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Glossary

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

Term Definition

Adaptation Initiatives and measures to reduce the vulnerability of natural and
human systems against actual or expected climate change effects.
Various types of adaptation exist, including anticipatory and reactive,
private and public, and autonomous and planned.

Acrolein A colorless irritant liquid aldehyde with a piercing, acrid smell.

Aerodynamic diameter

The diameter of the spherical particle with a density of 1,000 kg/m?
and the same settling velocity as the irregular particle.

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 human beings.

Biofuel Energy sources made from living things, or the waste that living things
produce.
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), including dead organic matter, such as
litter, soil organic matter, and oceanic detritus.

Black carbon

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

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.

Compressed natural gas

Methane stored at high pressure.

Coral bleaching

The paling in color that results if coral loses its symbiotic, energy
providing, organisms.

Criteria pollutants

Carbon monoxide (CO), airborne lead (Pb), nitrogen dioxide (NO,),
ozone (03), sulfur dioxide (SO,), and fine particulate matter (PM).

Cryosphere

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

Dry natural gas

Also known as consumer-grade natural gas, dry natural gas is gas that
remains after lease, field, and/or plant separation and any volumes of
non-hydrocarbon gases have been removed where they occur in
sufficient quantity to render the gas unmarketable.
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Term Definition

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. Thus, the extent of an ecosystem may range from
very small spatial scales to, ultimately, all of Earth.

Endemic Restricted to a region.

Eutrophication

Enrichment of a water body with plant nutrients.

Evapotranspiration

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

Fluorinated gases

Fluorinated greenhouse gases (GHGs) or gases include perfluorinated
compounds (PFCs), hydrofluorocarbons (HFCs), sulfur hexaflouride
(SF¢), and nitrogen trifluoride (NF3).

Fuel efficiency

How much fuel a vehicle requires to perform a certain amount of
work (e.g., how many tons it can carry per mile traveled). A vehicle is
more fuel-efficient if it can perform more work while consuming less
fuel.

GREET model

Model developed by Argonne National Laboratory that provides
estimates of the energy and carbon contents of fuels as well as
energy use in various phases of fuel supply.

Hazardous air pollutants

Substances defined as hazardous by the 1990 CAA amendments,
including certain volatile organic compounds (VOCs), compounds in
particulate matter, pesticides, herbicides, and radionuclides that
present tangible hazards, based on scientific studies of human (and
other mammal) exposure.

Hydrocarbon An organic compound consisting entirely of hydrogen and carbon.

Hydrology The science dealing with the occurrence, circulation, distribution, and
properties of Earth’s water.

Hydrosphere The component of the climate system comprising liquid surface and

subterranean water, such as oceans, seas, rivers, freshwater lakes,
and underground water.

Lifetime fuel consumption

Total volume of fuel used by a vehicle over its lifetime.

Liquefied natural gas (LNG)

A natural gas (predominantly methane) that has been converted to
liquid form for ease of storage or transport.

Maximum lifetime of vehicles

The age after which less than 2% of the vehicles originally produced
during a model year remains in service.

Meridional Overturning
Circulation

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

Mobile source air toxics
(MSATS)

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

Definition

MOVES model

The Motor Vehicle Emissions Simulator (MOVES) model used to
calculate tailpipe 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

Regions where concentrations of criteria pollutants exceed federal
standards. Nonattainment areas are required to develop and
implement plans to comply with the National Ambient Air Quality
Standards (NAAQS) within specified time periods.

Ocean acidification

A decrease in the pH of sea water due to the uptake of anthropogenic
carbon dioxide (CO,).

Ozone

A photochemical oxidant and the major component of smog.

Particulate matter (PM)

Substances that exist as discrete particles. PM includes dust, dirt,
soot, smoke, and liquid droplets directly emitted into the air.

Pathways of fuel supply

Imports to the United States of refined gasoline and other
transportation fuels, domestic refining of fuel using imported
petroleum as a feedstock, and domestic fuel refining from crude
petroleum produced within the United States.

Permafrost

Ground (soil or rock and included ice and organic material) that
remains at or below zero degrees Celsius for at least two consecutive
years.

Photochemical modeling

The mathematical simulation of the chemical and meteorological
processes associated with the formation of ozone.

Polycyclic organic matter
(POM)

A broad class of compounds that includes the polycyclic aromatic
hydrocarbon compounds (PAHs). Formed primarily from combustion
and present in the atmosphere in particulate form.

Primary fuel

Energy sources consumed in the initial production of energy.

Rebound effect

A situation in which improved fuel economy reduces the fuel cost of
driving and leads to additional use of medium- and heavy-duty (HD)
vehicles and thus increased emissions of criteria pollutants by HD
vehicles.

Renewable energy

Energy coming from resources that are naturally replenished on the
human timescale, e.g., sunlight, wind, rain, tides, waves, and
geothermal heat.

Saltwater intrusion

Displacement of fresh surface water or groundwater by the advance
of saltwater due to its greater density. This process usually occurs in
coastal and estuarine areas due to reducing land-based influence
(either from reduced runoff and associated groundwater recharge, or
from excessive water withdrawals from aquifers) or increasing marine
influence (relative sea-level rise).
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Term

Definition

Sea-ice extent

Measurement of the area of ocean where there is at least some sea
ice. Usually, scientists define a threshold of minimum concentration
to mark the ice edge; the most common cutoff is at 15 percent.

Shale gas

Natural gas that is trapped within shale formations, which are fine-
grained sedimentary rocks that can be rich resources of petroleum
and natural gas.

Social cost of carbon (SCC)

An estimate of the economic damages associated with a small
increase in CO, emissions.

Survival rate

The proportion of vehicles originally produced during a model year
that are expected to remain in service at the age they will have
reached during each subsequent year.

Thermal expansion (of water)

The tendency of water to change in volume in response to a change in
temperature through heat transfer.

Tipping point

A phrase used to describe situations in which the climate system
reaches a point at which a disproportionately large or singular
response in a climate-affected system occurs as a result of only a
moderate additional change in the inputs to that system.

Transportation, storage, and
distribution (TS&D)

The linkage of energy supplies, energy carriers, or energy by-products
to intermediate and end users.

Upstream emissions

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

Vehicle miles traveled

Total number of miles driven.

Volatile organic compound

Emitted as gases from certain solids or liquids which are emitted by a
wide variety of products.

Volpe model

Used to calculate tailpipe emissions for Classes 2b—3 vehicles.
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Phase 2 Fuel Efficiency Standards for Medium- and Heavy-Duty Engines and Vehicles Draft EIS

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 fuel
efficiency standards for commercial medium-duty and heavy-duty on-highway engines, vehicles, and
trailers (hereinafter referred to collectively as “HD vehicles”) for model years (MYs) 2018 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 five alternatives to regulating HD vehicle fuel
efficiency for MYs 2018 and beyond, including Alternative 3 (the Preferred Alternative/Proposed Action),
three other action alternatives, and Alternative 1 (the No Action Alternative), and analyzes the direct,
indirect, and cumulative impacts of each action alternative relative to the No Action Alternative. The
action 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) mandated that NHTSA establish and implement
a regulatory program for motor vehicle fuel economy. As codified in Chapter 329 of Title 49 of the U.S.
Code (U.S.C.), and as amended by the Energy Independence and Security Act of 2007 (EISA), EPCA sets
forth specific requirements concerning the establishment of average fuel economy standards for
passenger cars and light trucks, which are motor vehicles with a gross vehicle weight rating (GVWR) of
less than 8,500 pounds and medium-duty passenger vehicles with a GVWR of less than 10,000 pounds.
This regulatory program, known as the Corporate Average Fuel Economy Program (CAFE), was
established to reduce national energy consumption by increasing the fuel economy of these vehicles.

EISA provided DOT—and NHTSA, by delegation—new authority to implement, through rulemaking and
regulations, “a commercial medium- and heavy-duty on-highway vehicle and work truck fuel efficiency
improvement program designed to achieve the maximum feasible improvement” for motor vehicles
with a GVWR of 8,500 pounds or greater, except for medium-duty passenger vehicles that are already
covered under CAFE. This broad sector (HD vehicles, as described above)—ranging from large pickups to
sleeper-cab tractors—represents the second-largest contributor to oil consumption and greenhouse gas
(GHG) emissions from the transportation sector, after light-duty passenger cars and trucks. EISA directs
NHTSA to “adopt and implement appropriate test methods, measurement metrics, fuel economy
standards, and compliance and enforcement protocols that are appropriate, cost-effective, and
technologically feasible for commercial medium- and heavy-duty on-highway vehicles and work trucks.”
This new authority permits NHTSA to set “separate standards for different classes of vehicles.”

' The Proposed Action would establish new standards beginning with MY 2018 for trailers and MY 2021 for all of the other
heavy-duty vehicle and engine categories, with stringency increases through MY 2027 for some segments. Standards would
remain at the final stringency levels until amended by a future rulemaking.
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Consistent with these requirements and in consultation with the U.S. Environmental Protection Agency
(EPA) and Department of Energy (DOE), NHTSA established the first fuel efficiency standards for HD
engines and vehicles in September 2011, as part of a comprehensive HD National Program to reduce
GHG emissions and fuel consumption for HD vehicles (trailers were not included in that phase). Those
fuel-efficiency standards constitute the first phase (Phase 1) of the NHTSA HD Fuel Efficiency
Improvement Program. They were established to begin in MY 2016 and remain stable through MY 2018,
consistent with EISA requirements. Although EISA prevented NHTSA from enacting mandatory
standards before MY 2016, NHTSA established voluntary compliance standards for MYs 2014-2015 prior
to mandatory regulation in MY 2016. Throughout this EIS, NHTSA refers to the rulemaking and EIS
associated with the MY 2014—-2018 HD vehicle fuel efficiency standards described in this paragraph as
“Phase 1” or the “Phase 1 HD National Program.”

In February 2014, the White House directed NHTSA and EPA to develop and issue the next phase of
HD vehicle fuel efficiency and GHG standards by March 2016. Consistent with this directive, NHTSA is
proposing fuel efficiency standards for HD engines, vehicles, and trailers as part of a joint rulemaking
with EPA to establish what is referred to as the Phase 2 HD National Program (also referred to as
“Phase 2”). As with Phase 1 and as directed by EISA, NHTSA’s Phase 2 HD Fuel Efficiency Improvement
Program rulemaking is being conducted in consultation with EPA and DOE.

Pursuant to NEPA, federal agencies that propose “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 Phase 2, 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 CEQ NEPA implementing regulations, DOT
Order 5610.1C, and NHTSA regulations.

Purpose and Need for the Proposed Action

NEPA requires proposed alternatives to be based on the action’s purpose and need. The purpose of
this rulemaking is to continue to promote EPCA’s goals of energy independence and security, as well
as to improve environmental outcomes and national security, by continuing to implement an HD Fuel
Efficiency Improvement Program that is “designed to achieve the maximum feasible improvement.”
Congress specified that, as part of the HD Fuel Efficiency Improvement Program, NHTSA must adopt
and implement appropriate test methods, measurement metrics, fuel economy standards, and
compliance and enforcement protocols. These required aspects of the program must be appropriate,
cost effective, and technologically feasible for HD vehicles. In developing Phase 2, NHTSA has
continued to consider these EISA requirements as well as relevant environmental and safety
considerations.

Although the standards established under the Phase 1 HD National Program have locked in long-
lasting gains in fuel efficiency, HD vehicle fuel consumption is still projected to grow as more trucks
are driven more miles. For this reason, new standards extending beyond Phase 1 are needed to
improve energy security, save money for consumers and businesses, reduce harmful air pollution, and
lower costs for transporting goods. The Proposed Action and alternatives analyzed in this EIS have,
therefore, been developed to reflect the purpose and need specified by EISA, the Phase 1 HD National
Program, and the 2014 White House direction on developing Phase 2 HD vehicle fuel efficiency and
GHG standards.
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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 HD vehicle fuel efficiency standards
for MYs 2018 and beyond as part of joint rulemaking with EPA to establish what is referred to as the
Phase 2 HD National Program, in accordance with EPCA, as amended by EISA. The specific alternatives
NHTSA selected, described below and in Sections 2.2-2 and 2.2-3 of this EIS, encompass a reasonable
range within which to set HD vehicle fuel efficiency standards and evaluate potential environmental
impacts under NEPA. Pursuant to CEQ regulations, the agency has included a No Action Alternative
(Alternative 1), which assumes that NHTSA would not issue a rule regarding HD vehicle fuel efficiency
standards beyond Phase 1, and assumes that NHTSA’s Phase 1 standards and EPA’s Phase 1 HD vehicle
GHG standards would continue indefinitely. This alternative provides an analytical baseline against
which to compare the environmental impacts of the four action alternatives.

Alternatives

The specific alternatives selected by NHTSA encompass a reasonable range of alternatives by which to
evaluate the potential environmental impacts of Phase 2 of the HD Fuel Efficiency Improvement
Program under NEPA. At one end of this range is the No Action Alternative, which assumes that no
action would occur under the HD National Program. In addition to the No Action Alternative, NHTSA
examined four action alternatives, each of which would regulate the separate segments of the HD vehicle
fleet differently. Each of these action alternatives would include fuel consumption standards for engines
used in Classes 2b—8 vocational vehicles and tractors (specified as gallons of fuel per horsepower-hour
[gal/100 bhp-hr]); overall vehicle standards for HD pickups and vans (specified as gal/100 miles), Classes
2b—8 vocational vehicles, and Classes 7-8 tractors (specified as gallons of fuel per 1,000 ton payload miles
[gal/1,000 ton-miles]); and standards for certain trailers pulled by Classes 7—-8 tractors (specified as
gal/1,000 ton-miles associated with “standard” reference tractors). The Preferred Alternative and
Alternative 4 were designed to achieve similar fuel efficiency and GHG emissions levels in the long term,
but with Alternative 4 being accelerated in its implementation timeline. Specifically, the MY 2027
standards under the Preferred Alternative be achieved under Alternative 4 in MY 2025 for HD pickups and
vans and in MY 2024 for vocational vehicles, tractors, and engines. Under Alternative 2, standards are less
stringent than the Preferred Alternative. Alternative 5 represents more stringent standards compared to
Alternatives 3 and 4, with the same implementation timeline as Alternative 4. Alternatives 2 through 5
would regulate the same vehicle categories, but at increasing levels of stringency, with Alternative 2 being
the least stringent alternative and Alternative 5 being the most stringent.

Table S-1 and Figure S-1 show the vehicle classifications that are the subject of the proposed rule. For
more details about these vehicle categories and the specific standards for the Preferred Alternative and
other action alternatives, see Section 2.2, the Notice of Proposed Rulemaking (NPRM), and the
Preliminary Regulatory Impact Analysis (PRIA).
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Table S-1. HD Vehicle Categories by Gross Vehicle Class Weight Rating (pounds)

Class 2b Class 3 Class 4 Class 5 Class 6 Class 7 Class 8

8,501-10,000 10,001-14,000 | 14,001-16,000|16,001-19,500 | 19,501-26,000 | 26,001-33,000 | >33,000

HD Pickups and Vans (work trucks)

Vocational Vehicles (e.g., van trucks, utility “bucket” trucks, tank trucks, refuse trucks, buses, fire trucks, flat-bed
trucks, and dump trucks)

Tractors (for combination
tractor-trailers)

Figure S-1. HD Vehicle Categories
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Potential Environmental Consequences

This section describes how the Proposed Action and alternatives could affect energy use, air quality, and
climate (including non-climate impacts of carbon dioxide [CO,]), as reported in Chapters 3, 4, and 5 of
the EIS, respectively. The EIS also provides a life-cycle impact assessment of vehicle energy, materials,
and technologies, as reported in Chapter 6 of the EIS. This EIS also qualitatively describes potential
additional impacts on water resources, biological resources, hazardous materials and regulated wastes,
noise, and environmental justice, as reported in Chapter 7 of the EIS.

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.
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To derive the impacts of the action alternatives, NHTSA compares the action alternatives to the No
Action Alternative. The action alternatives in the direct and indirect impacts analysis and the cumulative
impacts analysis are the same, but the No Action Alternative under each analysis reflects different
assumptions to distinguish between direct and indirect impacts versus cumulative impacts.

e The analysis of direct and indirect impacts compares action alternatives with a No Action Alternative
that generally reflects a small forecast improvement in the average fuel efficiency of new HD
vehicles after 2018 due to market-based incentives for improving fuel efficiency. In this way, the
analysis of direct and indirect impacts isolates the portion of the fleet-wide fuel efficiency
improvement attributable directly and indirectly to the proposed rule, and not attributable to
reasonably foreseeable future actions by manufacturers after 2018 to improve new HD vehicle fuel
efficiency even in the absence of new regulatory requirements.

e The analysis of cumulative impacts compares action alternatives with a No Action Alternative that
generally reflects no forecast improvement in the average fuel efficiency of new HD vehicles after
2018. As a result, the difference between the environmental impacts of the action alternatives and
the cumulative impacts baseline reflects the combined impacts of market-based incentives for
improving fuel efficiency after 2018 (i.e., reasonably foreseeable future changes in HD vehicle fuel
efficiency) and the direct and indirect impacts of the Phase 2 standards associated with each action
alternative. Therefore, this analysis reflects the cumulative impacts of reasonably foreseeable
improvements in fuel efficiency after 2018 due to market-based incentives in addition to the direct
and indirect impacts of the Phase 2 HD standards associated with each action alternative.

Energy

NHTSA’s proposed Phase 2 standards would regulate HD vehicle fuel efficiency and, therefore, affect
U.S. transportation 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 transportation fuel consumption will account for most U.S. net energy imports
through 2040 (as explained in Chapter 3 of the EIS), the United States has the potential to achieve large
reductions in imported oil use and, consequently, in net energy imports during this time by improving
the fuel efficiency of HD vehicles. Reducing dependence on energy imports is a key component of
President Obama’s May 29, 2014, All-of-the-Above Energy Strategy, which states that the development
of HD Phase 2 standards “will lead to large savings in fuel, lower carbon dioxide (CO,) emissions, and
health benefits from reduced particulate matter and ozone.”

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. From 2000 to 2011, the United States recorded substantial GDP growth with
almost no increase in energy consumption because of reductions in energy intensity. The Annual Energy
Outlook (AEO) forecasts ongoing declines in U.S. energy intensity, with average 2012—-2040 GDP growth
of 2.4 percent per year resulting in average annual total energy consumption growth of just 0.4 percent.

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.
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Transportation is now the largest consumer of petroleum in the U.S. economy and a major contributor
to U.S. net imports.

Petroleum is by far the largest source of energy used in the transportation sector. In 2011, petroleum
supplied 92 percent of transportation energy demand, and in 2040, petroleum is expected to supply

87 percent of transportation energy demand. Consequently, transportation accounts for the largest
share of total U.S. petroleum consumption. In 2011, the transportation sector accounted for 78 percent
of total U.S. petroleum consumption. In 2040, transportation is expected to account for 73 percent of
total U.S. petroleum consumption.

With petroleum expected to account for all U.S. net energy imports in 2040 and transportation expected
to account for 73 percent of total petroleum consumption, U.S. net energy imports in 2040 are expected
to result primarily from fuel consumption by light-duty and HD vehicles. The United States is poised to
reverse the trend of the last 4 decades and achieve large reductions in net energy imports through 2040
due to continuing increases in U.S. energy efficiency and recent developments in U.S. energy
production. Stronger fuel efficiency standards for HD vehicles have the potential to increase U.S. energy
efficiency in the transportation sector further and reduce U.S. dependence on petroleum.

In the future, the transportation sector will continue to be the largest component of U.S. petroleum
consumption 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 HD vehicles 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 2019-2050 (2050 is the year by which nearly the entire U.S. HD
vehicle fleet will most likely be composed of vehicles that are subject to the Phase 2 standards).

Direct and Indirect Impacts

As the alternatives increase in stringency, total fuel consumption decreases. Table S-2 shows total
2019-2050 fuel consumption for each alternative and the direct and indirect fuel savings for each action
alternative compared with the No Action Alternative through 2050. This table reports total 2019—-2050
fuel consumption in diesel gallon equivalents (DGE) for diesel, gasoline, natural gas (NG), and E85 fuel
for HD pickups and vans (Classes 2b—3), vocational vehicles (Classes 2b—8), and tractor-trailers (Classes
7-8) for each alternative. Gasoline accounts for approximately 55 percent of HD pickup and van fuel
use, 22 percent of vocational vehicle fuel use, and just 0.0001 percent of tractor-trailer fuel use. E85
accounts for less than 0.4 percent of HD pickup and van fuel use, and NG accounts for less than one
percent of vocational vehicle fuel use. Diesel accounts for approximately 45 percent of HD pickup and
van fuel use, 77 percent of vocational vehicle fuel use, and 100 percent of tractor trailer fuel use.
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Table S-2. Direct and Indirect HD Vehicle Fuel Consumption and Fuel Savings Impacts by Alternative
(billion DGE total for calendar years 2019-2050)
Alt. 1 Alt. 3
No Action Alt. 2 Preferred Alt. 4 Alt. 5

Fuel Consumption

HD Pickups and Vans 284.7 272.4 261.5 258.5 254.9
Vocational Vehicles 398.8 390.3 367.8 365.4 348.7
Tractor Trucks and Trailers 1,288.0 1,190.0 1,114.9 1,109.4 1,058.1
All HD Vehicles 1,971.5 1,852.6 1,744.3 1,733.3 1,661.7
Fuel Savings Impacts Compared with No Action Alternative

HD Pickups and Vans — 12.3 23.2 26.2 29.8
Vocational Vehicles — 8.6 31.0 335 50.2
Tractor Trucks and Trailers — 98.0 173.1 178.5 229.9
All HD Vehicles - 118.9 227.3 238.2 309.9

Total fuel consumption from 2019 through 2050 across all HD vehicle classes under the No Action
Alternative is projected to amount to 1,971.5 billion DGE. Total projected 2019—-2050 fuel consumption
decreases across action alternatives, from 1,852.6 billion DGE under Alternative 2 to 1,661.7 billion DGE
under Alternative 5. Less fuel would be consumed under each of the action alternatives than under the
No Action Alternative, with total 2019—-2050 direct and indirect fuel savings ranging from 118.9 billion
DGE under Alternative 2 to 309.9 billion DGE under Alternative 5. Under the Preferred Alternative, total
projected fuel consumption from 2019-2050 would be 1,744.3 billion DGE, and direct and indirect fuel
savings compared with the No Action Alternative would be 227.3 billion DGE.

