance with CAFE standards, to carry CAFE credits
forward between model years (up to 5 years), and to transfer CAFE credits between the passenger car
and light-truck fleets. In addition, for the action alternatives, estimated achieved levels take into
account available adjustments to fuel economy levels based on application of technologies (other than

'8 For a full discussion of the agency’s balancing of the statutory factors related to “maximum feasible” standards, consult the
NPRM.
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those that improve air conditioner efficiency) that reduce off-cycle energy consumption. This EIS
assumes a weighted average of flexible fuel vehicles’ fuel economy levels when operating on gasoline
and on E85 (a blend of 15 percent gasoline and 85 percent ethanol, by volume). In particular, this EIS
assumes that flexible fuel vehicles operate on gasoline 85 percent of the time and on E85 the remaining
15 percent of the time.

Both required and achieved fuel economy values projected below are determined through laboratory
testing and do not include a fuel economy adjustment factor to account for real-world driving
conditions. (See Section 2.2.7 for more discussion about the difference between adjusted and
unadjusted fuel economy.)

2.2.5.1 Alternative 2: 2 Percent per Year Increase in Fuel Economy

Alternative 2 would require a 2 percent average annual fleetwide increase in fuel economy for
passenger cars and light trucks for MYs 2017-2025. As noted above, Alternative 2 represents the lower
bound of the range of average annual stringency increases that NHTSA believes includes the maximum
feasible stringency. Table 2.2.5-1 lists the estimated average required and achieved fleetwide fuel
economy NHTSA forecasts under Alternative 2.

Table 2.2.5-1. Estimated U.S. Passenger Car and Light-Truck Average Fleetwide Fuel Economy (mpg) by Model
Year under Alternative 2

MY MY My MY My My MY My MY
2017 2018 2019 2020 2021 2022 2023 2024 2025
Estimated Average Required — Analyses Al and B1
Passenger cars 39.5 40.3 41.2 42.0 42.9 43.9 44.7 45.7 46.7
Light trucks 30.1 30.8 31.5 32.1 32.8 33.5 34.2 35.1 35.8
Combined cars 35.5 36.3 37.2 37.9 38.8 39.6 40.5 415 425
and trucks
Estimated Average Required — Analyses A2 and B2
Passenger cars 39.0 39.8 40.6 41.4 42.3 43.2 44.1 45.0 46.0
Light trucks 29.7 30.3 30.9 31.5 32.2 32.8 33.5 34.3 35.0
;:g;ntbr':fk‘i cars 35.1 35.8 36.6 37.4 38.2 39.0 39.8 40.8 416
Estimated Average Achieved — Analysis Al
Passenger cars 38.8 40.1 41.4 42.7 43.6 44.2 44.9 45.8 46.2
Light trucks 30.0 30.7 31.9 32.8 33.8 34.3 34.6 35.1 35.3
Combined cars 35.0 36.1 37.5 38.6 39.6 40.2 40.8 416 41.9
and trucks
Estimated Average Achieved — Analysis A2
Passenger cars 38.2 394 40.5 41.8 42.8 43.3 44.0 44.9 45.2
Light trucks 29.8 30.2 31.4 32.3 32.9 33.3 33.8 34.3 34.3
Combined cars 347 35.6 36.7 37.9 38.8 39.2 39.9 40.7 40.9
and trucks
Estimated Average Achieved — Analysis B1
Passenger cars 39.0 40.3 41.5 42.7 43.4 44.4 44.9 45.8 46.4
Light trucks 30.2 31.1 324 33.1 33.6 34.1 34.5 35.0 35.5
Combined cars 35.2 36.4 37.7 38.8 39.4 40.2 40.7 415 42.2
and trucks
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Table 2.2.5-1. Estimated U.S. Passenger Car and Light-Truck Average Fleetwide Fuel Economy (mpg) by Model
Year under Alternative 2 (continued)

MY MY MY MY MY MY MY MY MY
2017 2018 2019 2020 2021 2022 2023 2024 2025
Estimated Average Achieved — Analysis B2
Passenger cars 38.7 39.6 40.6 41.8 42.6 43.2 44.2 45.2 45.8
Light trucks 29.5 30.0 31.3 32.4 33.3 33.6 34.1 34.4 34.8
Combined cars 34.8 356 36.8 38.0 38.9 39.4 40.1 40.9 415
and trucks

2.2.5.2 Alternative 3: Preferred Alternative

Alternative 3 is NHTSA’s Preferred Alternative, under which manufacturers would be required to meet
an estimated average fleetwide fuel economy level of 40.3 to 41.0 mpg in MY 2021 and 48.7 to 49.7
mpg in MY 2025. These averages are uncertain, because, as discussed in Section 1.3.2.1, the actual
average required fuel economy levels in the future will depend on the actual composition of the future
fleet, which can only be estimated — with considerable uncertainty — at this time. However, insofar as
the target curves defining the standards reflect a mathematical progression (i.e., the curve applicable in
1 year is a multiple of that applicable in the preceding year), rates of increase in mathematical
stringency are not subject to such uncertainty because the target curves themselves do not depend on
the fleet’'s composition. The alternatives described in the Final EIS are defined in terms of the
mathematical progression of the gallons per mile (gpm)-based target functions and not the fleet-
dependent averages of manufacturers’ fuel economy levels. The proposed stringency increases to the
attribute-based standards (i.e., the target functions as expressed on a gpm basis) for MYs 2017-2021
average 3.6 percent for passenger cars. In recognition of manufacturers’ unique challenges in improving
the fuel economy and GHG emissions of full-size pickup trucks (a subset of light trucks) as we transition
from the MY 2016 standards to MY 2017 and later, while preserving the utility (e.g., towing and payload
capabilities) of those vehicles, NHTSA’s proposal includes a slower annual rate of improvement for light
trucks in the first phase of the program. The proposed stringency increases to the attribute-based
standards for MYs 2017-2025 average 2.3 percent (on a gpm basis) for light trucks. For MYs 2022-2025,
the annual stringency increases set forth averages 4.4 percent (also on a gpm basis) for both passenger
cars and light trucks.

For the Draft EIS, stringency increases were reported as rates of increase in mathematical stringency.
They were actually the rates of increase in the average of fuel economy levels required of
manufacturers. The target curves identified as the Preferred Alternative and analyzed in this Final EIS
are the same as those that defined the Preferred Alternative in the Draft EIS and outlined as the
proposal in the NPRM. In other words, the rate of increase in stringency of the Preferred Alternative
analyzed in the Final EIS has not changed.

To provide additional perspective, NHTSA also describes the Preferred Alternative in terms of the
increase in the average estimated required fuel economy levels. Because the standards are attribute-
based, average required fuel economy levels, and therefore rates of increase in those averages, depend
on the future composition of the fleet, which is uncertain and subject to change. Because of this
uncertainty and updates to the inputs used in the Volpe model, these values have changed slightly from
those reported in the Draft EIS. On an mpg basis, the estimated annual increase in the average required
fuel economy levels between MYs 2017 and 2021 averages 3.8 to 3.9 percent for passenger cars and 2.5
to 2.7 percent for light trucks. During MYs 2022—-2025, estimated annual increases in the average
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required fuel economy levels — also on an mpg basis — are assumed to average 4.7 percent for passenger
cars and 4.8 to 4.9 percent for light trucks.

Table 2.2.5-2 lists the estimated average required and achieved fleetwide fuel economy NHTSA forecasts
under the Preferred Alternative.

Table 2.2.5-2. Estimated U.S. Passenger Car and Light-Truck Average Fleetwide Fuel Economy (mpg) by Model
Year under the Preferred Alternative

MY MY MY MY MY MY MY MY MY
2017 2018 2019 2020 2021 2022 2023 2024 2025
Estimated Average Required — Analyses Al and B1
Passenger cars 40.1 41.6 43.1 44.8 46.8 49.0 51.2 53.6 56.2
Light trucks 29.4 30.0 30.6 31.2 33.3 34.9 36.6 38.5 40.3
Combined cars 35.4 36.5 37.7 38.9 41.0 43.0 45.1 47.4 49.7
and trucks
Estimated Average Required — Analyses A2 and B2
Passenger cars 39.6 41.1 42.5 44.2 46.1 48.2 50.5 52.9 55.3
Light trucks 29.1 29.6 30.0 30.6 32.6 34.2 35.8 37.5 39.3
Combined cars 35.1 36.1 37.1 38.3 403 423 44.3 46.5 487
and trucks
Estimated Average Achieved — Analysis Al
Passenger cars 39.5 41.5 43.8 46.3 47.9 49.3 50.0 51.5 52.9
Light trucks 29.3 30.3 31.9 33.3 35.2 36.1 36.8 379 39.0
Combined cars 35.0 36.6 38.7 40.8 426 43.8 44.6 46.0 47.4
and trucks
Estimated Average Achieved — Analysis A2
Passenger cars 39.4 41.1 43.3 45.1 47.1 48.1 49.6 51.3 52.1
Light trucks 28.8 29.3 31.3 32.8 34.9 35.5 36.5 37.4 37.6
Combined cars 34.8 36.0 38.2 39.9 42.0 42.9 44.2 45.6 46.2
and trucks
Estimated Average Achieved — Analysis B1
Passenger cars 39.8 41.7 43.8 45.9 47.4 48.7 49.7 51.7 53.8
Light trucks 30.1 31.1 32.7 33.8 35.2 36.2 37.1 38.0 39.4
Combined cars 35.6 37.1 39.1 40.8 423 436 44.6 46.1 48.1
and trucks
Estimated Average Achieved — Analysis B2
Passenger cars 39.3 41.0 43.5 454 47.4 48.5 49.9 51.4 53.3
Light trucks 29.0 29.6 31.5 33.2 34.8 35.6 36.7 37.5 38.1
Combined cars 34.9 36.1 38.4 403 42.1 432 44.5 45.7 47.1
and trucks
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2.2.5.3 Alternative 4: 7 Percent per Year Increase in Fuel Economy

Alternative 4 would require a 7 percent average annual fleetwide increase in fuel economy for both
passenger cars and light trucks for MYs 2017-2025. As noted above, Alternative 4 represents the upper
bound of the range of average annual stringency increases that NHTSA believes includes the maximum
feasible stringency. Table 2.2.5-3 lists the estimated average required and achieved fleetwide fuel
economy NHTSA forecasts under Alternative 4.

Table 2.2.5-3. Estimated U.S. Passenger Car and Light-Truck Average Fleetwide Fuel Economy (mpg) by Model
Year under Alternative 4

MY MY MY MY MY MY MY MY MY
2017 2018 2019 2020 2021 2022 2023 2024 2025
Estimated Average Required — Analyses Al and B1
Passenger cars 41.7 44.9 48.4 52.1 56.2 60.6 65.3 70.4 76.0
Light trucks 31.6 34.2 37.0 39.8 43.0 46.3 50.1 54.1 58.4
Combined cars 37.3 403 436 47.0 50.8 54.8 59.2 64.0 69.2
and trucks
Estimated Average Required — Analyses A2 and B2
Passenger cars 41.2 44.3 47.7 51.4 55.4 59.7 64.3 69.4 74.8
Light trucks 31.1 33.6 36.3 39.1 42.1 45.4 49.0 52.8 57.0
Combined cars 36.9 39.8 42.9 46.3 49.9 53.9 58.2 62.8 67.8
and trucks
Estimated Average Achieved — Analysis Al
Passenger cars 42.0 44.9 47.6 51.1 54.3 57.8 59.2 62.8 64.7
Light trucks 32.2 34.1 37.2 40.2 42.8 44.2 45.6 46.8 48.6
;:g;ntbr':fk‘i cars 37.8 403 43.4 46.7 49.7 52.3 53.8 56.4 58.4
Estimated Average Achieved — Analysis A2
Passenger cars 41.7 44.1 47.7 50.3 52.6 55.6 58.0 61.3 64.8
Light trucks 31.1 32.2 34.7 37.8 40.5 41.4 43.1 44.7 46.1
Combined cars 37.2 39.0 42.1 45.1 47.7 49.7 51.9 54.5 57.1
and trucks
Estimated Average Achieved — Analysis B1
Passenger cars 41.8 44.7 47.8 51.0 54.1 56.6 59.3 62.7 64.7
Light trucks 32.5 34.6 38.1 40.4 42.9 44.2 45.5 46.3 48.4
Combined cars 37.9 40.5 43.9 46.7 49.6 51.6 53.8 56.1 58.3
and trucks
Estimated Average Achieved — Analysis B2
Passenger cars 41.2 43.5 47.2 50.7 53.7 56.3 58.1 61.9 64.8
Light trucks 31.1 32.3 354 38.2 40.6 41.5 43.0 44.6 45.7
Combined cars 37.0 38.8 422 455 483 50.2 52.0 54.8 56.9
and trucks
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2.2.6 No Action and Action Alternatives in Historical Perspective

NHTSA has set CAFE standards since 1978. Figure 2.2.6-1 illustrates unadjusted’® achieved fuel economy
for combined passenger cars and light trucks from 1975 through 2011 (EPA 2012a). The figure extends
these historic fuel economy levels out to their projected average achieved fuel economy levels under
the existing MY 2012-2016 CAFE Final Rule and the Proposed Action discussed above.

Figure 2.2.6-1. Historical and Projected Achieved Fuel Economy (mpg) for Passenger Cars and Light Trucks
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See Section 2.2.7 for a discussion about the difference between adjusted and unadjusted fuel economy levels.

As illustrated in the figure, light-duty vehicle fuel economy has moved through four phases since 1975:
(1) a rapid increase from MYs 1975-1981, (2) a slower increase until MY 1987, (3) a gradual decrease
until MY 2004, and (4) an increase for the 7 years beginning in MY 2005, with the largest increase in MY

1 Unadjusted fuel economy measures fuel economy as achieved by vehicles in the laboratory. Adjusted fuel economy includes
an adjustment factor to better estimate actual achieved on-road fuel economy, and is generally lower than its corresponding
unadjusted fuel economy values. Figure 2.2.6-1 uses historical unadjusted fuel economy data as a basis to compare projected
achieved fuel economy (based on existing and proposed CAFE rules) because projected achieved fuel economy data would also
be derived from laboratory testing and does not include an adjustment factor. See section 2.2.7 for more discussion about the

difference between NHTSA laboratory test fuel economy and EPA adjusted fuel economy.
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2009. The MY 2012-2016 CAFE standards should extend this increase through 2016, and the MY 2017—-
2025 Proposed Action would continue this increase in fuel economy through 2025, to varying degrees
depending on the alternative selected.

2.2.7 Laboratory Test Fuel Economy versus Adjusted Fuel Economy

Fleetwide average fuel economy levels achieved by light-duty vehicles in on-road driving fall somewhat
short of the average levels measured under the laboratory-like test conditions used to establish
published fuel economy ratings for different models. Specifically, the fuel economy ratings shown on
EPA fuel economy window stickers are lower than the fuel economy ratings used by NHTSA for CAFE
rulemaking and compliance purposes, because CAFE ratings do not include EPA adjustment factors, as
discussed below, and because CAFE standards include certain credits and flexibilities (EPA 2012a). As a
result, sales-weighted EPA adjusted average fuel economy levels®® are lower than the sales-weighted
average CAFE levels in absolute terms (both required and achieved). However, in relative terms, the
percent changes in fuel economy over time are very similar for sales-weighted EPA adjusted fuel
economy and sales-weighted CAFE ratings.

EPA fuel economy levels and CAFE standards are both based on laboratory test “drive cycles” for city
and highway driving conditions. Overall, CAFE ratings and EPA adjusted fuel economy ratings reflect a
weighted average of 55 percent city and 45 percent highway conditions. Beginning in 1985, to bring EPA
estimates closer to the on-road fuel economy drivers actually achieve, EPA adjusted window-sticker fuel
economy ratings to reduce city and highway laboratory test results by 10 percent and 22 percent,
respectively. In 2008, EPA began additional tests to further adjust the ratings for higher speeds, air
conditioning, and cold temperatures (EPA 2006a).

Figure 2.2.7-1 compares MY 1975-2011 sales-weighted CAFE laboratory test fuel economy with EPA
adjusted fuel economy (including adjustments to MY 1975—2007 EPA fuel economy ratings to provide
comparable trend data for adjusted fuel economy). In absolute terms, the CAFE laboratory test fuel
economy values are higher than the EPA adjusted fuel economy values for both cars and light trucks.

Despite the difference in absolute fuel economy, Figure 2.2.7-1 shows that changes in CAFE laboratory
test fuel economy and EPA adjusted fuel economy over time are very similar. The historical similarity of
percent changes in both measures has also been especially strong across years of rising fuel economy, as
shown in Table 2.2.7-1. CAFE laboratory test ratings and EPA adjusted ratings recorded very similar
percentage gains from 1975 through 1985 and from 2005 through 2011.

Projections of the environmental impacts (e.g., fuel savings, air quality, and climate) of the Proposed
Action analyzed in this EIS reflect the projected change in sales-weighted fuel economy in relative terms.
Fuel-use projections for each alternative reflect current fuel use and the projected percentage change in
unadjusted CAFE ratings associated with each alternative. Therefore, the fact that percent gains in fuel
economy over time are very similar for sales-weighted EPA adjusted fuel economy and CAFE compliance
ratings means that projected environmental impacts based on increases in CAFE standards can also be
interpreted as projected environmental impacts associated with corresponding gains in sales-weighted
EPA adjusted fuel economy.

For more discussion of the on-road fuel economy “gap” (the difference between adjusted and
unadjusted mpg), see Section 4.2.1 of the agencies’ Draft Joint TSD.

% Fleet-wide vehicle fuel economy calculated based on the distribution of vehicle sales.
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Figure 2.2.7-1. 1975-2011 Sales-weighted CAFE Laboratory Test MPG and EPA Adjusted MPG®
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a. Source: EPA 2012a.

Table 2.2.7-1. Change in Sales-weighted CAFE Laboratory Test MPG and EPA Adjusted MPG

Years Car Laboratory Car Adjusted Truck Laboratory Truck Adjusted
1975-1985 70.3% 70.4% 50.4% 50.9%
1985-1995 4.1% 0.9% -0.5% -2.9%
1995-2005 2.9% -1.3% 2.4% -0.6%
2005-2011 13.9% 13.1% 12.4% 11.8%

2.2.8 EPA’s Proposed Greenhouse Gas Emission Standards

In conjunction with NHTSA’s Proposed Action, EPA has proposed GHG emissions standards under
Section 202(a) of the Clean Air Act (CAA). EPA’s proposed standards begin with MY 2017, increase in
stringency through MY 2025, and would require light-duty vehicles to meet an estimated combined
average emissions level of 163 grams per mile of carbon dioxide (CO,) in MY 2025. The National
Program represents a harmonized approach that will allow industry to build a single national fleet that
will satisfy both the GHG requirements under the CAA and CAFE requirements under EPCA (as amended
by EISA). However, given differences in their respective statutory authorities, the agencies’ proposed
standards include some important differences. See Section 1.3.2.1 for a discussion of these differences.
Table 2.2.8-1 lists EPA’s estimates of its projected overall fleetwide CO, emissions compliance targets
under the proposed standards. Projections in this section are from the NPRM and are based on the MY
2008 baseline fleet.

EPA anticipates that manufacturers will take advantage of program flexibilities. Table 2.2.8-2 shows
EPA’s projection of the achieved emission levels of the fleet for MYs 2017-2025. The grams per mile
values in Table 2.2.8-2 are CO,-equivalent values because they include the projected use of air
conditioning credits by manufacturers.
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Table 2.2.8-1. Projected U.S. Passenger Car and Light-Truck Fleetwide Emissions Compliance Targets under the
Proposed CO, Standards (grams/mile)

MY MY MY MY MY MY MY MY MY
2017 2018 2019 2020 2021 2022 2023 2024 2025
Passenger cars 213 202 192 182 173 165 158 151 144
Light trucks 295 285 277 270 250 237 225 214 203
tcri':kt;'”e‘j cars and 243 232 223 213 200 190 181 172 163

Table 2.2.8-2. Projected U.S. Passenger Car and Light Truck-Fleetwide Achieved CO,-equivalent Emissions Levels
under the Proposed CO, Standards (grams/mile)

MY MY MY MY MY MY MY MY MY
2017 2018 2019 2020 2021 2022 2023 2024 2025
Passenger cars 215 205 194 184 174 165 158 151 144
Light trucks 295 285 278 271 251 238 226 214 204
tcr?;TkZmEd cars and 245 234 224 214 201 190 181 172 164

2.2.9 Alternatives Considered but not Analyzed in Detail

In response to the agency’s Notice of Intent and the Draft EIS, some commenters indicated thata 7
percent per year average annual increase in fuel economy standards was not a proper upper bound
without the agency performing a full analysis. The agency has rigorously analyzed the various
alternatives in the NPRM and continues to believe that the maximum feasible level of increased
stringency on average falls between 2 percent per year and 7 percent per year for passenger cars and
for light trucks. The agency has not analyzed an alternative in excess of a 7 percent per year increase for
passenger cars and for light trucks because NHTSA believes that such an alternative would fall outside
the range of where the maximum feasible level could fall, after a careful balancing of the four EPCA
statutory factors discussed in Chapter 1. In particular, such a high level of stringency would place too
little weight on economic practicability and technological feasibility.

In addition, one commenter indicated that NHTSA should include as an alternative the “maximum
technologically feasible” levels of stringency. The agency does not believe this is a reasonable
alternative in light of the four statutory factors. In particular, because technological feasibility is only
one of four factors, such an alternative would essentially ignore the three other factors the agency is
required to consider when setting CAFE standards. Therefore, NHTSA has not analyzed this alternative.

2.3 Standards-setting and EIS Methodologies and Assumptions

Each of the specific alternatives examined represents, in part, a different way in which NHTSA could
conceivably balance conflicting policies and considerations in setting the standards. For example, the
most stringent alternative, which increases both passenger car and light-truck fuel economy standards
on average by 7 percent per year and reflects the upper bound of where the agency believes the
maximum feasible stringency falls, weighs energy conservation and climate change considerations more
heavily and economic practicability and technological feasibility less heavily. In contrast, the least
stringent alternative, which increases both car and truck fuel economy standards on average by 2
percent per year and reflects the lower bound of where the agency believes the maximum feasible
stringency falls, places more weight on economic practicability.
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After working with EPA in thoroughly reviewing the effectiveness and costs of technologies, as well as
market forecasts and economic assumptions, NHTSA used the Volpe model to assess the technologies
that manufacturers could apply to their fleet to comply with each alternative. Section 2.3.1 describes
the Volpe model and its inputs and provides an overview of the analytical pieces and tools used in the
analysis of alternatives.

2.3.1 Volpe 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 Compliance and Effects Modeling System developed by
the Volpe National Transportation Systems Center, and commonly referred to as “the Volpe model,”
enables NHTSA to efficiently, systematically, and reproducibly evaluate many regulatory options.
Generally, the model assumes that manufacturers apply the most cost-effective technologies first, and
as more stringent fuel economy standards are evaluated, the model recognizes that manufacturers must
apply less cost-effective technologies. The model then compares the discounted present value of costs
and benefits associated with any specific potential CAFE standard. The Volpe model calculates average
changes in vehicle costs (corresponding to total technology outlays and, where applicable, civil
penalties). It does not predict manufacturers’ decisions regarding the pricing or production of specific
vehicle models, nor does it currently estimate consumer behavioral responses, such as buying fewer
vehicles or buying different types of vehicles.

The Volpe model produces various outputs, including estimates of year-by-year fuel consumption by
U.S. passenger car and light-truck fleets. For this EIS, NHTSA used the model to estimate annual fuel
consumption and fuel savings for each calendar year from 2017, when the Proposed Action would first
take effect, through 2060, when almost all passenger cars and light trucks in use would have been
manufactured and sold during model years with CAFE standards at least as stringent as those set forth
for MY 2025.*

2.3.2 Volpe Model Inputs

The Volpe model requires estimates for the following types of inputs: (1) a forecast of the future vehicle
fleet, (2) availability, applicability, and incremental effectiveness and cost of fuel-saving technologies, (3)
economic factors including vehicle survival and mileage accumulation patterns, future fuel prices, the
rebound effect (the increase in vehicle use that results from improved fuel economy), and the “social
cost of carbon,” (4) fuel characteristics and vehicular emissions rates, and (5) coefficients defining the
shape and level of CAFE 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.” The model is a tool NHTSA uses for analysis; it makes no a priori assumptions regarding inputs
such as fuel prices and available technologies and 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 NHTSA-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 potential CAFE standards to be
examined for each fleet, for each model year. The model then estimates the costs associated with this

L This assumes that if NHTSA does not establish more stringent CAFE standards for model years after MY 2025, the standards
established for MY 2025 as part of the current rulemaking would be extended to apply to subsequent model years.
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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 Volpe model and its inputs, see the NPRM, the Draft Joint TSD, and
NHTSA’s Preliminary Regulatory Impact Analysis (Preliminary RIA). 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 has used the Volpe model as a tool to inform its consideration of potential CAFE
standards, the Volpe model alone does not determine the CAFE standards NHTSA proposes or
promulgates as final regulations. NHTSA considers the results of analyses using the Volpe model and
external analyses, including assessments of GHGs and air pollution emissions, and technologies that
might be available over the longer term. NHTSA also considers whether the standards could expedite
the introduction of new technologies to the market, and the extent to which changes in vehicle costs
and fuel economy might affect vehicle production and sales. Using all of this information, NHTSA
considers the governing statutory factors, along with environmental issues and other relevant societal
issues, such as safety, and promulgates the maximum feasible standards based on its best judgment on
how to balance these factors.

2.3.2.1 Vehicle Fleet Forecast

To determine what levels of stringency are feasible in future model years, NHTSA and EPA must project
what vehicles and technologies will exist in those model years and then evaluate what technologies can
feasibly be applied to those vehicles to raise their fuel economy and lower their CO, emissions. The
agencies therefore establish a baseline vehicle fleet representing those vehicles, based on the best
available information and a reasonable balancing of various policy concerns, against which they can
analyze potential future levels of stringency and their costs and benefits.

As discussed above, in the NPRM and the Draft EIS, the agencies used a MY 2008-based fleet projection
(Analyses A1, B1, and C1). However, the agencies have also created a MY 2010 baseline and market
forecast for use in this Final EIS (Analyses A2, B2, and C2). Through Analyses A1, A2, B1, B2, C1, and C2,
this Final EIS analyzes the projected impacts of the proposed alternatives using both vehicle market
forecast inputs. More information about the vehicle market forecast used in the Draft EIS is available in
Section 11.B of the NPRM and Chapter 1 of the Draft Joint TSD. More detail about the agency’s vehicle
forecasts will appear in the forthcoming Final Joint TSD.