Cumulative Impacts

As with direct and indirect impacts, fuel consumption under each action alternative would 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 HD vehicle fuel
efficiency. Table S-3 shows total 2019-2050 fuel consumption for each alternative and the cumulative
fuel savings for each action alternative compared with the No Action Alternative through 2050. Total
2019-2050 fuel consumption for each action alternative in this table is the same as shown for the
corresponding action alternative in Table S-2. The No Action Alternative’s fuel consumption is higher in
Table S-3 than in Table S-2 because the No Action Alternative’s fuel consumption in Table S-3 generally
does not reflect forecast improvements in the average fuel efficiency of new HD vehicles MYs 2018 and
beyond due to market forces. The cumulative impact fuel savings resulting from each action alternative
are higher in Table S-3 than the direct and indirect impact fuel savings reported in Table S-2 because the
fuel savings in Table S-3 reflect the cumulative impact of market-based incentives for improving fuel
efficiency after 2018, plus the direct and indirect impacts of the Phase 2 HD standards associated with
each action alternative.
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Table S-3. Cumulative HD Vehicle Fuel Consumption and Fuel Savings Impacts by Alternative
(billion DGE total for calendar years 2014-2050)

Alt. 1 Alt. 3

No Action Alt. 2 Preferred Alt. 4 Alt. 5
Fuel Consumption
HD Pickups and Vans 288.0 272.4 261.5 258.5 254.9
Vocational Vehicles 398.8 390.3 367.8 365.4 348.7
Tractor Trucks and Trailers 1,304.9 1,190.0 1,114.9 1,109.4 1,058.1
All HD Vehicles 1,991.7 1,852.6 1,744.3 1,733.3 1,661.7
Fuel Savings Impacts Compared with No Action Alternative
HD Pickups and Vans — 15.6 26.5 29.5 33.1
Vocational Vehicles — 8.6 31.0 335 50.2
Tractor Trucks and Trailers — 114.9 190.0 195.4 246.8
All HD Trucks - 139.1 247.5 258.4 330.1

Total fuel consumption from 2019 through 2050 across all HD vehicle classes under the No Action
Alternative in Table S-3 is projected to amount to 1,991.7 billion DGE. Total 2019-2050 projected fuel
consumption decreases across alternatives, from 1,852.6 billion DGE under Alternative 2 to 1,661.7
billion DGE under Alternative 5. Less fuel would be consumed under each of the action alternatives than
under the No Action Alternative, with total 2019—2050 cumulative fuel savings ranging from 139.1
billion DGE under Alternative 2 to 330.1 billion DGE under Alternative 5. Under the Preferred
Alternative, total projected fuel consumption from 2019-2050 would be 1,744.3 billion DGE, and
cumulative fuel savings compared with the No Action Alternative would be 247.5 billion DGE.

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 on human health, and the monetized health benefits of
emissions reductions. Although air pollutant emissions generally decline under the action alternatives
compared with the No Action Alternative, the magnitudes of the declines are not consistent across all
pollutants (and some air pollutant emissions might increase). This inconsistency reflects the complex
interactions between tailpipe emissions rates of the various vehicle types, the technologies NHTSA
assumes manufacturers will incorporate to comply with the standards, upstream emissions 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 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 (NO,),
ozone, sulfur dioxide (SO,), lead, and particulate matter (PM) with an aerodynamic diameter equal to or
less than 10 microns (PM10) and 2.5 microns (PM2.5, or fine particles). Ozone is not emitted directly
from vehicles but is formed from emissions of ozone precursor pollutants such as nitrogen oxides (NOy)
and volatile organic compounds (VOCs).
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In addition to criteria pollutants, motor vehicles emit some substances defined by the 1990 Clean Air Act
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 PM2.5 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. Nevertheless, the U.S. transportation sector remains a major source of emissions of
certain criteria pollutants or their chemical precursors. On-road mobile sources (i.e., highway vehicles,
including vehicles covered by the proposed rule) are responsible for 24,796,000 tons per year of CO

(34 percent of total U.S. emissions), 185,000 tons per year (3 percent) of PM2.5 emissions, and 268,000
tons per year (1 percent) of PM10 emissions. HD vehicles contribute 6 percent of U.S. highway
emissions of CO, 66 percent of highway emissions of PM2.5, and 55 percent of highway emissions of
PM10. Almost all of the PM in motor vehicle exhaust is PM2.5; therefore, this analysis focuses on PM2.5
rather than PM10. On-road mobile sources also contribute 2,161,000 tons per year (12 percent of total
nationwide emissions) of VOCs and 5,010,000 tons per year (38 percent) of NOy emissions, which are
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chemical precursors of ozone. HD vehicles contribute 8 percent of U.S. highway emissions of VOCs and
50 percent of NOy. In addition, NOy is a PM2.5 precursor, and VOCs can be PM2.5 precursors. SO, and
other oxides of sulfur (SOy) are important because they contribute to the formation of PM2.5 in the
atmosphere; however, on-road mobile sources account for less than 0.56 percent of U.S. SO, emissions.
With the elimination of lead in automotive gasoline, lead is no longer emitted from motor vehicles in
more than negligible quantities and is therefore not assessed in this analysis.

Methodology

To analyze air quality and human health impacts, NHTSA calculated the emissions of criteria pollutants and
MSATs from HD vehicles 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 results, including impacts on 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. To estimate
Classes 2b —3 upstream emissions changes resulting from the decreased downstream fuel
consumption, the analysis uses the Volpe HD model, which incorporates emissions factors from the
Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation model (GREET) model (2013
version developed by the U.S. Department of Energy Argonne National Laboratory). The Volpe HD
model uses the decreased volumes of the fuels along with the emissions factors from GREET for the
various fuel production and transport processes to estimate the net changes in upstream emissions as a
result of fuel consumption changes. To estimate Classes 4—-8 upstream emissions, the analysis uses a
spreadsheet model developed by EPA that uses an identical methodology based on GREET emissions
factors.

Key Findings for Air Quality

The findings for air quality effects are shown for 2035 in this summary, a mid-term forecast year by which
time a large proportion of HD vehicle VMT would be accounted for by vehicles that meet the proposed
standards. The EIS provides findings for air quality effects for 2018, 2025, 2035, and 2050. In general,
emissions of criteria air pollutants decrease with increased stringency across alternatives, with few
exceptions. The changes in emissions reflect the complex interactions among the tailpipe emissions rates
of the various vehicle types, the technologies assumed to be incorporated by manufacturers in response to
the proposed standards, upstream emissions rates, the relative proportions of gasoline and diesel in total
fuel consumption reductions, and increases in VMT. To estimate the reduced incidence of PM2.5-related
adverse health effects and the associated monetized health benefits from the emissions reductions,
NHTSA multiplied direct PM2.5 and PM2.5 precursor (NOy, SO,, and VOCs) emissions 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.
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Direct and Indirect Impacts

Criteria Pollutants

Emissions of criteria pollutants are highest under the No Action Alternative; they decline as fuel
consumption decreases from the least stringent action alternative (Alternative 2) to the most stringent
alternative (Alternative 5), as shown in Figure S-2. Many of the emissions changes are relatively small,
especially for CO and PM2.5, which were reduced by less than 9 percent under all alternatives.

Emissions reductions were greatest under Alternative 5 for all criteria pollutants. By 2050 these
reductions ranged from 6 percent for PM2.5 to 37 percent for NO,.

Under the Preferred Alternative, emissions of all criteria pollutants are reduced compared to
emissions under the No Action Alternative. By 2050 these reductions ranged from 4 percent for
PM2.5 to 31 percent for NO,.

Figure S-2. Nationwide Criteria Pollutant Emissions (tons/year) from U.S. HD Vehicles for 2035 by Alternative,

Direct and Indirect Impacts
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Hazardous Air Pollutants

Emissions of MSATSs are highest under the No Action Alternative; they decline as fuel consumption
decreases from the least stringent action alternative (Alternative 2) to the most stringent alternative
(Alternative 5), as shown in Figure S-3. Many of the emissions changes are relatively small,
especially for DPM, which was reduced by less than 4 percent under all alternatives.

Emissions reductions were greatest under Alternative 5 for all MSATs. By 2050 these reductions
ranged from 4 percent for DPM to 44 percent for formaldehyde.

Under the Preferred Alternative, emissions of all MSATSs are reduced compared to emissions under
the No Action Alternative. By 2050, emissions of DPM were reduced by approximately 3 percent,

S-11



Summary

emissions of 1,3-butadiene by 17 percent, emissions of benzene by 22 percent, emissions of
acetaldehyde by 36 percent, and emissions of acrolein and formaldehyde by 37 percent.

Figure S-3. Nationwide Toxic Air Pollutant Emissions (tons/year) from U.S. HD Vehicles for 2035 by Alternative,
Direct and Indirect Impacts
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Health and Monetized Health Benefits

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 with the
No Action Alternative, with increasing reductions from the least stringent (Alternative 2) to the most
stringent (Alternative 5) alternatives.

Because monetized health benefits increase with reductions in adverse health effects, monetized
benefits increase across alternatives along with increasing HD vehicle fuel efficiency standards.
When estimating quantified and monetized health impacts, EPA relies on results from two PM2.5-
related premature mortality studies it considers equivalent: Krewski et al. (2009) and Lepeule et al.
(2012). EPA recommends that monetized benefits be shown by 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. Using these four calculations, estimated monetized
health benefits in 2035 range from $3.1 to $17.5 billion under all action alternatives.

Estimated monetized health benefits in 2035 range from $3.1 to $7.8 billion under Alternative 2,
$5.3 to $13.3 billion under the Preferred Alternative, $5.5 to $13.8 billion under Alternative 4, and
$6.9 to $17.5 billion under Alternative 5.

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

Cumulative Impacts

Criteria Pollutants

Cumulative emissions of criteria pollutants are highest under the No Action Alternative; they decline
as fuel consumption decreases across the action alternatives, as shown in Figure S-4. Many of the
emissions changes are relatively small, especially for CO and PM2.5, which were reduced by 9
percent or less under all alternatives.

Emissions reductions were greatest under Alternative 5 for all criteria pollutants. By 2050 these
reductions ranged from 7 percent for PM2.5 to 38 percent for NO,.

Under the Preferred Alternative, emissions of all criteria pollutants are reduced compared to
emissions under the No Action Alternative. By 2050 these reductions ranged from 5 percent for
PM2.5 to 32 percent for NO,.
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Figure S-4. Nationwide Criteria Pollutant Emissions (tons/year) from U.S. HD Vehicles for 2035 by Alternative,
Cumulative Impacts
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Hazardous Air Pollutants

e Emissions of MSATs are highest under the No Action Alternative; they generally decline as fuel
consumption decreases from the least stringent action alternative (Alternative 2) to the most
stringent alternative (Alternative 5), as shown in Figure S-5. Many of the emissions changes are
relatively small, especially for DPM, which were reduced by less than 5 percent under all
alternatives.

e Emissions reductions were greatest under Alternative 5 for all MSATs. By 2050 these reductions
ranged from 5 percent for DPM to 44 percent for formaldehyde.

e Under the Preferred Alternative, emissions of all MSATs are reduced compared to emissions under
the No Action Alternative. By 2050, emissions of DPM were reduced by approximately 3 percent,
emissions of 1,3-butadiene by 18 percent, emissions of benzene by 23 percent, emissions of
acetaldehyde by 36 percent, and emissions of acrolein and formaldehyde by 37 percent.
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Figure S-5. Nationwide Toxic Air Pollutant Emissions (tons/year) from U.S. HD Vehicles for 2035 by Alternative,
Cumulative Impacts
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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 with the
No Action Alternative.

e Estimated monetized health benefits in 2035 range from $3.5 to $18.5 billion for all alternatives.

e Estimated monetized health benefits in 2035 range from $3.5 to $8.9 billion under Alternative 2,
$5.7 to $14.3 billion under the Preferred Alternative, $5.9 to $14.8 billion under Alternative 4, and
$7.4 to $18.5 billion under Alternative 5.

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

Climate

Earth absorbs heat energy from the sun and returns most of this heat to space as terrestrial infrared
radiation. GHGs trap heat in the lower atmosphere (the atmosphere extending from Earth’s surface to
approximately 4 to 12 miles above the surface) by absorbing heat energy emitted by Earth’s surface and
lower atmosphere, and reradiating much of it back to Earth’s surface, thereby causing warming. This
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process, known as the greenhouse effect, is responsible for maintaining surface temperatures that are
warm enough to sustain life. Most GHGs, including CO,, methane (CH,), nitrous oxide (N,O), water
vapor, and ozone, occur naturally. Human activities, particularly fossil-fuel combustion, lead to the
presence of increased concentrations of GHGs in the atmosphere, thereby intensifying the warming
associated with the Earth’s greenhouse effect (see Figure S-6).

Figure S-6. Human Influence on the Greenhouse Effect

Natural Greenhouse Effect
Greenhouse Effect Intensified by Humans

More heat escapes

; Less heat escapes
into space

into space

Source: GCRP (U.S. Global Change Research Program) 2014. Global Climate Change Impacts in the United States. 2014: Climate
Change Impacts in the United States: The Third National Climate Assessment. U.S. Global Change Research Program.
Washington, DC.

Since the industrial revolution, when fossil fuels began to be burned in increasing quantities,
concentrations of GHGs in the atmosphere have increased. CO, atmospheric concentrations have
increased by more than 40 percent since pre-industrial times, while the concentration of CH, is now 150
percent above pre-industrial levels. This buildup of GHGs in the atmosphere is changing the 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 approximately 0.8 degree Celsius (°C)
(1.4 degrees Fahrenheit [°F]), and sea levels have risen 19 centimeters (7.5 inches), with a rate of increase
of approximately 3.2 millimeters (0.13 inch) per year from 1993 to 2010. These observed changes in the
global climate are largely a result of GHG emissions from human activities. The United Nations
Environment Programme and the World Meteorological Organization established Intergovernmental Panel
on Climate Change (IPCC) has concluded that “[HJuman influence has been detected in warming of the
atmosphere and the ocean, in changes in the global water cycle, in reductions in snow and ice, in global
mean sea-level rise, and in changes in some climate extremes...It is extremely likely that human influence
has been the dominant cause of the observed warming since the mid-20th century.”
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Throughout this EIS, NHTSA has relied extensively on findings of the IPCC, U.S. Climate Change Science
Program (CCSP), National Research Council (NRC), Arctic Council, 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, and severe weather events, 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 water demand such as significant
increases in irrigation needs, water shortages, general variability in water supply, and increasing
flood risk in response to flooding, drought, changes in snowpack and the timing of snow melt,
changes in weather patterns, and saltwater intrusions from sea-level rise.

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

e Impacts on ocean systems, coastal, and low-lying areas could include the loss of coastal areas due to
submersion and/or erosion, reduction in coral reefs and other key habitats thereby affecting the
distribution, abundance, and productivity of many marine species, increased vulnerability of the
built environment and associated economies to severe weather and storm surges, and increased
salinization of estuaries and freshwater aquifers.

e Impacts on food, fiber, and forestry could include increasing tree mortality, forest ecosystem
vulnerability, productivity losses in crops and livestock, and changes in the nutritional quality of
pastures and grazelands in response to fire, insect infestations, increases in weeds, drought, disease
outbreaks, and/or extreme weather events. Many marine fish species may migrate to deeper
and/or colder water in response to rising ocean temperatures. Impacts on food, including yields,
food processing, storage, and transportation, may affect food prices and food security globally.

e Impacts on rural and urban areas could include affecting water and energy supplies, wastewater and
stormwater systems, transportation, telecommunications, provision of social services, agricultural
incomes, and air quality. The impacts may be greater for vulnerable populations such as lower-
income populations, the elderly, those with existing health conditions, and young children.

e Impacts on human health could include increased mortality and morbidity due to excessive heat,
increases in respiratory conditions due to poor air quality and aeroallergens, increases in water and
food-borne diseases, changes in the seasonal patterns of vector-borne diseases, and increases in
malnutrition. The most disadvantaged groups such as children, elderly, sick, and low-income
populations are especially vulnerable.

e Impacts on human security could include increased threats in response to adversely affected
livelihoods, compromised cultures, increased and/or restricted migration, increased risk of armed
conflicts, reduction in providing adequate essential services such as water and energy, and increased
geopolitical rivalry.
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Climate change has been projected to have a direct impact on stratospheric ozone recovery, although
there are large elements of uncertainty within these projections.

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 under varying climatic conditions.

Contribution of the U.S. Transportation Sector to U.S. and Global CO, Emissions

Contributions to the buildup of CO, and other 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 16.5 percent of total global CO, emissions (according to the World
Resources Institute’s Climate Analysis Indicators Tool). As shown in Figure S-7, the U.S. transportation
sector accounted for 31 percent of total U.S. CO, emissions in 2013, with HD vehicles accounting for 24
percent of total U.S. CO, emissions from transportation. Therefore, approximately 7.5 percent of total
U.S. CO, emissions were from HD vehicles. These U.S. HD vehicles account for 1.2 percent of total global
CO, emissions, based on the comprehensive global CO, emissions data available for 2011 (WRI 2015).

Figure S-7. Contribution of Transportation to U.S. CO, Emissions and Proportion Attributable by Mode, 2013
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Source: U.S. Environmental Protection Agency. 2015.
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Key Findings for Climate

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

Under the No Action Alternative, total CO, emissions from HD vehicles in the United States will increase
substantially between 2018 and 2100.”> Growth in the number of HD vehicles in use throughout the
United States, combined with assumed increases in their average use, is projected to result in growth in
VMT. Because CO, emissions are a direct consequence of total fuel consumption, the same result is
projected for total CO, emissions from HD vehicles.

NHTSA estimates that the action alternatives will reduce fuel consumption and CO, emissions compared
with what they would be in the absence of the standards (i.e., fuel consumption and CO, emissions
under the No Action Alternative) (see Figure S-8).

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 will be adopted. See Section 5.3.3.3.2 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 five 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 five alternatives. These effects are typically modeled to 2100 or longer because of the
amount of time required for the climate system to show the effects of the GHG emissions reductions.
This inertia reflects primarily 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 because of 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 can make an important contribution to reducing the risks associated with
climate change.

? Because CO, accounts for such a large fraction of total GHGs emitted during fuel production and use—more than 95 percent,
even after accounting for the higher GWPs of other GHGs— NHTSA’s consideration of GHG impacts focuses on reductions in
CO2 emissions expected under the action alternatives.
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Direct and Indirect Impacts

Greenhouse Gas Emissions

o HD vehicles are projected to emit 73,600 million metric tons of carbon dioxide (MMTCO,) in the
period 2018-2100 under the No Action Alternative. Alternative 2 would reduce these emissions by
7 percent by 2100, the Preferred Alternative by 15 percent, Alternative 4 by 15 percent, and
Alternative 5 by 19 percent. Figure S-8 shows projected annual CO, emissions from HD vehicles
under each alternative. As shown in the figure, emissions are highest under the No Action
Alternative, while Alternatives 2 through 5 show increasing reductions in emissions compared with
emissions under the No Action Alternative.

e Compared with total projected U.S. emissions of 884 MMTCO, under the No Action Alternative in
2100, the action alternatives are expected to reduce U.S. CO, emissions in 2100 by 8 percent under
Alternative 2, 17 percent under the Preferred Alternative, 17 percent under Alternative 4, and
21 percent under Alternative 5.

e Compared with total global CO, emissions from all sources of 5,063,078 MMTCO, under the No
Action Alternative from 2018 through 2100, the action alternatives are expected to reduce global
CO, emissions between 0.1 and 0.3 percent by 2100.

e The emissions reductions in 2025 under each of the action alternatives compared with emissions
under the No Action Alternative are approximately equivalent to the annual emissions from
0.7 million HD vehicles under Alternative 2, 1.1 million HD vehicles under the Preferred Alternative,
1.4 million HD vehicles under Alternative 4, and 1.9 million HD vehicles under Alternative 5.