2.3.2.2 Technology Assumptions

The analysis of costs and benefits employed in the Volpe model reflects NHTSA’s assessment of a broad
range of technologies that can be applied to passenger cars and light trucks. The technologies the
model considers encompass four broad categories: engine, transmission, vehicle, and
electrification/accessory and hybrid technologies. More information about the technology assumptions
used in the Draft EIS can be found in Chapter 3 of the Draft Joint TSD and in Chapter V of NHTSA’s
Preliminary RIA. The technology assumptions used in this Final EIS are largely similar and will be
described in greater detail in the forthcoming NHTSA and EPA Final Joint TSD and in NHTSA’s
forthcoming RIA. Table 2.3.2-1 lists the types of technologies considered in this analysis for improving
fuel economy.
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Table 2.3.2-1. Technologies Considered by the Volpe 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

Low-friction lubricants

Engine friction reduction

Second level of low-friction
lubricants and engine friction
reduction

Cylinder deactivation

Variable valve timing

Discrete variable valve lift

Continuous variable valve lift

Stoichiometric gasoline direct-
injection technology

Turbocharging and downsizing

Cooled exhaust-gas recirculation

e Advanced diesel engines

e Manual 6-speed
transmission

e Improved automatic
transmission controls

e Six- and eight-speed
automatic transmissions

e Dual clutch transmissions

e High Efficiency Gearbox
(automatic, dual clutch
transmissions, or manual)

o Shift optimization

e Low-rolling-resistance

tires

e Low-drag brakes

e Front or secondary axle

disconnect for four-
wheel drive systems

e Aerodynamic drag

reduction

e Mass reduction

o Electric power
steering/Electro-
hydraulic power
steering

e Improved accessories

e Air conditioner
systems

e 12-volt stop-start

Higher voltage stop-
start/Belt integrated
starter generator

P2 hybrid

Plug-in hybrid electric
vehicles

e Electric vehicles

2.3.2.3 Economic Assumptions

NHTSA’s analysis of the energy savings, changes in emissions, and environmental impacts likely to result
from the Proposed Action and alternatives relies on a range of forecasts, economic assumptions, and
estimates of parameters used by the Volpe model. These economic values play a significant role in
determining the reductions in fuel consumption, changes in emissions of criteria and toxic air pollutants
and GHGs, reductions in U.S. petroleum imports, and resulting economic benefits of alternative
standards. The Volpe model uses the following forecasts, assumptions, and parameters:

e Forecasts of sales of passenger cars and light trucks for MYs 2017-2025

e Assumptions about the fraction of these vehicles that remain in service at different ages, how
rapidly average annual use of passenger cars and light trucks grows over time, and how passenger
car and light truck use declines with their increasing age

e Forecasts of fuel prices over the expected lifetimes of MY 2017-2025 passenger cars and light trucks

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

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

e The magnitude of the fuel economy rebound effect (the increase in vehicle use that results from

improved fuel economy)

e Economic costs associated with U.S. consumption and imports of petroleum and refined petroleum
products, over and above their market prices

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

The economic values of reductions in damages to human health caused by emissions of criteria and
toxic air pollutants and GHGs
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e The value of increased driving range and less frequent refueling that results from increases in fuel
economy

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

e The discount rate applied to future benefits

NHTSA’s analysis accounts for specific 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 the
changes in fuel use, emissions, and other environmental impacts due to NHTSA’s Proposed Action will
also continue for many years. 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. The Volpe model defines vehicle
lifetime as the point at which less than 2 percent of the vehicles originally produced in a model year
remain in service. Under this definition, passenger cars survive in the fleet for as long as 30 years, while
light trucks can survive for up to 36 years. Of course, any individual vehicle is unlikely to survive to these
maximum ages; the typical lifetimes for passenger cars and light trucks produced during recent model
years are approximately 12 and 14 years, respectively.

In addition, NHTSA's analysis accounts for a rebound effect. Specifically, by reducing the cost of fuel
consumed per mile driven, requiring increased fuel economy could create an incentive for additional
vehicle use. Any resulting increase in vehicle use will offset part of the fuel savings that would otherwise
be expected to result from higher fuel economy. The total passenger car and light-truck VMTs would
increase slightly due to the rebound effect, and tailpipe emissions of pollutants strictly related to vehicle
use would increase in proportion to increased VMT. In this EIS, the estimated rebound effect for light-
duty vehicles is assumed to be 10 percent. These VMT impacts are reflected in the estimates of
emissions under each of the alternatives evaluated (see Section 2.4.1 for more detail).

Table 2.3.2-2 lists many of the specific forecasts, assumptions, and parameter values used to calculate
the energy savings, environmental impacts, and economic benefits of each alternative. The impacts of
the alternatives evaluated in this EIS reflect a specific combination of economic inputs in the Volpe
model. Detailed descriptions of the sources of forecast information, the rationale underlying each
economic assumption, and the agency’s choices of specific parameter values are included in Chapter 4
of the Draft Joint TSD and in NHTSA’s Preliminary RIA. More information will appear in the forthcoming
Joint Final Rule and NHTSA's Final RIA. NHTSA also analyzed the sensitivity of its estimates to plausible
variations in the values of many of these variables. The specific values of these variables used in the
NHTSA sensitivity analysis and their effects on estimates of fuel consumption and GHG emissions will be
reported and discussed in NHTSA’s Final RIA. Table 2.3.2-3 lists the social cost of CO,* at various
discount rates.

22 An estimate of the monetized climate-related damages associated with an incremental increase in annual carbon emissions;
the estimated price of the damages caused by each ton of CO, released into the atmosphere.

2-22



Chapter 2 Proposed Action and Alternatives and Analysis Methodologies

Table 2.3.2-2. Forecasts, Assumptions, and Parameters Used to Analyze Impacts of Regulatory Alternatives
(2010 U.S. dollars)

Fuel Economy Rebound Effect 10%

“Gap” between Test and On-road mpg for Liquid-fueled Vehicles 20%

“Gap” between Test and On-road Wall Electricity Consumption for EVs 30%

Value of Refueling Time ($/vehicle-hour) $21.45 (Cars); $21.81 (Trucks)
Average Tank Volume Refilled During Refueling Stop 65%

Annual Growth in Average Vehicle Use 0.6% per year
Fuel Prices (2017-2050 average, $/gallon)

Retail gasoline price $4.13

Pre-tax gasoline price $3.78
Economic Benefits from Reducing Oil Imports ($/gallon)

“Monopsony” Component $0.00

Price Shock Component $0.20in 2025
Military Security Component $0.00

Total Economic Costs ($/gallon) $0.20 in 2025
Emission Damage Costs (2020, $/short ton)

Carbon monoxide (CO) S0

Volatile organic compounds (VOCs) $1,700
Nitrogen oxides (NOy) $6,700
Particulate matter (PM,s) $306,500
Sulfur dioxide (SO,) $39,600
Carbon dioxide (CO,) (social cost of carbon) Variable (see Table 2.3.2-3)
External Costs from Additional Automobile Use ($/vehicle-mile)

Congestion $0.056
Accidents $0.024

Noise $0.001

Total External Costs $0.081
External Costs from Additional Light-truck Use ($/vehicle-mile)

Congestion $0.050
Accidents $0.027

Noise $0.001

Total External Costs $0.078
Discount Rate Applied to Future Benefits 3%, 7%

Table 2.3.2-3. Social Cost of CO, ($/metric ton), 2017 (2010 U.S. $)

Discount Rate 5% | 3% | 2.5% 3%
th .
Source of Estimate Mean of Estimated Values 2B LG
Estimate
2017 Estimate $6.39 ‘ $25.86 ‘ $41.32 $79.10

2.3.2.4 Fuel Characteristics and Vehicular Emissions Rates

Car and light-truck use, fuel refining, and fuel distribution and retailing also generate emissions of
certain air pollutants. While reductions in fuel refining and distribution that result from lower fuel
consumption will reduce emissions of some of these pollutants, additional vehicle use associated with
the rebound effect will increase emissions of most of these pollutants. Therefore, the net effect of
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stricter fuel economy and GHG standards on total emissions of each pollutant depends on the relative
magnitudes of reduced emissions during fuel refining and distribution, and increases in emissions from
vehicle use. Because the relationship between emissions rates (emissions per gallon refined of fuel or
mile driven) in fuel refining and vehicle use is different for each pollutant, the net effect of increases in
fuel economy on total emissions of each pollutant differs.

For more discussion about these Volpe model inputs, see Section 4 of the Draft Joint TSD and Section
VIl of the Preliminary RIA. More discussion regarding types of emissions also appears below.

2.3.2.5 Coefficients Defining the Shape and Level of CAFE Footprint-based Curves

In the NPRM, NHTSA proposed CAFE standards for MY 2017 and beyond that were expressed as a
mathematical function that defines a fuel economy target applicable to each vehicle model and, for each
fleet, establishes a required CAFE level determined by computing the sales-weighted harmonic average
of those targets. NHTSA described its methodology for developing the coefficients defining the curves
for the Proposed Action in the NPRM, the Preliminary RIA, and the Draft Joint TSD.

2.3.3 Volpe Model Updates and Their Effect on Electricity Consumption

Between the Draft EIS and the Final EIS, NHTSA updated several inputs to the agency’s analysis and
made some corrections to the Volpe model. Together, these updates and corrections led to increases in
the amount of electricity estimated to be consumed, particularly under Alternative 4. This increase in
the estimated amount of electricity consumption led, in turn, to increased estimates of emissions
related to electricity generation.

The most significant factor leading to this increase in estimated electricity consumption is a correction to
on-road energy consumption by EVs. DOE provides guidance on calculating the petroleum-equivalent
fuel economy of alternative fuel vehicles by the use of a petroleum equivalency factor (PEF). The PEF is
used for determining equivalent fuel economy performance for compliance. The PEF accounts for all of
the upstream energy associated with the production and distribution of the alternative fuel and
gasoline. For electricity, the PEF also includes a 0.15 incentive multiplier to encourage the use of
electricity as an alternative fuel. The incentive multiplier effectively counts 15 percent of electrical
energy when determining the gasoline “equivalent” performance. For the Draft EIS, the CAFE modeling
mistakenly included the 15 percent incentive, meaning that for EVs, only 15 percent of the actual
electrical energy used was accounted for in the analysis of environmental impacts. The Final EIS corrects
this. This change not only affected per-mile electricity consumption, but also affected per-mile driving
costs for EVs and the change in VMT in relation to the baseline run (via the fuel economy rebound
effect).

In addition to correctly accounting for the impact of the PEF, the Final EIS uses an updated VMT
schedule that affects the calculation of the rebound effect and the on-road efficiency correction. The
base year for VMT has also been updated from 2001, when the per-mile cost of travel was relatively low
due to historically low fuel prices, to 2008, when the per-mile cost of travel was much higher and
economic growth was much slower. (The increase in per-mile fuel costs occurred because fuel prices
were considerably higher in 2008 than in 2001, while there had been little change in the overall fuel
economy of the fleet since 2001.) As a consequence, average vehicle use (as measured by annual VMT
per vehicle) was lower in 2008 than it had been in 2001, and total VMT under the No Action Alternative
is estimated to be lower in the Final EIS than previously in the Draft EIS.
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However, fuel costs per mile are projected to be higher under the No Action Alternative in the Final EIS
than in the Draft EIS because the AEO 2012 Early Release projection of fuel prices is higher than the AEO
2011 projection used in the Draft EIS. Therefore, increases in fuel economy from the application of new
technologies are projected to lead to a more significant reduction in per-mile travel costs than reported
in the Draft EIS, leading to a larger percentage increase in total VMT from the No Action Alternative
under each action alternative than reported in the Draft EIS. On balance, these changes increase the
relative importance of rebound-effect travel in the various Final EIS analyses compared to its role in the
comparable Draft EIS analyses. With these VMT updates, changes in fuel economy (from the application
of new technologies) have a more significant effect on per-mile travel costs than reported in the Draft
EIS, leading to more rebound travel than reported in the Draft EIS.

Other changes include updates to gasoline and diesel prices, which have increased compared to the
Draft EIS, and small corrections to the footprint of some of the MY 2008 vehicle model footprints. These
changes make some technologies more cost-effective for some vehicle models or more cost effective in
different model years. That alters technology paths for specific models and impacts the amount and
timing of technology applied in both the baseline and the regulatory alternatives.

Each of these changes impacts the total consumption of electricity, and creates a measurable difference
between the values in the Draft EIS and Final EIS.

2.3.4 Modeling Software

Table 2.3.4-1 lists the software used for computer simulation modeling of the projected vehicle fleet and
its upstream and downstream emissions for the Final EIS. The table documents for each software the
common abbreviation, full title, version used, inputs to the software model, and the outputs from the
model used in the Final EIS analysis.

Table 2.3.4-1. Inventory of Final EIS Modeling Software

Model Title Model Inputs Model Outputs Used in this Analysis

NEMS (AEO DOE - National Energy o Freeze fuel economy standards o Projected fuel prices for all fuels

2012 Early Modeling System from 2016 onward e U.S. average electricity generating

Release e Other inputs are default values for mix for future years

version) the Annual Energy Outlook (AEO) o Light-duty vehicle sales for future
2012 Early Release years

e Passenger car/light-truck split for
future years

GREET DOE - Greenhouse e Estimates for nationwide average e Upstream emissions for EV
(12011 Gases and Regulated electricity generating mix estimate electricity generation
Version) Emissions in from NEMS 2012 Early Release e Estimates of upstream emissions
Fuel-Cycle Transportation e Other inputs are default GREET associated with production,
model 2011 data transportation, and storage for
gasoline, diesel, and ethanol-85
MOVES EPA - Motor Vehicle e Emissions data from in-use chassis e NOx, SOx, CO, VOCs, PM, s, and
(2010a) Emissions Simulator testing; remote sensing; state toxic emission factors (tailpipe,
vehicle inspection and evaporative, brake and tire wear)
maintenance; and other programs for Volpe model for cars and light-

duty trucks, for three fuel types:
gasoline, diesel, ethanol-85
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Table 2.3.4-1. Inventory of Final EIS Modeling Software (continued)

(version 2.7)

Operator Kernel
Emissions

from MOVES, Volpe, or other
models

e Emissions data for sources other
than light-duty vehicles, from EPA
National Emissions Inventory

Model Title Model Inputs Model Outputs Used in this Analysis
Volpe (2012 Volpe - CAFE e Characteristics of baseline vehicle e Costs associated with utilization of
Version) Compliance and Effects fleet additional fuel-saving technologies
Model e Availability, applicability, and e Changes in travel demand, fuel
incremental effectiveness and cost consumption, fuel outlays,
of fuel-saving technologies e Technology utilization scenarios
e Vehicle survival and mileage e Estimated U.S. vehicle fleet criteria
accumulation patterns and toxic emissions (tons) for
e Fuel economy rebound effect future years
e Future fuel prices, social cost of
carbon, and other economic factors
e Fuel characteristics and criteria
pollutant emission factors
SMOKE MCNC - Sparse Matrix e Criteria pollutant emissions outputs | e Gridded, speciated, hourly

emissions for input into CMAQ and
other models.

CMAQ
(version 4.7)

EPA - Community
Multiscale Air Quality
model

o SMOKE outputs
e Meteorological data

e Estimates of criteria pollutant
concentrations and acid deposition.
CMAQ includes a meteorological
modeling system, emission models,
and a chemistry-transport modeling
system for simulation of the
chemical transformation and fate.

Model for the
Assessment of
Greenhouse-gas
Induced Climate
Change

scenarios to reflect lower projected
emissions from the car and light-
duty vehicle fleet in the US from
the action alternatives.

BenMAP EPA - Environmental e CMAQ outputs e Health effects (number of mortality
(version Benefits Mapping and e Population and population and morbidity outcomes)
4.0.43) Analysis Program distribution data e Monetized health effects
e Concentration-response data for
health outcomes
e Valuation data for monetization of
health outcomes
GCAM RCP Joint Global Change e Regional population estimates e GCAMReference, GCAM®6.0, and
Scenario Research Institute’s e Labor productivity growth RCP4.5 global GHG emission
Results Global Change e Energy demand scenarios (baselines).
Assessment Model’s e Agriculture, land cover, and land-
simulations of the use models
Representative e Atmospheric gas concentrations
Concentration Pathway
radiative forcing targets
MAGICC National Center for e Adjusted GCAMReference, e Projected global carbon dioxide
(5.3.v2) Atmospheric Research - GCAMSG6.0, and RCP4.5 climate concentrations, global mean

surface temperature, and sea-level
rise from 2017 through 2100.

a. NO, = nitrogen oxides; SO, = sulfur oxides; CO = carbon monoxide; VOCs = volatile organic compounds; PM, s = particulate matter with an
aerodynamic diameter equal to or less than 2.5 microns.
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2.3.5 Energy Market Forecast Assumptions

In this EIS, NHTSA uses projections of energy consumption and supply derived from the EIA, a DOE
agency that 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 (AEQ) and the
world (International Energy Outlook [IEQ]). EIA reports energy forecasts through 2035 for consumption
and supply by energy fuel source, sector, and geographic region. The model used to formulate EIA
projections 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 this EIS, NHTSA uses projections of energy consumption and supply based on the 2011 IEO and 2011
AEO Reference Case® for Analyses Al and B1 (2008 fleet), and uses the 2012 IEO and AEO 2012 Early
Release Reference Case for Analyses A2 and B2 (2010 fleet). The AEO projections reflect the impact of
market forces, MY 2012-2016 CAFE standards, and assumed increases in MY 2017—2020 CAFE standards
to reflect EISA’s requirement that the light-duty vehicle fleet achieve a combined fuel economy of 35
mpg by MY 2020. The AEO forecast assumes that CAFE standards are held constant after MY 2020, with
forecasted fuel economy improvements after MY 2020 based on economic cost-benefit analysis from a
consumer’s and manufacturers’ perspective, which does not include energy security and GHG emissions
reduction benefits (EIA 2011b). The 2012 AEO Early Release does not integrate new EPA Mercury and
Air Toxics Standards that were integrated into the just released complete AEO 2012.>* NHTSA’s CAFE
requirements are established in consideration of a cost-benefit assessment from a societal perspective,
which does include energy security and GHG emissions reduction benefits.

2.3.6 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

2 The Reference Case is a scenario under which forecasts are made with the following assumptions: (1) all current laws and
regulations, including sunset clauses, remain unchanged throughout the forecast period, (2) an annual average real Gross
Domestic Product growth rate of 2.7 percent, (3) an annual average growth rate in non-farm business and employment
productivity of 2.0 percent, (4) an annual average growth rate in non-farm business and employment of 1.0 percent, and (5) an
annual average growth rate in the price of crude oil delivered to refineries in the United States of 2.6 percent. This price of
crude oil is expected to reach $113.70 per barrel in 2009 U.S. dollars in 2030. See EIA 2011a, “Macroeconomic Growth Cases,
the Reference Case”; EIA 2011a Table A12. Petroleum Product Prices, AEO 2011 Reference Case (2009 dollars per gallon, unless
otherwise noted).

2 “Expected changes in the AEO 2012 complete release: The Reference Case results shown in the early release AEO 2012 will
vary somewhat from those included in the complete AEO that will be released in spring 2012, because some data and model
updates were not available for inclusion in the early release. In particular, the complete AEO 2012 will include the EPA
December 2011 Mercury and Air Toxics Standards; updated historical data and equations in the transportation sector, based on
revised data from NHTSA and the Federal Highway Administration; a new model for cement production in the industrial sector;
a revised long-term macroeconomic projection based on an updated long-term projections from IHS Global Insight, Inc.; and an
updated representation of biomass supply” (EIA 2012a).
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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 in its NEPA document:

A statement that such information is incomplete or unavailable

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

3. Asummary of existing credible scientific evidence relevant to evaluating the reasonably foreseeable
significant adverse impacts on the human environment

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

40 CFR § 1502.22(b).

In this EIS, NHTSA uses this approach — acknowledging incomplete or unavailable information — to
address areas for which the agency cannot develop a reasonably precise estimate of the potential
environmental impacts of the Proposed Action and alternatives. For example, NHTSA recognizes that
information about the potential environmental impacts of changes in emissions of CO, and other GHGs
and associated changes in temperature, including those expected to result from the proposed rule, is
incomplete. NHTSA relies on the Intergovernmental Panel on Climate Change (IPCC) 2007 Fourth
Assessment Report (IPCC 2007a, 2007b, 2007c, 2007d, 2007e) as a recent “summary of existing credible
scientific evidence which is relevant to evaluating the reasonably foreseeable significant adverse
impacts on the human environment.” 40 CFR § 1502.22(b)(3).

2.4 Resource Areas Affected and Types of Emissions

The major resource areas affected by the Proposed Action and alternatives are energy, air quality, and
climate. Chapter 3 describes the affected environment for energy and energy impacts under each
alternative. Chapters 4 and 5 describe the affected environments and impacts for air quality and climate
change, respectively.

2.4.1 Types of Emissions

Emissions, including GHGs, criteria pollutants, and airborne toxics, 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 compounds from the vehicle’s fuel storage and delivery system, and particulates generated by
brake and tire wear.” All downstream emissions were estimated using the most recent version of EPA’s
Motor Vehicle Emission Simulator (MOVES2010a) model (EPA 2010a). Upstream emissions related to
the Proposed Action are those associated with crude-petroleum extraction and transportation, and with
the refining, storage, and distribution of transportation fuels. Upstream emissions from EVs also include
emissions associated with using primary fuels (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 varies regionally. NHTSA estimated both domestic
and international upstream emissions of CO,, and only domestic upstream emissions of criteria air

2 NHTSA’s authority under EISA does not extend to regulating HFCs, which are released to the atmosphere through air-
conditioning system leakage and are not directly related to fuel efficiency.
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pollutants and airborne toxics. Estimates of all upstream emissions were based on the Greenhouse Gas,
Regulated Emissions, and Energy Use in Transportation (GREET, version 1 2011) model developed by the
DOE Argonne National Laboratory (Argonne 2002) and modified by EPA as described in the TSD.
Sections 2.4.1.1 and 2.4.1.2 describe analytical methodologies and assumptions used in this EIS for
emissions modeling, including the impact of the rebound effect. Chapters 4 and 5 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 total miles driven by cars and light trucks of each model year
and age by their estimated emission rates per vehicle-mile of each pollutant. These emission rates differ
between cars and light trucks, between gasoline and diesel vehicles, and by age. With the exception of
S0,, the agencies 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 Volpe model uses emission factors developed by EPA using the most recent version of the Motor
Vehicle Emission Simulator (MOVES2010a) (EPA 2010a). MOVES2010a 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 2011a) and the mobile source air toxics (MSAT) rule (EPA 2007a). The
MOVES2010a database includes default distributions of vehicles by type and age, vehicle activity levels,
vehicle characteristics, national-level fuel quality estimates, and other key parameters used to generate
emission estimates. In modeling downstream emissions of particulate matter 2.5 microns or less in
diameter (PM,;), EPA included emissions from brake and tire wear in addition to exhaust. MOVES2010a
defaults were used for all other parameters to estimate tailpipe and other components of downstream
emissions under the No Action Alternative.

NHTSA’s and EPA’s emissions analysis methodology assumes that no reduction in tailpipe emissions of
criteria pollutants or air toxics will occur solely as a consequence of improvements in fuel economy that
are not already accounted for in MOVES2010a. In its emissions calculations, MOVES2010a accounts for
the amount of 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, improved aerodynamics, and lower rolling-resistance tires, are
therefore already reflected in the MOVES2010a calculations of both fuel economy and emissions.
Because the proposed 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 air toxics, as long as the manufacturer’s production still meets both the fuel
economy standards and prevailing EPA emission standards. Depending on which strategies are pursued
to meet the increased fuel economy standards, emissions of these other pollutants could increase or
decrease.
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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 VMT

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.

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
fuel used, and inversely with fuel economy (mpg). Therefore, emission factors for CO, and SO, are not
constant in terms of grams emitted per VMT of a specific vehicle, because fuel economy — and therefore
the amount of fuel used per VMT — varies with vehicle operating conditions.

In contrast to CO, and SO,, downstream emissions of the other criteria pollutants and the toxic air
pollutants are not constant in terms of grams emitted per gallon of fuel. 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 airborne toxics, MOVES2010a calculates
emission rates individually for specific combinations of inputs, including various vehicle types, fuels,
ages, and other key parameters noted above.

Emission factors in the MOVES2010a database are expressed in the form of grams per vehicle-hour of
operation. To convert these emission factors to grams per mile, MOVES2010a was run for the year
2050, and was programmed to report aggregate emissions from vehicle start, running, brake and tire
wear and crankcase exhaust operations. EPA selected the year 2050 in order to generate emission
factors that were representative of lifetime average emission rates for vehicles meeting the Tier 2
emission standard.” Separate estimates were developed for each vehicle type and model year, as well
as for each state and month, in order to reflect the effects of regional and temporal variation in
temperature and other relevant variables on emissions.

The MOVES2010a emissions estimates were then summed to the model year level and divided by total
distance traveled by vehicles of that model year in order to produce per-mile emission factors for each
pollutant. The resulting emission rates represent average values across the nation, and incorporate
typical variation in temperature and other operating conditions affecting emissions over an entire

% Because all light-duty emission rates in MOVES2010a are assumed to be invariant after MY 2010, a calendar-year 2050 run
produced a full set of emission rates that reflect anticipated deterioration in the effectiveness of vehicles’ emission control
systems with increasing age and accumulated mileage for post-MY 2010 vehicles.
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calendar year.”’” These national average rates also reflect county-specific differences in fuel
composition, as well as in the presence and type of vehicle inspection and maintenance programs.”®

Emission rates for the criteria pollutant SO, were calculated by using average fuel sulfur content
estimates supplied by EPA, together with the simplifying assumption that the entire sulfur content of
fuel is emitted in the form of SO,. These calculations assumed that national average gasoline and diesel
sulfur levels would remain at current levels,” because there are currently no open regulatory actions to
change those levels. Therefore, unlike many emissions of other criteria pollutants that are affected by
exhaust after-treatment devices (e.g., a catalytic converter), sulfur dioxide emissions from vehicle use (in
terms of emissions per VMT) decline in proportion to the decrease in fuel consumption.

The agencies assume 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 increase in VMT. However,
emissions on a per-VMT basis as calculated by MOVES2010a could decline as a result of increased fuel
economy, as discussed above.* If the increases in fuel consumption and emissions associated with the
higher VMT (due to the rebound effect) are small compared to the decrease in fuel use (due to
increased fuel economy), then the net result can be a reduction in total 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. NHTSA
and EPA project that the Proposed Action will lead to reductions in upstream emissions from fuel
production and distribution, because the total amount of fuel used by passenger cars and light trucks
will decline under the action alternatives compared to the No Action Alternative. To the extent that any
of the action alternatives would lead to an increase in use of EVs, upstream emissions associated with
charging EVs could increase as a result of adopting that alternative. These increases would offset part of
the reduction in upstream emissions resulting from reduced production of motor vehicle fuels. The net
effect on national upstream emissions would depend on the relative magnitudes of the reductions in

 The emission rates calculated by EPA for this analysis using MOVES2010a 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, and particulate emissions resulting from brake and tire wear. However, they exclude emissions associated with
activities such as vehicle storage, because those do not vary directly with vehicle use. 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 an accurate estimate of the change in total emissions of that pollutant that would result
from adopting that action alternative.

%8 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/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.

? These are 30 and 15 parts per million (ppm, measured on a mass basis) for gasoline and diesel respectively, which produces
emission rates of 0.17 grams of SO, per gallon of gasoline and 0.10 grams per gallon of diesel.

%0 However, NHTSA notes that increased use of EVs might not reduce average emissions on a per-VMT basis, because producers
of EVs could allow the per-VMT emission rates of their conventionally fueled vehicles to increase to levels that still enable them
to comply with EPA regulations on manufacturers’ fleet average emission rates. Such a response would leave each
manufacturer’s average emissions per VMT unchanged, regardless of the extent to which it produced EVs as a compliance
strategy.
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motor fuel production and the increases in electric power production, and would vary by pollutant. (See
Section 6.2.2 for a discussion of emissions differences between conventional vehicles and EVs).

Although the rebound effect is assumed to result in identical percentage increases in VMT and
downstream emissions from vehicle use in all regions of the United States, the associated changes in
upstream emissions are expected to vary among regions because fuel refining and 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 proposed fuel economy standards, depending on the relative magnitudes of the
increase in emissions from additional vehicle use (the rebound effect) and electric power production
and the decline in emissions resulting from reduced fuel production and distribution in that geographic
region.