Figure S-8. Projected Annual CO, Emissions (MMTCO,) from All HD Vehicles by Alternative, Direct and Indirect
Impacts
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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 Global Change Assessment Model Reference scenario (see Section 5.3.3.3.1 of this EIS for more
details) to represent the Reference Case emissions scenario (i.e., 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; therefore, they can make an important contribution to reducing the risks associated with climate
change.

e Estimated CO, concentrations in the atmosphere for 2100 would range from 787.9 parts per million
(ppm) under Alternative 5 to approximately 789.1 ppm under the No Action Alternative, indicating a
maximum atmospheric CO, reduction of approximately 1.2 ppm compared to the No Action
Alternative. The Preferred Alternative would reduce global CO, concentrations by approximately 0.9
ppm from CO, concentrations under the No Action Alternative.

e Global mean surface temperature is anticipated to increase by approximately 3.48°C (6.27°F) under
the No Action Alternative by 2100. Implementing the most stringent alternative (Alternative 5)
would reduce this projected temperature increase by 0.004°C (0.008°F), while implementing the
least stringent alternative (Alternative 2) would reduce projected temperature increase by up to
0.002°C (0.003°F). Falling between these two levels, the Preferred Alternative would decrease
projected temperature increase under the No Action Alternative by 0.003°C (0.006°F). Figure S-9
shows the reduction in projected global mean surface temperature under each action alternative
compared with temperatures under the No Action Alternative.

e Projected sea-level rise in 2100 ranges from a high of 76.28 centimeters (30.03 inches) under the
No Action Alternative to a low of 76.20 centimeters (30.00 inches) under Alternative 5. Therefore,
the most stringent alternative would result in a maximum reduction in sea-level rise equal to
0.09 centimeter (0.03 inch) by 2100 compared with the level projected under the No Action
Alternative. Sea-level rise under the Preferred Alternative would be reduced by 0.06 centimeter
(0.02 inch) compared with the No Action Alternative.

e Global mean precipitation is anticipated to increase by 5.85 percent by 2100 under the No Action
Alternative. Under the action alternatives, this increase in precipitation would be reduced by less
than 0.01 percent.
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Figure S-9. Reduction in Global Mean Surface Temperature Compared with the No Action Alternative, Direct
and Indirect Impacts
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e Projections of total emissions reductions over the 2018-2100 period under the action alternatives
and other reasonably foreseeable future actions (i.e., forecast HD vehicle fuel efficiency increases
resulting from market-driven demand) compared with the No Action Alternative range from 6,500
MMTCO, (under Alternative 2) to 15,200 MMTCO, (under Alternative 5). Falling between these two
extremes, the Preferred Alternative would reduce emissions by 11,800 MMTCO,. The action
alternatives would reduce total HD vehicle emissions by between 9 percent (under Alternative 2)
and 20 percent (under Alternative 5) by 2100. Again falling between these two extremes, the
Preferred Alternative would reduce total HD vehicle emissions by 16 percent by 2100. Figure S-10
shows projected annual CO, emissions from HD vehicles by alternative compared with the No Action
Alternative.

e Compared with projected total global CO, emissions of 4,154,831 MMTCO, from all sources from
2018-2100, the incremental impact of this rulemaking is expected to reduce global CO, emissions
between 0.2 and 0.4 percent by 2100.
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Figure S-10. Projected Annual CO, Emissions (MMTCO,) from HD Vehicles by Alternative, Cumulative Impacts
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e Estimated atmospheric CO, concentrations in 2100 range from a low of 686.0 ppm under
Alternative 5 to a high of 687.3 ppm under the No Action Alternative. The Preferred Alternative
would result in CO, concentrations of 686.3 ppm, a reduction of 1.0 ppm compared with the No
Action Alternative.

e The reduction in global mean temperature increase for the action alternatives compared with the
No Action Alternative in 2100 ranges from a low of 0.002°C (0.004°F) under Alternative 2 to a high of
0.005°C (0.009°F) under Alternative 5. The Preferred Alternative would result in a reduction of
0.004°C (0.007°F) from the projected temperature increase of 2.838°C (5.108°F) under the No Action
Alternative. Figure S-11 illustrates the reductions in the increase in global mean temperature under
each action alternative compared with the No Action Alternative.

e Projected sea-level rise in 2100 ranges from a high of 70.22 centimeters (27.65 inches) under the
No Action Alternative to a low of 70.12 centimeters (27.61 inches) under Alternative 5, indicating a
maximum reduction of sea-level rise equal to 0.10 centimeter (0.04 inch) by 2100 from the level that
could occur under the No Action Alternative. Sea-level rise under the Preferred Alternative would
be 70.15 centimeters (27.62 inches), a 0.07-centimeter (0.03-inch) reduction compared with the
No Action Alternative.

See Section 5.4 of this EIS for more details about direct, indirect, and cumulative impacts on climate.
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Figure S-11. Reduction in Global Mean Surface Temperature Compared with the No Action Alternative,
Cumulative Impacts
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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 (Alternative 5) is roughly 1.2 ppm less CO,, a few thousandths of a
degree difference in temperature increase, a small percentage change in the rate of precipitation
increase, and about 1 millimeter (0.03 inch) of sea-level rise. Although the projected reductions in CO,
and climate effects are small compared with total projected future climate change, they are quantifiable
and directionally consistent and would represent an important contribution to reducing the risks
associated with climate change. Although NHTSA does quantify the reductions in monetized damages
that can be 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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Phase 2 Fuel Efficiency Standards for Medium- and Heavy-Duty Engines and Vehicles Draft EIS

CHAPTER 1 PURPOSE AND NEED FOR THE PROPOSED
ACTION

1.1 Introduction

The Energy Policy and Conservation Act of 1975 (EPCA)' mandated that the National Highway Traffic
Safety Administration (NHTSA) establish and implement a regulatory program for motor vehicle fuel
economy.” As codified in Chapter 329 of Title 49 of the U.S. Code (U.S.C.), and as amended by the
Energy Independence and Security Act of 2007 (EISA),® EPCA sets forth specific requirements concerning
the establishment of average fuel economy standards for passenger cars and light trucks, which are
motor vehicles with a gross vehicle weight rating (GVWR) less than 8,500 pounds and medium-duty
passenger vehicles with a GVWR less than 10,000 pounds.* This regulatory program, known as the
Corporate Average Fuel Economy Program (CAFE), was established to reduce national energy
consumption by increasing the fuel economy of these automobiles.

EISA was enacted in December 2007, providing the U.S. Department of Transportation (DOT)—and
NHTSA, by delegation—new authority to implement, via rulemaking and regulations, “a commercial
medium- and heavy-duty on-highway vehicle® and work truck® fuel efficiency improvement program
designed to achieve the maximum feasible improvement” for motor vehicles with a GVYWR of 8,500
pounds or greater, except for medium-duty passenger vehicles already covered under CAFE.” This broad
sector—ranging from large pickups to sleeper-cab tractors—represents the second-largest contributor
to oil consumption and greenhouse gas (GHG) emissions from the transportation sector, after light-duty
passenger cars and trucks. EISA directs NHTSA to “adopt and implement appropriate test methods,
measurement metrics, fuel economy standards, and compliance and enforcement protocols that are
appropriate, cost-effective, and technologically feasible for commercial medium- and heavy-duty on-
highway vehicles and work trucks.”® This authority permits NHTSA to set “separate standards for
different classes of vehicles.”’ Commercial medium-duty and heavy-duty on-highway vehicles and work
trucks, including their engines and certain trailers, are hereinafter referred to collectively as “HD

! EPCA was enacted to serve the United States’ energy demands and promote energy conservation when feasibly obtainable.
EPCA is codified at 49 U.S.C. § 32901 et seq.

% 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 EPCA fuel economy requirements to
NHTSA. 49 CFR §§ 1.95, 501.2(a)(7).

® Pub. L. No. 110-140, 121 Stat. 1492 (Dec. 19, 2007). EISA amends and builds on EPCA by setting out a comprehensive energy
strategy for the 21°" century, including the reduction of fuel consumption from all motor vehicle sectors.

%49 U.S.C. §§ 32901(a)(3), (a)(17)-(19).

® EISA added the following definition to the U.S.C. automobile fuel economy chapter: “commercial medium- and heavy-duty on-
highway vehicle” means an on-highway vehicle with a gross vehicle weight rating of 10,000 pounds or more. 49 U.S.C.
§32901(a)(7).

® EISA added the following definition to the U.S.C. automobile fuel economy chapter: “work truck” means a vehicle that — (A) is
rated at between 8,500 and 10,000 pounds gross vehicle weight; and (B) is not a medium-duty passenger vehicle (MDPV) (as
defined in section 86.1803-01 of title 40, Code of Federal Regulations, as in effect on the date of the enactment of [EISA]).

49 U.S.C. § 32901(a)(19).

749 U.S.C. § 32902(k)(2).
& 1d.
°Id.




Chapter 1 Purpose and Need for the Proposed Action

vehicles.”*® EISA also provides for regulatory lead time and regulatory stability. EISA dictates that the

HD Fuel Efficiency Improvement Program NHTSA implements must provide not fewer than 4 full model
years of regulatory lead time and 3 full model years of regulatory stability."!

Consistent with these requirements and in consultation with the U.S. Environmental Protection Agency
(EPA) and Department of Energy (DOE), NHTSA established the first fuel efficiency standards for HD
vehicles in September 2011, as part of a comprehensive HD National Program to reduce GHG emissions
and fuel consumption for HD vehicles.”” Those fuel efficiency standards constituted the first phase
(Phase 1) of the NHTSA HD Fuel Efficiency Improvement Program. They were established to begin in
model year (MY) 2016 and remain stable through MY 2018," consistent with EISA’s requirements.
Although EISA prevented NHTSA from enacting mandatory standards before MY 2016, NHTSA
established voluntary compliance standards for MYs 2014-2015 prior to mandatory regulation in MY
2016. Throughout this EIS, NHTSA refers to the rulemaking and EIS associated with the MY 2014-2018
HD vehicle fuel efficiency standards described in this paragraph as “Phase 1” or “Phase 1 HD National
Program.”

In February 2014, the White House directed NHTSA and EPA to develop and issue the next phase of HD
vehicle fuel efficiency and GHG standards by March 2016 (White House 2014a). Consistent with this
directive, NHTSA is proposing fuel efficiency standards for HD vehicles for MYs 2018 and beyond™* as
part of a joint rulemaking with EPA to establish what is referred to as the Phase 2 HD National Program
(also referred to as “Phase 2”). As with Phase 1 and as directed by EISA, NHTSA’s Phase 2 HD Fuel
Efficiency Improvement Program rulemaking is being conducted in consultation with EPA and DOE."

0 or purposes of this EIS, the term heavy-duty or HD applies to almost all on-highway engines and vehicles that are not within
the range of passenger cars, light trucks, and MDPVs covered by the greenhouse gas and CAFE standards issued for model years
(MY) 2017-2025. The term also does not include motorcycles. In addition, for the purpose of this EIS, this term includes
recreational vehicles, which is in contrast to how this term was used in the EIS associated with the MY 2014-2018 HD vehicle
fuel efficiency standards. See Section I.E.2.b of the NPRM for a discussion of why NHTSA is including recreational vehicles
within the scope of the HD Fuel Efficiency Improvement Program. For background on the HD vehicle segment, and fuel
efficiency improvement technologies available for those vehicles, see the following reports recently issued by the National
Academy of Sciences: Technologies and Approaches to Reducing the Fuel Consumption of Medium- and Heavy-Duty Vehicles
(NAS 2010) and Reducing the Fuel Consumption and Greenhouse Gas Emissions of Medium- and Heavy-Duty Vehicles, Phase
Two: First Report (NAS 2014a).

™ 49 U.S.C. § 32902(K)(3).

12 pg explained in the HD Phase 1 September 2011 Final Rule, in the context of 49 U.S.C. § 32902(k), NHTSA interprets “fuel
economy standards” as referring not specifically to miles per gallon, as in the light-duty vehicle context, but instead more
broadly to account as accurately as possible for HD vehicle fuel efficiency. The Phase 1 Final Rule explained that NHTSA opted
to set the fuel efficiency standards using metrics other than miles per gallon to account for the work performed by various
types of HD vehicles. Greenhouse Gas Emissions Standards and Fuel Efficiency Standards for Medium- and Heavy-Duty Engines
and Vehicles; Final Rule, 76 FR 57106 (Sept. 15, 2011) (hereinafter “Phase 1 Final Rule”).

13 NHTSA’s Phase 1 standards for HD pickups and vans allowed manufacturers to select one of two fuel consumption standard
alternatives for MY 2016 and later. The first alternative defined individual gasoline vehicle and diesel vehicle fuel consumption
target curves that do not change for model years 20162018, and are equivalent to EPA’s compliance alternative of 67-67-67—
100 percent target curves in MYs 2016—-2017-2018-2019, respectively. The second alternative used target curves that are
equivalent to the EPA’s 40-60-100 percent target curves in MYs 2016—-2017-2018, respectively. These standards would remain
in effect indefinitely at their MY 2018 or 2019 levels until amended by a final rulemaking action. See Phase 1 Final Rule, supra
note 12 at 57119.

“The Proposed Action would establish new standards beginning with MY 2018 for certain trailers and MY 2021 for all of the
other HD vehicle categories, with stringency increases through MY 2027 for some segments. Standards would remain at the
final stringency levels until amended by a future rulemaking.

549 U.S.C. § 32902(K)(2).
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Chapter 1 Purpose and Need for the Proposed Action

Pursuant to the National Environmental Policy Act™® (NEPA), 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 Phase 2, 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.™®

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."® The purpose of this rulemaking is to continue to promote EPCA’s goals of energy
independence and security, as well as to improve environmental outcomes and national security, by
continuing to implement an HD Fuel Efficiency Improvement Program that is “designed to achieve the
maximum feasible improvement.”*

Congress specified that as part of the HD Fuel Efficiency Improvement Program, NHTSA must adopt and
implement appropriate test methods, measurement metrics, fuel economy standards,” and compliance
and enforcement protocols. These required aspects of the program must be appropriate, cost effective,
and technologically feasible for HD vehicles. As stated previously, Congress also directed that the
standards adopted under the program must provide no fewer than 4 model years of regulatory lead
time and 3 model years of regulatory stability. In developing Phase 2, NHTSA will continue to consider
these EISA requirements as well as relevant environmental and safety considerations.

The 2014 White House report explained that although the standards established under the Phase 1 HD
National Program have locked in long-lasting gains in fuel efficiency, HD vehicle fuel consumption is still
projected to grow as more trucks are driven more miles.” For this reason, the White House report
explained that new standards extending beyond Phase 1 are needed to further improve energy security,
save money for consumers and businesses, reduce harmful air pollution, and lower costs for
transporting goods. President Obama’s May 29, 2014, All-of-the-Above Energy Strategy similarly stated
that the development of Phase 2 HD fuel efficiency standards “will lead to large savings in fuel, lower
CO, [carbon dioxide] emissions, and health benefits from reduced particulate matter and ozone.”” To
develop standards that provide long-term certainty and promote innovation, the White House directed
NHTSA and EPA to work closely with both large and small stakeholders to explore further opportunities

%42 U.S.C. §5 4321-4347.
742 U.5.C. § 4332.

'8 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.

' 40 CFR § 1502.13.

2% 49 U.S.C. § 32902(k)(2).

2! see Phase 1 Final Rule, supra note 12, at 57115.
2 \White House 2014, supra note 14, at 5.

2 White House, New Report: The All-of-the-Above Energy Strategy as a Path to Sustainable Economic Growth (May 2014).
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Chapter 1 Purpose and Need for the Proposed Action

for fuel consumption and emissions reductions beyond MY 2018.%* The president also directed NHTSA
and EPA to consult with the California Air Resources Board (CARB) to ensure that the next phase of
standards allows manufacturers to continue to build a single national fleet.” Additionally, the report
directed NHTSA and EPA to consider the following advanced technologies, some of which may not
currently be in production:

e Engine and powertrain efficiency improvements
o Aerodynamics

e Weight reduction

e Improved tire rolling resistance

e Hybridization

e Automatic engine shutdown

e Accessory improvements (e.g., water pumps, fans, auxiliary power units, air conditioning)

The Proposed Action and alternatives analyzed in this EIS have been developed to reflect the purpose
and need specified by EISA, the Phase 1 HD National Program, and the 2014 White House directive.

1.3 National Environmental Policy Act and Joint Rulemaking
Process

Together with this EIS, NHTSA and EPA are issuing proposed rules to establish Phase 2 fuel efficiency and
GHG emissions standards for HD vehicles.”® The proposed rules would address the urgent and closely
intertwined challenges of energy independence and security and climate change by continuing strong
and coordinated federal fuel efficiency and GHG emissions standards for HD vehicles through the HD
National Program. The proposed rules are intended to achieve substantial reductions in fuel
consumption and GHG emissions from the HD vehicle sector. The proposed rules build on the first
phase of the HD National Program, established by a joint rule issued by NHTSA and EPA in September
2011, in which NHTSA set fuel efficiency standards and EPA set GHG emissions standards for MY 2014—
2018 and beyond HD vehicles (Phase 1 HD National Program).”’ The proposed Phase 2 HD National
Program would deliver additional environmental and energy benefits, cost savings, and administrative
efficiencies nationwide using a coordinated approach.

1.3.1 Building Blocks of the National Program

The HD National Program is both needed and possible because there is a direct relationship between
improving fuel efficiency and reducing carbon dioxide (CO,) tailpipe emissions. The amount of CO,
emissions is essentially constant per gallon combusted of a given type of fuel. The more fuel efficient a
vehicle, the less fuel it burns performing a given amount of work across a given distance. The less fuel it
burns, the less CO, it emits in performing that work across that distance. While there are emissions
control technologies that reduce the pollutants (e.g., carbon monoxide) produced by imperfect
combustion of fuel by capturing or destroying them, there is currently no such technology for CO,.

2 d. at 8.
2.

% The agencies’ notices of proposed rulemaking will be published in a single Federal Register notice as a coordinated, joint
proposal.

’ See Phase 1 Final Rule, supra note 12.
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Chapter 1 Purpose and Need for the Proposed Action

Emissions control technologies for CO,, therefore, depend on reducing the quantity of fuel consumed.
As a result, the same technologies address the twin problems of reducing fuel consumption and
reducing CO, emissions.

1.3.1.1 DOT’s HD Vehicle Fuel Efficiency Improvement Program

With the passage of EISA in December 2007, Congress provided a framework for developing the first fuel
efficiency regulations for HD vehicles. In September 2011, NHTSA issued a rule establishing the Phase 1
fuel efficiency standards for HD vehicles in accordance with the EISA mandate to establish an HD “fuel
efficiency improvement program designed to achieve the maximum feasible improvement.””® In Phase
1, NHTSA set mandatory standards for HD vehicles beginning in MY 2016 and voluntary compliance
standards for MY 2014—-2015 HD vehicles. NHTSA set fuel efficiency standards for three categories of
commercial medium- and heavy-duty on-highway vehicles and work trucks (and the engines that power
them) based on the relative degree of homogeneity among trucks within each category: HD pickups and
vans, vocational vehicles, and combination tractors (Phase 1 deferred action on setting standards for
commercial trailers®). These vehicle categories are described in greater detail below in the discussion
of the Proposed Action. Phase 2 builds off of Phase 1, establishing mandatory fuel efficiency standards
for HD vehicles for MYs 2018 and beyond. Section 1.3.2 discusses the Proposed Action, including
differences between Phase 1 and Phase 2.

1.3.1.2 EPA’s Greenhouse Gas Standards for HD Vehicles

Since the 1980s, EPA has acted several times to address tailpipe emissions of criteria pollutants and air
toxics from HD vehicles under its Clean Air Act (CAA) authority. Prior to the HD National Program
established in September 2011, these programs have primarily addressed emissions of ozone precursors
(hydrocarbons and nitrogen oxides [NO,] and particulate matter [PM]). Under Phase 1, EPA issued GHG
emissions standards for the same three classes of commercial medium- and heavy-duty on-highway
vehicles and work trucks (HD pickups and vans, vocational vehicles, and combination tractors) and
engines.

One difference between the EPA GHG standards and NHTSA fuel efficiency standards under the HD
National Program relates to when the standards apply. As required by the CAA, EPA mobile source
emissions standards apply at the time the vehicle or engine is sold, as well as when the vehicle is in
actual use. This is in contrast to the NHTSA fuel consumption standards under EISA, which apply only at
the time the vehicle or engine is sold.

A second difference between the EPA GHG emissions standards and the NHTSA fuel efficiency standards
is that the EPA standards regulate hydrofluorocarbons (HFCs), which is a GHG of concern that may leak
from vehicle air conditioning systems, but is not related to fuel efficiency. Specifically, in Phase 1, EPA
established separate air conditioning refrigerant leakage standards for combination tractors and for HD
pickups and vans. EPA did not adopt air conditioning refrigerant leakage standards for vocational
vehicles. See Section II.E.5 of the Phase 1 Final Rule preamble. However, for Phase 2, EPA is proposing
similar standards for vocational vehicles, beginning in MY 2021. The process for certifying that low
leakage components are used would follow the system currently in place for comparable systems in
tractors.

%% 49 U.S.C. § 32902(k)(2); Phase 1 Final Rule, supra note 12.

%% See Phase 1 Final Rule, supra note 12, at 57111 (“While we are deferring action today on setting trailer standards, the
agencies are committed to moving forward to create a regulatory program for trailers that would complement the current
vehicle program.”).
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Chapter 1 Purpose and Need for the Proposed Action

1.3.1.3 California Air Resources Board (CARB) Greenhouse Gas Program

CARB sets motor vehicle emissions standards for the State of California. In Phase 1, NHTSA and EPA
worked with a diverse group of stakeholders, including the State of California. As explained in the Phase
1 Final Rule, based on the agencies’ ongoing consultation with CARB, NHTSA and EPA expected that
CARB would be able to adopt regulations equivalent in practice to those of the HD National Program,
just as it had done for past EPA regulation of HD trucks and engines. On December 5, 2014, California
approved CARB’s Phase 1 GHG regulations, which aligned California’s GHG emissions standards and test
procedures with the Phase 1 HD National Program (CARB 2013). In the 2014 White House report,
President Obama directed NHTSA and EPA to continue to consult with CARB to ensure that the next
phase of standards allows manufacturers to continue to build a single national fleet.

1.3.1.4 Light-Duty National Program

In 2010, NHTSA and EPA set fuel economy and GHG emissions standards for MY 2012—2016 passenger
cars and light trucks (collectively, “light-duty vehicles”).*® In 2012, the agencies established the fuel
economy and GHG emissions standards for light-duty vehicles for MYs 2017 and beyond.*" In certain
respects, the agencies used the Light-Duty National Program as a model for the HD National Program,
including NHTSA’s proposed Phase 2 HD fuel efficiency standards. This is most apparent in the case of
medium-duty pickups and vans, which are very similar to the light-duty trucks addressed in the Light-
Duty National Program both technologically and in terms of how they are manufactured (i.e., the same
company often makes both the vehicle and the engine). For these vehicles, there are close parallels to
the Light-Duty National Program in how the agencies have developed proposed standards and
compliance structures, although for this current rule, each agency has proposed standards based on
attributes other than vehicle footprint, as discussed below.