The National Energy Modeling System (NEMS) is an energy-economy modeling system from the EIA. For
the analyses presented throughout this Final EIS, NHTSA used the NEMS AEO 2012 Early Release 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 (1 2011 version developed by DOE Argonne National
Laboratory [Argonne 2002]) to estimate upstream emissions. The analysis assumed that the vehicles
would be sold and operated (refueled or charged) during the 2017-2060 timeframe. NHTSA also
performed an additional analysis to illustrate the effects of a cleaner future electrical grid on air quality,
as described below.

The GREET model used to project impacts analyzed in this EIS was last modified by EPA for use in
analyzing its 2009 Renewable Fuel Standard 2 (RFS2) proposed rulemaking. The updates EPA made to
the GREET model for purposes of that rulemaking include updated crude-oil and gasoline transport
emission factors that account for recently adopted emission standards, such as the Tier 4 diesel truck
standards (adopted in 2001) and the locomotive and commercial marine standards (finalized in 2008).
In addition, EPA modified the GREET model to add emission factors for the air toxics acetaldehyde,
acrolein, benzene, 1,3-butadiene, and formaldehyde. NHTSA used data from the EPA-modified GREET
model for the Volpe model calculations.

For the action alternatives in this EIS, NHTSA assumed that increased fuel economy affects upstream
emissions by causing decreases in the 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
(expressed as 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. These 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
resulting 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.

31 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.
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Due to modeling limitations, the analysis presented throughout this EIS assumes that the future EV fleet
would charge from a grid whose mix is both similar to today’s grid mix and also uniform across the
country. The modeling tools used for this analysis, which are among the best available, necessarily have
limitations when used to predict the state of the electrical grid in the distant future. As noted above,
the analysis used in this EIS uses the GREET model, whose emissions intensities extend only to 2020, and
an average U.S. electricity generating fuel mix for the reference year 2020 from the NEMS model AEO
2012 Early Release version. These assumptions result in a temporally static and geographically
homogeneous grid that overstates air quality impacts under alternatives that predict a high level of EV
deployment. It is more reasonable to assume steady improvements to the grid during the course of the
next several decades — the period during which any EV deployment associated with this program would
occur —and, if the current early trends continue, a higher concentration of EVs in areas served by
cleaner electrical grids. For this reason, NHTSA reviewed several projections by the EIA, the Federal
Government’s expert source for forecasting energy use, which show a cleaner grid in future years based
on a variety of assumptions and possible scenarios. NHTSA then performed an additional analysis to
illustrate the effects of a cleaner future grid on air quality, described below.

Across the alternatives analyzed in this EIS, most EV sales are projected to occur near the end of the
2017-2025 timeframe. The EVs sold in the later years would not accrue 50 percent of their mileage
until 7 to 10 years after sale. Therefore, NHTSA looked to EIA projections of the future state of the
electrical grid, selecting an EIA side case projection in 2035 for analytical purposes.

NHTSA performed its additional analysis in two steps. An early evaluation was performed with the goal
of determining the range of alternative feasible scenarios of the future U.S. electricity generation mix
that could be used to meet the overall electricity demand from all end uses from 2010 (the baseline)
through 2035. In its final release of AEO 2011, EIA examined a broad range of economic, technology,
and other side cases. NHTSA evaluated eight emissions-related side cases from EIA’s AEO 2011 for their
prediction of the future national power generation fuel mixes (using coal, petroleum, natural gas,
nuclear power, renewable sources,* and other sources*?), the total and net-to-the-grid electric
generation levels, and total emissions of CO, and criteria and hazardous air pollutants (SO,, NO,, and
mercury) through 2035. These cases accounted for regulations that could be in effect during the period
covered by the Proposed Action. These scenarios account for the potential effects of future air
regulations affecting the sector (including more stringent National Ambient Air Quality Standards,
Maximum Achievable Control Technology, New Source Performance Standards, and Mercury and Air
Toxics Standards), although they do not represent the final proposed rules for the Cross-State Air
Pollution Rule, Mercury and Air Toxics Standards, or New Source Performance Standards rules.?* The

*2ncludes conventional hydroelectric, geothermal, wood, wood waste, biogenic municipal waste, landfill gas, other biomass,
solar, and wind power.

B ncludes pumped storage, non-biogenic municipal waste, refinery gas, still gas, batteries, chemicals, hydrogen, pitch,
purchased steam, sulfur, and miscellaneous technologies.

** The AEO emission side cases reviewed for this EIS were the following: (1) The GHG Price Economy-wide case, which assumes
an economy-wide carbon allowance price beginning at $25 per metric ton of CO, in 2013 and rising to $75 per metric ton of CO,
in 2035 (2009 dollars), consistent with the cost containment provisions in both the Kerry-Lieberman and Waxman-Markey GHG
legislation. No assumptions are made for offsets, bonus allowances for CCS [carbon capture and storage], or specific allocation
of allowances. (2) The Transport Rule Mercury MACT [maximum achievable control technology] 5 case, which assumes
implementation of the Air Transport Rule limits on SO, and NO, and a 90 percent mercury MACT. A 5-year recovery period for
investments in environmental control projects is assumed. (3) The Transport Rule Mercury MACT 20 case, which assumes the
same rules as above, but assumes a 20-year recovery period for investments in environmental control projects. (4) The Retrofit
Required 5 case, which represents stringent requirements for reductions in airborne emissions from coal-fired power plants,
including assuming that utility boilers fall under the MACT rule, which requires all plants to install FGD [flue gas desulfurization]
scrubbers by 2020 and that all plants install SCR [selective catalytic reduction] systems to meet future NOy and ozone emission
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AEO 2011 reference case indicated the 2010 mix of power generation was derived from projections for
2009 and 2035 which forecasted, respectively, approximately 45 and 42 percent coal-fired power, 24
and 25 percent natural gas, 17 and 20 percent nuclear, 10 and 13 percent renewable resources, and a
constant 1 percent petroleum.

In comparison, all eight emissions side cases were consistent in predicting lower upstream emissions of
criteria pollutants per unit of electricity used to charge EVs under a different future electric generating
grid than the AEO 2011 reference case. The future scenarios predicted CO, emissions in 2035 that
ranged from a reduction of 53 percent from the 2010 levels to an increase of 8 percent. Due to the
estimation of the impact of various pending rules limiting smokestack criteria emissions from electric
power generation (including the Clean Air Interstate Rule® and state-level RPS requirements® but not
Mercury and Air Toxics Standards,®” New Source Performance Standards,*® and the revision of Clean Air
Interstate Rule/Cross-State Air Pollution Rule®), all eight scenarios predicted feasible ranges of criteria
emissions that were far below the 2010 reference levels. Specifically, as shown in Table 2.4.1-1, SO, was
predicted to be reduced 33 to 73 percent by 2035, NO, reduced by 15 to 64 percent, and mercury
reduced by 26 to 82 percent.

Table 2.4.1-1. Range of Predicted Change in Electric Power Sector Emissions Between 2010 and 2035 (eight
emissons-related side cases), AEO 2011

Range of Predicted Change in Electric Power Sector Emissions Between
2010 and 2035
Electric Power Sector Emission® Minimum Maximum
Carbon Dioxide (million metric tons) +8% -53%
Sulfur Dioxide (million tons) -33% -73%
Nitrogen Oxide (million tons) -15% -64%
Mercury (tons) -26% -82%

a. Includes electricity only and combined heat and power plants whose primary business is to sell electricity, or electricity and heat, to the
public.

The agency performed an additional analysis using one of the scenarios for a cleaner future grid drawn
from AEO 2011 (retaining 2020 GREET emissions intensities).”> This scenario assumes high levels of

reduction requirements. If the investment in an FGD scrubbers and SCR systems is not economical, the plant is retired.
Investments in retrofits are assumed to be recovered over a 5-year period. (5) The Retrofit Required 20 case, which assumes
the same requirements as above, but investments in retrofits are assumed to be recovered over a 20-year period. (6) The Low
Gas Price Retrofit Required 5 case, which is identical to the Retrofit Required 5 case but adds an assumption of increased
availability domestic shale availability and utilization rate. Increased access to natural gas lowers the natural gas prices paid by
the electric power sector. (7) The Low Gas Price Retrofit Required 20 case, which is identical to the Low Gas Price Retrofit
Required 5 case, but investments in retrofits are assumed to be recovered over a 20-year period. (8) The Low Renewable
Technology Cost case assumes greater improvements in residential and commercial PV and wind systems than in the Reference
case. The assumptions result in capital cost estimates that are 20 percent below Reference Case assumptions in 2011, and
decline to at least 40 percent lower than Reference Case costs in 2035.

% See 70 FR 25162 (May 12, 2005), effective July 11, 2005.

% See Clean Air Act, 42 U.S.C. §7401 et seq., effective various dates.

%7 See 77 FR 9304 (Feb. 16, 2012), effective April 16, 2012.

38 See 40 CFR Part 60, effective July 1, 2011.

39 See 76 FR 48208 (Aug. 8, 2011), effective October 7, 2011.

O NHTSA analyzed the “GHG Price, Economy-wide” case from AEO 2011 (referred to as the “Alternate Grid Mix Case” in this
document), which assumes future carbon trading. The Base Grid Mix Case, analyzed throughout this document, does not
include the impacts of EPA’s recent Mercury and Air Toxics Standards for power plants, which are expected to significantly
reduce emissions of some of the pollutants discussed in this section and are a significant step toward the levels assumed in the
Alternate Grid Mix Case. The just released AEO 2012 Reference Case accounts for those standards and shows significant
reductions in emissions of some criteria pollutants compared to the Base Grid Mix Case, a showing that is consistent with
NHTSA'’s decision to use the “GHG Price, Economy-wide” case for the Alternate Grid Mix analysis.
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natural gas and renewables for electricity generation, with generation from coal-fired power plants
reduced to 21 percent from the projected contribution of 40 percent used in EIA’s 2020 reference case.
Table 2.4.1-2 details the assumed generating mix for the analysis generally used throughout this EIS
(referred to here and in Chapter 4 as the “Base Grid Mix Case”), which uses the NEMS AEO 2012 Early
Release fuel mix data for 2020 with GREET emissions intensity data for 2020. Those assumptions are
compared to the alternate analysis (referred to as the “Alternate Grid Mix Case”), which uses the AEO
2011 GHG Price, Economy-Wide case for 2035 and GREET emissions intensity data for 2020. The mix of
generation fuel in the alternate analysis is within the variation that appears in the eight potential cases
examined in AEO 2011. Table 2.4.1-3 details the upstream emissions factors for electrical power
generation for the Base Grid Mix Case and the Alternate Grid Mix Case.

Table 2.4.1-2. Electricity Generation Mix (GWH)® by Fuel Source, for the Base and Alternate Grid Mix Cases

Base Grid Mix Case Alternate Grid Mix Case
Generation Fuel (AEO 2012 Early Release) (AEO 2011)
Coal 40% 21%
Petroleum 1% 1%
Natural Gas 25% 35%
Nuclear Power 20% 21%
Renewable Sources® 14% 22%
Other 0% 0%
Totals 100% 100%

a. GWH = gigawatt-hour.
b. Includes conventional hydroelectric, geothermal, wood, wood waste, biogenic municipal waste, landfill gas, other biomass, solar, and wind

power.

Table 2.4.1-3. Upstream Emissions Factors for Electrical Power Generation for the Base and Alternate Grid Mix
Cases

Base Grid Mix Case Alternate Grid Mix Case
(AEO 2012 Early Release) (AEO 2011)
Pollutant Emissions (g/MMBtu)® Emissions (g/MMBtu)

Carbon Monoxide (CO) 138.6485 37.8353
Volatile Organic Compounds (VOCs) 2.922598 3.2260
Nitrogen Oxides (NO,) 170.2071 92.9752
Sulfur Oxide (SO,) 283.0997 165.7129
Particulates (PM, ) 6.950113 4.3995
Carbon Dioxide (CO,) 172,962.6 127,877.6
Methane (CH,) 4.070038 4.1062
Nitrous Oxide (N,0) 2.681632 2.3464

a. g/MMBTU = grams per million British thermal units.

Both modeling runs were performed using the same methodology and generated the inputs to allow
modeling of air quality impacts and their resulting direct and indirect health outcomes and monetized
health effects. The results of the health outcomes and monetized health effects for these two cases are
reported alongside each other for comparison in Tables 4.2.1-7-A1 through -B2, Tables 4.2.1-8-A1
through -B2, Tables 4.2.2-7-C1 and -C2, and Tables 4.2.2-8-C1 and -C2. The supporting calculations
appear in Appendix H.
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2.5 Direct and Indirect versus Cumulative Impacts

CEQ NEPA implementing regulations require agencies to consider the direct and indirect effects and
cumulative impacts of major federal actions. CEQ regulations define direct effects as those that “are
caused by the action and occur at the same time and place” and indirect effects as those that “are
caused by the action and are later in time or farther removed in distance, but are still reasonably
foreseeable.” 40 CFR § 1508.8. CEQ regulations define cumulative impacts as “the impact on the
environment which results from the incremental impact of the action when added to other past,
present, and reasonably foreseeable future actions regardless of what agency (Federal or non-Federal)
or person undertakes such other actions.” 40 CFR § 1508.7.

To derive the impacts of the action alternatives reported throughout this document, NHTSA compares
the action alternatives to the No Action Alternative. As described in detail above, based on the
considerable uncertainty regarding whether and to what degree fleetwide fuel economy would change
in the absence of agency action, NHTSA has included separate analyses of the direct and indirect
impacts of the proposal — Analyses Al and A2 assume essentially no change in the average level of fuel
economy under the No Action Alternative and in the action alternatives following the rulemaking period,
and Analyses B1 and B2 assume market-based growth both under the No Action Alternative and under
the action alternatives following the rulemaking period. Both sets of analyses account for the direct
effects of the rule (i.e., fuel economy improvements in MYs 2017-2025) and the indirect effects of the
rule (i.e., fuel economy levels in MY 2026 and after that would not have occurred but for the agency
action).

Figure 2.5-1 is a representative illustration of the fuel economy levels that would be obtained based on
the underlying assumptions for the two perspectives (Analyses Al and A2 and Analyses B1 and B2).

Figure 2.5-1. Representations for Analyses Al, A2, B1, and B2 under the No Action Alternative and Action
Alternatives
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In Analyses Al and A2, the direct and indirect impacts of the Proposed Action stem from the fuel
economy improvements represented in Figure 2.5-2-A (the difference between the No Action
Alternative and action alternatives for Analyses Al and A2). In Analyses B1 and B2, direct and indirect
impacts of the proposed rule stem from the fuel economy improvements represented in Figure 2.5-2-B
(the difference between the No Action Alternative and action alternatives for Analyses B1 and B2).

Figure 2.5-2-A. Representation of Direct and Indirect Impacts for Analyses A1 and A2
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Figure 2.5-2-B. Representation of Direct and Indirect Impacts for Analyses B1 and B2
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To analyze the cumulative impacts of the Proposed Action, the agency accounted for the fuel economy
improvements that result directly or indirectly from the proposed rule in addition to reasonably
foreseeable improvements in fuel economy stemming from other sources — specifically, fuel economy
improvements that would result from actions taken by manufacturers in the absence of the agency’s
action (Analyses C1 and C2). Figure 2.5-3 illustrates fuel economy improvements by manufacturers due
directly and indirectly to this rule in addition to those due to other potential market forces (i.e.,
increased consumer demand for fuel economy). The environmental benefits stemming from all of these
improvements beyond those needed to comply with the MY 2016 CAFE standards therefore take into
account the past, present, and reasonably foreseeable future actions of both the Federal Government
(in the form of CAFE standards) and manufacturers (in response to market demands for increased fuel
economy). The cumulative impacts analyses in Chapters 3, 4, and 5 demonstrate the environmental
impacts (including impacts to energy, air quality, and climate) resulting from CAFE standards and other
reasonably foreseeable fuel economy improvements.
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Figure 2.5-3. Representation of Cumulative Impacts, Analyses C1 and C2
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2.6 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 decisionmaker and the public.” This section
summarizes and compares the direct, indirect, and cumulative impacts of all the alternatives, including
the Preferred Alternative, on energy, air quality, and climate, as presented in Chapters 3,4, and 5. No
quantifiable, alternative-specific effects were identified for the other resource areas discussed in
Chapters 6 and 7 of this EIS, so they are not summarized here.

Under the alternatives analyzed in this EIS, 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 outpaces improvements in
fuel economy under each action alternative, resulting in projected increases in total fuel consumption by
passenger cars and light trucks. Because CO, emissions are a direct consequence of total fuel
consumption, the same result is projected for total CO, emissions from passenger cars and light trucks.
NHTSA estimates that the proposed CAFE standards and each of the analyzed alternatives would reduce
fuel consumption and CO, emissions from the future levels that would otherwise occur in the absence of
the new CAFE standards (i.e., fuel consumption and CO, emissions under the No Action Alternative).

2.6.1 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, as presented in Chapters 3, 4, and 5. Table 2.6.1-1-A
presents results for Analyses Al and A2, which assume a small increase in new vehicle fuel economy
under the No Action Alternative in MYs 2017-2025, and no additional increases in fuel economy under
any of the alternatives after MY 2025. Table 2.6.1-1-B presents results for Analyses B1 and B2, which
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assume larger increases in new vehicle fuel economy under the No Action Alternative beginning in MY
2017, and additional increases in fuel economy under all of the alternatives after MY 2025. Both tables

include results for health impacts analyzed under the Base Grid Mix Case and Alternate Grid Mix Case
described in Section 2.4.1.2.
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Table 2.6.1-1-A. Direct and Indirect Impacts, Analyses Al and A2

a,b,c

Alternative 1
No Action

Alternative 2
2%/year Cars and Trucks

Alternative 3
Preferred

Alternative 4
7%/year Cars and Trucks

Total Combined U.S. Passenger
Car and Light Truck Fuel
Consumption for 2017-2060

6,052 to 6,562 billion gallons

5,400 to 5,812 billion gallons

4,987 to 5,372 billion gallons

4,456 to 4,795 billion gallons

while emissions of
acetaldehyde, acrolein, and
1,3-butadiene, would

would be greater than the
decreases under Alternative
2. Emissions of acetaldehyde,

>
)
E Total Combined U.S. Passenger 652 to 751 billion gallons 1,066 to 1,190 billion gallons 1,597 to 1,767 billion gallons
w Car and Light Truck Fuel
Savings Compared to No -
Action for 2017-2060
Criteria Air Pollutant Emissions Emissions of most criteria Emissions of most criteria Emissions of most criteria
Reductions in 2040 Compared pollutants (NO,, PM, 5, SO,, pollutants (NO,, PM, s, SO,, pollutants (CO, PM, s, and
to No Action and VOCs) would decrease and VOCs) would decrease VOCs) would decrease
compared to the No Action compared to the No Action compared to the No Action
Alternative, while emissions Alternative, while emissions Alternative, while emissions of
of CO would increase. of CO would increase. The NO, and SO, would increase.

- increase in CO emissions The decreases/increases in
would be more than the emissions would be greater
increase under Alternative 2, than those under Alternatives
while the decreases in other 2 and 3.
emissions would be greater
than the decreases under
Alternative 2.

E Toxic Air Pollutant Emissions Emissions of benzene, Emissions of benzene and Emissions of 1,3-butadiene and
ju Reductions in 2040 Compared formaldehyde, and DPM DPM would decrease benzene would decrease

g to No Action would decrease compared to compared to the No Action compared to the No Action

< the No Action Alternative, Alternative; these decreases Alternative; these would be

the greatest emissions
decreases of all alternatives for
these pollutants. Emissions of

increase. acrolein, and 1,3-butadiene acrolein and formaldehyde
- would increase; these would increase; these would
increases would be slightly be the greatest emissions
greater than the increases increases of all alternatives for
under Alternative 2. these pollutants. Emissions of
Emissions of formaldehyde acetaldehyde and DPM would
would either increase or increase or decrease,
decrease compared to the No | depending on the analysis.
Action Alternative, depending
on the analysis.
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Table 2.6.1-1-A. Direct and Indirect Impacts, Analysis Al and A2*"* (continued)

Alternative 1
No Action

Alternative 2
2%/year Cars and Trucks

Alternative 3
Preferred

Alternative 4
7%/year Cars and Trucks

Air Quality (cont’d)

Reductions in Premature
Mortality Cases and Work-loss
Days in 2040 Compared to No
Action (values within ranges
depend on assumptions used)

Using Base Grid Mix

Premature mortality:
reduced by 206 to 549 cases

Work-loss days:

reduced by 22,572 to 23,538
days

Premature mortality:
reduced by 315 to 888 cases

Work-loss days:

reduced by 34,581 to 38,095
days

Premature mortality:
reduced by 100 to 572 cases

Work-loss days:

reduced by 11,671 to 24,987
days

Reductions in Premature
Mortality Cases and Work-loss
Days in 2040 Compared to No
Action (values within ranges
depend on assumptionsd used)

Using Alternate Grid Mix

Premature mortality:
reduced by 211 to 594 cases

Work-loss days:

reduced by 23,179 to 25,499
days

Premature mortality:
reduced by 355 to 922 cases

Work-loss days:

reduced by 38,965 to 39,605
days

Premature mortality:
reduced by 460 to 1,205 cases

Work-loss days:

reduced by 51,243 to 52,265
days

Range of Monetized Health
Benefits in 2040 Compared to
No Action Under a 3% and 7%
Discount Rate (values within
ranges depend on
assumptions used)

Using Base Grid Mix

3%: $1.6 billion to $4.1 billion

7%: $1.5 billion to $3.8 billion

3%: $2.5 billion to $6.7 billion

7%: $2.3 billion to $6.1 billion

3%: $830 million to $4.4 billion

7%: $750 million to $4.0 billion

Range of Monetized Health
Benefits in 2040 Compared to
No Action Under a 3% and 7%
Discount Rate (values within
ranges depend on
assumptions used)

Using Alternate Grid Mix

3%: $1.7 billion to $4.5 billion

7%: $1.5 billion to $4.1 billion

3%: $2.8 billion to $6.9 billion

7%: $2.5 billion to $6.3 billion

3%: $3.6 million to $9.1 billion

7%: $3.3 billion to $8.3 billion
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Table 2.6.1-1-A. Direct and Indirect Impacts, Analysis A1 and A2

a,b,c

(continued)

Alternative 1
No Action

Alternative 2
2%/year Cars and Trucks

Alternative 3
Preferred

Alternative 4
7%/year Cars and Trucks

Climate

Total GHG Emissions from U.S.

Passenger Cars and Light
Trucks for 2017—2100

138,800 to 155,400 MMTCO,

122,100 to 135,700 MMTCO,

111,200 to 124,100 MMTCO,

100,000 to 112,400 MMTCO,

Atmospheric Carbon Dioxide
Concentrations in 2100

784.9 ppm

783.0to 783.3 ppm

781.9to 782.3 ppm

780.7 to 781.2 ppm

Increase in Global Mean
Surface Temperature by 2100

3.064 °C (5.515 °F)

3.058 °C (5.504 °F)

3.054 to 3.055 °C (5.497 to
5.499 °F)

3.049 to 3.050 °C (5.488 to
5.490 °F)

Global Sea-level Rise by 2100

37.40 centimeters (14.72
inches)

37.34 to 37.35 centimeters
(14.70 inches)

37.30 to 37.31 centimeters
(14.69 inches)

37.26 to 37.27 centimeters
(14.67 inches)

Global Mean Precipitation
Increase by 2090

4.50%

4.49%

4.48 t0 4.49%

4.48%

o

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; NOy = nitrogen oxides; PM, s = particulate matter 2.5 microns in
diameter or less; ppm = parts per million; SO, = sulfur dioxide; VOCs = volatile organic compounds;

The “Base Grid Mix” in the Final EIS is based on NEMS AEO 2012 Early Release fuel mix and emissions projections for 2020, which do not include the Mercury and Air Toxics Standards issued by
EPA in December 2011. The “Alternate Grid Mix” is based on the fuel mix and emissions projections of the cleaner “GHG Price Economy-wide” emissions side case in the final AEO 2011 for 2035
(full results are in Appendix H).

Benefits are measured under the Pope methodology (Pope et al. 2002) and the Laden methodology (Laden et al. 2006).
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Table 2.6.1-1-B. Direct and Indirect Impacts, Analyses B1 and B2

a,b,c

Alternative 1
No Action

Alternative 2
2%/year Cars and Trucks

Alternative 3
Preferred

Alternative 4
7%/year Cars and Trucks

Energy

Total Combined U.S. Passenger
Car and Light Truck Fuel
Consumption for 2017-2060

5,280 to 5,694 billion gallons

5,080 to 5,476 billion gallons

4,694 to 5,054 billion gallons

4,261 to 4,559 billion gallons

Total Combined U.S. Passenger
Car and Light Truck Fuel
Savings Compared to No
Action for 2017-2060

200 to 219 billion gallons

585 to 640 billion gallons

1,019 to 1,135 billion gallons

Air Quality

Criteria Air Pollutant Emissions
Reductions in 2040 Compared
to No Action

Emissions of most criteria
pollutants (NO,, PM, s, SO,,
and VOCs) would decrease
compared to the No Action
Alternative, while emissions
of CO would increase.

Emissions of most criteria
pollutants (NO,, PM, s, and
VOCs) would decrease
compared to the No Action
Alternative. Emissions of CO
and SO, would increase in the
year 2040. The decreases in
emissions would be greater
than the decreases under
Alternative 2.

Emissions of most criteria
pollutants (CO, PM, s, and VOCs)
would decrease compared to the
No Action Alternative, while SO,
and NO, emissions would
increase. The
decreases/increases in emissions
would be greater than those
under Alternatives 2 and 3. NO,
emissions would increase
compared to the No Action
Alterative.

Toxic Air Pollutant Emissions
Reductions in 2040 Compared
to No Action

Emissions of benzene,
formaldehyde, and DPM
would decrease compared to
the No Action Alternative,
while emissions of
acetaldehyde, acrolein, and
1,3-butadiene would
increase.

Emissions of benzene and
DPM would decrease
compared to the No Action
Alternative; the decrease in
benzene and DPM emissions
would be greater than the
decrease under Alternative 2.
Emissions of acrolein would
remain roughly equal or
would increase compared to
the No Action Alternative.
Emissions of 1,3-butadiene
and formaldehyde would
either increase or decrease
compared to the No Action
Alternative, depending on the
analysis.

Emissions of benzene and 1,3-
butadiene would decrease
compared to the No Action
Alternative, the greatest
decreases of all alternatives for
these pollutants. Emissions of
acrolein, DPM, and formaldehyde
would increase, and would be the
greatest increases of all
alternatives for these pollutants.
Emissions of acetaldehyde would
either increase or decrease
compared to the No Action
Alternative, depending on the
analysis.

2-44




Chapter 2 Proposed Action and Alternatives and Analysis Methodologies

Table 2.6.1-1-B. Direct and Indirect Impacts, Analysis B1 and B2

a,b,c

(continued)

Alternative 1
No Action

Alternative 2
2%/year Cars and Trucks

Alternative 3
Preferred

Alternative 4
7%/year Cars and Trucks

Air Quality (cont’d)

Reductions in Premature
Mortality Cases and Work-loss
Days in 2040 Compared to No
Action (values within ranges
depend on assumptions used)

Using Base Grid Mix

Premature mortality:
reduced by 77 to 198 cases

Work-loss days:

reduced by 8,472 to 8,497
days

Premature mortality:
reduced by 136 to 486 cases

Work-loss days:

reduced by 14,929 to 20,876
days

Premature mortality: reduced
by 236 to increased by 16
cases

Work-loss days:

reduced by 10,543 to
increased by 125 days

Reductions in Premature
Mortality Cases and Work-loss
Days in 2040 Compared to No
Action (values within ranges
depend on assumptions used)

Using Alternate Grid Mix

Premature mortality:
reduced by 83 to 226 cases

Work-loss days:

reduced by 9,068 to 9,700
days

Premature mortality:
reduced by 199 to 546 cases

Work-loss days:

reduced by 21,850 to 23,429
days

Premature mortality:
reduced by 314 to 838 cases

Work-loss days:

reduced by 35,187 to 36,446
days

Range of Monetized Health
Benefits in 2040 Compared to
No Action Under a 3% and 7%
Discount Rate (values within
ranges depend on assumptions
used)

Using Base Grid Mix

3%: $610 million to $1.5
billion

7%: $550 million to $1.4
billion

3%: $1.1 billion to $3.7 billion

7%: $970 million to $3.3
billion

3%: disbenefit of $40 million to
benefit of $1.8 billion
7%: disbenefit of $48 million to
benefit of $1.7 billion

Range of Monetized Health
Benefits in 2040 Compared to
No Action Under a 3% and 7%
Discount Rate (values within
ranges depend on

. d
assumptions” used)

Using Alternate Grid Mix

3%: $649 million to $1.7
billion

7%: $590 million to $1.5
billion

3%: $1.6 billion to $4.1 billion

7%: $1.4 billion to $3.7 billion

3%: $2.5 billion to $6.3 billion

7%: $2.3 billion to $5.8 billion

2-45




Chapter 2 Proposed Action and Alternatives and Analysis Methodologies

Table 2.6.1-1-B. Direct and Indirect Impacts, Analysis B1 and B2

a,b,c

(continued)

Alternative 1
No Action

Alternative 2
2%/year Cars and Trucks

Alternative 3
Preferred

Alternative 4
7%/year Cars and Trucks

Climate

Total GHG Emissions from U.S.

Passenger Cars and Light
Trucks for 2017-2100

111,400 to 124,100 MMTCO,

108,900 to 121,400 MMTCO,

100,200 to 111,800 MMTCO,

91,600 to 102,100 MMTCO,

Atmospheric Carbon Dioxide
Concentrations in 2100

784.9 ppm

784.6 to 784.7 ppm

783.7 to 783.8 ppm

782.8 to 783.0 ppm

Increase in Global Mean
Surface Temperature by 2100

3.064 °C (5.515 °F)

3.063 °C (5.513 °F)

3.060 °C (5.508 °F)

3.056 to 3.057 °C (5.501 to
5.503 °F)

Global Sea-level Rise by 2100

37.40 centimeters (14.72
inches)

37.39 centimeters (14.72
inches)

37.35 to 37.36 centimeters
(14.70 to 14.71 inches)

37.32 to 37.33 centimeters
(14.69 to 14.70 inches)

Global mean Precipitation
Increase by 2090

4.50%

4.50%

4.49%

4.49%

o

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; NOy = nitrogen oxides; PM, s = particulate matter 2.5 microns in
diameter or less; ppm = parts per million.

The “Base Grid Mix” in the Final EIS is based on the AEO 2012 Early Release fuel mix and emissions projections for 2020, which do not include the Mercury and Air Toxics Standards issued by EPA
in December 2011. The “Alternate Grid Mix” is based on the fuel mix and emissions projections of the cleaner “GHG Price Economy-wide” emissions side case in the final AEO 2011 for 2035 (full
results are in Appendix H).

Benefits are measured under the Pope methodology (Pope et al. 2002) and the Laden methodology (Laden et al. 2006).
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2.6.2 Cumulative Impacts

This section compares the cumulative impacts of the action alternatives on energy, air quality, and
climate, as presented in Chapters 3, 4, and 5. By forecasting future fuel economy improvements
resulting directly or indirectly from the action alternatives, in addition to other reasonably foreseeable
fuel economy improvements, and comparing the benefits of those new vehicles to a light-duty vehicle
fleet comprised increasingly of vehicles complying only with MY 2016 standards, this analysis accounts
for the overall benefits of past, present, and reasonably foreseeable fuel economy increases. Table
2.6.2-1 presents the cumulative impacts for Analyses C1 and C2. The table includes results for health
impacts analyzed under the Base Grid Mix Case and Alternate Grid Mix Case described above in
Section 2.4.1.2.
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Table 2.6.2-1-C. Cumulative Impacts, Analyses C1 and C2

a,b,c

Alternative 1
No Action

Alternative 2
2%/year Cars and Trucks

Alternative 3
Preferred

Alternative 4
7%/year Cars and Trucks

Energy

Total Combined U.S. Passenger
Car and Light Truck Fuel
Consumption for 2017-2060

6,052 to 6,562 billion gallons

5,080 to 5,476 billion gallons

4,694 to 5,054 billion gallons

4,261 to 4,559 billion gallons

Total Combined U.S. Passenger
Car and Light Truck Fuel
Savings Compared to No
Action for 2017-2060

973 to 1,087 billion gallons

1,358 to 1,508 billion gallons

1,792 to 2,003 billion gallons

Air Quality

Criteria Air Pollutant Emissions
Reductions in 2040 Compared
to No Action

Emissions of most criteria
pollutants (NO,, PM, s, SO,,
and VOCs) would decrease
compared to the No Action
Alternative, while emissions
of CO would increase.

Emissions of most criteria
pollutants (NO,, PM, s, SO,,
and VOCs) would decrease
compared to the No Action
Alternative, while CO
emissions would increase.
Emissions decreases would
generally be greater than the
decreases under Alternative
2. The increase in CO
emissions would generally be
greater than the increase
under Alternative 2.

Emissions of most criteria
pollutants (CO, PM, s, and
VOCs) would decrease
compared to the No Action
Alternative, while SO, and NO,
emissions would increase. The
decreases/increases in
emissions would be greater
than those under Alternatives
2 and 3.

Toxic Air Pollutant Emissions
Reductions in 2040 Compared
to No Action

Emissions of benzene,
formaldehyde, and DPM
would generally decrease
compared to the No Action
Alternative, while emissions
of acetaldehyde, acrolein, and
1,3-butadiene would
increase.

Emissions of benzene, and
DPM would decrease
compared to the No Action
Alternative; this decrease
would be greater than the
decrease under Alternative 2
for these pollutants.
Emissions of acetaldehyde,
acrolein, and 1,3-butadiene
would increase; these
increases would be greater
than the increases under
Alternative 2. Emissions of
formaldehyde would either
increase or decrease
compared to the No Action
Alternative, depending on
analysis.

Emissions of benzene, 1,3-
butadiene, and DPM would
generally decrease compared
to the No Action Alternative;
these would be the greatest
decreases of all alternatives for
benzene and 1,3-butadiene.
Emissions of acrolein and
formaldehyde would increase;
these increases would be
greater than the increases
under Alternative 3. Emissions
of acetaldehyde would either
increase or decrease compared
to the No Action Alternative,
depending on analysis.
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Table 2.6.2-1-C. Cumulative Impacts, Analyses C1 and C2

a,b,c

(continued)

Alternative 1
No Action

Alternative 2
2%/year Cars and Trucks

Alternative 3
Preferred

Alternative 4
7%/year Cars and Trucks

Air Quality (cont’d)

Reductions in Premature
Mortality Cases and Work-loss
Days in 2040 Compared to No
Action (values within ranges
depend on assumptionsd used)

Using Base Grid Mix

Premature mortality:
reduced by 281 to 772 cases

Work-loss days:
reduced by 30,764 to 33,120
days

Premature mortality:
reduced by 360 to 1,006 cases

Work-loss days:
reduced by 39,553 to 43,168
days

Premature mortality:
reduced by 218 to 756 cases

Work-loss days:
reduced by 24,498 to 32,835
days

Reductions in Premature
Mortality Cases and Work-loss
Days in 2040 Compared to No
Action (values within ranges
depend on assumptions used)

Using Alternate Grid Mix

Premature mortality:
reduced by 286 to 799 cases

Work-loss days:
reduced by 31,359 to 34,272
days

Premature mortality:
reduced by 417 to 1,080 cases

Work-loss days:
reduced by 45,721 to 46,422
days

Premature mortality:
reduced by 531 to 1,377 cases

Work-loss days:
reduced by 58,738 to 59,759
days

Range of Monetized Health
Benefits in 2040 Compared to
No Action Under a 3% and 7%
Discount Rate (values within
ranges depend on assumptions
used)

Using Base Grid Mix

3%: $2.2 billion to $5.8 billion

7%: $2.0 billion to $5.3 billion

3%: $2.8 billion to $7.6 billion

7%: $2.6 billion to $6.9 billion

3%: $1.7 billion to $5.7 billion

7%: $1.6 billion to $5.2 billion

Range of Monetized Health
Benefits in 2040 Compared to
No Action Under a 3% and 7%
Discount Rate (values within
ranges depend on assumptions
used)

Using Alternate Grid Mix

3%: $2.2 billion to $6.0 billion

7%: $2.0 billion to $5.5 billion

3%: $3.3 billion to $8.1 billion

7%: $3.0 billion to $7.4 billion

3%: $4.2 billion to $10.0 billion

7%: $3.8 billion to $9.4 billion
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Table 2.6.2-1-C. Cumulative Impacts, Analyses C1 and C2

a,b,c

(continued)

Alternative 1
No Action

Alternative 2
2%/year Cars and Trucks

Alternative 3
Preferred

Alternative 4
7%/year Cars and Trucks

Climate

Total GHG Emissions from U.S.
Passenger Cars and Light
Trucks for 2017- 2100

138,800 to 155,400 MMTCO,

108,900 to 121,400 MMTCO,

100,200 to 111,800 MMTCO,

91,600 to 102,100 MMTCO,

Atmospheric Carbon Dioxide
Concentrations in 2100

677.8 ppm

674.7 to 675.1 ppm

673.8to 674.3 ppm

672.9to0 673.5 ppm

Increase in Global Mean
Surface Temperature by 2100

2.564 °C (4.615 °F)

2.551 to 2.553 °C (4.592 to
4.595 °F)

2.548 to 2.550 °C (4.586 to
4.590 °F)

2.543 to 2.546 °C (4.577 to
4.583 °F)

Global Sea-level Rise by 2100

33.42 centimeters (13.16

inches)

33.32 to 33.33 centimeters
(13.12 inches)

33.29 to 33.30 centimeters
(13.11 inches)

33.25 to 33.27 centimeters
(13.09 to 13.10 inches)

Global mean Precipitation
Increase by 2090

3.89%

3.87%

3.87%

3.86%

o

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; NO, = nitrogen oxides; PM, s = particulate matter 2.5 microns
diameter or less; ppm = parts per million; SO, = sulfur dioxide; VOCs = volatile organic compounds.
The “Base Grid Mix” in the Final EIS is based on NEMS AEO 2012 Early Release fuel mix and emissions projections for 2020, which do not include the Mercury and Air Toxics Standards issued by
the U.S. Environmental Protection Agency (EPA) in December 2011. The “Alternate Grid Mix” is based on the fuel mix and emissions projections of the cleaner “GHG Price Economy-wide”

emissions side case in the final AEO 2011 for 2035 (full results are in Appendix H).
Benefits are measured under the Pope methodology (Pope et al. 2002) and the Laden methodology (Laden et al. 2006).
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NHTSA’s proposed standards would regulate fuel economy and therefore impact U.S. transportation
sector fuel consumption. Transportation fuel comprises 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. Because automotive fuel consumption is expected to account for most U.S. net energy imports
through 2035, the United States has the potential to achieve large reductions in imported oil use and,
consequently, in the country’s net energy imports during this time, by increasing the fuel economy of its
fleet of passenger cars and light trucks.

Increasing the fuel economy of the light-duty fleet is likely to have far-reaching impacts related to
reducing U.S. dependence on foreign oil. Reducing dependence on energy imports is a key component
of the President’s March 30, 2011, Blueprint for a Secure Energy Future, which states that increasing
transportation efficiency is an essential step toward that goal (White House 2011b). The 1-year progress
report to the President’s Blueprint reaffirms the major role increased fuel efficiency in transportation
has already played in reducing U.S. dependence on foreign oil (White House 2012). Similarly, the U.S.
Department of Energy (DOE) acknowledges that vehicle efficiency has the greatest short- to mid-term
impact on oil consumption (DOE 2011c).

In light of the U.S. energy sector and automotive fuel dynamic, this chapter discusses past, present, and
forecast U.S. energy production and consumption and compares this affected environment to the
potential energy impacts under NHTSA’s Proposed Action (including the No Action Alternative, the
Preferred Alternative, and two other action alternatives selected to provide the lower and upper bounds
of a reasonable range of alternatives within which the agency believes the maximum feasible standards
fall). The chapter is organized as follows:

e Section 3.1 describes energy intensity and consumption and how past and future trends in U.S.
energy intensity relate to trends in the U.S. share of global energy consumption and U.S. energy
imports.

e Section 3.2 describes the affected environment for U.S. energy production and consumption by
primary fuel source (coal, natural gas, petroleum, and other) and consumption sectors (residential,
commercial, industrial, and transportation), and how the light-duty vehicle sector impacts overall
energy use.

e Section 3.3 describes the energy impacts of NHTSA’s Proposed Action and alternatives, including
direct and indirect (Section 3.3.1) and cumulative impacts (Section 3.3.2).

3.1 Energy Intensity and Consumption

Energy intensity is calculated as the sum of all energy supplied to an economy 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). Through this calculation, energy intensity measures
the efficiency at which energy is converted to GDP, with a high value indicating an inefficient conversion
of energy to GDP and a lower value indicating a more efficient conversion. By providing the relationship
between energy use and GDP instead of absolute energy use, energy intensity offers a better unit for
looking at the energy efficiency of an economy than overall energy consumption. On the other hand,
energy consumption is useful to determine absolute energy use, but does not indicate the efficiency at
which this energy is used. For example, all things being equal, increased vehicle fuel efficiency would
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yield a lower energy intensity for a particular economy and a reduction in fuel consumption per vehicle,
but overall energy consumption might continue to increase if economic growth and increased vehicle
use more than offset the increase in average fuel efficiency per vehicle. As discussed throughout this
chapter, increasing vehicle fuel efficiency has the potential to contribute to decreases in U.S. energy
intensity and net energy consumption. However, before analyzing the impacts of NHTSA’s proposed
standards on U.S. energy consumption, it is useful to examine how trends in U.S. energy intensity over
recent decades have been more than offset by energy demand associated with economic growth,
resulting in an increase in the absolute amount of U.S. energy consumption even as energy intensity
declines.

Figure 3.1-1 shows that the energy intensity of the U.S. economy (in thousand British thermal units [Btu]
per real dollar of GDP) and the real price of fuel (in 2005 dollars per million Btu) did not change
substantially from the early 1950s through the early 1970s. During that time, economic growth seemed
to be directly linked to proportionate growth in energy supply. That relationship changed when the real
price of oil and natural gas surged during the 1970s. As a result of many subsequent economic changes,
the energy intensity of the U.S. economy was reduced by 54 percent over 4 decades (from 15,890 Btu
per real dollar of GDP in 1970 to 7,400 Btu per real dollar of GDP in 2010), indicating an overall increase
in the efficiency with which the U.S. uses energy (EIA 2011d). The Annual Energy Outlook (AEO) 2012
Early Release forecasts a continuing decline in U.S. energy intensity and a corresponding anticipated
increase in the efficiency of energy use in the United States (falling to 4,382 Btu per real dollar of GDP by
2035) (EIA 2012a).

Figure 3.1-1. Energy Intensity and Real Price of Oil and Natural Gas, 1949-2010°°

—=—Thousand Btu per Real Dollar of GDP (in 2005 Dollars)
—&— Natural Gas Real Price per Million Btu (in 2005 Dollars)
—a&— Crude Oil Real Price per Million Btu (in 2005 Dollars)
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a. Source: EIA 2011d, Table 1.5, Energy Consumption, Expenditures, and Emissions Indicators, 1949-2010 and
Table 3.1, Fossil Fuel Production Prices, 1949-2010. Renewable Energy Consumption by Sector and Source.
b. Btu = British thermal unit; GDP = Gross Domestic Product.
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The decline in U.S. energy intensity (and corresponding improvement in the economy’s energy
efficiency) over recent decades, combined with rapid economic growth and increased energy demand in
many developing nations, has significantly reduced the U.S. share of international energy consumption.
In 1980, the United States accounted for 27.6 percent of world energy consumption and, by 2008, the
U.S. share of global consumption had fallen to 20.4 percent (EIA 2011e). The 2011 International Energy
Outlook forecasts a continuation of this trend, with the U.S. share of global consumption expected to fall
to 17.8 percent by 2015, and 14.8 percent by 2035 (EIA 2011c?).

Although both U.S. energy intensity and the U.S. share of global energy consumption have been
declining in recent decades, total U.S. energy consumption has been increasing over that same time
period. Therefore, although the U.S. continues to use energy more efficiently, the U.S. economy also
continues to use more energy overall. However, this growth in energy consumption remains smaller
than the growth in GDP, allowing energy intensity to continue to decline. For example, real GDP has
increased from $4.3 trillion in 1970 to $13.2 trillion in 2010 (both in 2005 dollars), while U.S. energy
consumption during that period has increased, although at a slower rate (EIA 2011d). Similarly,
increases in U.S. energy consumption did not keep pace with increases in global energy consumption,
resulting in a decline in the U.S. share of global energy consumption since 1980 despite overall increases
in U.S. energy consumption during that period (EIA 2011d).

Most of the increase in U.S. energy consumption over the past decades has not come from increased
domestic energy production, but instead from the increase in imports from foreign energy producers.
Indeed, in recent decades, the United States has experienced a significant increase in net imports of
crude oil and natural gas and a decrease in net exports of coal (EIA 2011d). From 1970 to 2010, U.S. net
imports of crude oil increased 616 percent, net imports of natural gas increased 247 percent, and net
exports of coal decreased 16 percent, all measured in quads (quadrillion Btu). While energy imports
(total quads of oil and natural gas) have been increasing since 1970, the price of energy imports
(inflation-adjusted dollar per quad) during that period has also been increasing, meaning that the overall
inflation-adjusted dollar value of net energy imports has risen at a much faster rate than the rise in net
qguad imports. Therefore, not only has the United States been importing more oil and gas to meet its
increasing energy consumption, but it has also been spending significantly more money per unit
imported since 1970, exacerbating the country’s trade deficit (earnings from exports minus cost of
imports).

As explained below, the United States is now poised to reverse the trend of the last four decades and
achieve reductions in net energy imports through 2035 and beyond, due to ongoing declines in U.S.
energy intensity and recent developments in U.S. energy production. More stringent fuel economy
standards proposed in the form of the action alternatives included in this EIS have the potential to
further decrease U.S. energy intensity by increasing energy efficiency in the transportation sector (the
largest consumer of petroleum and contributor to U.S. net energy imports) compared to the No Action
Alternative.

! International Energy Statistics, Total Primary Energy Statistics; Available at: <http://www.eia.gov/cfapps/ipdbproject/
iedindex3.cfm?tid=44&pid=44&aid=2&cid=ww,US,&syid=1980&eyid=2008&unit=QBTU>. (Accessed: July 5, 2012).

% World total primary energy consumption by region, Reference case; See Interactive Table Viewer available at:
<http://www.eia.gov/forecasts/ieo/index.cfm>. (Accessed: July 5, 2012).
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3.2 Affected Environment

Because energy impacts under the Proposed Action have the potential to affect U.S. energy availability
and use, the affected environment for energy encompasses current and projected U.S. energy
consumption and production across all fuels and sectors. Section 3.2.1 discusses U.S. energy production
and consumption by primary fuel source (petroleum, coal, natural gas, and other); Section 3.2.2
discusses U.S. energy consumption by sector (residential, commercial, industrial, and transportation).
Energy data in these sections are drawn from the AEO 2012 Early Release forecast (EIA 2012a°), which
reflects previously adopted CAFE standards through MY 2016 and assumed MY 2017-2020 fuel
economy standards that reflect EISA’s requirement that the light-duty fleet achieve a combined fuel
economy of 35 mpg by MY 2020.*

3.2.1 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, and crude oil (converted to petroleum and
other liquid fuels for consumption), which together account for 89 percent of U.S. energy consumption.
Other sources, such as hydropower, biomass, and other types of renewable energy, account for 11
percent of U.S. energy consumption.

By 2035, the top 4 aforementioned energy sources are forecast to account for 83 percent of U.S. energy
consumption, a reduction of 6 percent from their previous share, while the overall share of other fuels is
forecast to rise to 17 percent (EIA 2012a). Figure 3.2.1-1 illustrates this change in U.S. fuel consumption
and production from 2009 to 2035, not including the impacts of the proposed rule. As illustrated in the
figure, fuel patterns during the period 2009 to 2035 are anticipated to remain relatively proportionate,
with the exception of relative increases in renewable energy.

Although passenger cars and light trucks have the potential to use a number of the different primary
fuels currently available in the United States (e.g., biofuels for biofuel vehicles and numerous energy
sources with potential for conversion to electricity for electric vehicles), petroleum is overwhelmingly
their primary source of energy. As technology and fuel costs and availability change, automotive fuel
sources could also change. By requiring increased fuel economy, CAFE standards also have the potential
to reduce demand for petroleum in the transportation sector, while potentially increasing the demand
for other fuel sources, such as biofuels and fuels used to generate electricity. Understanding how
markets for primary fuels will evolve in the coming years is therefore relevant to considerations of the
impacts of the Proposed Action and alternatives.

The remainder of this section provides detailed projections for each primary fuel through 2035, drawn
from AEO 2012 Early Release, including how production and consumption impact net imports or exports
of each fuel.

®Table 1, Total Energy Supply, Disposition, and Price Summary; Table 2, Energy Consumption by Sector and Source; and

Table 17, Renewable Energy Consumption by Sector and Source.

* The AEO 2012 Early Release forecast reflects the impacts of the MY 2014-2018 Medium- and Heavy-Duty (HD) Fuel Efficiency
Improvement Program but does not reflect proposed MY 2017-2025 CAFE standards that exceed the 35 mpg EISA requirement
for 2020. The AEO 2012 forecast assumes that CAFE standards are held constant after MY 2020, with forecasted fuel economy
improvements after 2020 based on economic cost-benefit analysis from a consumer’s and manufacturers’ perspective, which
does not include energy security and GHG emissions reduction benefits.
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Figure 3.2.1-1. U.S. Energy Production and Consumption by Source in 2009 and Projected in 2035*° (excluding
impacts of Proposed Action®)
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a. Source: EIA 2012b, Table 1, Total Energy Supply, Disposition, and Price Summary; Table 2, Energy Consumption by Sector and Source; and
Table 17, Renewable Energy Consumption by Sector and Source.

b. Btu = British thermal units; NGL = natural gas liquid; LPG = liquefied petroleum gas.

c. As noted above, the AEO 2012 Early Release projections for 2035 (shown in this figure) do not reflect proposed MY 2017-2025 CAFE
standards that exceed the 35 mpg EISA requirement for 2020.

From 2009 to 2035, production and consumption of nuclear power is forecast to increase from 8.4 to 9.3
guads, and production and consumption of hydropower is forecast to increase from 2.7 to 3.1 quads.
Because production and consumption values are roughly equivalent for these energy sources, there are
virtually no net imports or exports associated with nuclear power or hydropower.” Together, these fuels
supplied 11.6 percent of total U.S. energy consumption in 2009, and their share of total consumption is
forecast to increase to 12.2 percent by 2024 and then fall to 11.5 percent by 2035.

U.S. coal production is forecast to increase from 21.6 quads in 2009 to 23.5 quads in 2035. Coal
consumption is expected to rise from 19.6 quads in 2009 to 21.6 quads in 2035. The United States is

> 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, with new U.S. supply sources expected to reduce U.S. dependence on nuclear fuel imports by 2020. The nuclear
fuel cycle includes the mining of uranium ore, conversion into uranium hexafluoride, and enrichment to increase the
concentration of uranium-235 in uranium hexafluoride (USNRC 2011). The United States produced only 5 percent of the
uranium consumed by U.S. nuclear plants in 2003, relying on substantial imports from Canada and Australia, but ranks sixth in
the world for known uranium resources, and there has been a significant increase in exploration and plans to reopen old mines
as the price of uranium has increased in recent years. There are also significant expansions planned for U.S. conversion
capacity to produce uranium hexafluoride, and a substantial increase in U.S. enrichment capacity is expected from three new
enrichment plants likely to begin operation before 2020 (USNRC 2011).
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currently, and is expected to remain, a net exporter of coal energy through 2035, because the country is
anticipated to continue to produce slightly more coal than it consumes.

U.S. production of dry natural gas (separated from natural gas liquids, discussed below) is forecast to
increase from 21.1 quads in 2009 to 28.5 quads in 2035. This forecast growth is due to new production
technologies that can extract U.S. shale gas, a specific form of natural gas that has previously been too
difficult to utilize commercially. U.S. shale gas production specifically is expected to rise six fold
between 2008 and 2035, more than offsetting an expected decline in conventional natural gas
production. U.S. consumption of natural gas is expected to rise at a slower rate than its production —
from 23.4 quads in 2009 to 27.1 quads in 2035 — thereby making the U.S. a net exporter of dry natural
gas in 2022 through 2035.

Production of natural gas liquid (a similar but heavier hydrocarbon compared to dry natural gas) is
forecast to increase from 2.6 quads in 2009 to 3.7 quads in 2035. After extraction, natural gas liquid is
separated from dry natural gas in processing plants and sold as ethane, propane, and other liquefied
petroleum gases for consumption. Consumption of liquefied petroleum gas is forecast to increase from
2.7 quads in 2009 to 2.9 quads in 2035. Therefore, the increase in natural gas liquid production is
expected to outpace the increase in liquefied petroleum gas consumption, resulting in net exports for
this subset of liquid fuels in 2010 through 2035.

U.S. production of biomass energy (e.g., grid-connected electricity from wood and wood waste; liquid
fuels production from crops; and direct (non-electric) energy from wood) is forecast to increase from 3.7
guads in 2009 to 9.7 quads in 2035. Biomass energy consumption is forecast to rise even faster, from
3.7 quads in 2009 to 9.8 quads in 2035. Excess energy consumption in 2035 is anticipated to be met by
importing 0.1 quads of ethanol. Almost half of the projected growth in biomass energy use is due to a
forecast increase in ethanol, biodiesel, and other biomass liquids used in transportation, from 1.0 quads
in 2009 to 3.9 quads in 2035.

U.S. production of crude oil is forecast to increase from 11.4 quads in 2009 to 13.2 quads in 2035. Crude
oil is refined into petroleum (including liquid fuel such as gasoline and diesel, but not including non-
petroleum liquid fuels, such as biofuels and liquefied petroleum gas) for consumption. U.S.
consumption of petroleum is forecast to decline slightly from 32.8 quads in 2009 to 31.1 quads in 2035.
Therefore, U.S. net imports of petroleum are forecast to decline from approximately 21 quads (3,570
million barrels) in 2009 to 18 quads (3,060 million barrels) in 2035. Reductions in net petroleum imports
are anticipated to result from ongoing declines in energy intensity, as discussed in Section 3.1 (as stated,
these figures do not include impacts from the Proposed Action and alternatives, which would contribute
to additional declines in petroleum imports).