Due to the diversity of the remaining HD vehicles, there are fewer parallels with the structure of the
Light-Duty National Program. The agencies, however, have maintained the same collaboration and
coordination that characterized the development of the Light-Duty National Program. Most notably,
manufacturers will be able to design and build to meet the requirements of a closely coordinated
federal program and avoid unnecessarily duplicative testing and compliance burdens.

1.3.2 Proposed Action

NHTSA’s proposed action is to set HD vehicle fuel efficiency standards, in accordance with the EISA
mandate to “implement a commercial medium- and heavy-duty on-highway vehicle and work truck fuel
efficiency improvement program.”*> As part of a joint rulemaking effort, NHTSA and EPA are proposing
coordinated fuel consumption®® and GHG emissions standards for HD vehicles to be built in MYs 2018

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

12017 and Later Model Year Light-Duty Vehicle Greenhouse Gas Emissions and Corporate Average Fuel Economy Standards;
Final Rule, 77 FR 62624 (Oct. 15, 2012).

32 49 U.S.C. § 32902(K)(2).

3 NHTSA's proposed action will be to set fuel consumption standards, as opposed to the fuel economy standards that the
agency sets under the CAFE program for light-duty vehicles. Whereas fuel economy measures the distance a vehicle can travel
with a gallon of fuel, and is expressed in miles per gallon (mpg), fuel consumption is the inverse metric—the amount of fuel
consumed in driving a given distance. (NAS 2010). Fuel consumption is a useful measurement because it is directly related to
the goal of decreasing the amount of fuel necessary for an HD vehicle to travel a given distance. Fuel consumption standards
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and beyond. Reducing HD vehicle fuel consumption and GHG emissions requires increasing the inherent
efficiency of the engine and reducing the work that needs to be done per mile traveled. This objective
requires a focus on the entire vehicle. For example, in addition to the basic emissions and fuel
consumption levels of the engine, the aerodynamics of the vehicle can have a major impact on the
amount of work that must be performed to transport freight. The National Academy of Sciences (NAS)
recommended this focus on both the engine and the rest of the vehicle in its reports, Technologies and
Approaches to Reducing the Fuel Consumption of Medium- and Heavy-duty Vehicles (NAS 2010) and
Reducing the Fuel Consumption and Greenhouse Gas Emissions of Medium- and Heavy-Duty Vehicle,
Phase Two (NAS 2014a). The proposed Phase 2 HD vehicle fuel efficiency standards that make up the
HD National Program aim to address the complete vehicle, to the extent practicable and appropriate
under the agencies’ respective statutory authorities, through complementary engine and vehicle
standards.

1.3.2.1 HD Vehicle Categories Covered by the Proposed Standards

NHTSA’s HD vehicle fuel efficiency standards (including both the Phase 1 standards and the proposed
Phase 2 standards as described in this EIS) apply to nearly all** commercial highway engines and vehicles
that are not regulated by the light-duty passenger car, light-duty truck, and medium-duty passenger
vehicle (MDPV) CAFE and GHG standards issued for MY 2017 and beyond. Thus, the HD Fuel Efficiency
Improvement Program, unless otherwise specified, covers all vehicles rated at a GVWR greater than
8,500 pounds (except for MDPVs) and the engines that power these vehicles. EISA Section 103(a)(3)
defines a “commercial medium- and heavy-duty on-highway vehicle” as an on-highway vehicle with a
GVWR of 10,000 pounds or more.* EISA Section 103(a)(6) defines a “work truck” as a vehicle that is
rated at between 8,500 and 10,000 pounds gross vehicle weight and is not an MDPV.*® Therefore, in
NHTSA’s HD Fuel Efficiency Improvement Program and in this EIS, the term HD vehicles refers to both
work trucks and commercial medium- and heavy-duty on-highway vehicles, as defined by EISA. In
addition, for the purpose of this EIS, this term includes recreational vehicles, which is in contrast to how
this term was used in the Phase 1 EIS. See Section |.E.2.b of the Notice of Proposed Rulemaking (NPRM)
for a discussion of why NHTSA is including recreational vehicles within the scope of the Phase 2 Fuel
Efficiency Improvement Program.

NHTSA’s HD Fuel Efficiency Improvement Program (including the proposed Phase 2 standards) applies to
HD engines, which are generally those installed in commercial medium- and heavy-duty trucks. This
term excludes engines installed in vehicles certified to a complete vehicle emissions standard based on a
chassis test, because these are addressed as a part of those complete vehicles. It also excludes engines
used exclusively for stationary power when the vehicle is parked. In addition to regulating HD engines,
in the Phase 1 Final Rule, NHTSA and EPA established standards for each of three different categories of
HD vehicles, which together comprise the range of HD vehicles available.

satisfy EISA’s directive that NHTSA implement a fuel efficiency improvement program because the more efficient an HD vehicle
is in completing its work, the less fuel it will consume to move cargo a given distance.

* The agencies are proposing to exclude a small number of vehicles that would otherwise meet the definition of a commercial
medium- and heavy-duty on-highway vebhicle.

* Codified at 49 U.S.C. § 32901(a)(7).

% EISA Section 103(a)(6) is codified at 49 U.S.C. § 32901(a)(19). EPA defines medium-duty passenger vehicles as any complete
vehicle between 8,500 and 10,000 pounds GVWR designed primarily for the transportation of persons that meet the criteria
outlined in 40 CFR § 86.1803-01. The definition specifically excludes any vehicle that (1) has a capacity of more than 12 persons
total or (2) is designed to accommodate more than 9 persons in seating rearward of the driver’s seat or (3) has a cargo box
(e.g., pickup box or bed) of 6 feet or more in interior length. See Control of Air Pollution From New Motor Vehicles: Tier 2
Motor Vehicle Emissions Standards and Gasoline Sulfur Control Requirements; Final Rule, 65 FR 6698 (Feb. 10, 2000).
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The proposed Phase 2 HD Fuel Efficiency Improvement Program described in this EIS follows the same
general categories with a few exceptions.

e Combination tractors (Classes 7-8): Heavy-duty combination trucks are built to move freight. The
ability of a truck to meet a customer’s freight transportation requirements depends on three major
characteristics of the tractor: the GVWR (which along with gross combined weight rating [GCWR]
establishes the maximum carrying capacity of the tractor and trailer), cab type (sleeper cabs provide
overnight accommodations for drivers), and the tractor roof height (to mate tractors to trailers for
the most fuel-efficient configuration). Each of these attributes affects the baseline fuel
consumption and GHG emissions, as well as the effectiveness of possible technologies like
aerodynamics, and is discussed in Section Ill.A of the Phase 1 Final Rule. Class 7 trucks, which have a
GVWR of 26,001 to 33,000 pounds and a typical GCWR of 65,000 pounds, have a lesser payload
capacity®’ than Class 8 trucks. Class 8 trucks have a GVWR of greater than 33,000 pounds and a
typical GCWR of 80,000 pounds. As discussed in Section IX of the Phase 1 Final Rule, the finalized
fuel consumption and GHG emissions standards did not regulate trailers. However, as discussed in
Section 1.3.2.2, below, NHTSA and EPA are proposing to regulate certain trailers used in
combination with HD tractors as a part of the Phase 2 HD National Program.

e HD pickups and vans (Classes 2b-3): HD vehicles with a GVWR of 8,501 to 10,000 pounds are
classified in the industry as Class 2b motor vehicles. As discussed above, Class 2b includes MDPVs
that the agencies regulate under the light-duty vehicle program, and the HD National Program
established in the Phase 1 Final Rule did not include additional requirements for MDPVs. HD
vehicles with GVWR of 10,001 to 14,000 pounds are classified as Class 3 motor vehicles. The HD
National Program regulates Classes 2b—3 HD vehicles (referred to in the EIS as HD pickups and vans)
together using an approach similar to that used in the current CAFE program and the EPA GHG
emissions standards for light-duty vehicles.

e Vocational Vehicles (Classes 2b—8): Classes 2b—8 vocational vehicles consist of a very wide variety
of configurations including delivery, refuse, utility, dump, tow, and cement trucks; transit, shuttle,
and school buses; emergency vehicles; and motor homes, among others. The HD National Program
defines Classes 2b—8 vocational vehicles as all HD vehicles not included in HD pickups and vans or
Classes 7-8 tractor segments.

Table 1.3.2-1 outlines how GVWR classes correspond to the HD vehicle categories of pickups and vans,
vocational vehicles, and tractors.

Table 1.3.2-1. HD Vehicle Segments by Gross Vehicle Weight Rating (pounds)

Class 2b Class 3 Class 4 Class 5 Class 6 Class 7 Class 8

8,501-10,000 |10,001-14,000 |14,001-16,000 |16,001-19,500 |19,501-26,000 |26,001-33,000 | >33,000

HD pickups and vans (incl. work
trucks)

Vocational vehicles (e.g., van trucks, utility “bucket” trucks, tank trucks, refuse trucks, buses, fire trucks, flat-bed
trucks, and dump trucks)

Tractors (for combination
tractor-trailers)

37 Payload is determined by a tractor’s GVWR and GCWR relative to the weight of the tractor, trailer, fuel, driver, and
equipment.
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1.3.2.2 Differences between Phase 1 of the HD Fuel Efficiency Improvement Program
(MYs 2014-2018) and Proposed Phase 2 (MYs 2018 and Beyond)

NHTSA is proposing new fuel efficiency standards for HD vehicles that build on and enhance existing
Phase 1 standards, as well as proposing the first ever standards for certain trailers used in combination
with HD tractors. Classes 7-8 tractors and their trailers account for approximately two-thirds of the HD
vehicle sector’s total CO, emissions and fuel consumption. Although trailers do not directly generate
exhaust emissions or consume fuels (except for the refrigeration units on refrigerated trailers), their
designs and operation nevertheless contribute substantially to the CO, emissions and diesel fuel
consumption of the tractors pulling them. The proposed trailer standards are expressed as CO, and fuel
consumption standards, and would apply to each trailer regarding the emissions and fuel consumption
that would be expected for a specific standard type of tractor pulling such a trailer. NHTSA and EPA
believe it is appropriate to establish standards for trailers separately from tractors because they are
separately manufactured by distinct companies. The agencies are not proposing standards for CO,
emissions and fuel consumption from the transport refrigeration units (TRUs) used on refrigerated box
trailers. Additionally, EPA is not proposing standards for hydrofluorocarbon (HFC) emissions from TRUs.
See Section IV of the NPRM for additional background and detail on trailer considerations and the
proposed trailer standards.

Taken together, the Phase 2 program would comprise a set of technology-advancing® standards that
would achieve greater GHG and fuel consumption savings than the Phase 1 program, predicated on use
of both off-the-shelf technologies and emerging technologies that are not yet in widespread use. The
agencies are proposing standards for MY 2027 that would likely require manufacturers to make
extensive use of these technologies. Phase 2 will carry over many of the compliance approaches
developed for Phase 1, with certain changes as described in Section I.C.1 of the NPRM preamble.

Table 1.3.2-2 summarizes the difference between the Phase 1 and proposed Phase 2 fuel efficiency
standards for HD vehicles across categories. Following Table 1.3.2-2 is a narrative summary of Phase 2
proposal that points readers to sections of the NPRM that contain additional detail regarding the
Proposed Action for specific regulated categories of HD vehicles.

*8 |n this context, the term “technology-advancing” means standards that will effectively require manufacturers to develop new
technologies (or to significantly improve technologies), as distinguished from standards that can be met using off-the-shelf
technology alone. The proposed standards do not require manufacturers to use any specific technologies.
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Table 1.3.2-2. Summary of Phase 1 and Proposed Phase 2 HD Vehicle Programs

Phase 1 Program

Proposed Phase 2 Program

Engines installed in tractors a

nd vocational chassis

Share of HD vehicle fuel
consumption and GHG
emissions

Combination tractors and vocational vehicles account for approximately 85% of
fuel use and GHG emissions in the medium and heavy duty truck sector.

Form of the standard

Gallons of fuel/brake horsepower-hour (gal/100 bhp-hr).

Example technology options
available to help
manufacturers meet standards

Combustion, air handling, friction, and
emissions after-treatment technology
improvements.

Increased use of Phase 1
technologies, plus waste heat
recovery systems for tractor
engines.

Flexibilities

ABT program that allows emissions and
fuel consumption credits to be averaged,
banked, or traded (5-year credit

life). Manufacturers allowed to carry
forward credit deficits for up to 3 model
years. Interim incentives for advanced
technologies, recognition of innovative
(off-cycle) technologies not accounted for
by the Phase 1 test procedures, and
credits for certifying early.

Same as Phase 1, except no
advanced technology incentives.

Tractors designed to pull trailers and move freight

Share of HD vehicle fuel
consumption and GHG
emissions

Combination tractors and their engines account for approximately two-thirds of
fuel use and GHG emissions in the medium and heavy duty truck sector.

Form of the standard

Gallons of fuel/1,000 ton payload mile (gal/1,000 ton-miles).

Example technology options
available to help
manufacturers meet standards

Aerodynamic drag improvements, low-
rolling resistance tires, engine efficiency
improvements, high strength steel and
aluminum weight reduction, extended idle
reduction, and speed limiters.

Increased use of Phase 1
technologies, plus additional
engine improvements, improved
and automated transmissions,
powertrain optimization, tire
inflation systems, and predictive
cruise control.

Flexibilities

ABT program that allows emissions and
fuel consumption credits to be averaged,
banked, or traded (5-year credit

life). Manufacturers allowed to carry
forward credit deficits for up to 3 model
years. Interim incentives for advanced
technologies, recognition of innovative
(off-cycle) technologies not accounted for
by the Phase 1 test procedures, and

credits for certifying early.

Same as Phase 1, except no extra
credits for advanced technologies
or early certification.
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Trailers hauled by tractors, except those qualified as logging, mining, stationary or heavy-haul

Share of HD vehicle fuel
consumption and GHG
emissions

Trailers are modeled with combination tractors and their engines. Together, they
account for approximately two-thirds of fuel use and GHG emissions in the

medium and heavy duty truck sector.

Form of the standard

Example technology options
available to help
manufacturers meet standards

Flexibilities

Trailers were not regulated in Phase 1.

Gallons of fuel/1,000 ton payload
mile (gal/1,000 ton-miles).

Low-rolling resistance tires,
automatic tire inflation systems,
trailer weight reduction,
aerodynamic improvements such
as side and rear fairings, gap
closing devices, and undercarriage
treatment.

One year delay in implementation
for small businesses, trailer
manufacturers may use pre-
approved devices to avoid testing,
averaging program for
manufacturers of dry and
refrigerated box trailers.

Classes 2b-8 chassis that are

intended for vocational services?®

Share of HD vehicle fuel
consumption and GHG
emissions

Vocational vehicles account for approximately 20% of fuel use and GHG
emissions in the medium and heavy duty truck sector categories.

Form of the standard

Gallons of fuel/1,000 ton payload mile.

Example technology options
available to help
manufacturers meet standards

Low-rolling resistance tires and engine
improvements.

Further technology improvements
and increased use of Phase 1
technologies, plus improved
engines, transmissions and axles,
powertrain optimization, weight
reduction, hybrids, and workday
idle reduction systems.

Flexibilities

ABT program that allows emissions and
fuel consumption credits to be averaged,
banked, or traded (5 year credit

life). Manufacturers allowed to carry-
forward credit deficits for up to 3 model
years. Interim incentives for advanced
technologies, recognition of innovative
(off-cycle) technologies not accounted for
by the Phase 1 test procedures, and
credits for certifying early.

Same as Phase 1, except no
advanced technology incentives.

Chassis intended for emergency
vehicles have proposed Phase 2
standards based only on Phase 1
technologies, and may continue to
certify using a simplified Phase 1-
style GEM tool.
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Classes 2b—3 complete pickup trucks and vans®

Share of HD vehicle fuel
consumption and GHG
emissions

HD pickups and vans account for approximately 15% of fuel use and GHG
emissions in the medium and heavy duty truck sector.

Form of the standard

Target curves based on a “work factor” attribute that combines truck payload and
towing capabilities, with an added adjustment for 4-wheel drive vehicles. There
are separate target curves for diesel-powered and gasoline-powered vehicles.

Example technology options
available to help
manufacturers meet standards

Engine improvements, transmission
improvements, aerodynamic drag
improvements, low-rolling resistance tires,
weight reduction, and improved
accessories.

Further technology improvements
and increased use of all Phase 1
technologies, plus engine stop-
start, and powertrain hybridization
(mild and strong).

Flexibilities Two optional phase-in schedules; ABT ABT program proposed the same
program, which allows emissions and fuel | as Phase 1. Adjustment factor of
consumption credits to be averaged, 1.25 proposed for credits carried
banked, or traded (5-year credit forward from Phase 1 to Phase 2
life). Manufacturers allowed to carry due to proposed change in useful
forward credit deficits for up to 3 model life. Proposed cessation of
years. Interim incentives for advanced advanced technology incentives in
technologies, recognition of innovative 2021 and continuation of off-cycle
(off-cycle) technologies not accounted for | credits.
by the Phase 1 test procedures, and
credits for certifying early.

Notes:

® Vocational services include delivery vehicles, emergency vehicles, dump truck, tow trucks, cement mixer, refuse trucks,
etc., except those qualified as off-highway vehicles. Because of sector diversity, vocational vehicle chassis are segmented
into Light, Medium and Heavy Duty vehicle categories and for Phase 2 each of these segments are further subdivided
using three duty cycles: regional, multi-purpose, and urban.
b Including all work vans and 15-passenger vans but excluding 12-passenger vans, which are subject to light-duty standards
GHG = greenhouse gas; ABT = averaging, banking, and trading; gal/100 bhp-hr = gallons per 100 brake horsepower-hour;
GEM = Greenhouse Gas Emission Model.

HD Vehicle Engines

NHTSA and EPA are proposing to continue the basic Phase 1 structure for the Phase 2 engine standards.
There would be separate standards and test cycles for tractor engines, vocational diesel engines, and
vocational gasoline engines. However, the NPRM proposes a revised test cycle for tractor engines to
better reflect actual in-use operation. For diesel engines, the agencies are proposing to increase the
stringency of engine standards. For gasoline vocational engines, however, the agencies are not

proposing more stringent engine standards. See Section Il of the NPRM for a complete discussion of the
Proposed Action as it relates to HD vehicle engines.

Classes 7-8 Combination Tractors

As explained in Section Il of the NPRM, NHTSA and EPA are proposing to largely continue the Phase 1
tractor program but to propose new, more stringent standards. The agencies project that the proposed
tractor standards could be met through improvements in various tractor engine and vehicle
technologies. The agencies are proposing to enhance the Greenhouse Gas Emission Model (GEM)
vehicle simulation tool to recognize these technologies, as described in Section 11.C of the NPRM.

Classes 7—8 Trailers

The Phase 2 NPRM proposes fuel consumption and GHG emissions standards for manufacturers of new
trailers that are used in combination with tractors. As described in Section IV of the NPRM, there are
aerodynamic and tire technologies available to manufacturers to accomplish these proposed standards.
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For the most part, these technologies have already been introduced into the market to some extent
through EPA’s voluntary SmartWay program. However, adoption is still somewhat limited.

NHTSA's fuel consumption standards would be voluntary beginning in MY 2018 and be mandatory
beginning in MY 2021, while EPA’s GHG emissions standards would be mandatory beginning in MY 2018.
As described in Section XV.D and Chapter 12 of the Draft Regulatory Impact Analysis (RIA), the NPRM
proposes special provisions to minimize the impacts on small trailer manufacturers.

Classes 2b—8 Vocational Vehicles

The NPRM proposes to revise the Phase 1 vocational vehicle program and to propose new standards.
These proposed standards also reflect further sub-categorization from Phase 1, with separate proposed
standards based on mode of operation: urban, regional, and multi-purpose. NHTSA and EPA are also
proposing alternative standards for emergency vehicles. The NPRM also proposes revisions to the
compliance regime for vocational vehicles. These include the addition of an idle cycle that would be
weighted along with the other drive cycles; and revisions to the vehicle simulation tool to reflect specific
improvements to the engine, transmission, and driveline. See Section V of the NPRM for a complete

discussion of the Proposed Action as it relates to Classes 2b—8 vocational vehicles.

HD Pickups and Vans (Classes 2b—3)

The NPRM proposes new Phase 2 fuel consumption and GHG emissions standards for HD pickups and
vans that would be applied in largely the same manner as the Phase 1 standards. These standards are
based on the extensive use of most known and proven technologies. These proposed standards would
commence in MY 2021. See Section VI of the NPRM for a complete discussion of the Proposed Action as
it relates to HD pickups and vans.

1.4 Cooperating Agencies

Under 40 Code of Federal Regulations (CFR) § 1501.6, a federal agency that has special expertise with
respect to any environmental issue that should be addressed in the EIS may be a cooperating agency
upon request of the lead agency. On May 12, 2014, NHTSA invited EPA, DOE, and the DOT’s Federal
Motor Carrier Safety Administration (FMCSA) to become cooperating agencies with NHTSA in the
development of this EIS for the Phase 2 HD National Program. EPA has special expertise in the areas of
climate change and air quality, DOE has special expertise in vehicle technologies that improve fuel
efficiency, and FMCSA has special expertise in HD vehicles. (See Section 1.5 of the Medium- and Heavy-
Duty Fuel Efficiency Improvement Program Final Environmental Impact Statement (NHTSA 2011) for
additional discussion of EPA’s and FMICSA's expertise.)