The primary fuel projections discussed above demonstrate that there are likely to be essentially no U.S.
net imports of nuclear power, hydropower, and biomass and other renewable energy, and minor U.S.
net exports of coal, natural gas, and natural gas liquid and liquefied petroleum gas by 2035. However,
petroleum will continue to require significant net imports to meet consumption demands. Despite
modest reductions in net petroleum imports by 2035, petroleum imports will continue to be magnitudes
greater than net energy exports, resulting in a continued U.S. trade deficit from the energy sector.

3.2.2 U.S. Energy Consumption by Sector

While Section 3.2.1 describes overall U.S. production and consumption of primary fuels, this section
discusses the usage of primary fuels by sector. Energy consumption occurs in four broad economic
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sectors: industrial, residential, commercial, and transportation. These sectors can be categorized as
either stationary (including industrial, residential, and commercial sectors) or mobile (i.e.,
transportation). Stationary and transportation sectors consume primary fuels, as described above (e.g.,
nuclear, coal, and petroleum), and electricity. Electric power generation consumes primary fuel to
provide electricity to the industrial, residential, commercial, and transportation sectors. This section
describes how different fuels, including electricity, are more or less conducive to use in the different
sectors. Consequently, regulations by sector (such as the proposed CAFE standards, which primarily
impact the transportation sector) will have different implications for specific fuel usage and overall
impacts to the U.S. economy.

Figure 3.2.2-1 shows the relative amounts of energy produced from each energy source and consumed
by each sector in 2009; Figure 3.2.2-2 illustrates the different fuel uses for each sector as projected in
2035. As shown in these figures, stationary and transportation sectors use a sharply contrasting profile
of fuels, with stationary sources consuming more electricity and natural gas, and the transportation
sector consuming primarily petroleum. Sections 3.2.2.1 and 3.2.2.2 discuss the specifics of fuel use by
stationary and transportation sectors, respectively. Section 3.3 describes the impacts on transportation
fuel consumption associated with the action alternatives examined in this EIS.

Figure 3.2.2-1. U.S. Energy Flows in 2009°"¢
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a. Source: DOE 2011c citing LLNL 2009.

b. Values are in quadrillion Btu; total energy is approximately 95 quads.

c. Rejected energy is energy lost as waste heat throughout the generation and transmission process. Most of these losses occur when energy is
converted from one form to another. Energy services refers to the energy successfully transmitted to its end designation.
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Figure 3.2.2-2. U.S. Energy Consumption by End-Use Sector and Source Fuel Projected in 2035*° (excluding
impacts of the Proposed Action®)
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a. Source: EIA 2012b, Table 2. Energy Consumption by Sector and Source; and Table 17. Renewable Energy Consumption by Sector and Source.

b. Btu = British thermal units; LPG = liquefied petroleum gas.

c. As noted above, the AEO 2012 Early Release projections for 2035 (shown in this figure) do not reflect proposed MY 2017-2025 CAFE
standards that exceed the 35 mpg EISA requirement for 2020.

3.2.2.1 Stationary-sector Fuel Consumption

This section provides background information addressing stationary-sector fuel consumption, on which
the Proposed Action would have little impact. Section 3.2.2.2 discusses transportation-sector fuel
consumption, on which the Proposed Action would be expected to have a large impact.

Electricity and natural gas (used on sites to produce heat) are the principal forms of energy used by the
residential and commercial sectors, accounting for 94 percent of these sectors’ energy use and almost
40 percent of total U.S. primary energy consumption. The industrial sector has more diverse energy
consumption patterns, including electricity, natural gas, and renewable energy. This sector consumes
another 30 percent of the Nation’s total energy. New energy technologies to supply stationary energy
to consumers must compete with an existing infrastructure that delivers these fuels reliably and at a
relatively low cost.

Residential-sector energy consumption is forecast to rise from 20.9 quads in 2009 to 23.6 quads in 2035.
In 2009, electricity (including energy lost during generation and transmission, when one form of energy
is converted to another, referred to herein as “losses”) supplied 69 percent of residential demand and
natural gas (not converted to electricity) supplied 23 percent. In 2035, electricity is expected to supply
74 percent and natural gas 20 percent. The liquefied petroleum gas share is forecast to decline from 2.4
percent in 2009 to 2.1 percent in 2035, and the renewable energy (e.g., wood and solar) share is
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expected to decline from 2.0 percent in 2009 to 1.9 percent in 2035. The fuel oil share of residential
energy is also expected to decline from 2.9 percent in 2009 to 1.5 percent in 2035.

Commercial-sector energy consumption is forecast to rise from 17.9 quads in 2009 to 23.8 quads in
2035. In 2009, electricity (including losses) supplied 77 percent of commercial energy demand, and
natural gas supplied 18 percent. In 2035, electricity is expected to supply 80 percent and natural gas 17
percent. The liquid fuel share of commercial energy, including liquefied petroleum gas and petroleum,
is expected to decline from 3.8 percent in 2009 to 2.9 percent in 2035.

Industrial-sector energy consumption is projected to rise from 28.8 quads in 2009 to 33.6 quads in 2035.
In 2009, electricity (including losses) supplied 34 percent of industrial demand, coal supplied 5 percent,
natural gas supplied 27 percent, and biofuels, their co-products (including other products produced as
by-products during ethanol fuel and biodiesel production), and other renewable energy supplied 8
percent. In 2035, electricity (including losses) is expected to supply 30 percent of industrial energy use,
with coal supplying 6 percent, natural gas supplying 26 percent, and biofuels, their co-products, and
renewable energy supplying 14 percent. The liquid fuel share of industrial energy use is anticipated to
decline from 28 percent in 2009 to 25 percent in 2035, with liquefied petroleum gas supplying
approximately one-fourth of this industrial liquid fuel demand.

Total energy consumption from electric power, which feeds into all stationary-sector activities (as
described in this section) and some transportation activities (as described in Section 3.2.2.2), is forecast
to rise from 38.1 quads in 2009 to 45.1 quads in 2035. In 2009, nuclear power supplied 22 percent of
electric power generation source fuel, coal 48 percent, natural gas 19 percent, and hydropower and
other renewable energy 10 percent. In 2035, nuclear power is predicted to supply 21 percent, coal 43
percent, natural gas 21 percent, and hydropower and other renewable energy 14 percent. The
petroleum share of electric power fuel supply is anticipated to decline from 1.0 percent in 2009 to 0.8
percent in 2035.

3.2.2.2 Transportation-sector Fuel Consumption

Transportation energy consumption is forecast to rise from 27 quads in 2009 to 29 quads in 2035. In
2009, petroleum and other liquid fuel supplied 97.3 percent of transportation energy demand, and
natural gas supplied 2.4 percent. In 2035, petroleum and other liquid fuel are expected to supply 96.3
percent, and natural gas is expected to supply 2.9 percent. The biofuel share of transportation liquid
fuel is projected to rise from 3.8 percent in 2009 to 14.2 percent in 2035. Liquefied petroleum gas
accounts for less than 0.2 percent of liquid fuel consumption in the transportation sector.

In 2010, 72 percent of the petroleum the U.S. consumed was for transportation, and 63 percent of
petroleum used in transportation is used to fuel passenger cars and light trucks. Almost 95 percent of
U.S. transportation-sector energy comes from petroleum, nearly half of which is imported. In 2035, jet
fuel is forecast to account for 12 percent of transportation-sector petroleum consumption, and medium,
heavy, and light-duty vehicles are forecast to account for 87 percent. With petroleum expected to
account for the most energy imports, and transportation expected to account for 77 percent of
petroleum consumption in 2035, U.S. net energy imports in 2035 are forecast to result primarily from
fuel consumption by medium, heavy, and light-duty vehicles. Negligible U.S. net energy imports in 2035
are anticipated to be related to the residential or commercial sectors because petroleum accounts for
only a very small fraction of source fuel used in these sectors, while the fuels that are used in these
sectors account for a very small fraction of energy imports.
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As shown in Figure 3.2.2-3, the net import fraction of petroleum and other liquid fuels has dropped from
more than 60 percent in 2005 to approximately 50 percent in 2010. As reported by DOE (EIA 2012c), the
net import fraction of petroleum and other liquid fuels is expected to drop to 37 percent in 2035, due to
a combination of more stringent vehicle fuel economy standards and increased domestic production of
both crude oil and biofuels. (This 2035 forecast does not include the impacts of the Proposed Action.)

In absolute terms, the volume of liquid fuel imports for the United States in 2020 through 2035 is
projected to be more than 20 percent below the absolute volume of liquid fuel imports in 2010.

Figure 3.2.2-3. Consumption, Production, and Net Imports of Petroleum and Other Liquid Fuels, 1949-2009°
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a. Source: DOE 2011c citing EIA 2011.

Section 3.3 discusses potential impacts of the Proposed Action and alternatives on fuel consumption and
fuel savings through 2050. As demonstrated by the current and projected statistics described in this
section, the affected environment of energy consumption and production in the United States strongly
suggests a potential for reduced petroleum consumption and, correspondingly, a reduction in net
energy imports.

3.3 Environmental Consequences

Section 3.3.1 examines the direct and indirect impact on fuel consumption associated with the action
alternatives under Analysis A and Analysis B. Section 3.3.2 examines the effects on fuel consumption
under the cumulative impacts analysis. As explained in Chapter 2:

e |n Analyses Al and A2, the agency assumes that the average fleetwide fuel economy for light-duty
vehicles would not exceed the minimum level necessary to comply with CAFE standards. Therefore,
Analyses Al and A2 measure the impacts of the action alternatives under which average fleetwide
fuel economy in each model year does not exceed the level of the CAFE standards for that model
year, compared to a No Action Alternative under which average fleetwide fuel economy after MY
2016 will never exceed the level of the agencies’ MY 2016 standards established by final rule in April
2010. Tables and figures in this Final EIS that depict results for Analysis Al (these have “Al” after
the table or figure number) show estimated impacts derived from a MY 2008 baseline fleet, fleet
sales projections to MY 2025 from AEO 2011, and a CSM Worldwide-based fleet projection. Tables
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and figures that depict results for Analysis A2 (these have “A2” after the table or figure number)
show estimated impacts derived from a MY 2010 baseline fleet, fleet sales projections to MY 2025
from the AEO 2012 Early Release, and an LMC Automotive-based fleet projection.

e In Analyses B1 and B2, the agency assumes continued improvements in average fleetwide fuel
economy for light-duty vehicles due to higher market demand for fuel-efficient vehicles. Therefore,
Analyses B1 and B2 measure the impacts of the action alternatives assuming overcompliance by
certain manufacturers through MY 2025 and ongoing improvements in new vehicle fuel economy
after MY 2025, compared to a No Action Alternative that assumes the average fleetwide fuel
economy level of light-duty vehicles would continue to increase beyond the level necessary to meet
the MY 2016 standards, even in the absence of agency action. Tables and figures in this Final EIS
that depict results for Analysis B1 (these have “B1” after the table or figure number) show estimated
impacts derived from a MY 2008 baseline fleet, fleet sales projections to MY 2025 from AEO 2011,
and a CSM-based fleet projection. Tables and figures that depict results for Analysis B2 (these have
“B2” after the table or figure number) show estimated impacts derived from a MY 2010 baseline
fleet, fleet sales projections to MY 2025 from the AEO 2012 Early Release, and an LMC-based fleet
projection.

e In Analyses C1 and C2, the agency compares action alternatives assuming overcompliance by certain
manufacturers through MY 2025 and ongoing fuel economy improvements after MY 2025 with a No
Action Alternative under which there are no continued improvements in fuel economy after MY
2016 (i.e., the average fleetwide fuel economy for light-duty vehicles would not exceed the latest
existing standard). In this way, the cumulative impacts analysis combines the No Action Alternative
from Analyses Al and A2 with the action alternatives from Analyses B1 and B2. Tables and figures in
this Final EIS that depict results for Analysis C1 (these have “C1” after the table or figure number)
show estimated impacts derived from a MY 2008 baseline fleet, fleet sales projections to MY 2025
from AEO 2011, and a CSM-based fleet projection. Tables and figures that depict results for Analysis
C2 (these have “C2” after the table or figure number) show estimated impacts derived from a MY
2010 baseline fleet, fleet sales projections to MY 2025 from the AEO 2012 Early Release, and an
LMC-based fleet projection. For more explanation of NHTSA’s methodology regarding the
cumulative impacts analysis, see Section 2.5.

3.3.1 Direct and Indirect Impacts

Tables 3.3.1-1-A1 and -A2 list combined direct and indirect fuel consumption under Analysis A for each
alternative for 2017-2060, when essentially the entire light-duty vehicle fleet will be composed of MY
2025 or later vehicles. Tables 3.3.1-1-B1 and -B2 list combined direct and indirect fuel consumption for
Analysis B. These four tables report total 2017-2060 light-duty vehicle consumption in gasoline gallon
equivalents, which includes consumption of gasoline, diesel, biofuel, and electricity used to power the
light-duty vehicle fleet. The tables list results for cars, light trucks, and all light-duty vehicles. These
tables also show light-duty vehicle 2017-2060 fuel savings resulting from each action alternative
compared to the No Action Alternative.

Figures 3.3.1-1-A1 and -A2 and 3.3.1-1-B1 and -B2 show fuel savings for cars and light trucks by
alternative for Analyses A and B. Under Analysis A, light-duty vehicle fuel consumption from 2017-2060
under the No Action Alternative is projected to range from 6,052 to 6,562 billion gallons. Light-duty
vehicle 2017-2060 fuel consumption is projected to range from 5,400 to 5,812 billion gallons under
Alternative 2, 4,987 to 5,372 billion gallons under the Preferred Alternative, and 4,456 to 4,795 billion
gallons under Alternative 4. Compared to the No Action Alternative, light-duty vehicle 2017-2060 fuel
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savings would range from 652 to 751 billion gallons under Alternative 2, 1,597 to 1,767 gallons under
Alternative 4, and 1,066 to 1,190 billion gallons under the Preferred Alternative.

Table 3.3.1-1-A1. Fuel Consumption and Fuel Savings by Alternative (billion gasoline gallon equivalent total for
calendar years 2017-2060), Analysis Al

Alternative 1 Alternative 2 Alternative 3 Alternative 4
No Action 2%/year Cars and Trucks Preferred 7%/year Cars and Trucks

Fuel Consumption

Cars 3,241 2,871 2,623 2,348

Light trucks 3,321 2,941 2,749 2,448

All light-duty vehicles 6,562 5,812 5,372 4,795

Fuel Savings Compared to the No Action Alternative

Cars 370 618 893

Light trucks 381 572 873

All light-duty vehicles 751 1,190 1,767

Table 3.3.1-1-A2. Fuel Consumption and Fuel Savings by Alternative (billion gasoline gallon equivalent total for

calendar years 2017-2060), Analysis A2

Alternative 1 Alternative 2 Alternative 3 Alternative 4
No Action 2%/year Cars and Trucks Preferred 7%/year Cars and Trucks

Fuel Consumption

Cars 2,991 2,674 2,421 2,146

Light trucks 3,062 2,726 2,565 2,310

All light-duty vehicles 6,052 5,400 4,987 4,456

Fuel Savings Compared to the No Action Alternative

Cars 317 569 844

Light trucks 336 496 752

All light-duty vehicles 652 1,066 1,597

Table 3.3.1-1-B1. Fuel Consumption and Fuel Savings by Alternative (billion gasoline gallon equivalent total for

calendar years 2017-2060), Analysis B1

Alternative 1 Alternative 2 Alternative 3 Alternative 4
No Action 2%/year Cars and Trucks Preferred 7%/year Cars and Trucks

Fuel Consumption

Cars 2,906 2,785 2,533 2,298

Light trucks 2,788 2,690 2,522 2,261

All light-duty vehicles 5,694 5,476 5,054 4,559

Fuel Savings Compared to the No Action Alternative

Cars 120 373 608

Light trucks 98 266 527

All light-duty vehicles 219 640 1,135
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Table 3.3.1-1-B2. Fuel Consumption and Fuel Savings by Alternative (billion gasoline gallon equivalent total for
calendar years 2017-2060), Analysis B2

Alternative 1 Alternative 2 Alternative 3 Alternative 4
No Action 2%/year Cars and Trucks Preferred 7%/year Cars and Trucks

Fuel Consumption

Cars 2,701 2,583 2,335 2,109

Light trucks 2,579 2,497 2,360 2,151

All light-duty vehicles 5,280 5,080 4,694 4,261

Fuel Savings Compared to the No Action Alternative

Cars 118 366 592

Light trucks 82 219 427

All light-duty vehicles 200 585 1,019

Figure 3.3.1-1-A1. U.S. Passenger Car and Light Truck Fuel Savings by Action Alternative (billion gasoline gallon
equivalent total for calendar years 2017-2060), Analysis A1l
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Figure 3.3.1-1-A2. U.S. Passenger Car and Light Truck Fuel Savings by Action Alternative (billion gasoline gallon
equivalent total for calendar years 2017-2060), Analysis A2
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Figure 3.3.1-1-B1. U.S. Passenger Car and Light Truck Fuel Savings by Action Alternative (billion gasoline gallon
equivalent total for calendar years 2017-2060), Analysis B1
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Figure 3.3.1-1-B2. U.S. Passenger Car and Light Truck Fuel Savings by Action Alternative (billion gasoline gallon
equivalent total for calendar years 2017-2060), Analysis B2
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Under Analysis B, light-duty vehicle fuel consumption from 2017-2060 under the No Action Alternative
is projected to range from 5,280 to 5,694 billion gallons. Light-duty vehicle 2017-2060 fuel consumption
is projected to range from 5,080 to 5,476 billion gallons under Alternative 2, 4,694 to 5,054 under the
Preferred Alternative, and 4,261 to 4,559 billion gallons under Alternative 4. Compared to the No Action
Alternative, light-duty vehicle 2017-2060 fuel savings would range from 200 to 219 billion gallons under
Alternative 2, 1,019 to 1,135 billion gallons under Alternative 4, and 585 to 640 billion gallons under the
Preferred Alternative.

3.3.2 Cumulative Impacts

Tables 3.3.2-1-C1 and -C2 list the total fuel consumption and savings for each alternative for 2017-2060
under the cumulative impacts analysis. Values are reported in gasoline gallon equivalents, including
gasoline, diesel, biofuel, and electricity. Separate results are shown for cars, light trucks, and for all
light-duty vehicles. Figures 3.3.2-1-C1 and -C2 show fuel savings under the cumulative impacts analysis
for each action alternative for cars and light trucks compared to the No Action Alternative.
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Table 3.3.2-1-C1. Fuel Consumption and Fuel Savings by Alternative (billion gasoline gallon equivalent total for
calendar years 2017-2060), Analysis C1

Alternative 1 Alternative 2 Alternative 3 Alternative 4
2%/year Cars and 7%/year Cars and
No Action Trucks Preferred Trucks

Fuel Consumption

Cars 3,241 2,785 2,533 2,298

Light trucks 3,321 2,690 2,522 2,261

All light-duty vehicles 6,562 5,476 5,054 4,559

Fuel Savings Compared to No Action Alternative

Cars 455 708 943

Light trucks 631 800 1,060

All light-duty vehicles 1,087 1,508 2,003

Table 3.3.2-1-C2. Fuel Consumption and Fuel Savings by Alternative (billion gasoline gallon equivalent total for
calendar years 2017-2060), Analysis C2

Alternative 1 Alternative 2 Alternative 3 Alternative 4
2%/year Cars and 7%/year Cars and
No Action Trucks Preferred Trucks

Fuel Consumption

Cars 2,991 2,583 2,335 2,109

Light trucks 3,062 2,497 2,360 2,151

All light-duty vehicles 6,052 5,080 4,694 4,261

Fuel Savings Compared to No Action Alternative

Cars 408 656 882
Light trucks 565 702 910

All light-duty vehicles 973 1,358 1,792
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Figure 3.3.2-1-C1. U.S. Passenger Car and Light Truck Fuel Savings by Action Alternative (billion gasoline gallon
equivalent total for calendar years 2017-2060), Analysis C1
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Figure 3.3.2-1-C2. U.S. Passenger Car and Light Truck Fuel Savings by Action Alternative (billion gasoline gallon
equivalent total for calendar years 2017-2060), Analysis C2
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Under the cumulative impacts analysis, light-duty vehicle fuel consumption for years 2017-2060 under
the No Action Alternative is projected to range from 6,052 to 6,562 billion gallons. Total 2017-2060 fuel
consumption for the cumulative impacts analysis is projected to range from 5,080 to 5,476 billion
gallons under Alternative 2, 4,694 to 5,054 under the Preferred Alternative, and 4,261 to 4,559 billion
gallons under Alternative 4. Compared to the No Action Alternative, the cumulative impacts analysis
projects total 2017-2060 fuel savings ranging from 973 to 1,087 billion gallons under Alternative 2,
1,792 to 2,003 billion gallons under Alternative 4, and 1,358 to 1,508 billion gallons under the Preferred
Alternative.
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CHAPTER 4 AIR QUALITY

4.1 Affected Environment

4.1.1 Relevant Pollutants and Standards

The Proposed Action (including the No Action Alternative, Alternative 2, the Preferred Alternative, and
Alternative 4) would affect air pollutant emissions and air quality, which in turn would affect public
health and welfare and the natural environment. Many human activities cause gases and particles to be
emitted into the atmosphere. These activities include driving cars and trucks; burning coal, oil, and
other fossil fuels; manufacturing chemicals and other products; and smaller, everyday activities such as
dry-cleaning, degreasing, and painting operations, and the use of consumer products. 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,
and other property. 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 long-term damage to the immune, neurological, reproductive, and respiratory systems. In extreme
cases, it can even cause death (EPA 2012d).

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 (relatively commonplace pollutants
that can accumulate in the atmosphere as a result of normal levels of human activity).! The criteria
pollutants analyzed in this EIS are carbon monoxide (CO), nitrogen dioxide (NO;) (one of several oxides
of nitrogen), ozone, sulfur dioxide (SO,), particulate matter (PM) with a nominal aerodynamic diameter
equal to or less than 10 microns (PMyg) and 2.5 microns (PM, s, 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 (NO,) and volatile organic compounds (VOCs). This air quality analysis
assesses the impacts of the No Action Alternative and action alternatives in relation to these criteria
pollutants. It also assesses how the alternatives are projected to impact the emissions of certain
hazardous air pollutants.

Total emissions from on-road mobile sources have declined dramatically since 1970 as a result of
pollution controls on vehicles and regulation of the chemical content of fuels, despite continuing
increases in the amount of vehicle travel. From 1970 to 2011, emissions from on-road mobile sources
declined 80 percent for CO, 70 percent for NO,, 80 percent for PM,q, 88 percent for SO,, and 83 percent
for VOCs. Emissions of PM, 5 from on-road mobile sources declined 75 percent from 1990, the earliest
year for which data are available, to 2011 (EPA 2011b).

aCriteria pollutants” is a term used to collectively 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” refers to
substances defined as hazardous by the 1990 CAA amendments. These substances include certain VOCs, compounds in PM,
pesticides, herbicides, and radionuclides that present tangible hazards, based on scientific studies of human (and other
mammal) exposure.
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Nevertheless, the U.S. transportation sector remains a major source of emissions of certain criteria
pollutants or their chemical precursors. On-road mobile sources (highway vehicles) are responsible for
33,100,000 tons per year of CO (53 percent of total U.S. emissions), 80,600 tons per year (1.7 percent) of
PM, s emissions, and 94,500 tons per year (1.2 percent) of PMy, emissions (EPA 2009a). Almost all of the
PM in motor vehicle exhaust is PM, 5 (Gertler et al. 2000); therefore, this analysis focuses on PM, s rather
than PMy,. On-road mobile sources also contribute 2,940,000 tons per year (24 percent of total
nationwide emissions) of VOCs and 3,760,000 tons per year (31 percent) of NO, emissions, which are
chemical precursors of ozone. In addition, NOy is a PM, s precursor and VOCs can be PM, s precursors.’
SO, and other oxides of sulfur (SO,) are important because they contribute to the formation of PM, 5 in
the atmosphere; however, on-road mobile sources account for less than 0.39 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. 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 effects on human health; secondary
standards are intended to protect against adverse effects 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 effects on human health and public welfare, the 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 effects
from short-term exposure to higher levels of a pollutant; long-term standards are established to protect
against chronic health effects 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 (ppm) or in micrograms of a pollutant per cubic meter of air (ug/m?®) 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.

2 NO, 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
PM, 5. Highway vehicle emissions are large contributors to nitrate formation nationally (EPA 2004a).
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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 9 ppm 8 hours® None
(10 mg/m3)
35 ppm 1 hour®
(40 mg/m3)
Lead 0.15 ug/m3 Rolling 3-month average Same as Primary
Nitrogen dioxide 0.053 ppm Annual Same as Primary
(100 pg/m?) (arithmetic mean)
0.100 ppm 1 hour® None
(200 pg/m’)
Particulate matter (PMy) 150 |,lg/m3 24 hours® Same as Primary
Particulate matter (PM,) 15.0 ug/m3 Annual Same as Primary
(arithmetic mean)f
35 ug/m3 24 hours® Same as Primary
Ozone 0.075 ppm 8 hours” Same as Primary
Sulfur dioxide 0.075 ppm 1 hour 0.5 ppm 3 hours®
(200 pg/m’) (1,300 pg/m’)

Q

. Source: 40 CFR Part 50, as presented in EPA 2011c.

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

cubic meter (ug/m’) of air.

Not to be exceeded more than once per year.

d. To attain this standard, the 3-year average of the 9g™ percentile of the daily maximum 1-hour average at each monitor within an area must
not exceed 0.100 ppm (effective January 22, 2010).

e. Not to be exceeded more than once per year on average over 3 years.

f. To attain this standard, the 3-year average of the weighted annual mean PM, s concentrations from single or multiple community-oriented
monitors must not exceed 15.0 ug/ms.

g. To attain this standard, the 3-year average of the 9g™ percentile of 24-hour concentrations at each population-oriented monitor within an
area must not exceed 35 pg/m’ (effective December 17, 2006).

h. 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 0.075 ppm (effective May 27, 2008).

i. The 1-hour sulfur dioxide standard is attained when the 3-year average of the 99" percentile of the daily maximum 1-hour average

concentrations does not exceed 0.075 ppm.

o

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 effects
are referred to 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.
EPA and the Federal Highway Administration (FHWA) have identified these air toxics as the MSATSs that
typically are of greatest concern for impacts of highway vehicles (EPA 2007a, FHWA 2009). DPM is a
component of exhaust from diesel-fueled vehicles and falls almost entirely within the PM, 5 particle-size
class. On-road mobile sources (highway vehicles) are responsible for 47,340,000 tons per year (38
percent of total U.S. emissions) of acetaldehyde emissions, 4,209,000 tons per year (15 percent) of
acrolein emissions, 232,557,000 tons per year (53 percent) of benzene emissions, 26,715,000 tons per

® A list of all MSATSs 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 2007a).
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year (52 percent) of 1,3-butadiene emissions, and 84,957,000 tons per year (34 percent) of
formaldehyde emissions (EPA 2009b).*

Concentrations of traffic-generated air pollutants can be elevated for up to 300 to 500 meters (980 to
1,640 feet) downwind of roads with high traffic volumes (Zhou and Levy 2007). Concentrations of
traffic-generated air pollutants can be elevated for as much as 2,600 meters (8,500 feet) downwind of
roads under meteorological conditions that tend to inhibit the dispersion of emissions (Hu et al. 2009b,
2012). Vehicle-related sources that contribute to these elevated roadside concentrations include
exhaust emissions, evaporative emissions, resuspension of road dust, and tire and brake wear. Air
pollution near major roads has been shown to increase the risk of adverse health effects in populations
who live, work, or attend school near major roads. Because a large percentage of the U.S. population
lives in near major roads (17 percent of all homes are within 300 feet of a highway with 4 or more lanes,
a railroad, or an airport [HUD 2009]), it is important to understand how traffic-generated pollutants
collectively affect the health of exposed populations. Reviews of the health literature have concluded
that current evidence is suggestive of causal association between traffic exposure and new-onset
asthma and cardiovascular conditions. Reviews also have concluded that current evidence supports a
causal association for exacerbation of symptoms (HEI 2010, Salam et al. 2008) and cardiovascular
conditions (HEI 2010, Adar and Kaufman 2007). Several studies have found associations between traffic
exposure and adverse birth outcomes (HEI 2010) and childhood cancer (HEI 2010, Raaschou-Nielsen and
Reynolds 2006); however, this evidence is based on a limited number of studies with limited consistency
across studies. There is also an insufficient number of well-designed studies to address associations for
other health conditions. Sections 4.1.1.1 and 4.1.1.2 discuss specific health effects associated with each
of the criteria and hazardous air pollutants analyzed in this EIS.