In its invitation letters, NHTSA suggested that EPA, DOE, and FMCSA roles in the development of the EIS
could include the following, as they relate to the agencies’ areas of special expertise:

e Identifying the significant issues to be analyzed in the EIS from a fuel use, climate change, and air
quality perspective for heavy-duty vehicles.

e Participating in the scoping process as appropriate and, in particular, assisting NHTSA to “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
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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.”*

e Providing information and expertise on manufacture, sale, operation, and maintenance, of heavy-
duty vehicles.

e Providing information and expertise related to technologies for improving the fuel efficiency of
heavy-duty vehicles.

e Providing technical assistance, information, and expertise for modeling environmental impacts
related to manufacture and use of heavy-duty vehicles.

e Participating in coordination meetings, as appropriate.

e Reviewing and commenting on the Draft EIS and Final EIS prior to publication.

EPA and DOE accepted NHTSA's invitation and agreed to become cooperating agencies. Staff members
from each of these agencies participated in technical discussions, provided technical assistance, and/or
reviewed and commented on this Draft EIS prior to publication.

1.5 Public Review and Comment

OnJuly 9, 2014, NHTSA published a Notice of Intent (NOI) to prepare an EIS for Phase 2 of the HD Fuel
Efficiency Improvement Program.*® The NOI described the statutory requirements for the standards,
provided initial information about the NEPA process, and initiated scoping® by requesting public input
on the scope of the environmental analysis. Two important purposes of scoping are (1) identifying the
substantial environmental issues that merit in-depth analysis in the EIS and (2) identifying and
eliminating from detailed analysis the environmental issues that are not substantial and, therefore,
require only brief discussion in the EIS.* Scoping should “deemphasize insignificant issues, narrowing
the scope of the environmental impact statement process accordingly.”** Consistent with NEPA and its
implementing regulations, NHTSA made the NOI available on its website and subsequently mailed it to
the following individuals and groups.

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 QOrganizations 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 Phase 2 of the HD Fuel Efficiency Improvement Program,
including advocacy, industry, and other organizations.

39 40 CFR § 1501.7(a)(3).

“® Notice of Intent to Prepare an Environmental Impact Statement for New Medium- and Heavy-Duty Fuel Efficiency
Improvement Program Standards, 79 FR 38842 (July 9, 2014).

41 Scoping, as defined under NEPA, is an early and open process for determining the scope of issues to be addressed in an EIS
and for identifying the significant issues related to a proposed action. See 40 CFR § 1501.7.

*2 See 40 CFR §§ 1500.4(g), 1501.7(a).
%3 40 CFR § 1500.4(g).
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1.5.1 Scoping Comments

NHTSA received responses to its NOI from 11 government agencies, 5 advocacy groups, 13 industry
organizations, and 2 individuals. This section summarizes the key issues raised in these scoping
comments. To view the full comment letters, visit www.regulations.gov and enter the search term
“NHTSA-2014-0074,” which corresponds to the docket number for this EIS. All comments will be
displayed in the search results. Though NEPA does not require an agency to respond to scoping
comments, NHTSA has provided responses where appropriate to address key issues raised in the
comments received.

Several commenters referenced or submitted studies, research, and other information supporting or in
addition to their comments. NHTSA has carefully reviewed these submissions for use in this EIS,
including consideration of public availability, relevance for each resource area, and whether or not the
submission was peer reviewed or included in the IPCC Fifth Assessment Report. See Appendix C for a list
of all references and models included in the scoping comments.

1.5.1.1 Government Agencies
1.5.1.1.1 Summary of Comments Received

NHTSA received letters from ten state agencies, including the State of Alabama (NHTSA-2014-0074-
0008), North Carolina Department of Administration (NHTSA-2014-0074-0010), Michigan DOT (NHTSA-
2014-0074-0011), State of Nebraska (NHTSA-2014-0074-0020), Oregon DOT (NHTSA-2014-0074-0024),
Maryland DOT (NHTSA-2014-0074-0005, NHTSA-2014-0074-0032, NHTSA-2014-0074-0033), Wisconsin
DOT (NHTSA-2014-0074-0029), State of Arkansas (NHTSA-2014-0074-0030), State of Missouri (NHTSA-
2014-0074-0031), and Commonwealth of Puerto Rico DOT (NHTSA-2014-0074-0027). NHTSA also
received a letter from the U.S. Air Force requesting to be added to the distribution list (NHTSA-2014-
0074-0003).

Several state agencies expressed concerns regarding the Proposed Action’s potential to indirectly
decrease federal funding to states for highway improvements and other projects by decreasing fuel
consumption and, consequently, gas tax revenue. For example, a number of agencies maintained that
reduced fuel consumption under the proposed rule would result in a decrease in revenues generated
from the motor fuel taxes for the Highway Trust Fund. Because such a decrease in revenues could
reduce outlays to states, thus reducing states’ capabilities to properly maintain highway systems, the
State of Alabama and Michigan DOT expressed concern that negative environmental impacts could
result when states are unable to add sufficient capacity for future increases in congestion. For this
reason, these agencies urged NHTSA to consider the impacts of the Proposed Action on highway
funding, including the ability of state highway agencies to remedy congestion, negative fuel efficiency-
related impacts associated with reduced highway quality, and costs related to transportation facility use,
planning design, construction and maintenance.

Similarly, the North Carolina Department of Environment and Natural Resources expressed concern that
the Proposed Action’s reductions in fuel consumption would decrease the fee-based income received by
the Leaking Underground Storage Tank program derived from sales tax on fuel and tank operating feeds,
which may result in a reduction of funding available to remediate soil and groundwater contamination.
This commenter also stated, however, that these impacts could be offset by tax rate and operating fee
adjustments as needed.

The Maryland DOT commented that the rulemaking does not have any unacceptable impacts on its
current plans or programs. The States of Arkansas and Missouri similarly reported that their states did
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not have any comments to offer at this time. In contrast, the State of Alabama raised a number of
concerns regarding the Phase 2 HD National Program rule. Expressing concern for potential conflicts
with existing regulation, this commenter urged NHTSA to reduce or eliminate conflicting regulation, as
appropriate. The State of Alabama highlighted rolling resistance technology as an area of particular
concern, commenting that while reducing friction can increase fuel efficiency, it can also contribute to
highway crashes if not properly accounted for. The State urged NHTSA and EPA to fully investigate
claims of all technologies, stating that some fuel-saving technologies’ long-term costs outweigh initial
benefits and that some are not as effective as marketed. Additionally, the State of Alabama requested
that NHTSA question the reliability of the science supporting the alleged need to reduce GHG emissions.
It further encouraged NHTSA and EPA to use the best available modeling to analyze other potential
harms and benefits to the environment in addition to climate change. The State of Alabama also
expressed concerns with practicability and enforceability based on the variability of HD vehicles
addressed by the Proposed Action, urging NHTSA to fully consider how requirements would be
measured on each of the many HD vehicles subject to the Phase 2 standards, taking into account the
location, type, and frequency of their uses.

Commenting that the truck manufacturing industry is important to Michigan’s economy, the Michigan
DOT expressed concern that imposing a significant cost burden on truck manufacturers has the potential
to undermine their economic success. Urging NHTSA to interpret EISA’s “not less than four model years
of lead time” as a minimum, this commenter suggested phasing options based on type of HD vehicle for
implementation of the Phase 2 standards. The Michigan DOT also urged NHTSA to review the Phase 1
HD standards prior to issuing Phase 2 standards and to consider possible grant or loan programs to help
truck manufacturers and owners meet new standards. The Wisconsin DOT similarly expressed concern
regarding the economic impacts of the proposal, especially from the manufacturer perspective, urging
that NHTSA identify the economic hardship smaller manufacturers might face in meeting Phase 2
standards. This commenter stated that NHTSA did not address mitigation for any negative impacts of
the Proposed Action.

The Wisconsin DOT further suggested that potential increases in vehicle miles traveled (VMT) and the
resultant environmental and social impacts should be considered in the EIS. The Michigan DOT
commented that NHTSA should consider the potential for the proposed rule to increase alternative fuel
component disposal impacts on the environment. Expressing concern that increased fuel economy
standards may not reduce air toxics near highways, the Michigan DOT referred NHTSA to the Federal
Highway Administration’s and EPA’s “National Near Road Study — Detroit.”

The State of Nebraska’s comments focused on the potential unintended consequences of the Proposed
Action as they would impact its highway-agency-operated fleet of HD maintenance trucks. Specifically,
the State commented that (1) if HD vehicles have decreased power or functionality, become more
expensive, have delayed production availability, or are offered by fewer vendors, the state highway
agency’s seasonal operations may be impaired or made less efficient, which could increase fuel
consumption and emissions, and (2) compliance through the emissions credit system may permit
engines that are compliant on paper, but do not benefit Nebraska’s environment.

The Oregon DOT discussed the benefits of NHTSA’s Proposed Action. It maintained that decreased fuel
consumption would reduce fossil fuel dependence and therefore improve national security.
Correspondingly, this state agency urged NHTSA’s NEPA analysis to consider that decreased emissions
would result in less pollution-related illnesses and decrease public health costs, including avoided
mortality. In regard to assessing climate impacts, the Oregon DOT advised using the most up-to-date
social cost of carbon estimates and including black carbon as an air pollutant. This commenter further
requested that the EIS analyze the life cycle costs associated with new vehicle manufacturing and HD
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vehicle operational benefits and costs under the proposed Phase 2 standards, including return on
investment analyses.

The Commonwealth of Puerto Rico DOT also demonstrated support for the rulemaking, stating that
improved fuel efficiency will help to control GHGs and mitigate climate change. This commenter urged
NHTSA to choose the upper bound of maximum feasible improvement as the Preferred Alternative.

1.5.1.1.2 NHTSA Response
NHTSA has reviewed the comments provided by the government agencies, especially by the states.

First, in this EIS, NHTSA does not address the proposed rule’s potential impacts on the Highway Trust
Fund or environmental impacts that could result from reductions in highway funding. Predictions about
Highway Trust Fund impacts and subsequent environmental effects are not only highly speculative, but
also impossible to quantify or assess. In addition, NHTSA does not consider financial impacts on the
Highway Trust Fund to be the kinds of impacts on the quality of the “human environment” that require
analysis in an EIS. According to CEQ regulations, “human environment” includes “the natural and
physical environment and the relationship of people with that environment.” 40 CFR § 1508.14.
Economic and social impacts are only relevant for analysis when they are interrelated with natural or
physical impacts. /d. Here, however, the analysis requested is entirely economic in nature and not
caused by changes to the natural or physical environment. As a result, it is not relevant for further study
as an environmental impact under NEPA.

Second, in response to the issues raised by several other states, NHTSA has considered the various HD
fuel efficiency technologies holistically, and always with an eye toward safety. NHTSA addresses vehicle
safety in Section 7.4 of the EIS and Chapter 9 of the NPRM. We have conducted independent analyses
of the effectiveness of the various technologies as documented in the NPRM. NHTSA has tailored its
proposal to account for the wide array of HD vehicles and achieve what it believes is the maximum
feasible improvement, accounting for technological feasibility, appropriateness, and cost effectiveness.
The technologies that are expected to be implemented to comply with the proposed standards are not
anticipated to reduce consumer choice, detrimentally impact vehicle effectiveness, or create significant
cost burdens. See the NPRM for more information. NHTSA addresses air quality emissions (including
near roadway impacts) in Chapter 4 of this EIS. NHTSA also addresses climate change impacts in Chapter
5 of this EIS. The science of climate change and the need for GHG emissions reductions to mitigate the
harmful impacts of climate change have been extensively analyzed and documented by EPA and the
scientific community, and those findings are discussed in Chapter 5 as well.

1.5.1.2 Advocacy Groups
1.5.1.2.1 Summary of Comments Received

NHTSA received letters from five advocacy groups, including the Center for Biological Diversity (CBD)
(NHTSA-2014-0074-0009), the Environmental Defense Fund (EDF) (NHTSA-2014-0074-0013), a joint
letter from the EDF, the Union of Concerned Scientists, Natural Resources Defense Council, and the
Institute for Policy Integration (referred altogether as EDF et al.) (NHTSA-2014-0074-0021), the
American Council for an Energy-Efficient Economy (ACEEE) (NHTSA-2014-0074-0018), and Consumer
Federation of America (CFA) (NHTSA-2014-0074-0012).

Many of the comments submitted by CBD and EDF touched on similar themes. Both groups
recommended developing alternatives based on the full suite of available technologies and suggested
NHTSA not exclude alternatives based on owner and operator costs. Along these lines, CBD suggested

1-17



Chapter 1 Purpose and Need for the Proposed Action

including future technologies that are currently in the research phase that could be developed within
the rulemaking period. Both CBD and EDF requested that the alternatives require fuel-efficient and
cost-effective technologies that are truly technology advancing, including bottom cycling, aerodynamics,
tire improvements, hybrid powertrains, and idle reduction. These commenters recommended that
NHTSA implement only the most stringent alternative. Additionally, they suggested that NHTSA
consider reductions greater than 40 percent compared to 2010 levels, which is the amount of reductions
that the Phase 1 and Phase 2 National Program standards could cost-effectively achieve by 2025, as
estimated in a joint study by EDF, Union of Concerned Scientists, the Sierra Club, Natural Resources
Defense Council, and ACEEE. Both CBD and EDF also discussed the science of climate change, agreeing
that NHTSA should rely on the Intergovernmental Panel on Climate Change’s Fifth Assessment Report to
inform its analysis. Both organizations requested that NHTSA use the most up-to-date social cost of
carbon estimates and provided current data and references on these estimates. EDF et al. submitted to
the EIS docket those organizations’ social cost of carbon comments on the Office of Management and
Budget’s Technical Support Document, “Technical Update of the Social Cost of Carbon for Regulatory
Impact Analysis Under Executive Order No. 12866.”

CBD provided additional comments regarding the alternatives analysis. It requested that the EIS present
the consequences of the alternatives in a way that does not artificially minimize the true impact the
more stringent alternatives can have by misleadingly depicting their impacts as negligible. On this point,
CBD suggested that NHTSA analyze and disclose the comparative effects of its range of alternatives and
depict the reasonably foreseeable outcome of the selected alternatives. Specifically, this commenter
recommended comparing the alternatives’ emissions reductions to all on-road U.S. carbon emissions, all
U.S. transportation-related carbon emissions, all U.S. emissions, and all global emissions. CBD
recommended that NHTSA determine the GHG emissions reduction that would allow the HD vehicle
sector to stay within its proportionate share of the remaining carbon budget of approximately

1,000 gigatons of CO,. CBD also urged NHTSA to analyze the extent to which each of the proposed
alternatives would contribute proportionally to staying within the carbon budget, and the extent to
which each would accomplish a reduction of U.S. GHG emissions to 17 percent below 2005 levels by
2020, to 25 to 40 percent below 1990 levels by 2020, and to 80 percent below 1990 levels by 2050. It
also recommended including an alternative that accounts for and avoids or minimizes the likelihood of
reaching additional climate change tipping points.

For the cumulative impacts analysis, CBD suggested that NHTSA include a scenario that assumes that
other emissions source categories will do their proportional part in what is required to remain within the
carbon budget. Lastly, CBD disagreed with NHTSA’s proposal to analyze impacts on fuel/energy use and
pollutant emissions through 2050 only, instead of through 2060 as it has done before, asserting that the
basis for this determination is unsound. In general, CBD discussed how NHTSA has undercounted the
benefits from increased fuel efficiency and overestimated the costs in previous EISs. In particular, this
commenter urged NHTSA to properly account for all the damages caused by climate change, including
recognition that mitigation costs will sharply increase over time.

In terms of EIS timing, CBD stated that, because EISA requires 4 model years of lead time, NHTSA’s plan
to finalize the Phase 2 standards in March 2016 appears to preclude the new standards from affecting
HD vehicles before MY 2021. For this reason, CBD requested that the final rule be issued in 2015 so that
it can be implemented for MY 2020 HD vehicles.

Relating to methane emissions, CBD requested that the EIS include a discussion of methane leakage
based not only on the updated 100-year global warming potential of 36, but also on the 20-year global
warming potential of 87. It also suggested that there is compelling evidence that leakage rates from
natural gas operations are far higher than EPA emissions factors suggest. Similarly, EDF stated that
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methane emissions reductions should be accounted for in the EIS and they should be evaluated at both
the 100- and 20-year global warming potential time frames. This commenter noted that it finds
methane emissions from natural gas vehicles especially concerning. For this reason, EDF recommended
that the Phase 2 standards account for all vehicle-based methane emissions by adopting both strong
tailpipe and fugitive methane standards in order to ensure that the rule does not provide incentives for
the adoption of natural gas trucks. CBD specifically expressed support for NHTSA’s decision to conduct
full life-cycle and upstream analyses of the environmental impacts of all, and not just some, vehicle
materials and technologies.

EDF also provided additional comments regarding the structure of the proposed rule and its impacts. In
particular, it requested that all alternatives include separate performance-based standards for the
engine, vehicle, and trailer, and urged fuel-neutral standards for each HD vehicle segment. This
commenter further suggested aerodynamic and tire improvements and submitted a list of reports and
studies that NHTSA should consider in the EIS. EDF also discussed the positive economic benefits of the
Proposed Action, including increased employment, lowered burden on households due to decreased
spending on gas, and American competitiveness in global green economies. Finally, EDF asked NHTSA to
evaluate the rule’s impact on fuel choice and to assess the environmental impact of changes in fuel
switches through a life cycle accounting of the climate impacts associated with diesel, gasoline, natural
gas, and other fuels.

ACEEE expressed support for engine and trailer standards and provided comments on baseline vehicle
fleet technology assumptions, requesting that NHTSA include the National Research Council Phase 1
report technologies and technologies in the DOE SuperTruck program. This commenter also urged
NHTSA and EPA to further segment the vocational vehicle category based on duty cycle and to adopt
appropriate test cycles for certification. In terms of baselines, ACEEE agreed with the continuation of
the 2017 baseline for the Phase 2 standards. Regarding test cycles, ACEEE commented that vehicle
cycles should include road grade to better capture real-world operation. This commenter further
suggested that the Preferred Alternative should reflect savings at least as high as those shown in its
analysis: 34 percent reduction in fuel consumption by tractor-trailers from Phase 1 levels by 2025,

25 percent for vocational vehicles, and 17 percent for HD pickups and vans. In general, ACEEE discussed
the benefits of GHG emissions reductions to national security and cost savings. Finally, ACEEE urged
NHTSA to refer to California’s tractor-trailer GHG rule to incorporate trailers into the Phase 2 standards
and commented that CARB'’s extensive knowledge of issues associated with electrification of vehicle
powertrains should inform the Phase 2 rule.

CFA discussed the cost savings derived from implementing the Proposed Action. It calculated that
consumers would save up to $250 per year from the proposed Phase 2 standards and suggested that
without the Phase 2 standards, burden on household budgets would continue to grow, reflecting
increasing freight haulage and diesel fuel prices. Urging NHTSA to recognize consumers as major
stakeholders in this proceeding, CFA commented that, in calculating costs and benefits, NHTSA should
recognize the consumer pocketbook savings and the positive multiplier that increasing consumer
disposable income has on the economy.

1.5.1.2.2 NHTSA Response

NHTSA’s EIS analyzes, discloses, and compares the potential environmental impacts of a reasonable
range of action alternatives, as well as a No Action Alternative, designed to achieve the maximum
feasible improvement in HD vehicle fuel efficiency. Technological feasibility, cost effectiveness, and
appropriateness are all factors that were considered by the agency in developing this range of
alternatives. The EIS presents the environmental impacts of these alternatives in comparative form,
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based on the most up-to-date scientific information available. Where appropriate, the impacts are
presented in a larger context, including in relation to proposed GHG emissions reductions targets (see
Chapter 5).

Because of the models NHTSA used for this rulemaking and EIS, the agency analyzed impacts on
fuel/energy use and pollutant emissions through 2050 and impacts on GHG emissions, global
temperature, and climate change through 2100. Because HD vehicles generally accumulate the vast
majority of their VMT in early years, and because more distant projections contain far more uncertainty,
NHTSA believes the analysis year of 2050 for fuel/energy use and air quality will provide sufficient
information for the decisionmaker to assess the totality of the impacts related to the regulated vehicles.
Because climate impacts are more long-term, the EIS will assess these impacts to 2100. Limitations
inherent in the models and projections used by the agency precluded impacts analysis beyond 2050 for
fuel/energy use and air quality.

NHTSA declines to provide the “proportionate share” analysis that CBD recommends. While NHTSA
appreciates the importance of reducing energy use in this sector and other sectors, it is impossible at
this time to determine whether it is feasible for every economic sector to reduce energy use
proportionately to achieve the stated emissions goals. Further, in the event some economic sectors
cannot achieve such a reduction, it is not clear how reductions would need to be balanced across the
remaining sectors to achieve these goals. Such an analysis would be too large an undertaking for
purposes of this EIS, as it would require evaluating the feasibility of proportional emissions reductions
across the entire economy, and would not provide relevant information for the decisionmaker.

NHTSA addresses lifecycle impacts of the technologies under consideration, including potential methane
emissions, in Chapter 6 of this EIS. The structure of the program, the technologies considered, and
impacts other than those on the human environment (including economic impacts) are discussed in the
NPRM and Draft RIA.

1.5.1.3 Industry Organizations
1.5.1.3.1 Summary of Comments Received

NHTSA received letters from 12 industry organizations, including Prime Transport Solutions (NHTSA-
2014-0074-0028), Oshkosh Corporation (Oshkosh) (NHTSA-2014-0074-0006), American Road &
Transportation Builders Association (NHTSA-2014-0074-0007), the Association for the Work Truck
Industry (NTEA) (NHTSA-2014-0074-0014), International Union, United Automobile, Aerospace &
Agricultural Implement Workers of America (UAW) (NHTSA-2014-0074-0015), Daimler Trucks North
America (Daimler) (NHTSA-2014-0074-0017), Great Dane (NHTSA-2014-0074-0019), Owner-Operator
Independent Drivers Association (OOIDA) (NHTSA-2014-0074-0022), Cummins (NHTSA-2014-0074-
0023), The Volvo Group (Volvo) (NHTSA-2014-0074-0025), American Trucking Associations (ATA)
(NHTSA-2014-0074-0026), and Edison Electric Institute (EEI) (NHTSA-2014-0074-0016).

Most industry organizations supported a unified, national rule that reduced regulatory redundancies.
For example, Cummins, ATA, and Daimler requested that EPA, CARB, and NHTSA work together closely
to establish a single national program to avoid redundancies and establish goals in cooperation.
Specifically, ATA expressed concern regarding CARB’s proposed optional “ultra-low” NOx standards,
which it purported would result in worse fuel efficiency and increased GHG emissions. Industry
commenters generally supported engagement of all stakeholders in developing and evaluating the
proposed Phase 2 standards. Specifically, Daimler suggested that NHTSA reach out to truck drivers and
engine manufacturers in order to inform the proposed rule and EIS. OOIDA requested that NHTSA
engage vehicle manufacturers, engineers, and truck drivers. In terms of cumulative impacts
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methodology, this commenter recommended assessing cumulative impacts from the foreseeable future
actions of other agencies such as the FMCSA rulemaking on training standards and the Research and
Innovative Technology Administration’s* study on eco-driving, implying that inclusion of training on
efficiently driving a truck could contribute to additional fuel savings. Similarly, Daimler urged NHTSA to
consider the impacts other regulatory actions—even those outside of NHTSA’s authority—could have on
CO, reductions, for example, increased trailer length or allowance of multiple trailers per truck.

Many industry organizations commented on the various advanced vehicle technologies to be analyzed
for inclusion under the proposed rule. Commenters recommended using technologies such as
aerodynamic packages, advanced transmissions, hybrids, smaller engines, lightweight materials, and
engine improvements (e.g., higher compression ratios, injection pressures, and waste heat recovery).
Daimler, OOIDA, and ATA expressed concern over uniform technology adoption requirements and
advised against including technologies that have not been thoroughly tested and proven effective.
Daimler further cautioned that NHTSA cannot mandate a fuel efficiency improvement premised on a
technology while at the same time administering safety regulations that limit manufacturers’ ability to
implement the technology. Great Dane and Oshkosh discussed issues with specific technologies that
may make them impractical for certain fleets, including low-rolling resistance tires, trailer weight
reduction, aerodynamic enhancements, and engine idle reduction technologies. Prime Transport
Solutions suggested including aerodynamics due to a crankless trailer leg, idle reduction time, and the
safety impacts of a better crank gear. Cummins recommended that the proposed rule include a number
of sub-systems of commercial vehicles, such as transmissions, which provide manufacturers with
additional ways to improve fuel efficiency.

Industry organizations also commented on the structure of the HD vehicle standards. In general,
commenters agreed with and appreciated NHTSA's recognition of the complexities of truck
manufacturing; however, commenters overall disagreed on exactly how the Phase 2 standards should
account for those complexities. Some commenters, such as NTEA, agreed with using the Phase 1
approach for vehicle classes and suggested continuing to focus on the drive train for Phase 2. Other
commenters, such as Daimler, Volvo, and OOIDA, suggested that NHTSA consider a complete vehicle
standard with no separate engine standard. Specifically, Daimler commented that the separate engine
standard results in a difference in certified CO, values and real-world fuel economy improvements.
Similarly, Volvo suggested performing a cost-benefit analysis of the separate engine standard, noting its
overwhelming costs. Cummins suggested the addition of a powertrain testing option to the Phase 2
regulation that tests the engine and the transmission together to capture the efficiency benefits of
integrated engine and active transmission systems.

Stating that the Phase 1 HD National Program adopted different and less stringent standards for
gasoline engines and vehicles compared with diesel, Daimler, OOIDA, and Cummins urged NHTSA to
adopt “fuel neutral” Phase 2 standards. Cummins commented that if the Phase 2 standards continue or
increase the disparity between diesel and gasoline standards, the cumulatively higher costs would drive
customers away from diesel and toward gasoline, which would increase CO, emissions across the HD
vehicle fleet. Daimler and Cummins addressed the slope and workfactor of regulations for Classes 2b—3.
Daimler suggested that Phase 2 use a constant slope in the workfactor equation and not include any

further downsizing of engines for Classes 2b—3 vehicles. Cummins commented that the 2014 target CO,

for a gasoline vehicle with a 5,000-pound work factor is approximately 1 percent higher than the diesel
vehicle with the same work factor, but in 2018 that difference grows to almost 6 percent. Cummins

*In January 2014, DOT'’s Research and Innovative Technology Administration (RITA) became the Office of the Assistant
Secretary for Research and Technology (OST-R).
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further recommended developing technologies for diesel Classes 2b—3 vehicles similar to those used for
light-duty gasoline vehicles.

Regarding baselines and alternatives, Cummins and Daimler recommended using Phase 1 as the
foundation for the Phase 2 Preferred Alternative and to further consider technology advancement,
enforcement, criteria, fairness, clarity, and market efficiency. In particular, Cummins suggested that
separate engine and vehicle standards should be the basis for all regulatory alternatives. Daimler
specifically advised selecting a Preferred Alternative that does not create market disruptions. It
requested transparency when choosing the baseline for vehicle standards and advised against using the
GHG Emissions Model 2017 vehicle as a baseline because there are several updates that need to be
made since Phase 1. In terms of potential new alternatives, Volvo suggested that NHTSA consider
maintaining the current Phase 1 standards without change for vocational HD vehicles because of the
diversity of application duty cycles in that vehicle category. Volvo further commented that, in addition
to vehicle regulations, improvements to transportation infrastructure and market incentives to enhance
shipping efficiency should be part of any effort to reduce GHG emissions.

Regarding timing of the Phase 2 standards, Daimler commented that because the Phase 1 standards
mandate an additional round of stringency that takes effect in 2017, Phase 2 standards that go into
effect in 2019 would not provide the EISA-required 3 model years of regulatory stability and suggested
that Phase 2 standards should not regulate before 2025. This commenter further stated that tying the
effective date of the regulation to a model year creates an artificial constraint on the HD vehicle industry
where model years are not tightly linked to vehicle build year and vehicle model years are not linked to
engine model years. Consequently, Daimler suggested that new standards should take effect on a
particular day, thereby regulating 1 model year of vehicle and the prior model year of engine.

Industry organizations also provided specific comments on the different categories of HD vehicles.
Referring to Class 8 “over-the-road trucks,” OOIDA commented that vehicles are built to purchase
specifications for a large variety of purposes. This commenter suggested that NHTSA perform its
analysis from the perspective of the owners and operators of Class 8 vehicles and the different potential
uses and component choices they face.

Regarding vocational vehicles, Oshkosh suggested conducting cost-benefit evaluations from the
perspective of the owners and operators of vocational vehicles and the different potential uses and
component choices possible for each vehicle. This commenter advocated regulating the engine rather
than the vehicle and provided various rationales justifying such an approach. Daimler cautioned that
further segmentation of the vocational HD vehicle category must consider the unintended
consequences that could result in preventing commercial needs from being met. Cummins suggested
that NHTSA focus on technologies that will provide a consistent benefit for all applications instead of
technologies that will provide benefits that vary significantly by application and duty cycle. Volvo
commented that, given the diversity of vocational vehicles, the negative consequences of optimizing the
vehicle to more far-reaching regulatory requirements may outweigh any real world benefits and,
consequently, maintaining the current Phase 1 vehicle regulation without changes may be the optimum
approach for the vocational sector.

Regarding trailers, Daimler cited a study that it asserted supports EPA’s determination that tractors
rarely travel without a trailer. If trailers are included in the Phase 2 standards, Great Dane suggested
limiting the scope of such requirements to 53-inch or longer box trailers, accounting for tractor-trailer
ratios in determining costs and benefits, and maintaining current tractor-trailer interchangeability. In
general, Great Dane cautioned NHTSA to consider the varying payloads, configurations, and
specifications of trailers when imposing regulations. This commenter specifically noted the large
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potential impact the regulations may have on its customers’ choices. ATA expressed concern about the
potential conflicting impacts of a pending petition on side and front override guards, which, if granted,
would significantly increase trailer weight.

Regarding NHTSA’s analysis of environmental impacts, OOIDA commented that if Phase 2 standards
result in HD vehicle operators having to purchase new equipment ahead of its standard replacement
schedule, NHTSA must consider the environmental impact of such increased production. OOIDA further
stated that NHTSA must consider indirect environmental impacts of technologies that are currently not
common in the marketplace, citing impacts of frequent failure of engines designed to meet emissions
requirements, such as need to tow a tractor-trailer and the chemicals that may be necessary for repair.
EEl recommended that NHTSA look at upstream emissions (GHG and criteria) from the generation of all
fuels if the EIS analyzes upstream emissions related to electricity generation. If the EIS includes such an
analysis, EEl suggested that NHTSA account for regional variation in the current electricity baseload, as
well as recently proposed GHG emissions standards for both existing and new electricity generation
units. It also noted the positive impact of electric and plug-in electric vehicle (EV) technologies on the
reduction of emissions, including reduced dependence on imported petroleum. EEl recommended
robust assumptions concerning the likelihood of recycling EV batteries. This commenter further
suggested conducting a life-cycle analysis and upstream analysis of all vehicle materials and
technologies. Cummins recommended that the Phase 2 HD National Program align criteria and GHG
emissions standards in order to avoid any unintended increases in criteria or GHG emissions due to
differing test methods.

Industry organizations provided specific comments regarding different fuels and their consideration and
analysis in the proposed rule. NTEA recommended that NHTSA analyze the opportunities to monetize
credits for the implementation of alternative fuels, advanced, and innovative technologies in the
vocational vehicle category. Volvo urged NHTSA to account for the potential consequences of increased
methane emissions and the need for appropriate controls to ensure expected benefits from natural gas
vehicles are achieved.

In terms of economic impacts of the proposed rule, UAW highlighted concern over potential negative
impacts, requesting that, at a minimum, the standards be developed in a way that would not negatively
impact its members. Several other commenters, including Daimler, Great Dane, OOIDA, Volvo, and ATA,
also highlighted concerns over potential negative economic impacts that these commenters asserted
would hit consumers the hardest. Expressing concerns regarding increased costs, some of these
commenters emphasized the importance of NHTSA accurately analyzing, characterizing, and projecting
the costs and benefits of the proposed Phase 2 standards. ATA and Volvo further argued that the Phase
2 standards could delay environmental objectives if new tractor, engine, and trailer costs escalate
concurrently, because capital limited fleets would either pre-buy equipment in advance of the Phase 2
implementation date, hold on to existing equipment longer, lease equipment instead of buying,
purchase from used equipment markets, or leave the industry. For this reason, ATA expressed support
for an 18-month or shorter return on investment for all technologies considered under Phase 2.

In terms of safety impacts of the proposed rule, OOIDA stated that it is concerned about implementing
technologies for GHG reductions and then discovering later that these technologies can no longer be
used due to safety concerns. To illustrate this point, OOIDA cited the optional use of automatic engine
shutdown switches under the Phase 1 standards. Volvo emphasized that the resolution of potential
negative impacts on vehicle safety and GHG emissions is necessary before any technology can be
considered ready for deployment, stating that impacts of potential technologies on braking, vehicle
stability, visibility, and other safety concerns must be considered.
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Several industry organizations expressed concerns regarding potential unintended impacts from the
Proposed Action. The unintended impacts addressed by these commenters include unproven
technologies and potential engine failures, impacts on the trucking industry from trucks having less
power to haul goods, manufacturers leaving the industry, and increased maintenance costs. The
American Road & Transportation Builders Association suggested that the EIS should acknowledge and
attempt to mitigate the adverse effects of the Phase 2 standards on funding available for states to
maintain transportation infrastructure through the Highway Trust Fund, which it asserted include effects
from reduced congestion relief and impacts on employment due to delay or cancellation of
transportation improvements.

1.5.1.3.2 NHTSA Response

NHTSA appreciates the wide variety of comments received by the various industry organizations. NHTSA
and EPA have engaged in extensive stakeholder outreach, as described in the NPRM, to inform the
development of the proposed rule. The NPRM and Draft RIA document the various studies undertaken
to analyze the technologies that may be implemented for the different regulatory segments, and
describe how the agencies accounted for numerous factors in the development of the proposal,
including the diversity of HD vehicles, impacts of technology on vehicle safety, the effectiveness of the
various technologies, implementation costs, and more. The agencies were also informed by the
comments submitted by these organizations. The NPRM and Draft RIA analyze the economic impacts
associated with the proposed rule, while this EIS analyzes the environmental impacts of the proposal,
including potential upstream and lifecycle emissions.

1.5.1.4 Individuals
1.5.1.4.1 Summary of Comments Received

NHTSA received letters from Gary Dewyn (NHTSA-2014-0074-0002) and Christopher Lish (NHTSA-2014-
0074-0004). Gary Dewyn demonstrated an overall concern with NHTSA’s assumptions for clean
technologies. He stated that although Phase 1 standards have resulted in cleaner engines, they have
also resulted in a number of combined failures that have not only added tens of thousands of dollars in
maintenance costs over the service life of a truck tractor but have also added downtime of several days
per incident. This commenter asserted that such additional costs get passed on to consumers.

Christopher Lish urged NHTSA to implement a regulation that provides the maximum feasible fuel-
efficiency improvement. His comment notes the benefits of fuel efficiency to the economy (especially
consumers), national security, the environment, and human health.

1.5.1.4.2 NHTSA Response

NHTSA believes its proposal accurately accounts for the maintenance costs associated with the
technologies expected to be implemented by manufacturers to comply with the proposed standards.
For more information regarding this issue, please see the NPRM and Draft RIA.

1-24



Chapter 1 Purpose and Need for the Proposed Action

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

This Draft EIS is being issued for public review and comment concurrently with the notice of proposed
rulemaking (NPRM) to establish fuel efficiency and GHG emissions standards for MYs 2018 and beyond
HD vehicles issued jointly by NHTSA and EPA. Individuals may submit their written comments on the
Draft EIS, identified by docket number NHTSA-2014-0074, by any of the following methods.

e Federal eRulemaking Portal: Go to http://www.regulations.gov. Follow the instructions for
submitting comments on the electronic docket site by clicking on “Help” or “FAQ.” The Docket
Number for this EIS is “NHTSA-2014-0074.”

e  Mail: Mail written comments to Docket Management Facility, M-30, U.S. Department of
Transportation, 1200 New Jersey Avenue SE, West Building, Ground Floor, Room W12-140,
Washington, D.C. 20590.

e Hand Delivery: Deliver comments in person to 1200 New Jersey Avenue SE, West Building Ground
Floor, Room W12-140, between 9:00 a.m. and 5:00 p.m. eastern time, Monday through Friday,
except federal holidays.

e Fax: Fax comments to (202) 493-2251.

Comments on this Draft EIS must be received by no later than August 31, 2015. NHTSA expects to
release the Final EIS, which will address comments received on the Draft EIS, in early 2016. NHTSA will
simultaneously issue the Final EIS and Record of Decision (ROD), pursuant to Pub. L. 112-141, 126 Stat.
405, Section 1319(b) and DOT'’s Final Guidance on MAP-21 Section 1319 Accelerated Decisionmaking in
Environmental Reviews (http://www.dot.gov/sites/dot.gov/files/docs/MAP-

21 1319 _Final_Guidance.pdf), unless it is determined that statutory criteria or practicability
considerations preclude simultaneous issuance.*

42 U.S.C. § 4332a(b). This contrasts with current CEQ implementing regulations, which state: “No decision on the proposed
action shall be made or recorded ... by a Federal agency until ... thirty (30) days after publication of [EPA’s notice of the filing of
the final environmental impact statement].” 40 CFR § 1506.10. NHTSA has adhered to the requirement in the CEQ
implementing regulations for prior EISs and rulemakings.
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Phase 2 Fuel Efficiency Standards for Medium- and Heavy-Duty Engines and Vehicles Draft EIS

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.3

As explained in Chapter 1, NHTSA and EPA are proposing a second phase of standards to improve fuel
efficiency for medium- and heavy-duty (HD) vehicles and reduce greenhouse gas (GHG) emissions,
referred to as Phase 2 HD National Program standards. NHTSA’s Proposed Action would establish Phase
2 HD standards that build on the Phase 1 fuel efficiency standards for HD engines and vehicles for model
years (MYs) 2014—-2018, in order to continue to increase HD fuel efficiency after 2018, in accordance
with the Energy Policy and Conservation Act (EPCA), as amended by the Energy and Independence
Security Act of 2007 (EISA). NHTSA developed the Proposed Action and alternatives in accordance with
the EISA requirements discussed in Chapter 1, as well as relevant environmental and safety
considerations. As with Phase 1, NHTSA’s Phase 2 HD Fuel Efficiency Improvement Program rulemaking
is being conducted in consultation with EPA and the U.S. Department of Energy (DOE).* Consistent with
CEQ NEPA implementing regulations, this EIS compares the Proposed Action and a reasonable range of
alternatives to Alternative 1 (No Action Alternative), which assumes that NHTSA and EPA would not
issue a new rule regarding HD vehicle fuel efficiency and GHG emissions standards.> 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 in order to demonstrate the impacts of
the action alternatives.®

Under the No Action Alternative, neither NHTSA nor EPA would issue a Phase 2 rule regarding HD fuel
efficiency or GHG emissions. Therefore, the fuel efficiency and GHG emissions standards for the final
year of regulation for each segment under the Phase 1 program are assumed to continue indefinitely,
and this serves as the basis for the No Action Alternative for the analysis of Phase 2 impacts. While the
same technology penetrations are generally assumed in the Phase 2 No Action Alternative as anticipated
under the Phase 1 fuel consumption and GHG standards, the values for No Action Alternative standards
reported in this EIS are not directly comparable to values for the standards reported in the Phase 1 Final

142 U.S.C. § 4332(2)(C).

% 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).

* See 49 U.S.C. § 32902(K)(2).

> 40 CFR § 1502.14(d).

® See 40 CFR §§ 1502.2(e), 1502.14(d). The Council on Environmental Quality (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 (1981).
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Rule and Final EIS because the agencies are proposing several test-procedure and minor regulatory
changes that affect the way that standards are measured.

e First, compliance with overall HD vehicle standards is determined using the agencies’ Greenhouse
Gas Emissions Model (GEM) to simulate overall vehicle fuel efficiency given a set of vehicle
component inputs. However, the proposed Phase 2 version of GEM will obtain higher (i.e., less
favorable) CO, and fuel consumption values than the Phase 1 version of GEM because the Phase 2
drive cycles include road grade, which exists in the real-world, requiring the engine to operate at
higher horsepower levels to maintain speed while climbing a hill.

e Second, to better reflect the aerodynamic performance of tractor-trailers, the agencies are also
proposing to input the wind averaged coefficient of drag into Phase 2 GEM instead of the no-wind
(zero yaw) value used in Phase 1.

e Third, the proposed Phase 2 program includes a more realistic and improved simulation of the
transmission in GEM, which could increase CO, and fuel consumption relative to Phase 1.

e Fourth, the agencies recalculated APU deployment in tractors based on the current level of
automatic engine shutdown and idle reduction technologies used by tractor manufacturers to
comply with the 2014 model year fuel consumption and CO, standards.

e Finally, the Phase 2 No Action Alternative vocational vehicle standards also cannot be directly
compared to Phase 1 standards because the Phase 2 program proposes further segmentation of
vocational vehicle standards by fuel type and duty cycle.

For presentation in this chapter, NHTSA has recalculated the Phase 1 standards for the No Action
Alternative of each segment using the new test procedures and regulatory changes in order to allow the
reader to better understand the stringency levels of the action alternatives.

This chapter describes the action alternatives examined in this EIS, explains the methodologies and
assumptions applied in estimating environmental impacts, and summarizes environmental impacts
reported in subsequent EIS chapters. Readers may consult the NPRM & RIA documents for more
detailed information on the individual alternatives, including the methodology by which they were
developed, projected technologies, adoption rates, costs, etc. The remainder of this chapter is
organized as follows:

e Section 2.2 describes the standards for HD engines, HD pickups and vans, vocational vehicles,
tractors, and trailers under the No Action Alternative (Alternative 1), the Preferred Alternative
(Alternative 3), and the other action alternatives (Alternatives 2, 4, and 5).

e Section 2.3 explains how direct and indirect impacts and cumulative impacts of each action
alternative are measured against a No Action Alternative (Alternative 1), which assumes that neither
NHTSA nor EPA would issue a rule regarding Phase 2 HD fuel consumption standards or GHG
emissions standards.

e Section 2.4 summarizes environmental impacts reported in subsequent EIS chapters.

2.2 Proposed Standards and Alternatives

The HD vehicle sector is often subdivided by gross vehicle weight rating (GVWR), which is a measure of
the combined curb (empty) weight and cargo carrying capacity of the truck. Table 2.2-1 outlines the
GVWR classifications commonly used for a variety of purposes by businesses and federal agencies.
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Table 2.2-1. HD Vehicle Weight Classification
Class 2b 3 L} 5 6 7 8
GVWR 8,501- 10,001- 14,001- 16,001- 19,501~ 26,001— > 33,001
(pounds) 10,000 14,000 16,000 19,500 26,000 33,000

In the framework of these GVWR classifications, HD vehicles refer to Classes 2b—8 and the engines that
power those vehicles. HD vehicles often vary widely in configuration (i.e., are composed of different
vehicle parts combined in different ways). In setting Phase 1 HD vehicle standards, EPA and NHTSA
divided the industry into discrete categories—HD pickups and vans, vocational vehicles, and
combination tractors—based on the relative homogeneity among vehicles within each category. The
agencies established separate fuel consumption standards for each of these HD vehicle categories. The
agencies also decided that setting separate standards for the engines that power combination tractors
and vocational vehicles, as well as complete vehicle fuel efficiency standards for each category of HD
vehicles best met the purpose and need for that action. NHTSA believes that this same general
structure of setting engine standards for vocational vehicles and combination tractors; separate HD
vehicle fuel consumption standards for HD pickups and vans, vocational vehicles, and combination
tractors; and adding, for the first time, fuel consumption standards for certain trailers used in
combination with the Classes 7—8 tractors best meets the purpose and need for Phase 2 standards, and
allows for the achievement of “maximum feasible improvement” in HD vehicle fuel efficiency.