Section 5.4 addresses the major GHGs — CO,, methane (CH,), and N,O; this air quality analysis does not
include these GHGs.

4.1.1.1 Health Effects of Criteria Pollutants

Sections 4.1.1.1.1 through 4.1.1.1.6 briefly describe the health effects of the six criteria pollutants. This
information is adapted from the EPA Green Book, Criteria Pollutants (EPA 2011d). The most recent EPA
technical reports and Federal Register notices for NAAQS reviews provide more information on the
health effects of criteria pollutants (EPA 2011f).

4.1.1.1.1 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 NO,
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, aggravation
of asthma, increased hospital and emergency room visits, increased asthma medication usage, and a
variety of other respiratory-related effects. 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 non-accidental and cardiopulmonary-related
mortality.

* Nationwide total emissions data are not available for DPM.
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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 lessened growth, visual abnormalities, or accelerated aging. According to EPA (2006c),
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 (Foster 1991). For some
sensitive plants under exposure, VOCs have been demonstrated to impact seed production,
photosynthetic efficiency, leaf water content, seed germination, flowering, and fruit ripening (Cape et al.
2003). NO,, the other chemical precursor to ozone, has also been demonstrated to have impacts on
vegetation health (Viskari 2000, Ugrekhelidze et al. 1997, Kammerbauer et al. 1987). Most of the
studies of the impacts of VOCs and NO, on vegetation have focused on short-term exposure; and few
studies have focused on long-term effects on vegetation and the potential for metabolites of these
compounds to affect herbivores or insects.

4.1.1.1.2 Particulate Matter (PM)

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,
and particles formed in the atmosphere by condensation or by the transformation of emitted gases such
as NO,, sulfur oxides (S0,), and VOCs. Fine particles are produced primarily by combustion processes
and by these atmospheric transformations. The definition of PM also includes particles composed of
elemental carbon (also called black carbon). Gasoline-fueled and diesel-fueled vehicles emit PM. In
general, the 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.

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 NO, and SO,) 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). Section 7.3 provides more information about materials damage and soiling
impacts.

As noted above, EPA regulates PM according to two particle-size classifications, PMyg and PM,s. This
analysis considers only PM, 5 because almost all of the PM emitted in exhaust from passenger cars and

® Final Rule: Regional Haze Regulations, 64 FR 35714 (July 1, 1999).
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light trucks is PM,s. EPA classifies DPM as a mobile source air toxic, so it is addressed in the air toxics
section (see Section 4.1.1.2.5).

4.1.1.1.3 Carbon Monoxide (CO)

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. Epidemiologic 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 effects at birth, such as decreased birth
weight.

4.1.1.1.4 Lead

Lead is a toxic heavy metal used in industrial manufacturing and production, such as in battery
manufacturing, and formerly was widely used as an additive in paints. Lead gasoline additives (for use in
piston-engine-powered aircraft), non-ferrous smelters, and battery plants are the most significant
contributors to atmospheric lead emissions. Lead exposure can occur through multiple pathways,
including inhalation of air and ingestion of lead in food, water, soil, or dust. Excessive lead exposure can
cause seizures, mental retardation, behavioral disorders, severe and permanent brain damage, and
death. Even low doses of lead can cause central nervous system damage. Because of the prohibition of
lead as an additive in motor vehicle liquid fuels, lead is no longer emitted from motor vehicles in more
than negligible quantities. Therefore, this analysis does not address lead.

4.1.1.1.5 Sulfur Dioxide (SO,)

S0O,, 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 contributor to acidic deposition, or acid rain, which causes acidification of lakes and
streams and can damage trees, crops, historic buildings, and statues.

4.1.1.1.6 Nitrogen Dioxide (NO,)

NO, is a reddish-brown, highly reactive gas, one of the oxides of nitrogen formed by high-temperature
combustion (as in vehicle engines) of nitrogen and oxygen. Most NO, created in the combustion
reaction consists of nitric oxide, which oxidizes to NO, in the atmosphere. NO, can irritate the lungs and
mucous membranes, aggravate asthma, cause bronchitis and pneumonia, and lower resistance to

6 Highway motor vehicles accounted for 50 percent of national CO emissions in 2008. Passenger cars and light trucks accounted
for approximately 76 percent of the CO emissions from highway motor vehicles (EPA 2009a).
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respiratory infections. NO, has also been linked to other health endpoints, including all-cause (non-
accidental) mortality, hospital admissions or emergency department visits for cardiovascular disease,
and reductions in lung function growth associated with chronic exposure. 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

Sections 4.1.1.2.1 through 4.1.1.2.6 briefly describe the health effects of the six priority MSATs analyzed
in this EIS. This information is adapted from the Preamble in Proposed Rule: Mandatory Reporting of
Greenhouse Gases (EPA 2009g).

Motor vehicle emissions contribute to ambient levels of air toxics known or suspected to be human or
animal carcinogens, or that have noncancer health effects. The population experiences an elevated risk
of cancer and other noncancer health effects from exposure to air toxics (EPA 2005a). These
compounds include, but are not limited to, acetaldehyde, acrolein, benzene, 1,3-butadiene, and
formaldehyde. These five air toxics, plus DPM, comprise the six priority MSATs analyzed in this EIS.
These compounds plus polycyclic organic matter (POM) and naphthalene were identified as national or
regional risk drivers or contributors in the EPA 2005 National-scale Air Toxics Assessment and have
significant inventory contributions from mobile sources (EPA 2005a). This EIS does not analyze POM
separately, but POM can occur as a component of DPM and is addressed in Section 4.1.1.2.5.
Naphthalene also is not analyzed separately in this EIS, but it is a member of the POM class of
compounds discussed in Section 4.1.1.2.5.

4.1.1.2.1 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 Twelfth Report on Carcinogens (NTP 2011), the U.S. Department of
Health and Human Services (HHS) “reasonably anticipates” acetaldehyde to be a human carcinogen, and
the International Agency for Research on Cancer (IARC) (IARC 1999) classifies acetaldehyde as possibly
carcinogenic to humans (Group 2B). EPA is reassessing cancer risk from inhalation exposure to
acetaldehyde and intends to end the draft development phase in late 2012; hold a period of agency,
interagency, and external peer/public review; and by the end of the first quarter of 2014, finish the final
agency review cycle.

The primary noncancer effects of exposure to acetaldehyde vapors include eye, skin, and respiratory-
tract irritation (EPA 1998). In short-term (4-week) rat studies, degeneration of olfactory epithelium was
observed at various concentration levels of acetaldehyde exposure (Appelman et al. 1982, 1986). 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 (Myou et al. 1993). EPA is reassessing the health
hazards from inhalation exposure to acetaldehyde on the same schedule as noted above for reassessing
cancer risk.

4.1.1.2.2 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
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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 available 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 (Weber-Tschopp et al. 1977, EPA 2003a). Lesions to the lungs and
upper respiratory tracts of rats, rabbits, and hamsters have been observed after subchronic exposure to
acrolein (EPA 2003b). Acute exposure effects in animal studies report bronchial hyper-responsiveness
(EPA 2003a). In a recent study, the acute respiratory irritant effects of exposure to 1.1 ppm acrolein
were more pronounced in mice with allergic airway disease compared to non-diseased mice, which also
showed decreases in respiratory rate (Morris et al. 2003). 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 not classifiable as to its carcinogenicity in humans (IARC 1995), and
EPA determined in 2003 that the human carcinogenic potential of acrolein could not be determined
because the available data were inadequate. No information was available on the carcinogenic effects
of acrolein in humans, and the animal data provided inadequate evidence of carcinogenicity (EPA
2003b).

4.1.1.2.3 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 effects, including genetic
changes in both humans and animals and increased proliferation of bone marrow cells in mice (EPA
2000a, IARC 1982, Irons et al. 1992). Data indicate a causal relationship between benzene exposure and
acute lymphocytic leukemia and suggest a relationship between benzene exposure and chronic non-
lymphocytic leukemia and chronic lymphocytic leukemia. IARC and HHS have characterized benzene as
a human carcinogen (IARC 1987, NTP 2011).

Several adverse noncancer health effects, including blood disorders such as pre-leukemia and aplastic
anemia, have also been associated with long-term exposure to benzene (Aksoy 1989, Goldstein 1988).
The most sensitive noncancer effect observed in humans, based on current data, is depression of the
absolute lymphocyte count in blood (Rothman et al. 1996, EPA 2002a). In addition, recent work,
including studies sponsored by the Health Effects Institute, provides evidence that biochemical
responses are occurring at lower levels of benzene exposure than previously known (Qu et al. 2002,
2003; Lan et al. 2004; Turtletaub and Mani 2003). The EPA IRIS program has not yet evaluated these
new data.

4.1.1.2.4 1,3-butadiene

EPA has characterized 1,3-butadiene as carcinogenic to humans through inhalation (EPA 2002b, 2002c).
IARC has determined that 1,3-butadiene is a probable human carcinogen, and HHS has characterized
1,3-butadiene as a known human carcinogen (IARC 1999, NTP 2011). 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 DNA [deoxyribonucleic acid]). The
specific mechanisms of 1,3-butadiene-induced carcinogenesis are not known; however, scientific
evidence strongly suggests that the carcinogenic effects are mediated by genotoxic metabolites. Animal
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data suggest that females could be more sensitive than males for 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 (Bevan et al. 1996).

4.1.1.2.5 Diesel Particulate Matter (DPM)

DPM is a component of diesel exhaust. DPM particles are very fine, with most particles smaller than 1
micron, and their small size allows inhaled DPM to reach the lungs. Particles typically have a carbon
core coated with condensed organic compounds such as POM, which include mutagens and
carcinogens. DPM also includes elemental carbon (also called black carbon) particles emitted from
diesel engines. EPA has not provided special status, such as a NAAQS or other health protective
measures, for black carbon, but addresses black carbon in terms of PM, s and DPM emissions. Diesel
exhaust is likely to be carcinogenic to humans by inhalation from environmental exposure.

DPM can contain POM, which is generally defined as a large class of organic compounds that have
multiple benzene rings and a boiling point greater than 100 degrees Celsius or 212 degrees Fahrenheit.
EPA classifies many of the compounds included in the POM class as probable human carcinogens based
on animal data. Polycyclic aromatic hydrocarbons (PAHs) are a subset of POM that contains only
hydrogen and carbon atoms. Cancer is the major concern from exposure to POM. Epidemiologic
studies have reported an increase in lung cancer in humans exposed to diesel exhaust, coke-oven
emissions, roofing tar emissions, and cigarette smoke; all of these mixtures contain POM compounds
(ATSDR 1995, EPA 2002d). Animal studies have reported respiratory-tract tumors from inhalation
exposure to benzo[a]pyrene, and alimentary tract and liver tumors from oral exposure to
benzo[a]pyrene (IARC 2012). In 1997, EPA classified seven PAHs (benzo[a]pyrene, benz[a]anthracene,
chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, dibenz[a,h]anthracene, and indeno[1,2,3-
cd]pyrene) as Group B2, probable human carcinogens (EPA 1997b). Since then, studies have found that
maternal exposures to PAHSs in a population of pregnant women were associated with several adverse
birth outcomes, including low birth weight and reduced length at birth, and impaired cognitive
development in preschool children (3 years of age) (Perera et al. 2003, 2006). EPA is evaluating these
and similar studies as a part of the ongoing IRIS assessment of health effects associated with exposure
to benzo[a]pyrene.

4.1.1.2.6 Formaldehyde

In 1991, EPA concluded that formaldehyde is a carcinogen based on nasal tumors in animal bioassays
(EPA 1989). EPA developed an Inhalation Unit Risk for cancer and a Reference Dose for oral non-cancer
effects and posted them in the IRIS database. Since that time, the National Toxicology Program and
International Agency for Research on Cancer have concluded that formaldehyde is a known human
carcinogen (NTP 2011, IARC 2006, and IARC 2012).

The conclusions by the Agency for Research on Cancer 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 (Hauptmann et al. 2003, 2004, and Beane
Freeman et al. 2009). 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 formaldehyde
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(Pinkerton et al. 2004). 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 (Coggon et al. 2003). 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).

Health effects of formaldehyde in addition to cancer were reviewed by the Agency for Toxics Substances
and Disease Registry in 1999 (ATSDR 1999) and supplemented in 2010 (ATSDR 2010), and by the World
Health Organization (IPCS 2010). 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. 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 2010f). 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 2011b).
The EPA is currently revising the draft assessment in response to this review.

4.1.1.3 Vehicle Emissions Standards and Conformity Regulations
4.1.1.3.1 Vehicle Emission Standards

EPA has established criteria pollutant emission standards for vehicles under the CAA. EPA has tightened
these emission standards over time as more effective emission-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. The EPA Tier 2 Vehicle & Gasoline Sulfur Program, which went into effect in 2004,
established the CAA emissions standards that will apply to MY 2017-2025 passenger cars and light
trucks (EPA 2000b). Under the Tier 2 standards, manufacturers of passenger cars and light trucks are
required to meet stricter vehicle emissions limits than under the previous Tier 1 standards. Other
emissions regulations, such as potential Tier 3 standards, might apply in the future. By 2006, U.S.
refiners and importers of gasoline were required to manufacture gasoline with an average sulfur level of
30 ppm, a 90 percent reduction from earlier sulfur levels. These fuels enable post-2006 model year
vehicles to use emission control technologies that reduce tailpipe emissions of NO, 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. Figure 4.1.1-1 illustrates current trends in travel and emissions from highway vehicles,
not accounting for the effects of the alternatives; see Section 4.2.

Since 1970, aggregate emissions traditionally associated with vehicles have decreased substantially even
as vehicle miles traveled (VMT) increased by approximately 149 percent from 1970 to 1999, and
approximately 220 percent from 1970 to 2010, as shown in Figure 4.1.1-1. For example, NO, emissions,
due mainly to light trucks and heavy-duty vehicles, decreased by 70 percent between 1970 and 2011, as
shown in Figure 4.1.1-1. However, as future trends show, changes in vehicle travel are having a smaller
and smaller impact on emissions as a result 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 greater or lesser degree, with implementation of any of the action alternatives.
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Figure 4.1.1-1. Vehicle Miles Traveled Compared to Vehicle Emissions™™
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with a diameter of 2.5 microns or less.
c. Because CO emissions are generally about 10 times higher than emissions of NO,, SO,, and VOCs, and emissions of PM, 5 are about 10 times
lower than emissions of NO,, SOy, and VOCs, the scales for CO and PM, s are proportionally adjusted to enable comparison of trends among
pollutants.

MSAT emissions will likely decrease in the future because of new EPA rules (EPA 2007a). These rules
limit 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 is being phased in from 2010

through 2015. EPA projects that these controls will substantially reduce emissions of acetaldehyde,
acrolein, benzene, 1,3-butadiene, and formaldehyde.

4.1.1.3.2 Conformity Regulations

CAA Section 176(c) prohibits federal agencies from taking or funding actions in nonattainment or
maintenance areas that do not “conform” to the SIP. The purpose of this conformity requirement is to
ensure that activities do not interfere with meeting the emissions targets in SIPs, do not cause or
contribute to new violations of NAAQS, and do not impede the ability to attain or maintain NAAQS or
delay any interim milestones. EPA has issued two sets of regulations to implement CAA Section 176(c),
as follows:

e The Transportation Conformity Rules (40 CFR Part 93, Subpart A), which apply to transportation
plans, programs, and projects funded or approved under U.S.C. Title 23 or the Federal Transit Laws
(49 U.S.C. Chapter 53). Projects funded by the FHWA or the Federal Transit Administration (FTA)
usually are subject to transportation conformity (see 40 CFR § 93.102).
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e The General Conformity Rule (40 CFR Part 93, Subpart B) applies to all other federal actions not
covered under transportation conformity. The General Conformity Rule established emissions
thresholds, or de minimis levels, for use in evaluating the conformity of a project. If the net
emission increases attributable to the project are less than these thresholds, then the project is
presumed to conform and no further conformity evaluation is required. If the emissions increases
exceed any of these thresholds, 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 SIP or to implement measures to mitigate air quality
impacts.

The proposed fuel economy standards and associated program activities are not funded or approved
under U.S.C. Title 23 or the Federal Transit Act. Further, the proposed standards are not a highway or
transit project funded or approved by the FHWA or the FTA. Accordingly, the proposed standards and
associated rulemakings are not subject to transportation conformity.

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 equaling or
exceeding the rates specified in 40 CFR § 93.153(b)(1) and (2) for nonattainment and maintenance
areas. As explained below, NHTSA’s Proposed Action results in neither direct nor indirect emissions as
defined at 40 CFR § 93.152.

The General Conformity Rule defines direct emissions as those 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.” 40 CFR § 93.152.
Because NHTSA's Proposed Action would only set fuel economy standards for passenger cars and light
trucks, it causes no direct emissions within the meaning of the General Conformity Rule.

Indirect emissions under the General Conformity Rule include emissions or precursors that “(1) Are
caused by the Federal action, but may occur later in time and/or may be further removed in distance
from the action itself but are still reasonably foreseeable; and (2) The Federal agency can practicably
control and will maintain control over due to a continuing program responsibility of the Federal agency.”
40 CFR § 93.152. Each element of the definition must be met to qualify as an indirect emission. NHTSA
has determined that, for purposes of general conformity, emissions as a result of the fuel economy
standards would not be caused by NHTSA’s action, but rather occur due to 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 emissions, such initial steps do not mean that
a Federal agency can practically control any resulting emissions.”” 40 CFR § 93.152.

NHTSA cannot control vehicle manufacturers’ production of passenger cars and light trucks, or
consumer purchasing and driving behavior. For purposes of analyzing the environmental impacts of the
Proposed Action under NEPA, NHTSA has made assumptions regarding the technologies manufacturers
will install and how companies will react to increased fuel economy standards. Specifically, NHTSA’s
NEPA analysis predicts that increases in air toxic and criteria pollutants would occur in some
nonattainment areas under certain alternatives based on the rebound effect. However, NHTSA’s
Proposed Action does not mandate specific manufacturer decisions or driver behavior. NHTSA’s NEPA
analysis assumes a rebound effect, wherein the Proposed Action could create an incentive for additional
vehicle use by reducing the cost of fuel consumed per mile driven. This rebound effect is an estimate of

” Final Rule: Revisions to the General Conformity Regulations, 75 FR 17254 (Apr. 5, 2010).
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how NHTSA assumes some drivers will react to the proposed rule and is useful for estimating the costs
and benefits of the rule, but the agency does not have the statutory authority, or the program
responsibility, to control, among other items discussed above, the actual VMT by drivers. Accordingly,
changes in any emissions that result from NHTSA’s proposed standards are not changes the agency can
practicably control; therefore, the Proposed Action would cause no indirect emissions, and a general
conformity determination is not required.

4.1.2 Methodology

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
effects 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 downstream emissions, upstream emissions, and the rebound
effect, as discussed in Section 2.4.1. In summary, the change in emissions resulting from each
alternative is the sum of: (1) changes in upstream emissions, which usually are reductions due to the
decline in fuel consumption and therefore a lower volume of fuel production and distribution, and (2)
the increase in vehicle (downstream) emissions resulting from added vehicle use due to the fuel-
economy rebound effect.

As discussed in Chapter 2, the air quality results presented in this chapter, including impacts to human
health, are based on a number of assumptions about the type and rate of emissions from the
combustion of fossil fuels. In addition to tailpipe emissions, this analysis accounts for upstream
emissions from the 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 grid mix is composed of coal, nuclear, natural gas,
hydroelectric, oil, and renewable energy sources, with the largest single source of electricity being from
coal.

Due to modeling limitations, the analysis presented throughout this EIS assumes that the future EV fleet
would charge from a grid whose mix is similar to today’s grid mix and uniform across the country. To
estimate upstream emissions, the analysis uses the Greenhouse Gases, Regulated Emissions, and Energy
Use in Transportation (GREET) model (1 2011 version developed by the U.S. Department of Energy [DOE]
Argonne National Laboratory), which contains data on emissions intensities (amount of pollutant
emitted per unit of electrical energy generated) that extend only to 2020. To project the U.S. average
electricity generating fuel mix for the reference year 2020, the analysis uses the National Energy
Modeling System (NEMS) AEO 2012 Early Release version, an energy-economy modeling system from
the Department of Energy.

These modeling tools, which are among the best available, necessarily have limitations when used to
predict the state of the electrical grid in the distant future. The assumptions result in a temporally static
and geographically homogeneous grid that overstates air quality impacts under alternatives that predict
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a high level of EV deployment. It is more reasonable to assume steady improvements to the grid during
the course of the next several decades — the period during which any EV deployment associated with
this program would occur — and, if the current early trends continue, a higher concentration of EVs in
areas served by cleaner electrical grids. For this reason, NHTSA reviewed several projections by the EIA,
the Federal Government’s expert source for forecasting energy use, which show a cleaner grid in future
years based on a variety of assumptions and possible scenarios. NHTSA then conducted an additional
analysis to illustrate the effects of a cleaner future grid on air quality, described below.

Across the alternatives analyzed in this EIS, most EV sales are projected to occur near the end of the
2017-2025 timeframe. The EVs sold in the later years would not accrue 50 percent of their mileage
until 7 to 10 years after sale. Therefore, NHTSA looked to EIA projections of the future state of the
electrical grid, selecting an EIA “side case” projection in 2035 for analytical purposes. AEO 2011
examined a broad range of economic, technology, and other side cases. (Side-case analyses were not
available for the AEO 2012 Early Release.) These cases account for regulations that could be in effect
during the period covered by the Proposed Action. The results of all eight emissions side cases indicate
that the future makeup of the grid mix is likely to produce lower upstream emissions per unit of
electricity used to charge EVs than the EIA 2020 projection, especially in terms of reductions in criteria
pollutant emissions. The agency performed an additional analysis using one of the scenarios for a
cleaner future grid drawn from AEO 2011 (retaining 2020 GREET emissions intensities).® This scenario
assumes high levels of natural gas and renewables for electricity generation, with generation from coal-
fired power plants reduced to 21 percent from the projected contribution of 40 percent used in EIA’s
2020 reference case. Both modeling runs were performed using the same methodology and generated
the inputs to allow modeling of air quality impacts and their resulting direct and indirect health
outcomes and monetized health effects. The results of the health outcomes and monetized health
effects for this alternate analysis are reported alongside the base analysis results in Tables 4.2.1-7-A1
through B2, 4.2.1-8-A1 through -B2, 4.2.2-7-C1 and -C2, and 4.2.2-8-C1 and -C2, identified in the tables
as the “Base Grid Mix” and the “Alternate Grid Mix.” Additional detail is provided in Appendix H.

4.1.2.2 Regional Analysis

Over the course of the CAFE program, NHTSA has received comments requesting that the agency
consider the sub-national air quality impacts of its CAFE program. NHTSA has included the following
information about regional air quality impacts of the Proposed Action in response to such comments
and because the agency believes that such an analysis provides valuable information for the
decisionmaker 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 EIS.

To assess regional differences in the effects of the alternatives, NHTSA estimated net emission changes
for individual nonattainment and maintenance areas.’ The distribution of emissions is not uniform

& NHTSA analyzed the “GHG Price, Economy-wide” case from AEO 2011, which assumes future carbon trading. The Base Grid
Mix case analyzed throughout this document does not include the impacts of EPA’s recent Mercury and Air Toxics Standards for
power plants, which are expected to significantly reduce emissions of some of the pollutants discussed in this section and are a
significant step toward the levels assumed in the Alternate Grid Mix case. The just released AEO 2012 Reference Case accounts
for those standards and shows significant reductions in emissions of some criteria pollutants compared to the Base Grid Mix, a
showing that is consistent with NHTSA's decision to use the “GHG Price, Economy-wide” case for the Alternate Grid Mix
analysis.

® In Section 4.1.2.2, where the term nonattainment is used, it includes both nonattainment areas and maintenance areas.
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nationwide, and either increases or decreases in emissions can occur within individual nonattainment or
maintenance areas. NHTSA focused on nonattainment areas because these are the regions in which air
quality problems have been greatest. All nonattainment areas assessed are in nonattainment for ozone
or PM, s because these are the pollutants for which emissions from passenger cars and light trucks are
of greatest concern. At present, there are no NO, nonattainment areas, and only one area is designated
as being in nonattainment for CO. There are many areas designated as being in nonattainment for SO,
or PMy,. There are maintenance areas for CO, NO,, ozone, PM,g, and SO,. NHTSA did not quantify PM,q
emissions separately from PM, s because almost all the PM in the exhaust from passenger cars and light
trucks is PM,.<.2> Appendix B provides emission estimates for all nonattainment areas for all criteria
pollutants (except lead, as explained in Section 4.1.1.1.4). On-road motor vehicles are a minor
contributor to SO, emissions (less than 0.39 percent of national emissions, as noted above) 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 increases in emissions within nonattainment areas. Emission increases due to
the rebound effect consist of higher emissions from passenger cars and light trucks operating on entire
regional roadway networks, so that any emission increases due to the VMT rebound effect would be
distributed throughout a region’s entire road network, and at any specific location would be uniformly
proportional to VMT increases at that location. At any one location within a regional network, the
resulting increase 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 on ambient concentrations and health 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 Timeframes for Analysis

Ground-level concentrations of criteria and toxic air pollutants generally respond quickly to changes in
emission 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 to air quality, specific years must be selected for which emissions will be estimated
and their effects on air quality calculated. NHTSA selected calendar years that are meaningful for the
timing of likely effects of the alternatives, as follows:

e 2021 - First year of complete implementation of the MY 2017-2021 fuel economy standards.
e 2025 — Last year of the Proposed Action.

e 2040 - A mid-term forecast year; by this point 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.

1% addition to exhaust PM, s, the analysis included the brake wear and tire wear components of PM, s.

1 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 PM, ;s NAAQS is based on the average of the daily 98th-percentile concentrations
averaged over a 3-year period; and compliance with the annual PM, s NAAQS is based on the 3-year average of the weighted
annual mean concentrations.
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e 2060 - By 2060, almost all passenger cars and light trucks in operation would meet standards as set
forth under the Proposed Action, and the impact of these standards would be determined primarily
by VMT growth rather than by MY 2017-2025 vehicles replacing older, less fuel-efficient vehicles.

4.1.2.4 Incomplete or Unavailable Information

Where information in the analysis included in this EIS is incomplete or unavailable, NHTSA relies on CEQ
regulations regarding incomplete or unavailable information (see 40 CFR § 1502.22(b)). As noted
throughout this methodology 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
incomplete or unavailable include future emission rates, vehicle manufacturers’ decisions about vehicle
technology and design, the mix of vehicle types and model years comprising the passenger car and light-
truck fleet, VMT projections, emissions from fuel refining and distribution, and economic factors.