HD pickups and vans (Classes 2b—3) are used chiefly as work trucks and vans, and as shuttle vans, as well
as for personal transportation. Other HD vehicles are used for carrying cargo and/or performing
specialized tasks. “Vocational” vehicles, which span Classes 2b—8, vary widely in size, including smaller
and larger van trucks, utility “bucket” trucks, tank trucks, refuse trucks, urban and over-the-road buses,
fire trucks, flat-bed trucks, and dump trucks, among others. Classes 7—-8 combination tractor-trailers
(some equipped with sleeper cabs and some not) are primarily used for freight transportation.

The variability of the HD vehicle fleet is reflected in different proposed fuel consumption standards for
HD engines and different types of HD vehicles (specified as gallons of fuel per horsepower-hour [gal/100
bhp-hr] for engines, gal/100 miles for HD pickups and vans, and gallons of fuel per 1,000 ton payload
mile [gal/1,000 ton-miles] for tractor-trailers and vocational vehicles). Fuel consumption standards,
including engine standards, are based on specific drive cycles chosen based on the typical expected use
of each vehicle. The drive cycle used in compliance testing has significant consequences for the
technology that will be employed to achieve a standard, as well as the ability of the technology to
achieve real-world reductions in fuel consumption. Therefore, compliance testing for fuel consumption
standards varies to reflect the anticipated drive cycles in different segments of the HD vehicle market.

The NPRM specifies Phase 2 proposed standards and compliance testing requirements for HD engines,
HD pickups and vans, vocational vehicles, tractors, and trailers. In this EIS, Alternative 3, the Preferred
Alternative, refers to the same standards and testing requirements specified as the proposed standards
in the NPRM.” Alternative 2 is less stringent than the Preferred Alternative (i.e., would require less fuel
efficiency improvement than Alternative 3), Alternative 4 is more stringent than Alternative 3, and
Alternative 5 is the most stringent action alternative examined in this analysis. For a full discussion of
the development of the proposed standards and alternatives, as well as their assumptions and
stringency levels, consult the NPRM and Draft RIA. Those discussions are incorporated by reference
herein.

" The analysis in this EIS specifically corresponds to “Analysis 1a” results in the NPRM.
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The remainder of this section is organized into five subsections that describe the alternative standards
examined by NHTSA and EPA for different segments of the HD vehicle market: HD engines, Classes 7-8
tractors, trailers, Classes 2b—8 vocational vehicles, and Classes 2b—3 HD pickups and vans. These five
subsections detail the performance standards for different HD vehicle market segment under the No
Action Alternative and each of the action alternatives.

2.2.1 HD Engines for Vocational Vehicles and Tractors

The Phase 1 program set engine performance standards and specified engine test procedures for Classes
2b-8 vocational vehicles and tractors (HD pickups and vans are regulated as complete vehicles, as
described in Section 2.2.5). HD engine manufacturers are responsible for ensuring that each engine
meets the applicable vehicle class engine performance standard when tested in accordance with the
specified engine test procedure.

For the most part, the proposed Phase 2 engine standards are a continuation of the Phase 1 program,
but with more stringent standards for diesel (compression-ignition) engines, and important changes
related to the test procedures and compliance provisions. Engine manufacturers can improve engine
performance by applying combinations of fuel efficiency improvement technologies to the engine.

The proposed diesel engine test procedure relies on two separate engine test cycles. The first is the
Heavy-duty Federal Test Procedure (HD FTP) that includes transient operation typified by frequent
accelerations and decelerations, similar to urban or suburban driving. The second is the Supplemental
Engine Test (SET), which includes 13 steady-state test points, similar to highway cruise operation and
other nominally steady-state operation. The gasoline (spark-ignition) engine test procedure relies on a
single engine test cycle: a gasoline version of HD FTP. The agencies are not proposing changes to the
gasoline engine test procedures or new more stringent standards for gasoline vocational engines, as
discussed below. The specific engine performance standards examined vary with the intended engine
application by vehicle class and the type of fuel used, as shown below in Table 2.2.1-1.

Table 2.2.1-1. HD Engine Regulatory Subcategories

Engine Category Intended Application

Light Heavy-Duty (LHD) Diesel Classes 2b—5 vehicles (8,501 through 19,500 pounds GVWR)

Medium Heavy-Duty (MHD) Diesel Classes 6—7 vehicles (19,501 through 33,000 pounds GVWR)

Heavy Heavy-Duty (HHD) Diesel Class 8 vehicles (33,001 pounds and greater GVWR)

Gasoline Primarily for vehicles less than 14,000 pounds, including almost 50% of
HD pickups and vans, and less than 10% of vocational vehicles.

2.2.1.1 Alternative 1 - No Action HD Engines for Vocational Vehicles and Tractors

Under Alternative 1, neither NHTSA nor EPA would issue a Phase 2 rule regarding HD fuel efficiency or
GHG emissions. As a result, Phase 1 HD engine standards and test procedures would remain in effect
indefinitely at their MY 2017 levels until amended by a future rulemaking action. Table 2.2.1-2 shows
the MY 2017 Phase 1 standards for diesel engines used in Classes 7-8 tractors, which would remain in
effect in 2018 and beyond under the Phase 2 No Action Alternative.
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Table 2.2.1-2.  Alternative 1 - No Action HD Tractor Diesel Engine Standards (over SET Cycle)
Model Years Standard MHD Diesel HHD Diesel
2017 and Later CO, (g/bhp-hr) 487 460
Fuel Consumption (gallon/100 bhp-hr) 4.78 4.52

Notes:

bhp-hr = brake horsepower-hour

Table 2.2.1-3 shows MY 2017 Phase 1 standards for diesel engines used in Classes 2b—8 vocational
vehicles, which would remain in effect in 2018 and beyond under the Phase 2 No Action Alternative.

Table 2.2.1-3.  Alternative 1 - No Action HD Tractor Engine Standards (over HD FTP Cycle)
Model Years Standard LHD Diesel MHD Diesel HHD Diesel
2017 and Later | CO, (g/bhp-hr) 576 576 555
Fuel Consumption (gallon/100 bhp-hr) 5.57 5.57 5.45

Notes:

bhp-hr = brake horsepower-hour

The Phase 1 rule also set a fuel consumption standard of 7.05 gallon/100 bhp-hr and CO, standard of
627 g/bhp-hr for MY 2016 and beyond for gasoline engines used in Classes 2b—8 vocational vehicles.

This gasoline engine standard would apply under the Phase 2 No Action Alternative and under all of the
Phase 2 action alternatives. The number of gasoline (spark-ignited) vocational vehicles sold is small, and
these vehicles commonly share most of the same technology as equivalent complete pickups or vans,
including the powertrain. The resulting market structure leads manufacturers of HD gasoline engines to
have little market incentive to develop separate technology for vocational engines that are engine-
certified, and engine technologies that are used in engine-certified vocational engines are also projected
to be used on complete HD pickups and vans. Therefore, the agencies are continuing the Phase 1
standard for spark-ignited gasoline engines used in vocational vehicles, given the relatively small
improvement projected with new standards, and the likelihood that most or all of this improvement
would result anyway from the complete pickup and van standards and the vocational vehicle-based
standards.

Fuel consumption and emissions standards for engines used in Classes 7—8 tractors do not cover
gasoline (or LHD diesel) engines, as those are not used in Classes 7-8 tractors. Therefore, the action
alternative standards for HD engines for vocational vehicles and tractors, discussed below, focus on
diesel engine standards, because the small number of gasoline engines used in vocational vehicles and
tractors would be subject to the same standards under the No Action and action alternatives.

2.2.1.2 Alternative 2 HD Engines for Vocational Vehicles and Tractors

Under Alternative 2, diesel engines to be installed in Classes 78 tractors would be subject to the fuel
efficiency and emissions standards shown in Table 2.2.1-4.

Table 2.2.1-4.  Alternative 2 HD Tractor Diesel Engine Standards (over SET Cycle)

Model

Years Standard MHD Diesel HHD Diesel

2021-2023 CO, (g/bhp-hr) 481 455
Fuel Consumption (gallon/100 bhp-hr) 4.7250 4.4695

2024 and CO, (g/bhp-hr) 471 445

Later Fuel Consumption (gallon/100 bhp-hr) 4.6267 4.3713

Notes:

bhp-hr = brake horsepower-hour
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Table 2.2.1-5 presents the Alternative 2 fuel consumption and emissions standards for diesel engines
fitted into vocational vehicles.

Table 2.2.1-5.  Alternative 2 HD Vocational Vehicle Diesel Engine Standards (over HD FTP Cycle)

Model

Years Standard LHD Diesel MHD Diesel HHD Diesel

2021-2023 | CO, (g/bhp-hr) 571 571 550
Fuel Consumption (gallon/100 bhp-hr) 5.6090 5.6090 5.4028

2024 and CO, (g/bhp-hr) 559 559 539

Later Fuel Consumption (gallon/100 bhp-hr) 5.4912 5.4912 5.2947

Notes:

bhp-hr = brake horsepower-hour

2.2.1.3 Alternative 3 - Preferred HD Engines for Vocational Vehicles and Tractors

For diesel engines to be installed in Classes 7-8 tractors, the agencies are proposing the Alternative 3
(Preferred Alternative) standards shown in Table 2.2.1-6. The Preferred Alternative MY 2027 standards
for engines installed in tractors would require engine manufacturers to achieve, on average, a 4.2

percent reduction in fuel consumption and CO, emissions beyond the Phase 1 standard, and interim

engine standards in MY 2021 and MY 2024 that would require diesel engine manufacturers to achieve,
on average, 1.5 percent and 3.7 percent reductions in fuel consumption and CO, emissions, respectively.

Table 2.2.1-6.  Alternative 3 - Preferred HD Tractor Diesel Engine Standards (over SET Cycle)

Model Years Standard MHD Diesel HHD Diesel

2021-2023 CO, (g/bhp-hr) 479 453
Fuel Consumption (gallon/100 bhp-hr) 4.7053 4.4499

2024-2026 CO, (g/bhp-hr) 469 443
Fuel Consumption (gallon/100 bhp-hr) 4.6071 4.3517

2027 and Later CO, (g/bhp-hr) 466 441
Fuel Consumption (gallon/100 bhp-hr) 4.5776 4.3320

Notes:

bhp-hr = brake horsepower-hour

For diesel engines fitted into vocational vehicles, the agencies are proposing MY 2027 standards that
would require engine manufacturers to achieve, on average, a 4.0 percent reduction in CO, emissions
and fuel consumption beyond the Phase 1 standard, and interim engine standards in MY 2021 and MY
2024 that would require diesel engine manufacturers to achieve, on average, 2.0 percent and 3.5
percent reductions in fuel consumption and CO, emissions, respectively. Table 2.2.1-7 presents the
Preferred Alternative CO, and fuel consumption standards the agencies propose for diesel engines to be
installed in vocational vehicles. The first set of standards would take effect with MY 2021, and the
second set would take effect with MY 2024.

Table 2.2.1-7.  Alternative 3 - Preferred HD Vocational Diesel Engine Standards (over HD FTP Cycle)

Model Years Standard LHD Diesel MHD Diesel HHD Diesel

2021-2023 CO, (g/bhp-hr) 565 565 544
Fuel Consumption (gallon/100 bhp-hr) 5.5501 5.5501 5.3438

2024-2026 CO, (g/bhp-hr) 556 556 536
Fuel Consumption (gallon/100 bhp-hr) 5.4617 5.4617 5.2652

2027 and Later | CO, (g/bhp-hr) 553 553 533
Fuel Consumption (gallon/100 bhp-hr) 5.4322 5.4322 5.2358

Notes:

bhp-hr = brake horsepower-hour
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2.2.1.4 Alternative 4 HD Engines for Vocational Vehicles and Tractors

Alternative 4 engine standards for vocational vehicles and tractors are the same as under the Preferred

Alternative but would require that these standards be met sooner. MY 2024 Alternative 4 standards are
essentially identical to those for MY 2027 under Alternative 3. Under Alternative 4, diesel engines to be
installed in Classes 7-8 tractors would be subject to the fuel efficiency and emissions standards shown in

Table 2.2.1-8.

Table 2.2.1-8.  Alternative 4 HD Tractor Diesel Engine Standards (over SET Cycle)
Model Years Standard MHD Diesel HHD Diesel
2021-2023 CO, (g/bhp-hr) 477 451
Fuel Consumption (gallon/100 bhp-hr) 4.6857 4.4303
2024 and Later CO, (g/bhp-hr) 466 441
Fuel Consumption (gallon/100 bhp-hr) 4.5776 4.3320

Notes:

bhp-hr = brake horsepower-hour

Table 2.2.1-9 presents the Alternative 4 CO, and fuel consumption standards for diesel engines to be
installed in vocational vehicles.

Table 2.2.1-9.  Alternative 4 HD Vocational Vehicle Diesel Engine Standards (over HD FTP Cycle)
Model Years Standard LHD Diesel MHD Diesel HHD Diesel
2021-2023 CO, (g/bhp-hr) 562 562 541
Fuel Consumption (gallon/100 bhp-hr) 5.5206 5.5206 5.3143
2024 and Later | CO, (g/bhp-hr) 553 553 533
Fuel Consumption (gallon/100 bhp-hr) 5.4322 5.4322 5.2358

Notes:

bhp-hr = brake horsepower-hour

2.2.1.5 Alternative 5 HD Engines for Vocational Vehicles and Tractors

Under Alternative 5, diesel engines to be installed in Classes 7—8 tractors would be subject to the fuel
efficiency and emissions standards shown in Table 2.2.1-10.

Table 2.2.1-10.

Alternative 5 HD Tractor Diesel Engine Standards (over SET Cycle)

Model Years Standard MHD Diesel HHD Diesel

2021-2023 CO, (g/bhp-hr) 474 448
Fuel Consumption (gallon/100 bhp-hr) 4.6562 4.4008

2024 and Later CO, (g/bhp-hr) 464 438
Fuel Consumption (gallon/100 bhp-hr) 4.5580 4.3026

Notes:

bhp-hr = brake horsepower-hour

Table 2.2.1-11 presents the Alternative 5 fuel consumption and emissions standards for diesel engines
fitted into vocational vehicles.
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Table 2.2.1-11. Alternative 5 HD Vocational Vehicle Diesel Engine Standards (over HD FTP Cycle)

Model Years Standard LHD Diesel MHD Diesel HHD Diesel

2021-2023 CO, (g/bhp-hr) 559 559 538
Fuel Consumption (gallon/100 bhp-hr) 5.4912 5.4912 5.2849

2024 and Later | CO, (g/bhp-hr) 550 550 530
Fuel Consumption (gallon/100 bhp-hr) 5.4028 5.4028 5.2063

Notes:
bhp-hr = brake horsepower-hour

2.2.2 Classes 7-8 Tractors

Combination tractors consume the largest fraction of fuel among the HD vehicle categories. Tractors
also offer significant potential for fuel savings due to the high annual mileage and average vehicle
speeds within this category as compared to annual mileage and average speeds or duty cycles of other
HD vehicle categories. In addition to the engine standards described above, the Phase 2 standards
would require Classes 7—8 tractor manufacturers to meet an overall vehicle performance standard by
making various non-engine fuel saving technology improvements (e.g., by using a combination of
technologies such as improving aerodynamics, lowering tire rolling resistance, decreasing vehicle mass
(weight), reducing fuel use at idle, improving efficiency of transmissions, or other technologies).

The alternative standards examined for Classes 7—8 tractors vary depending on whether it is a “day cab”
or “sleeper cab” (sleeper cabs provide overnight accommodations for drivers). Tractors with sleeper
cabs tend to have greater empty curb weight than tractors with day cabs due to the larger cab
accommodations, and some technologies (e.g., extended idle reduction) are appropriate for tractors
with sleeper cabs but less so for day cabs. Standards for Class 8 tractors with day cabs versus sleeper
cabs also reflect different drive cycles. Day cab tractors have a larger percentage of their drive cycle
weighted to transient (urban) driving and sleeper cab tractors have a larger percentage of their drive
cycle weighted to a cruising speed of 65 miles per hour. Standards for Classes 7—8 tractors also vary
with the height of the roof, designed to correspond to the height of the trailer, because roof height
significantly affects aerodynamic drag, which is an important determinant of tractor fuel efficiency.

Compliance with the overall vehicle standards for Classes 7-8 tractors would be determined using GEM
to simulate overall vehicle fuel efficiency given a set of vehicle component inputs. Using this approach,
the Classes 7-8 vehicle manufacturers would supply certain vehicle characteristics that would serve as
GEM inputs. Thus, vehicle manufacturers could make any combination of improvements using non-
engine technologies that they believe would best achieve the Classes 7-8 tractor overall fuel
consumption standards.

2.2.2.1 Alternative 1 - No Action Classes 7-8 Tractors

Under Alternative 1, neither NHTSA nor EPA would issue a Phase 2 rule regarding HD fuel efficiency or
GHG emissions. As a result, Phase 1 tractor standards and test procedures would remain in effect
indefinitely at their MY 2017 levels until amended by a future rulemaking action. For ease of
comparison with the Phase 2 proposed standards and alternatives, the Phase 1 standards were
recalculated to reflect revised test procedures described above. Under Alternative 1, these recalculated
standards serve as the baseline, and are expected to achieve equivalent environmental impacts as the
Phase 1 tractor standards and test procedures if left unchanged. Table 2.2.2-1 shows the recalculated
MY 2017 and beyond Phase 1 standards for Classes 7—-8 tractors, which would remain in effect in 2018
and beyond under the Phase 2 No Action Alternative.
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Table 2.2.2-1. Alternative 1 - No Action Classes 7-8 Tractor Standards

2017 Model Year and later CO, Grams per Ton-Mile

Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 107 86 79
Mid Roof 118 93 87
High Roof 121 95 88
2017 Model Year and later Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 10.5 8.4 7.8
Mid Roof 11.6 9.1 8.5
High Roof 11.9 9.3 8.6

2.2.2.2 Alternative 2 Classes 7-8 Tractors

Under Alternative 2, Classes 7—8 tractors would be subject to the fuel efficiency and emissions standards
shown in Table 2.2.2-2.

Table 2.2.2-2. Alternative 2 Classes 7-8 Tractor Standards

2021-2023 Model Year CO, Grams per Ton-Mile

Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 102 82 73
Mid Roof 112 88 81
High Roof 114 90 80
2021-2023 Model Year Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 10.0196 8.055 7.1709
Mid Roof 11.0020 8.6444 7.9568
High Roof 11.1984 8.8409 7.8585
2024 Model Year and later CO, Grams per Ton-Mile
Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 97 77 68
Mid Roof 107 84 76
High Roof 109 85 74
2024 Model Year and later Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 9.5285 7.5639 6.6798
Mid Roof 10.5108 8.2515 7.4656
High Roof 10.7073 8.3497 7.2692

2.2.2.3 Alternative 3 - Preferred Classes 7-8 Tractors

For Classes 7-8 tractors, the agencies are proposing the Alternative 3 (Preferred Alternative) CO, and
fuel consumption standards shown in Table 2.2.2-3.
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Table 2.2.2-3.  Alternative 3 - Preferred Classes 7-8 Tractor Standards
2021-2023 Model Year CO, Grams per Ton-Mile
Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 97 78 70
Mid Roof 107 84 78
High Roof 109 86 77
2021-2023 Model Year Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 9.5285 7.6621 6.8762
Mid Roof 10.5108 8.2515 7.6621
High Roof 10.7073 8.4479 7.5639
2024-2026 Model Year CO, Grams per Ton-Mile
Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 90 72 64
Mid Roof 100 78 71
High Roof 101 79 70
2024-2026 Model Year Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 8.8409 7.0727 6.2868
Mid Roof 9.8232 7.6621 6.9745
High Roof 9.9214 7.7603 6.8762
2027 Model Year and later CO, Grams per Ton-Mile
Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 87 70 62
Mid Roof 96 76 69
High Roof 96 76 67
2027 Model Year and later Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 8.5462 6.8762 6.0904
Mid Roof 9.4303 7.4656 6.7780
High Roof 9.4303 7.4656 6.5815

2.2.2.4 Alternative 4 Classes 7-8 Tractors

Under Alternative 4, Classes 7-8 tractors would be subject to the fuel efficiency and emissions standards
shown in Table 2.2.2-4. Alternative 4 MY 2024 standards are the same as the Preferred Alternative MY

2027 standards.

2-
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Table 2.2.2-4.  Alternative 4 Classes 7-8 Tractor Standards
2021-2023 Model Year CO, Grams per Ton-Mile
Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 92 74 66
Mid Roof 102 81 74
High Roof 104 82 73
2021-2023 Model Year Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 9.0373 7.2692 6.4833
Mid Roof 10.0196 7.9568 7.2692
High Roof 10.2161 8.0550 7.1709
2024 Model Year and later CO, Grams per Ton-Mile
Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 87 70 62
Mid Roof 96 76 69
High Roof 96 76 67
2024 Model Year and later Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 8.5462 6.8762 6.0904
Mid Roof 9.4303 7.4656 6.7780
High Roof 9.4303 7.4656 6.5815

2.2.2.5 Alternative 5 Classes 7-8 Tractors

Under Alternative 5, Classes 7-8 tractors would be subject to the fuel efficiency and emissions standards

shown in Table 2.2.2-5.