To support the information in this EIS, NHTSA used the best available models and supporting data. The
models used for the EIS were subjected to scientific review and have received the approval of the
agencies that sponsored their development. Nonetheless, NHTSA notes that 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., emission inventory estimates).

As described in Section 4.1.2.1, forecasting future upstream emissions related to the use of electricity to
power EVs is challenging. There are substantial uncertainties associated with that analysis and
limitations in the existing models. For this reason, NHTSA performed an additional analysis using one of
the scenarios for a cleaner future grid drawn from AEO 2011. The results of the health outcomes and
monetized health effects for this alternate analysis are reported alongside the results of the base
analysis for comparison in Tables 4.2.1-7-A1 through -B2, 4.2.1-8-A1 through -B2, 4.2.2-7-C1 and -C2,
and 4.2.2-8-C1 and -C2.

Additional limitations are associated with the estimates of health benefits. To approximate the health
benefits associated with each alternative, NHTSA used screening-level estimates of health outcomes in
the form of cases per ton of criteria pollutant emissions reduced, and of monetized health benefits in
the form of dollars per ton of criteria pollutant emissions reduced. However, the use of such dollars-
per-ton numbers does not account for all potential health and environmental benefits because the
information necessary to monetize all potential health and environmental benefits is not available.
Therefore, NHTSA has likely underestimated the total benefits of reducing criteria pollutants.
Reductions in emissions of toxic air pollutants should also result in health benefits, but scientific data
that would support quantification and monetization of these benefits are not available.

4.1.2.5 Allocation of Exhaust Emissions to Nonattainment Areas

For each alternative, the Volpe model provided national emission 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 car and light-truck VMT data for all
counties in the United States for 2014, 2020, 2030, and 2050, consistent with EPA’s National Emissions
Inventory (NEI)."* These VMT projections were based on growth in specific factors affecting passenger
car and light-truck use projected for individual counties (EIA 2006). VMT data used in the NEI were

2 The VMT data provided by EPA are based on data generated by the Federal Highway Administration.
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estimated from traffic counts taken by counties and states on major roadways, and therefore are
subject to some uncertainty. NHTSA derived VMT for the air quality analysis years 2021, 2025, 2040,
and 2060 by interpolation of the EPA data. 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
Volpe 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 emission estimates carry over to estimates of emissions within each
nonattainment area. Over time, some counties will grow faster than others, and VMT growth rates will
also vary. EPA’s forecasts of county-level VMT allocation introduce some uncertainty into the
nonattainment-area-level VMT estimates. Additional uncertainties that affect county-level exhaust
emission 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. This uncertainty increases
as the projection period lengthens, such as for analysis years 2040 and 2060 compared to analysis years
2021 and 2025.

The geographic definitions of ozone and PM, s nonattainment areas NHTSA uses in this document came
from the current EPA Green Book Nonattainment Areas for Criteria Pollutants (EPA 2011d). For
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 2010 nonattainment area definitions. The populations of these
partial-county areas were calculated using U.S. Census data applied to the boundaries mapped by GIS.
This method assumes that per-capita VMT is constant in each county, so that the proportion of county-
wide 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).

Table 4.1.2-1 lists the current nonattainment and maintenance areas for ozone and PM, s and their
status/classification and general conformity threshold.
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Table 4.1.2-1. Nonattainment Areas for Ozone and PM, 5°

General
Conformity
Nonattainment/Maintenance Area Pollutant Status” Threshold®
Albany-Schenectady-Troy, NY Ozone Former Subpart 1 50
Allegan County, Ml Ozone Former Subpart 1 50
Allentown-Bethlehem-Easton, PA Ozone Maintenance 100
Altoona, PA Ozone Maintenance 100
Amador and Calaveras Counties (Central Mountain), CA Ozone Former Subpart 1 50
Atlanta, GA Ozone Moderate 50
Atlanta, GA PM, 5 Nonattainment 100
Baltimore, MD Ozone Moderate 50
Baltimore, MD PM, 5 Nonattainment 100
Baton Rouge, LA Ozone Moderate 50
Beaumont-Port Arthur, TX Ozone Moderate 50
Benton Harbor, Ml Ozone Maintenance 100
Benzie County, Ml Ozone Maintenance 100
Berkeley and Jefferson Counties, WV Ozone Maintenance 100
Birmingham, AL Ozone Maintenance 100
Birmingham, AL PM, 5 Nonattainment 100
Boston-Lawrence-Worcester (eastern MA), MA Ozone Moderate 50
Boston-Manchester-Portsmouth (southeast NH), NH Ozone Moderate 50
Buffalo-Niagara Falls, NY Ozone Former Subpart 1 50
Canton-Massillon, OH Ozone Maintenance 100
Canton-Massillon, OH PM, 5 Nonattainment 100
Case County, Ml Ozone Maintenance 100
Charleston, WV Ozone Maintenance 100
Charleston, WV PM, 5 Nonattainment 100
Charlotte-Gastonia-Rock Hill, NC-SC Ozone Moderate 50
Chattanooga, TN-GA-AL PM, 5 Nonattainment 100
Chattanooga, TN-GA Ozone Former Subpart 1 50
Chicago-Gary-Lake County, IL-IN Ozone Moderate 50
Chicago-Gary-Lake County, IL-IN PM, 5 Nonattainment 100
Chico, CA Ozone Former Subpart 1 50
Cincinnati-Hamilton, OH-KY-IN Ozone Former Subpart 1 50
Cincinnati-Hamilton, OH-KY-IN PM; 5 Nonattainment 100
Clarksville-Hopkinsville, TN-KY Ozone Maintenance 100
Detroit-Ann Arbor, MI PM, 5 Nonattainment 100
Clearfield and Indiana Counties, PA Ozone Maintenance 100
Cleveland-Akron-Lorain, OH Ozone Maintenance 100
Cleveland-Akron-Lorain, OH PM, 5 Nonattainment 100
Columbia, SC Ozone Former Subpart 1 50
Columbus, OH Ozone Maintenance 100
Columbus, OH PM, 5 Nonattainment 100
Dallas-Fort Worth, TX Ozone Moderate 50
Dayton-Springfield, OH Ozone Maintenance 100
Dayton-Springfield, OH PM, 5 Nonattainment 100
Denver-Boulder-Greeley-Fort Collins-Loveland, CO Ozone Former Subpart 1 50
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Table 4.1.2-1. Nonattainment Areas for Ozone and PM, s° (continued)

General
Conformity
Nonattainment/Maintenance Area Pollutant Status” Threshold®
Detroit-Ann Arbor, Ml Ozone Maintenance 100
Door County, WI Ozone Former Subpart 1 50
Erie, PA Ozone Maintenance 100
Essex County (Whiteface Mountain), NY Ozone Former Subpart 1 50
Evansville, IN Ozone Maintenance 100
Evansville, IN PM, 5 Nonattainment 100
Fayetteville, NC Ozone Former Subpart 1 50
Flint, MI Ozone Maintenance 100
Fort Wayne, IN Ozone Maintenance 100
Franklin County, PA Ozone Maintenance 100
Frederick County, VA Ozone Former Subpart 1 50
Fredericksburg, VA Ozone Maintenance 100
Grand Rapids, Ml Ozone Maintenance 100
Greater Connecticut, CT Ozone Moderate 50
Greene County, IN Ozone Maintenance 100
Greene County, PA Ozone Maintenance 100
Greensboro-Winston Salem-High Point, NC Ozone Marginal 50
Greensboro-Winston Salem-High Point, NC PM, 5 Nonattainment 100
Greenville-Spartanburg-Anderson, SC Ozone Former Subpart 1 50
Hancock-Knox-Lincoln-Waldo Counties, ME Ozone Maintenance 100
Harrisburg-Lebanon-Carlisle, PA Ozone Maintenance 100
Harrisburg-Lebanon-Carlisle, PA PM, 5 Nonattainment 100
Haywood and Swain Counties (Great Smoky Mountain National Park), NC | Ozone Maintenance 100
Hickory, NC PM, 5 Nonattainment 100
Hickory-Morgantown-Lenoir, NC Ozone Former Subpart 1 50
Houston-Galveston-Brazoria, TX Ozone Severe 25
Huntington-Ashland, WV-KY-OH PM, 5 Nonattainment 100
Huntington-Ashland, WV-KY Ozone Maintenance 100
Huron County, MI Ozone Maintenance 100
Imperial County, CA Ozone Moderate 50
Indianapolis, IN Ozone Maintenance 100
Indianapolis, IN PM; 5 Nonattainment 100
Knoxville, TN Ozone Former Subpart 1 50
Jackson County, IN Ozone Maintenance 100
Jamestown, NY Ozone Former Subpart 1 50
Jefferson County, NY Ozone Moderate 50
Johnson City-Kingsport-Bristol, TN Ozone Former Subpart 1 50
Johnstown, PA Ozone Maintenance 100
Johnstown, PA PM, 5 Nonattainment 100
Kalamazoo-Battle Creek, Ml Ozone Maintenance 100
Kansas City, MO-KS Ozone Maintenance N/A
Kent and Queen Anne’s Counties, MD Ozone Maintenance 100
Kern County (Eastern Kern), CA Ozone Former Subpart 1 50
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Table 4.1.2-1. Nonattainment Areas for Ozone and PM, s° (continued)

General
Conformity
Nonattainment/Maintenance Area Pollutant Status” Threshold®
Knoxville, TN Ozone Former Subpart 1 50
Jackson County, IN Ozone Maintenance 100
Jamestown, NY Ozone Former Subpart 1 50
Jefferson County, NY Ozone Moderate 50
Johnson City-Kingsport-Bristol, TN Ozone Former Subpart 1 50
Johnstown, PA Ozone Maintenance 100
Johnstown, PA PM, 5 Nonattainment 100
Kalamazoo-Battle Creek, Ml Ozone Maintenance 100
Kansas City, MO-KS Ozone Maintenance N/A
Kent and Queen Anne’s Counties, MD Ozone Maintenance 100
Kern County (Eastern Kern), CA Ozone Former Subpart 1 50
Kewaunee County, WI Ozone Maintenance 100
Knoxville, TN PM, 5 Nonattainment 100
Lancaster, PA Ozone Maintenance 100
Lancaster, PA PM, 5 Nonattainment 100
Lansing-East Lansing, Ml Ozone Maintenance 100
La Porte, IN Ozone Maintenance 100
Las Vegas, NV Ozone Former Subpart 1 50
Libby, MT PM, 5 Nonattainment 100
Liberty-Clairton, PA PM, 5 Nonattainment 100
Lima, OH Ozone Maintenance 100
Los Angeles South Coast Air Basin, CA Ozone Extreme 10
Los Angeles South Coast Air Basin, CA PM, 5 Nonattainment 100
Los Angeles-San Bernardino Counties (western Mohave), CA Ozone Moderate 50
Louisville, KY-IN Ozone Maintenance 100
Louisville, KY-IN PM, 5 Nonattainment 100
Macon, GA Ozone Maintenance 100
Macon, GA PM, 5 Nonattainment 100
Madison and Page Counties (Shenandoah NP), VA Ozone Maintenance 100
Manitowoc County, WI Ozone Former Subpart 1 50
Mariposa and Tuolumne Counties (Southern Mountain), CA Ozone Former Subpart 1 50
Martinsburg, WV-Hagerstown, MD PM; 5 Nonattainment 100
Mason County, Ml Ozone Maintenance 100
Memphis, TN-AR Ozone Maintenance 100
Milwaukee-Racine, WI Ozone Moderate 50
Muncie, IN Ozone Maintenance 100
Murray County (Chattahoochee NF), GA Ozone Maintenance 100
Muskegon, Ml Ozone Maintenance 100
Nashville, TN Ozone Former Subpart 1 50
Nevada County (western part), CA Ozone Former Subpart 1 50
New York-N. New Jersey-Long Island, NY-NJ-CT PM, 5 Nonattainment 100
New York-N. New Jersey-Long Island, NY-NJ-CT Ozone Moderate 50
Norfolk-Virginia Beach-Newport News, VA Ozone Maintenance 100
Parkersburg-Marietta, WV-OH Ozone Maintenance 100
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Table 4.1.2-1. Nonattainment Areas for Ozone and PM, s° (continued)

General
Conformity
Nonattainment/Maintenance Area Pollutant Status” Threshold®
Raleigh-Durham-Chapel Hill, NC Ozone Maintenance 100
Parkersburg-Marietta, WV-OH PM, 5 Nonattainment 100
Philadelphia-Wilmington, PA-NY-DE PM, 5 Nonattainment 100
Philadelphia-Wilmington-Atlantic City, PA-NY-MD-DE Ozone Moderate 50
Phoenix-Mesa, AZ Ozone Former Subpart 1 50
Pittsburgh-Beaver Valley, PA Ozone Former Subpart 1 50
Pittsburgh-Beaver Valley, PA PM, 5 Nonattainment 100
Portland, ME Ozone Maintenance 100
Poughkeepsie, NY Ozone Moderate 50
Providence (entire State), Rl Ozone Moderate 50
Reading, PA Ozone Maintenance 100
Reading, PA PM, 5 Nonattainment 100
Richmond-Petersburg, VA Ozone Maintenance 100
Riverside County (Coachella Valley), CA Ozone Severe 25
Roanoke, VA Ozone Former Subpart 1 50
Rochester, NY Ozone Former Subpart 1 50
Rocky Mount, NC Ozone Maintenance 100
Rome, GA PM, 5 Nonattainment 100
Sacramento Metro, CA Ozone Severe 25
San Antonio, TX Ozone Former Subpart 1 50
San Diego, CA Ozone Former Subpart 1 50
San Francisco Bay Area, CA Ozone Marginal 50
San Joaquin Valley, CA Ozone Extreme 10
San Joaquin Valley, CA PM, 5 Nonattainment 100
Scranton-Wilkes Barre, PA Ozone Maintenance 100
Sheboygan, WI Ozone Moderate 50
South Bend-Elkhart, IN Ozone Maintenance 100
Springfield (western MA), MA Ozone Moderate 50
St. Louis, MO-IL Ozone Moderate 50
St. Louis, MO-IL PM, 5 Nonattainment 100
State College, PA Ozone Maintenance 100
Steubenville-Weirton, OH-WV Ozone Maintenance 100
Steubenville-Weirton, OH-WV PM, 5 Nonattainment 100
Sutter County (Sutter Buttes), CA Ozone Former Subpart 1 50
Terre Haute, IN Ozone Maintenance 100
Tioga County, PA Ozone Maintenance 100
Toledo, OH Ozone Maintenance 100
Ventura County, CA Ozone Serious 50
Washington County (Hagerstown), MD Ozone Former Subpart 1 50
Washington, DC-MD-VA Ozone Moderate 50
Washington, DC-MD-VA PM, 5 Nonattainment 100
Wheeling, WV-OH Ozone Maintenance 100
Wheeling, WV-OH PM, 5 Nonattainment 100
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Table 4.1.2-1. Nonattainment Areas for Ozone and PM, s° (continued)

General
Conformity
Nonattainment/Maintenance Area Pollutant Status® Threshold®
York, PA Ozone Maintenance 100
York, PA PM, 5 Nonattainment 100
Youngstown-Warren-Sharon, OH-PA Ozone Maintenance 100

a. Source: EPA 2011d. PM,; = particulate matter with a nominal aerodynamic diameter equal to or less than 2.5 microns.

b. Pollutants for which the area is designated in nonattainment or maintenance as of 2010. For ozone nonattainment areas, the status given is
the severity classification. “Former subpart 1” indicates an area that had been subject to nonattainment classification and implementation
requirements under Title I, Part D, Subpart 1 of the Clean Air Act. Portions of Subpart 1 were struck down by court decision. As a result of
that decision, former Subpart 1 areas are now subject to the classification and implementation requirements of Subpart 2.

c. Emissions thresholds in tons/year. In ozone NAAs the thresholds given are for the precursor pollutants VOC or NO,; in PM, s NAAs the
thresholds represent primary PM,s. Source: 40 CFR 51.853. These thresholds are provided for information only; a general conformity
determination is not required for the Proposed Action. N/A = conformity does not apply.

4.1.2.6 Allocation of Upstream Emissions to Nonattainment Areas

Upstream emissions associated with the production and distribution of fuels used by motor vehicles are
generated when fuel products 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. 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.®> Emissions of pollutants at each stage are associated with
expenditure of energy and with leakage or spillage and evaporation of fuel products.

Although not specifically required to do so by the CAA, NHTSA has allocated upstream emissions to
individual nonattainment areas to provide additional information in its regional air quality analysis to
the decisionmaker and the public, consistent with previous CAFE EISs. As noted below, NHTSA made a
number of important assumptions for this analysis due to uncertainty over the accuracy of the allocation
of upstream emissions. To analyze the impacts of the alternatives on individual nonattainment areas,
NHTSA allocated emission reductions to geographic areas according to the following methodology:

e Feedstock recovery — NHTSA assumed that little to no extraction of crude oil occurs in
nonattainment areas. Of the top 50 highest producing oil fields in the United States, only 9 are in
nonattainment areas. These 9 fields account for just 10 percent of domestic production, or 3
percent of total crude-oil imports plus domestic production (EIA 2006, 2008). Therefore, because
relatively little extraction occurs in nonattainment areas, NHTSA did not account for emission
reductions from feedstock recovery in nonattainment areas.

e Feedstock transportation — NHTSA assumed that little to no crude oil is transported through
nonattainment areas. Most refineries are outside or on the outskirts of urban areas. Crude oil is
typically transported hundreds of miles from extraction points and ports to reach refineries. Most
transportation is by ocean tanker and pipeline. Probably only a very small proportion of criteria

Emissions that occur while vehicles are being refueled at retail stations are included in estimates of emissions from vehicle
operation.
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pollutants emitted in the transport of crude oil occur in nonattainment areas. Therefore, NHTSA did
not consider emission reductions from feedstock transportation within nonattainment areas.

Because NHTSA did not account for emission changes from the first two upstream stages, the
assumptions produce conservative estimates of emission reductions in nonattainment areas (i.e., the
estimates slightly underestimate the emission reductions associated with lower fuel production and
use).

Fuel refining — Fuel refining is the largest source of upstream emissions of criteria pollutants.
Depending on the specific fuel and pollutant, fuel refining accounts for between one-third and
three-quarters of all upstream emissions per unit of fuel produced and distributed (based on EPA
modeling using GREET). NHTSA used projected emission data from the EPA 2005-based air quality
modeling platform (EPA 2005b) to allocate reductions in nationwide total emissions from fuel
refining to individual nonattainment areas. These EPA data were for 2022, the most representative
year available in the EPA dataset. The EPA NEI includes estimates of emissions of criteria and toxic
pollutants by county and by source category. Because fuel refining represents a separate source
category in the NElI, it is possible to estimate the share of nationwide emissions from fuel refining
that occurs within each nonattainment area. This analysis assumes that the share of fuel-refining
emissions allocated to each nonattainment area does not change over time, which in effect means
that fuel-refining emissions are assumed to change uniformly across all refineries nationwide as a
result of each alternative.™

TS&D — NHTSA used data from the EPA modeling platform (EPA 2005b) to allocate TS&D emissions
to nonattainment areas in the same way as for fuel-refining emissions. NHTSA’s analysis assumes
that the share of TS&D emissions allocated to each nonattainment area does not change over time,
and that TS&D emissions will change uniformly nationwide as a result of the alternatives.

The emission inventories provided by the EPA air quality modeling platform (EPA 2005b) do not include
county-level data for acetaldehyde, benzene, and formaldehyde. Therefore, for these three pollutants,
NHTSA allocated national emissions based on the allocation of the pollutant believed to behave most
similarly to the pollutant in question, as follows:

For acetaldehyde, the EPA data did not report TS&D emissions at the national or county level, so
NHTSA assumed there are no acetaldehyde emissions associated with TS&D (i.e., 100 percent of
upstream acetaldehyde emissions come from refining; this assumption enables the analysis to
account for all upstream acetaldehyde emissions in the absence of data on the proportion
attributable to TS&D). EPA’s data included national fuel-refining emissions of acetaldehyde, but
data by county are not available. To allocate acetaldehyde emissions to counties, NHTSA used the
county allocation of acrolein, because acrolein is the toxic air pollutant which has, among those for
which county-level data were available, the highest proportion of its emissions coming from
refining. Therefore, the use of acrolein data for allocation of acetaldehyde emissions to counties is
most consistent with the assumption that 100 percent of acetaldehyde emissions come from
refining.

14 Upstream emissions for EVs (i.e., emissions from power generation) were allocated geographically in the same way as
refinery emissions. The actual distribution of upstream emissions for EVs is affected by geographical and temporal patterns of
EV use, the mix of fuels used for power generation, the configurations of the regional electric grids serving each nonattainment
area, and the forecast trends in all of these factors. As a result, the geographic distribution of upstream emissions from power
generation is subject to a high level of uncertainty.
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e For benzene, the EPA data included nationwide fuel-refining and TS&D emissions, and TS&D
emissions at the county level, but not refining emissions at the county level. To allocate fuel-
refining emissions of benzene to counties, NHTSA used the same county allocation as 1,3-butadiene
because, among toxic air pollutants for which county-level data were available, 1,3-butadiene has
the ratio of fuel-refining and TS&D emissions closest to the ratio for benzene emissions.

e For formaldehyde, the EPA data included national fuel-refining and TS&D emissions, but county-
level data were not available. To allocate formaldehyde emissions to counties, NHTSA used the
same county allocation as for 1,3-butadiene because, among toxic air pollutants for which county-
level data were available, 1,3-butadiene has the ratio of fuel refining and TS&D emissions closest to
the ratio for formaldehyde emissions.

4.1.2.7 Health Outcomes and Monetized Benefits
4.1.2.7.1 Overview

This section describes NHTSA’s approach to providing quantitative estimates of adverse health effects of
conventional air pollutants associated with each alternative.

In this analysis, NHTSA quantified and monetized 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 and the monetized benefits
associated with avoided health outcomes. Table 4.1.2-2 lists the health outcomes NHTSA quantified and
monetized. This methodology estimates the health impacts of each alternative for each analysis year,
expressed as the number of additional or avoided adverse health outcomes per year.

Table 4.1.2-2. Human Health and Welfare Effects of PM, s

Effects Quantified and Monetized

Effects Excluded from Quantification or Monetization

Adult premature mortality

Subchronic bronchitis cases

Bronchitis: chronic and acute

Low birth weight

Hospital admissions: respiratory and cardiovascular

Pulmonary function

Emergency room visits for asthma

Chronic respiratory diseases other than chronic bronchitis

Nonfatal heart attacks (myocardial infarction)

Non-asthma respiratory emergency room visits

Lower and upper respiratory illness

Visibility

Minor restricted-activity days

Household soiling

Work-loss days

Asthma exacerbations (asthmatic population)

Infant mortality

a. Source: EPA 2009f.

Health and monetary outcomes are calculated from factors for each primary pollutant (NO,, directly
emitted PM, s, SO,, and VOCs), expressed as adverse health outcomes avoided or monetized health
benefits gained per ton of reduced emissions. The general approach to calculating the health outcomes
associated with each alternative is to multiply these factors by the estimated annual reduction in
emissions of that pollutant, and to sum the results of these calculations for all pollutants. This
calculation provides the total health impacts and monetized health benefits that would be achieved
under each alternative. In calculating the health impacts and monetized health benefits of emission
reductions, NHTSA estimated only the PM, s-related human health impacts expected to result from
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reduced population exposure to atmospheric concentrations of PM,s. Three other pollutants — NO,,
S0,, and VOCs — are included in the analysis as precursor emissions that contribute to PM, s not emitted
directly from a source, but instead formed by chemical reactions in the atmosphere (secondary PM,s).
As discussed further in Section 4.1.2.7.2, reductions in NO, and VOC emissions would also reduce ozone
formation and the health effects associated with ozone exposure, but there are no benefit-per-ton
estimates for NO, and VOCs because of the complexity of the atmospheric air chemistry and
nonlinearities associated with ozone formation. This analysis does not include any reductions in health
impacts resulting from lower population exposure to other criteria air pollutants and air toxics because
there are not enough data available to quantify these effects.

4.1.2.7.2 Monetized Health Impacts

The benefit-per-ton factors represent the total monetized human health benefits due to a suite of
monetized PM-related health impacts for each ton of emissions reduced. The factors are specific to an
individual pollutant and source. The PM, 5 benefit-per-ton estimates apply to directly emitted PM, 5 or
its precursors (NO,, SO,, and VOCs). NHTSA followed the benefit-per-ton technique used in EPA’s Ozone
NAAQS Regulatory Impact Analysis (RIA) (EPA 2008a), Portland Cement National Emission Standards for
Hazardous Air Pollutants RIA (EPA 2009c), and NO, NAAQS RIA (EPA 2009d). Table 4.1.2-2 lists the
guantified PM, s-related benefits captured in those benefit-per-ton estimates, and potential PM, s-
related benefits that were not quantified in this analysis.

The benefits estimates use the concentration-response functions™ as reported in the epidemiology
literature. Readers interested in reviewing the complete methodology for creating the benefit-per-ton
estimates used in this analysis can consult EPA’s Technical Support Document accompanying the final
ozone NAAQS RIA (EPA 2008a). Readers can also consult Fann et al. (2009) for a detailed description of
the benefit-per-ton methodology.®

As described in the documentation cited above for the benefit-per-ton estimates, EPA developed
national per-ton estimates for selected pollutants emitted through stationary and mobile activity.
Because the per-ton values vary slightly between the two categories, the total health and monetized
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 PM, 5
benefits is therefore based on the total direct PM, sand PM, s-related precursor emissions controlled by
sector and multiplied by this per-ton value.

PM-related mortality provides most of the monetized value in each benefit-per-ton estimate. EPA
calculated the premature mortality-related effect coefficients that underlie the benefits-per-ton
estimates from epidemiology studies that examined two large population cohorts — the American
Cancer Society cohort (Pope et al. 2002) and the Harvard Six Cities cohort (Laden et al. 2006). These are

1 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).

'8 Note that since the publication of Fann et al. (2009), EPA has made two significant changes to its benefits methods: (1) EPA
no longer assumes that there is a threshold in PM-related models of health impacts and (2) EPA has revised its value of a
statistical life (VSL) to equal $6.3 million (in year 2000 dollars), up from an estimate of $5.5 million (in year 2000 dollars) used in
Fann et al. (2009). (VSL refers to the aggregate estimated value of reducing small risks across a large number of people. Itis
based on how people themselves would value reducing these risks.) Since making these changes to its benefits methods, EPA
revised its VSL to $7.8 million in 2009 dollars. NHTSA’s analysis follows this EPA method, except that NHTSA uses DOT’s
estimate of the value of VSL as discussed in this section (DOT 2011).
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logical choices for anchor points when presenting PM-related benefits because, although the benefit-
per-ton results vary between the two studies, EPA considers Pope et al. (2002) and Laden et al. (2006) to
be co-equal in terms of strengths and weaknesses and the quality of results. According to EPA, both
studies should be used to generate benefits estimates. Throughout the discussion of mortality in this
section, the mortality rates calculated from each of these studies are presented side by side.

For both studies, the benefits of mortality reductions do not occur in the year of analysis. Instead, EPA’s
methodology 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). Because of this, the monetized value of the
reduced mortality depends on the discount rate applied to future-year benefits from the cessation lag.
To account for this factor, the monetized benefits of reduced mortality are presented using a 3 percent
discount rate and a 7 percent discount rate. Because the 7 percent discount rate places less present
value on future-year benefits than the 3 percent discount rate, the present-year benefit of reductions is
approximately 10 percent smaller under the 7 percent discount rate than under the 3 percent discount
rate.

The benefits-per-ton estimates used in this analysis are based on the above mortality health outcome
factors, combined with data on the monetized value of each health outcome. These monetized values
are expressed through several metrics; premature mortality is monetized using DOT’s estimate of the
value of statistical life (VSL) (DOT 2011). Morbidity impacts are measured either through willingness-to-
pay (WTP) or cost-of-iliness (COl) measures that account for either desire to avoid the health outcome
or actual medical costs and wage lost associated with a specific case.

NHTSA adjusted EPA’s benefit-per-ton values to change the value of VSL from the EPA VSL of $7.8
million in 2009 dollars to the DOT VSL of $6.2 million (in 2011 dollars).”” Note that because the benefits-
per-ton data combine mortality and morbidity benefits, the adjustment for DOT VSL is applied to both
mortality and morbidity components of the data. Because VSL represents only mortality, this
adjustment likely results in the analysis underestimating the total benefits per ton. However, because
mortality accounts for most of total monetized health benefits, any underestimation is likely to be small.
Table 4.1.2-3 lists the dollar-per-ton estimates used in this analysis.’® Table 4.1.2-4 lists the valuation
metrics for the mortality and morbidity endpoints.

v Departmental guidance on valuing reduction of fatalities was first published in 1993, and subsequently updated in 2008 on
the basis of later research. Since then, DOT has updated this VSL to 2011 values in accordance with changes in prices and
incomes over the past 2 years.

'8 The VSL derived by DOT and used for this EIS is $6.2 million in 2011 dollars. This value differs from the VSL adopted by EPA in
the 2010 Update of the Guidelines for Preparing Economic Analyses (EPA 2010b) and estimated at $7.8 million in 2009 dollars.
The discrepancy between these estimates is not unexpected, because no single dollar value has been accepted in the academic
community or across the Federal Government.
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Table 4.1.2-3. Benefit-per-ton Values (in 2011 dollars) Derived for PM-related Mortality and Morbidity,
Adjusted to Reflect DOT’s Value of Statistical Life”

All Sources® Stationary Sources® Mobile Sources

Year” S0, VOCs NOx Direct PM,.s NO, Direct PM,.s

3-Percent Discount Rate

Mortality (ages 30 and older) and Morbidity, Pope et al. (2002)

2021 $26,000 $1,000 $4,300 $200,000 $4,500 $240,000
2025 $28,000 $1,100 $4,600 $210,000 $4,800 $260,000
2040 $35,000 $1,500 $6,000 $270,000 $6,300 $340,000
2060 $35,000 $1,500 $6,000 $270,000 $6,300 $340,000

Mortality (ages 30 and older) and Morbidity, Laden et al. (2006)

2021 $63,000 $2,600 $11,000 $490,000 $11,000 $590,000
2025 $68,000 $2,800 $11,000 $520,000 $12,000 $640,000
2040 $86,000 $3,700 $15,000 $660,000 $15,000 $840,000
2060 $86,000 $3,700 $15,000 $660,000 $15,000 $840,000

7-Percent Discount Rate

Mortality (ages 30 and older) and Morbidity, Pope et al. (2002)

2021 $23,000 $970 $3,900 $180,000 $4,000 $230,000
2025 $25,000 $1,000 $4,200 $190,000 $4,400 $240,000
2040 $32,000 $1,400 $5,400 $250,000 $5,700 $310,000
2060 $32,000 $1,400 $5,400 $250,000 $5,700 $310,000

Mortality (ages 30 and older) and Morbidity, Laden et al. (2006)

2021 $57,000 $2,400 $9,500 $440,000 $9,900 $550,000
2025 $61,000 $2,500 $10,000 $470,000 $11,000 $590,000
2040 $78,000 $3,300 $13,000 $600,000 $14,000 $760,000
2060 $78,000 $3,300 $13,000 $600,000 $14,000 $760,000

a. The benefits-per-ton estimates in this table are based on an EPA estimate of premature mortality under Pope et al. and Laden et al., and a
suite of morbidity endpoints (see Table 4.1.2-2). NO, = nitrogen oxides; SO, = sulfur dioxide; PM, s = particulate matter with an aerodynamic
diameter equal to or less than 2.5 microns; VOCs = volatile organic compounds.

b. Benefit-per-ton values were estimated for 2015, 2020, and 2030. For 2021 and 2025, values were interpolated exponentially between 2020
and 2030. For 2040, values were extrapolated exponentially based on the growth between 2020 and 2030. For 2060, values were held
constant from 2040 values because of the high level of uncertainty in projections to 2060. All values have been rounded.

c. Note that the benefit-per-ton value for SO, is based on the value for stationary sources other than electric generating units; no SO, value
was estimated for mobile sources. The benefit-per-ton value for VOCs was estimated across all sources.

d. Other than electric generating units (power plants).
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Table 4.1.2-4 Valuation Metrics for Mortality and Morbidity Endpoints® (in 2009 dollars except as noted)

Health Outcome l Valuation Method” | Valuation ¢
Premature Mortality
Premature Mortality ‘ DOT Mean VSL | $6,200,000d
Chronic lliness
Chronic Bronchitis WTP: Average Severity $424,193
Myocardial Infarctions, Nonfatal Medical costs over 5 years; varies by -
age and discount rate.
Hospital Admissions
Respiratory, Age 65+ COIl: Medical Costs + Wage Lost $26,433
Respiratory, Ages 0-2 COl: Medical Costs $11,149
Chronic Lung Disease (less Asthma) COl: Medical Costs + Wage Lost $17,827
Pneumonia COl: Medical Costs + Wage Lost $21,161
Asthma COI: Medical Costs + Wage Lost $9,555
Cardiovascular COl: Medical Costs + Wage Lost (20-64) $32,806
COl: Medical Costs + Wage Lost (65-96) $30,520
Emergency Room Visits
Asthma COl: 2 Studies $376-449
Other Health Endpoints
Acute Bronchitis WTP: 6 Day lliness, CV Studies $444
Upper Respiratory Symptoms WTP: 1 Day, CV Studies $31
Lower Respiratory Symptoms WTP: 1 Day, CV Studies $20
Asthma Exacerbation WTP: Bad Asthma Day $54
Work Loss Days Median Daily Wage, County-Specific -
Minor Restricted Activity Days WTP: 1 Day, CV Studies $64
School Absence Days Median Daily Wage, Women 25+ $93
Worker Productivity Median Daily Wage, Outdoor Workers, -
County-Specific

. Source: EPA 2011c.

Q

b. VSL = value of statistical life. WTP = willingness to pay. COIl = cost of illness, CV = contingent valuation.

Dollar amounts for each valuation method were extracted by EPA from BenMAP and adjusted to 2009 dollars (from 2000 dollars) using the
Consumer Price Urban Index (CPI-U). For endpoints valued using measures of VSL, WTP, or endpoints that are wage-based, EPA used the
CPI-U for “all items”: 214.537 (2009) and 172.2 (2000). For endpoints valued using a COl measure, EPA used the CPI-U for “medical care”:
375.613 (2009) and 260.8 (2000).

. The DOT-derived VSL used for this EIS is $6.2 million in year 2011 dollars.

The benefit-per-ton estimates are subject to several assumptions and uncertainties, as follows:

e The benefit-per-ton estimates used in this analysis 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 These 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 (PM,s). Emission 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. Because the
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atmospheric chemistry related to ambient concentrations of PM, 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 more
completely and accurately 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. Appendix E provides the results
of photochemical air quality modeling for the EIS.

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

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 PM, s, 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.

Other uncertainties associated with the health impact functions include the following: within-study
variability (the precision with which a given study estimates the relationship between air quality
changes and health effects); 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 effect, to the extent that there is such a
relationship); and extrapolation of impact functions across population (NHTSA assumed that certain
health impact functions applied to age ranges broader than those considered in the original
epidemiological study). These uncertainties could under- or overestimate benefits.

There are several health-benefits categories NHTSA was unable to quantify due to limitations
associated with using benefit-per-ton estimates, several of which could be substantial. Because NO,
and VOCs are also precursors to ozone, reductions in NO, 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 due to limitations on the availability of data to
quantify these effects of pollutant emissions.

The RIA for the final PM, s NAAQS (EPA2006b) provides more information about the overall uncertainty
in the estimates of the benefits of reducing PM, s emissions.

4.1.2.7.3 Quantified Health Impacts

Table 4.1.2-5 lists the incidence-per-ton estimates for select PM-related health impacts — mortality and
four major morbidity outcomes (derived by the same process as described above for the dollar-per-ton
estimates). For the analysis of direct and indirect impacts (see Section 4.2.1) and cumulative impacts
(see Section 4.2.2), NHTSA used the values for 2021, 2025, 2040, and 2060 (see Section 4.1.2.3).
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Table 4.1.2-5. Incidence-per-ton Values for Health Outcomes™”

All Sources" Stationary Sources® Mobile Sources

Outcome and Year® SO, VOCs NO, Direct PM, 5 NO, Direct PM, 5
Premature mortality
2021 0.0035104035 0.0001457593 0.0005801679 0.0270955066 0.0006061440 0.0331811737
2025 0.0037173345 0.0001552068 0.0006173945 0.0286153483 0.0006466903 0.0353498335
2040 0.0044933256 0.0001906348 0.0007569943 0.0343147546 0.0007987392 0.0434823075
2060 0.0044933256 0.0001906348 0.0007569943 0.0343147546 0.0007987392 0.0434823075
Premature mortality — Laden et al. (2006)
2021 0.0089988138 0.0003740400 0.0014888337 0.0694727045 0.0015538608 0.0851037230
2025 0.0095217733 0.0003979224 0.0015828501 0.0733127312 0.0016561450 0.0905861087
2040 0.0114828715 0.0004874814 0.0019354115 0.0877128310 0.0020397108 0.1111450551
2060 0.0114828715 0.0004874814 0.0019354115 0.0877128310 0.0020397108 0.1111450551
Chronic bronchitis
2021 0.0024055463 0.0001023039 0.0004217800 0.0183488438 0.0004408958 0.0235551886
2025 0.0025012984 0.0001065498 0.0004403295 0.0190431008 0.0004608627 0.0245785837
2040 0.0028603691 0.0001224718 0.0005098898 0.0216465645 0.0005357386 0.0284163154
2060 0.0028603691 0.0001224718 0.0005098898 0.0216465645 0.0005357386 0.0284163154
Emergency room visits — respiratory
2021 0.0032604950 0.0001079846 0.0004739106 0.0267517217 0.0004639658 0.0269131875
2025 0.0033811644 0.0001117557 0.0004903325 0.0277109109 0.0004808543 0.0279197760
2040 0.0038336749 0.0001258975 0.0005519148 0.0313078705 0.0005441861 0.0316944828
2060 0.0038336749 0.0001258975 0.0005519148 0.0313078705 0.0005441861 0.0316944828
Work-loss days
2021 0.4488013904 0.0191539328 0.0800821743 3.4328917338 0.0837563171 4.4231975782
2025 0.4578329216 0.0195173244 0.0818057725 3.4997171779 0.0856397276 4.5237084013
2040 0.4917011636 0.0208800429 0.0882692658 3.7503125933 0.0927025166 4.9006239880
2060 0.4917011636 0.0208800429 0.0882692658 3.7503125933 0.0927025166 4.9006239880

a. Source: Pope et al. 2002, except as noted.

b. NO, = nitrogen oxides; SO, = sulfur dioxide; PM, s = particulate matter with an aerodynamic diameter equal to or less than 2.5 microns; VOCs
= volatile organic compounds.

c. Benefit-per-ton values were estimated for 2015, 2020, 2030, and 2040. For 2021 and 2025, values were interpolated exponentially between
2020 and 2030. For 2060, values were held constant from 2040 values.

d. Note that the benefit-per-ton value for SO, is based on the value for stationary sources other than electric generating units; no SO, value
was estimated for mobile sources. The benefit-per-ton value for VOCs was estimated across all sources.

e. Other than electric generating units (power plants).
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4.2 Environmental Consequences
4.2.1 Direct and Indirect Impacts

4.2.1.1 Results of the Analysis

As discussed in Section 4.1, most criteria pollutant emissions from vehicles have been declining since
1970 as a result of EPA’s emission regulations under the CAA. EPA projects that these emissions will
continue to decline. However, as future trends show, vehicle travel is having a decreasing impact on
emissions as a result 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 greater or
lesser degree, with implementation of any of the alternatives.

The analysis in this section shows that the action alternatives result in different levels of emissions from
passenger cars and light trucks when measured against projected trends under the No Action
Alternative. These reductions or increases in emissions vary by pollutant, calendar year, and action
alternative. The more stringent action alternatives generally would result in greater emission reductions
compared to the No Action Alternative.

This section examines the direct and indirect impacts on air quality associated with the action
alternatives in Analyses Al and A2 and Analyses B1 and B2. Section 4.2.2 examines cumulative air
guality impacts of the action alternatives in Analyses C1 and C2. Appendix A to this EIS provides results
for passenger cars and light trucks separately. Using the assumptions listed in Section 2.3.2, this chapter
presents Analyses A, B, and C to show a complete range of results.

As described in Chapter 2, in Analyses Al and A2, the agency assumes that the average fleetwide fuel
economy for light-duty vehicles would not exceed the minimum level necessary to comply with CAFE
standards. Therefore, Analyses Al and A2 measure the impacts of the action alternatives under which
average fleetwide fuel economy in each model year does not exceed the level of the CAFE standards for
that model year, compared to a No Action Alternative under which average fleetwide fuel economy
after MY 2016 will never exceed the level of the agencies’ MY 2016 standards established by final rule in
April 2010. Tables and figures in this Final EIS that depict results for Analysis Al (these have “Al1” after
the table or figure number) show estimated impacts derived from a MY 2008 baseline fleet, fleet sales
projections to MY 2025 from AEO 2011, and a CSM Worldwide-based fleet projection. Tables and
figures that depict results for Analysis A2 (these have “A2” after the table or figure number) show
estimated impacts derived from a MY 2010 baseline fleet, fleet sales projections to MY 2025 from the
AEO 2012 Early Release, and an LMC Automotive-based fleet projection.

In Analyses B1 and B2, the agency assumes continued improvements in average fleetwide fuel economy
for light-duty vehicles due to higher market demand for fuel-efficient vehicles. Therefore, Analyses B1
and B2 measure the impacts of the action alternatives assuming overcompliance by certain
manufacturers through MY 2025 and ongoing improvements in new vehicle fuel economy after MY
2025, compared to a No Action Alternative that assumes the average fleetwide fuel economy level of
light-duty vehicles would continue to increase beyond the level necessary to meet the MY 2016
standards, even in the absence of agency action. Tables and figures in this Final EIS that depict results
for Analysis B1 (these have “B1” after the table or figure number) show estimated impacts derived from
a MY 2008 baseline fleet, fleet sales projections to MY 2025 from AEO 2011, and a CSM-based fleet
projection. Tables and figures that depict results for Analysis B2 (these have “B2” after the table or
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figure number) show estimated impacts derived from a MY 2010 baseline fleet, fleet sales projections to
MY 2025 from the AEO 2012 Early Release, and an LMC-based fleet projection.

In Analyses C1 and C2, the agency compares action alternatives assuming overcompliance by certain
manufacturers through MY 2025 and ongoing fuel economy improvements after MY 2025 with a No
Action Alternative under which there are no continued improvements in fuel economy after MY 2016
(i.e., the average fleetwide fuel economy for light-duty vehicles would not exceed the latest existing
standard). In this way, the cumulative impacts analysis combines the No Action Alternative from
Analyses Al and A2 with the action alternatives from Analyses B1 and B2. Tables and figures in this Final
EIS that depict results for Analysis C1 (these have “C1” after the table or figure number) show estimated
impacts derived from a MY 2008 baseline fleet, fleet sales projections to MY 2025 from AEO 2011, and a
CSM-based fleet projection. Tables and figures that depict results for Analysis C2 (these have “C2” after
the table or figure number) show estimated impacts derived from a MY 2010 baseline fleet, fleet sales
projections to MY 2025 from the AEO 2012 Early Release, and an LMC-based fleet projection. For more
explanation of NHTSA’s methodology regarding the cumulative impacts analysis, see Section 2.5.

The tables and figures in Section 4.2.1 and its subsections present the projected direct and indirect
impacts of the action alternatives on air quality. Following the comparative overview in this section,
Sections 4.2.1.2 through 4.2.1.5 describe the results of the analysis of emissions under Alternatives 1
through 4 in more detail.

4.2.1.1.1 Criteria Pollutants Overview

Tables 4.2.1-1-A1 and -A2 and 4.2.1-1-B1 and -B2 summarize the total upstream and downstream™
national emissions from passenger cars and light trucks by alternative for each of the criteria pollutants
and analysis years for Analyses Al and A2 and Analyses B1 and B2, respectively. Figures 4.2.1-1-A1 and -
A2 and 4.2.1-1-B1 and -B2 illustrate this information for 2040, 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.

Figures 4.2.1-2-A1 and -A2 and 4.2.1-2-B1 and -B2 summarize the changes over time in total national
emissions of criteria pollutants from passenger cars and light trucks under the Preferred Alternative.
These figures show a consistent trend among the criteria pollutants. Emissions of CO and PM,sincrease
under the Preferred Alternative from 2021 to 2060 due to continuing growth in VMT (note that
continued growth in VMT is projected to occur under all alternatives). Emissions of VOCs, SO,, and NO,
decline from 2021 to 2025 due to increasingly stringent EPA regulation of tailpipe emissions from
vehicles and from reductions in upstream emissions from fuel production, which more than offset
emissions increases due to growth in VMT. Emissions reach a minimum typically between 2025 and
2040, and increase from 2040 to 2060 due to continuing growth in VMT.

19 .. . . .. . . .. .
Downstream emissions do not include evaporative emissions from vehicle fuel systems due to modeling limitations.
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Table 4.2.1-1-A1. Nationwide Criteria Pollutant Emissions from U.S. Passenger Cars and Light Trucks (tons/year)
by Alternative, Analysis Al

Alternative 1 Alternative 2 Alternative 3 Alternative 4

Pollutant and Year No Action 2%/year Cars and Trucks Preferred 7%/year Cars and Trucks
Carbon monoxide (CO)
2021 14,972,643 14,990,780 14,997,481 14,977,598
2025 15,008,505 15,052,636 15,073,748 14,806,582
2040 18,045,534 18,216,981 18,247,119 16,386,643
2060 24,167,562 24,549,758 24,657,387 21,910,990
Nitrogen oxides (NO,)
2021 1,255,518 1,250,229 1,248,370 1,245,945
2025 1,071,605 1,060,400 1,055,063 1,068,009
2040 963,690 938,906 926,134 972,622
2060 1,278,260 1,250,789 1,236,354 1,306,561
Particulate matter (PM, )
2021 54,081 53,435 53,210 52,261
2025 57,224 55,803 55,099 53,183
2040 77,415 74,011 71,905 65,282
2060 104,073 99,900 97,181 87,209
Sulfur dioxide (SO,)
2021 141,793 138,213 136,598 134,205
2025 145,194 137,953 134,118 153,684
2040 176,325 159,862 156,981 265,128
2060 234,964 213,080 210,366 367,576
Volatile organic compounds (VOCs)
2021 1,289,873 1,280,301 1,277,075 1,262,155
2025 1,137,616 1,116,356 1,105,911 1,070,235
2040 910,137 858,283 824,364 690,176
2060 1,184,742 1,118,849 1,073,475 876,212
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Table 4.2.1-1-A2. Nationwide Criteria Pollutant Emissions from U.S. Passenger Cars and Light Trucks (tons/year)
by Alternative, Analysis A2

Alternative 1 Alternative 2 Alternative 3 Alternative 4

Pollutant and Year No Action 2%/year Cars and Trucks Preferred 7%/year Cars and Trucks
Carbon monoxide (CO)
2021 14,657,379 14,676,948 14,683,532 14,662,163
2025 14,620,666 14,669,255 14,689,325 14,473,816
2040 16,607,692 16,788,626 16,882,383 15,449,066
2060 20,788,696 21,143,841 21,341,441 19,363,533
Nitrogen oxides (NO,)
2021 1,238,977 1,233,645 1,231,613 1,230,067
2025 1,052,633 1,041,621 1,035,916 1,046,521
2040 891,753 869,220 856,853 895,945
2060 1,105,686 1,082,150 1,069,816 1,126,949
Particulate matter (PM, )
2021 52,563 51,929 51,682 50,873
2025 55,420 54,075 53,302 51,614
2040 71,183 68,192 66,094 60,293
2060 89,552 86,112 83,590 75,402
Sulfur dioxide (SO,)
2021 136,436 132,418 130,853 128,875
2025 138,792 130,487 125,762 139,593
2040 157,963 139,572 127,041 206,578
2060 197,281 174,131 158,054 267,203
Volatile organic compounds (VOCs)
2021 1,273,510 1,264,282 1,260,729 1,247,976
2025 1,118,000 1,098,346 1,087,091 1,056,603
2040 840,558 796,352 765,176 651,425
2060 1,020,744 968,170 929,646 772,192
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Table 4.2.1-1-B1. Nationwide Criteria Pollutant Emissions from U.S. Passenger Cars and Light Trucks (tons/year)
by Alternative, Analysis B1

Alternative 1 Alternative 2 Alternative 3 Alternative 4

Pollutant and Year No Action 2%/year Cars and Trucks Preferred 7%/year Cars and Trucks
Carbon monoxide (CO)
2021 14,991,422 15,002,175 15,008,611 14,976,431
2025 15,040,709 15,067,547 15,081,718 14,819,971
2040 18,218,258 18,282,305 18,226,596 16,582,923
2060 24,941,196 24,914,947 24,833,759 22,349,229
Nitrogen oxides (NO,)
2021 1,251,770 1,248,863 1,246,865 1,246,643
2025 1,065,694 1,059,229 1,054,276 1,069,606
2040 938,616 929,417 918,999 968,719
2060 1,217,717 1,217,919 1,209,402 1,281,722
Particulate matter (PM,5)
2021 53,624 53,273 53,020 52,142
2025 56,501 55,677 54,958 53,117
2040 74,321 72,983 70,854 64,556
2060 96,040 95,883 93,667 84,244
Sulfur dioxide (SO,)
2021 138,796 136,781 135,274 134,719
2025 140,410 136,331 133,833 152,508
2040 155,057 150,053 156,945 244,467
2060 174,206 178,306 190,508 313,042
Volatile organic compounds (VOCs)
2021 1,283,305 1,278,104 1,274,379 1,259,736
2025 1,127,179 1,114,801 1,103,745 1,068,814
2040 864,839 844,123 807,107 685,662
2060 1,063,866 1,059,953 1,019,822 848,129
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Table 4.2.1-1-B2. Nationwide Criteria Pollutant Emissions from U.S. Passenger Cars and Light Trucks (tons/year)
by Alternative, Analysis B2

Alternative 1 Alternative 2 Alternative 3 Alternative 4

Pollutant and Year No Action 2%/year Cars and Trucks Preferred 7%/year Cars and Trucks
Carbon monoxide (CO)
2021 14,671,611 14,682,880 14,684,965 14,661,610
2025 14,647,878 14,677,118 14,688,365 14,478,066
2040 16,767,345 16,845,377 16,876,576 15,457,857
2060 21,464,663 21,466,322 21,518,739 19,514,510
Nitrogen oxides (NO,)
2021 1,235,910 1,232,862 1,231,300 1,230,761
2025 1,047,282 1,040,540 1,035,836 1,048,650
2040 868,741 860,018 850,361 903,223
2060 1,053,674 1,053,758 1,048,823 1,123,271
Particulate matter (PM,5)
2021 52,196 51,845 51,575 50,807
2025 54,780 53,974 53,169 51,548
2040 68,369 67,172 65,049 59,346
2060 82,687 82,592 80,551 72,439
Sulfur dioxide (SO,)
2021 134,041 131,818 130,217 128,983
2025 134,575 129,737 125,539 139,364
2040 138,839 132,542 126,605 197,350
2060 146,008 147,700 144,471 236,352
Volatile organic compounds (VOCs)
2021 1,268,195 1,263,105 1,259,153 1,246,633
2025 1,108,714 1,096,929 1,085,078 1,054,968
2040 799,459 781,478 748,840 636,947
2060 917,523 915,236 883,100 733,171
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Figure 4.2.1-1-A1. Nationwide Criteria Pollutant Emissions from U.S. Passenger Cars and Light Trucks (tons/year) for 2040 by Alternative,
Analysis A1
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Figure 4.2.1-1-A2. Nationwide Criteria Pollutant Emissions from U.S. Passenger Cars and Light Trucks (tons/year) for 2040 by Alternative, Analysis A2
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Figure 4.2.1-1-B1. Nationwide Criteria Pollutant Emissions from U.S. Passengar Cars and Light Trucks (tons/year) for 2040 by Alternative, Analysis B1
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Figure 4.2.1-1-B2. Nationwide Criteria Pollutant Emissions from U.S. Passengar Cars and Light Trucks (tons/year) for 2040 by Alternative, Analysis B2
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Figure 4.2.1-2-A1. Nationwide Criteria Pollutant Emissions from U.S. Passenger Cars and Light Trucks (tons/year) under the Preferred Alternative
by Year, Analysis Al
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Figure 4.2.1-2-A2. Nationwide Criteria Pollutant Emissions from U.S. Passenger Cars and Light Trucks (tons/year) under the Preferred Alternative
by Year, Analysis A2
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Figure 4.2.1-2-B1. Nationwide Criteria Pollutant Emissions from U.S. Passenger Cars and Light Trucks (tons/year) under the Preferred Alternative by
Year, Analysis B1
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Figure 4.2.1-2-B2. Nationwide Criteria Pollutant Emissions from U.S. Passenger Cars and Light Trucks (tons/year) under the Preferred Alternative

by Year, Analysis B2
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Total emissions are made up of four components consisting of two sources of emissions (downstream
and upstream) for each of the two vehicle classes (passenger cars and light trucks) covered by the
Proposed Action. To show the relationship among these four components for criteria pollutants, tables
in Appendix A break down the total emissions of criteria pollutants by component.

Tables 4.2.1-2-A1 and -A2 and 4.2.1-2-B1 and -B2 list the net change in nationwide criteria pollutant
emissions from passenger cars and light trucks for each action alternative for each criteria pollutant and
analysis year compared to the No Action Alternative. Figures 4.2.1-3-A1 and -A2 and 4.2.1-3-B1 and -B2
show these changes in percentages for 2040. As a general trend, emissions of each pollutant decrease
from Alternatives 2 through 4, as each successive alternative becomes more stringent. However, the
magnitudes of the declines are not consistent across all pollutants, and there are some emission
increases, which reflects the complex interactions between tailpipe emission rates of the various vehicle
types, the technologies assumed to be incorporated by manufacturers in response to the proposed
standards, upstream emission rates, the relative proportions of gasoline and diesel in total fuel
consumption reductions, and increases in VMT. As a result of these interactions, emissions in some
years are greater for more-stringent alternatives than for less-stringent alternatives. For example, NO,
and SO, emissions generally decrease from Alternatives 1 through 3, but increase after 2025 under
Alternative 4. Conversely, CO emissions generally increase from Alternatives 1 through 3 and decrease
under Alternative 4. VOCs and PM, ;s emissions decrease steadily from Alternatives 1 through 4.

Under Alternative 2 and the Preferred Alternative, the greatest relative reductions in emissions among
the criteria pollutants occur for SO, and VOCs, for which emissions decrease by as much as 20 percent
by 2060 compared to the No Action Alternative. Emissions of SO, in Anal