Table 2.2.2-5.  Alternative 5 Classes 7—8 Tractor Standards
2021-2023 Model Year CO, Grams per Ton-Mile
Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 87 70 63
Mid Roof 96 75 71
High Roof 98 77 70
2021-2023 Model Year Gallons of Fuel per 1,000 Ton-Mile
Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 8.5462 6.8762 6.1886
Mid Roof 9.4303 7.3674 6.9745
High Roof 9.6267 7.5639 6.8762
2024 Model Year and later CO, Grams per Ton-Mile
Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 82 65 58
Mid Roof 91 71 64
High Roof 92 72 63
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2024 Model Year and later Gallons of Fuel per 1,000 Ton-Mile

Day Cab Sleeper Cab
Class 7 Class 8 Class 8
Low Roof 8.0550 6.3851 5.6974
Mid Roof 8.9391 6.9745 6.2868
High Roof 9.0373 7.0727 6.1886

2.2.3 Trailers

The Phase 2 NPRM includes, for the first time, proposed fuel consumption standards for new trailers
that would begin with a voluntary three year program, followed by a mandatory program phasing in
over a period of seven years. EPA’s proposed GHG emissions standards for new trailers would be
mandatory from the beginning. Although the agencies are proposing new fuel consumption and CO,
standards for trailers separately from tractors, the numerical level of the trailer standards is in relation
to “standard” reference tractors in recognition of their interrelatedness. In other words, the regulatory
standards refer to the simulated fuel consumption and emissions of a standard tractor pulling the trailer
being certified. The trailer industry produces different trailer designs for different applications, and the
proposed standards would apply (in one form or another) to most types of trailers. The most
comprehensive requirements would apply to box trailers, including refrigerated and non-refrigerated
(dry) vans. Box trailers are the largest trailer category with the highest annual vehicle miles traveled,
which offers the greatest potential for fuel consumption and CO, reductions. More modest
requirements are proposed for all highway non-box trailers that would not require the use of
aerodynamic devices, but could be met by adopting low rolling resistance tires and automatic tire
inflation systems. Non-box trailer tires would need to achieve a coefficient of rolling resistance of 5.1 in
MY 2018 (voluntary in the NHTSA program until MY 2021) and 4.7 for MY 2024 and later model years.

Differences in the numerical values of box trailer standards among trailer subcategories under each
alternative reflect differences in the tractor-trailer characteristics, as well as differences in the default
payloads, in the vehicle simulation model used to develop the trailer standards. Therefore, lower values
do not necessarily indicate more stringent standards. For instance, the Preferred Alternative standards
for dry and refrigerated vans of the same length have the same stringency through MY 2026, but the
standards recognize differences in trailer weight and aerodynamic performance of refrigerated vans.
Trailers of the same type but different length also differ in weight, as well as in the number of axles (and
tires), tractor type, payload and aerodynamic performance.

2.2.3.1 Alternative 1 - No Action Trailers

Under Alternative 1, neither NHTSA nor EPA would issue a Phase 2 rule regarding HD fuel efficiency or
GHG emissions. There were no trailer standards under the Phase 1 program, so the Phase 2 No Action
Alternative for trailers reflects the performance levels (simulated fuel consumption and emissions of a
standard tractor pulling the trailer) that the agencies expect box trailers would achieve in the absence of
any federal fuel consumption or GHG standards.

2.2.3.2 Alternative 2 Trailers

Under Alternative 2, box trailers would be subject to the fuel efficiency and emissions standards shown
in Table 2.2.3-2 (simulated fuel consumption and emissions of a standard tractor pulling the trailer).
Alternative 2 trailer standards would apply to only 53-foot box trailers and could be achieved by using
less advanced aerodynamic and tire technologies than would be required by other action alternatives.
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Table 2.2.3-2.  Alternative 2 HD Box Trailer Standards
Dry Van Refrigerated Van
Model Years Standard Long Short Long Short
2018-2020 CO, Grams per Ton-Mile 83 147 84 151
Gallons per 1,000 Ton-Mile (Voluntary) 8.1532 14.4401 8.2515 14.8330
2021-2023 CO, Grams per Ton-Mile 82 147 84 151
Gallons per 1,000 Ton-Mile 8.0550 14.4401 8.2515 14.8330
2024 and CO, Grams per Ton-Mile 81 147 83 151
Later Gallons per 1,000 Ton-Mile 7.9568 14.4401 8.1532 14.8330

2.2.3.3 Alternative 3 - Preferred Trailers

Under Alternative 3, the Preferred Alternative, box trailers would be subject to the fuel efficiency and
emissions standards shown in Table 2.2.3-3 (simulated fuel consumption and emissions of a standard
tractor pulling the trailer).

Table 2.2.3-3.  Alternative 3 - Preferred HD Box Trailer Standards
Dry Van Refrigerated Van
Model Years Standard Long Short Long Short
2018-2020 CO, Grams per Ton-Mile 83 144 84 147
Gallons per 1,000 Ton-Mile 8.1532 14.1454 8.2515 14.4401
(Voluntary)
2021-2023 CO, Grams per Ton-Mile 81 142 82 146
Gallons per 1,000 Ton-Mile 7.9568 13.9489 8.0550 14.3418
2024-2026 CO, Grams per Ton-Mile 79 141 81 144
Gallons per 1,000 Ton-Mile 7.7603 13.8507 7.9568 14.1454
2027 and CO, Grams per Ton-Mile 77 140 80 144
Later Gallons per 1,000 Ton-Mile 7.5639 13.7525 7.8585 14.1454

2.2.3.4 Alternative 4 Trailers

Alternative 4 standards for trailers are the same as under the Preferred Alternative but on an

accelerated schedule, shown in Table 2.2.3-4.

Table 2.2.3-4.  Alternative 4 HD Box Trailer Standards
Dry Van Refrigerated Van
Model Years | Standard Long Short Long Short
2018-2020 CO, Grams per Ton-Mile 83 144 84 147
Gallons per 1,000 Ton-Mile (Voluntary) 8.1532 14.1454 8.2515 14.4401
2021-2023 CO, Grams per Ton-Mile 80 142 81 145
Gallons per 1,000 Ton-Mile 7.8585 13.9489 7.9568 14.2436
2024 and CO, Grams per Ton-Mile 77 140 80 144
Later Gallons per 1,000 Ton-Mile 7.5639 13.7525 7.8585 14.1454

2.2.3.5 Alternative 5 Trailers

Under Alternative 5, box trailers would be subject to the fuel efficiency and emissions standards shown
in Table 2.2.3-5 (simulated fuel consumption and emissions of a standard tractor pulling the trailer).
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Table 2.2.3-5.  Alternative 5 HD Box Trailer Standards
Dry Van Refrigerated Van
Model Years | Standard Long Short Long Short
2018-2020 CO, Grams per Ton-Mile 82 144 83 147
Gallons per 1,000 Ton-Mile (Voluntary) 8.0550 14.1454 8.1532 14.4401
2021-2023 CO, Grams per Ton-Mile 79 142 81 145
Gallons per 1,000 Ton-Mile 7.7603 13.9489 7.9568 14.2436
2024 and CO, Grams per Ton-Mile 76 140 80 143
Later Gallons per 1,000 Ton-Mile 7.4656 13.7525 7.8585 14.0472

2.2.4 Classes 2-8 Vocational Vehicles

Fuel consumption standards for vocational vehicles vary by vehicle class (Classes 2b—5, Classes 6-7, and
Class 8), ignition type and engine fuel (spark-ignited [SI] gasoline, and combustion-ignited [CI] diesel),
and duty cycle: Regional, Multi-Purpose, and Urban. The three duty cycles have different weightings for
an idle cycle, highway cruise cycles, and ARB Transient cycle. Compliance with vocational vehicle
standards would be determined by GEM simulation of vehicle fuel efficiency given a set of vehicle
component inputs. Thus, vehicle manufacturers could make any combination of improvements that
they believe would best achieve the vocational vehicle standards.

2.2.4.1 Alternative 1 - No Action Classes 2-8 Vocational Vehicles

Under Alternative 1, neither NHTSA nor EPA would issue a Phase 2 rule regarding HD fuel efficiency or
GHG emissions. As a result, Phase 1 vocational vehicle standards and test procedures would remain in
effect indefinitely at their MY 2017 levels until amended by a future rulemaking action. For ease of
comparison with the Phase 2 proposed standards and alternatives, the Phase 1 standards were
recalculated to reflect revised test procedures and the new subcategories (i.e., duty cycles) described
above. Under Alternative 1, these recalculated standards serve as the baseline, and are expected to
achieve equivalent environmental impacts as the Phase 1 vocational vehicle standards and test
procedures if left unchanged. Table 2.2.4-1 shows the recalculated MY 2017 and beyond Phase 1
standards for Classes 2—8 diesel (Cl) vocational vehicles, and Table 2.2.4-2 shows the recalculated MY
2017 and beyond Phase 1 standards for gasoline (SI) vocational vehicles. These standards would remain
in effect in 2018 and beyond under the Phase 2 No Action Alternative.

Table 2.2.4-1.  Alternative 1 - No Action Diesel (Cl) Vocational Vehicle Standards

CO, Grams per Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 316 201 212
Multi-Purpose 325 203 214
Regional 339 199 203
Gallons of Fuel per 1,000 Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 31.0413 19.7446 20.8251
Multi-Purpose 31.9253 19.9411 21.0216
Regional 33.3006 19.5481 19.9411
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Table 2.2.4-2.  Alternative 1 - No Action Gasoline (SI) Vocational Vehicle Standards

CO, Grams per Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 334 213 224
Multi-Purpose 344 215 226
Regional 358 211 214
Gallons of Fuel per 1,000 Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 37.5830 23.9676 25.2054
Multi-Purpose 38.7082 24.1926 25.4304
Regional 40.2836 23.7425 24.0801

2.2.4.2 Alternative 2 Classes 2-8 Vocational Vehicles

Under Alternative 2, Classes 2—8 vocational vehicles would be subject to the fuel efficiency and
emissions standards shown in Table 2.2.4-3 and 2.2.4-4, for diesel and gasoline vehicles respectively.
Alternative 2 standards for vocational vehicles could be met without any use of strong hybrids, and with
lower adoption rates of other technologies used to meet other action alternative standards.

Table 2.2.4-3.  Alternative 2 Diesel (Cl) Vocational Vehicle Standards

2021-2023 Model Year CO, Grams per Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 305 194 205
Multi-Purpose 314 196 207
Regional 328 192 195
2021-2023 Model Year Gallons of Fuel per 1,000 Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 29.9468 19.0615 20.0969
Multi-Purpose 30.8574 19.2642 20.2999
Regional 32.1726 18.8587 19.1834
2024 Model Year and Later CO, Grams per Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 296 187 198
Multi-Purpose 304 189 200
Regional 317 185 190
2024 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 29.0602 18.3233 19.4746
Multi-Purpose 29.8789 18.5280 19.6796
Regional 31.1068 18.2209 18.6547
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Table 2.2.4-4.  Alternative 2 Gasoline (SI) Vocational Vehicle Standards

2021-2023 Model Year CO, Grams per Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 330 210 221
Multi-Purpose 339 212 223
Regional 353 207 211
2021-2023 Model Year Gallons of Fuel per 1,000 Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 37.0853 23.5770 24.8811
Multi-Purpose 38.1283 23.8092 25.1137
Regional 39.7508 23.3446 23.7185
2027 Model Year and Later CO, Grams per Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 325 205 217
Multi-Purpose 334 207 219
Regional 348 204 208
2027 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 36.5703 23.0998 24.4215
Multi-Purpose 37.6252 23.3344 24.6563
Regional 39.1490 22.9826 23.3648

2.2.4.3 Alternative 3 - Preferred Classes 2-8 Vocational Vehicles

Tables 2.2.4-5 and 2.2.4-6 show the Alternative 3 (Preferred Alternative) vocational vehicles standards

for Cl diesel and Sl gasoline vehicles, respectively.

Table 2.2.4-5.  Alternative 3 - Preferred Diesel (Cl) Vocational Vehicle Standards

2021-2023 Model Year CO, Grams per Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 296 188 198
Multi-Purpose 305 190 200
Regional 318 186 189
2021-2023 Model Year Gallons of Fuel per 1,000 Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 29.0766 18.4676 19.4499
Multi-Purpose 29.9607 18.6640 19.6464
Regional 31.2377 18.2711 18.5658
2024-2026 Model Year CO, Grams per Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 284 179 190
Multi-Purpose 292 181 192
Regional 304 178 182
2024-2026 Model Year Gallons of Fuel per 1,000 Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 27.8978 17.5835 18.6640
Multi-Purpose 28.6837 17.7800 18.8605
Regional 29.8625 17.4853 17.8782
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2027 Model Year and Later CO, Grams per Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 272 172 182
Multi-Purpose 280 174 183
Regional 292 170 174
2027 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile
LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 26.7191 16.8959 17.8782
Multi-Purpose 27.5049 17.0923 17.9764
Regional 28.6837 16.6994 17.0923
Table 2.2.4-6.  Alternative 3 - Preferred Gasoline (SI) Vocational Vehicle Standards
2021-2023 Model Year CO, Grams per Ton-Mile
LHD (Classes 2b—5) MHD (Classes 6-7) HHD (Class 8)
Urban 320 203 214
Multi-Purpose 329 205 216
Regional 343 201 204
2021-2023 Model Year Gallons of Fuel per 1,000 Ton-Mile
LHD (Classes 2b—5) MHD (Classes 6—7) HHD (Class 8)
Urban 36.0077 22.8424 24.0801
Multi-Purpose 37.0204 23.0674 24.3052
Regional 38.5957 22.6173 22.9549
2024-2026 Model Year CO, Grams per Ton-Mile
LHD (Classes 2b—5) MHD (Classes 6—7) HHD (Class 8)
Urban 312 197 208
Multi-Purpose 321 199 210
Regional 334 196 199
2024-2026 Model Year Gallons of Fuel per 1,000 Ton-Mile
LHD (Classes 2b—5) MHD (Classes 6-7) HHD (Class 8)
Urban 35.1075 22.1672 23.4050
Multi-Purpose 36.1202 22.3923 23.6300
Regional 37.5830 22.0547 22.3923
2027 Model Year and Later CO, Grams per Ton-Mile
LHD (Classes 2b-5) MHD (Classes 6—7) HHD (Class 8)
Urban 299 189 196
Multi-Purpose 308 191 198
Regional 321 187 188
2027 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile
LHD (2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 33.6446 21.2670 22.0547
Multi-Purpose 34.6574 21.4921 22.2797
Regional 36.1202 21.0420 21.1545
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2.2.4.4 Alternative 4 Classes 2-8 Vocational Vehicles

Alternative 4 standards for vocational vehicles are the same as under the Preferred Alternative but
would require that these standards be met sooner, as shown in Tables 2.2.4-7 and 2.2.4-8.

Table 2.2.4-7.  Alternative 4 Diesel (Cl) Vocational Vehicle Standards

2021-2023 Model Year CO, Grams per Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 288 183 193
Multi-Purpose 297 185 196
Regional 309 181 185
2021-2023 Model Year Gallons of Fuel per 1,000 Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 28.2908 17.9764 18.9587
Multi-Purpose 29.1749 18.1729 19.2534
Regional 30.3536 17.7800 18.1729
2024 Model Year and Later CO, Grams per Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 272 172 182
Multi-Purpose 280 174 183
Regional 292 170 174
2024 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 26.7191 16.8959 17.8782
Multi-Purpose 27.5049 17.0923 17.9764
Regional 28.6837 16.6994 17.0923

Table 2.2.4-8.  Alternative 4 Gasoline (SI) Vocational Vehicle Standards

2021-2023 Model Year CO, Grams per Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 313 199 210
Multi-Purpose 323 201 212
Regional 336 197 201
2021—-2023 Model Year Gallons of Fuel per 1,000 Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 35.2200 22.3923 23.6300
Multi-Purpose 36.3452 22.6173 23.8551
Regional 37.8080 22.1672 22.6173
2024 Model Year and Later CO, Grams per Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 299 189 196
Multi-Purpose 308 191 198
Regional 321 187 188
2024 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 33.6446 21.2670 22.0547
Multi-Purpose 34.6574 21.4921 22.2797
Regional 36.1202 21.0420 21.1545
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2.2.4.5 Alternative 5 Classes 2-8 Vocational Vehicles

Under Alternative 5, Classes 2—8 vocational vehicles would be subject to the fuel efficiency and
emissions standards shown in Table 2.2.4-9 and 2.2.4-10, for diesel and gasoline vehicles respectively.

Table 2.2.4-9.  Alternative 5 Diesel (Cl) Vocational Vehicle Standards

2021-2023 Model Year CO, Grams per Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 270 171 180
Multi-Purpose 279 173 181
Regional 290 169 172
2021-2023 Model Year Gallons of Fuel per 1,000 Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 26.5560 16.8009 17.6505
Multi-Purpose 27.3635 16.9796 17.8288
Regional 28.5298 16.6222 16.8482
2024 Model Year and Later CO, Grams per Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 253 159 169
Multi-Purpose 260 161 170
Regional 271 158 161
2024 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 24.8577 15.6298 16.5564
Multi-Purpose 25.5579 15.8044 16.7308
Regional 26.6083 15.5425 15.8594

Table 2.2.4-10. Alternative 5 Gasoline (SI) Vocational Vehicle Standards

2021-2023 Model Year CO, Grams per Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 292 185 194
Multi-Purpose 300 186 196
Regional 313 183 185
2021-2023 Model Year Gallons of Fuel per 1,000 Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 32.8863 20.7809 21.8523
Multi-Purpose 33.8112 20.9856 22.0566
Regional 35.2499 20.5761 20.8312
2027 Model Year and Later CO, Grams per Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 278 175 185
Multi-Purpose 286 177 186
Regional 298 174 177
2027 Model Year and Later Gallons of Fuel per 1,000 Ton-Mile

LHD (Classes 2b-5) MHD (Classes 6-7) HHD (Class 8)
Urban 31.2817 19.7042 20.7621
Multi-Purpose 32.1840 19.9043 20.9617
Regional 33.4874 19.6042 19.8637

2-19



Chapter 2 Proposed Action and Alternatives and Analysis Methodologies

2.2.5 Classes 2b-3 Pickups and Vans

For HD pickups and vans, vehicle testing would be conducted on chassis dynamometers using the drive
cycles from the EPA FTP (or “city” test) and Highway Fuel Economy Test (HFET or ““highway’’ test). The
FTP and HFET results would be weighted by 55 percent and 45 percent, respectively, and then averaged
to calculate a combined cycle result. The 55/45 cycle weightings are the same as for the light-duty CAFE
program, as NHTSA and EPA believe the real-world driving patterns for HD pickups and vans are similar
to those of light-duty trucks. Compliance with fuel consumption standards for HD pickups and vans will
continue to be determined through a fleet averaging process similar to the process used in determining
passenger car and light truck compliance with CAFE standards.

The fuel consumption standards for HD pickups and vans are based on a “work factor” attribute that
combines vehicle payload capacity and vehicle towing capacity, in pounds, with an additional fixed
adjustment for four-wheel drive (4wd) vehicles. Fuel consumption targets would be determined for
each vehicle with a unique work factor. These targets would then be production-weighted and summed
to derive a manufacturer’s annual fleet average standards.

HD pickup and van standards vary in stringency across action alternatives, but all of the standards are
based on a functional relationship between fuel economy and GHG emissions to a vehicle’s work factor,
as described above. The No Action Alternative assumes Phase 1 HD pickup and van standards and test
procedures would remain in effect indefinitely at their MY 2018 or MY 2019 levels (depending upon the
implementation schedule chosen by manufacturers, as described in the Phase 1 Final Rule) until
amended by a future rulemaking action. The action alternatives considered represent different rates of
annual increase in fuel efficiency stringency and associated outcomes, and Alternatives 2, 4, and 5 would
only increase stringency through 2025, as shown in Table 2.2.5-1.

Table 2.2.5-1. Summary of Action Alternatives Examined for Phase 2 HD Pickup and Van Standards

Alt. 2 Alt. 3 - Preferred Alt. 4 Alt. 5
Annual Stringency Increase 2.0%/y 2.5%/y 3.5%/y 4.0%/y
Stringency Increase Through MY 2025 2027 2025 2025
Total Stringency Increase 9.6% 16.2% 16.3% 18.5%
Average Fuel Economy (miles per gallon) in Final MY of Stringency Increase
Required 19.04 20.57 20.57 21.14
Achieved 19.14 20.61 20.83 21.27
Average Fuel Consumption (gallons /100 mi.) in Final MY of Stringency Increase
Required 5.25 4.86 4.86 4.73
Achieved 5.22 4.85 4.80 4.70
Average Greenhouse Gas Emissions (g/mi) in Final MY of Stringency Increase
Required 495 458 458 446
Achieved 491 458 453 444

Figures 2.2.5-1 and 2.2.5-2 illustrate the functional relationship between the work factor for HD pickups
and vans and the corresponding fuel consumption targets under the Phase 2 Preferred Alternative for
HD pickups and vans, specified in gal/100 miles (specific formulas for calculating work factors for HD
pickups and vans under the action alternatives are presented in the Section IV of the NPRM).

Figure 2.2.5-1 shows that fuel consumption target standards for HD diesel pickups and vans for MY 2027
would be approximately 3.7 to 5.0 gal/100 miles, depending on the calculated work factor.
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Figure 2.2.5-2 shows that the fuel consumption target standards for HD gasoline pickups and vans for
MY 2027 would be approximately 4.4 to 6.2 gal/100 miles, depending on the calculated work factor.

Figure 2.2.5-1.  Alternative 3 - Preferred Phase 2 HD Fuel Consumption and CO, Standards for Diesel HD
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Figure 2.2.5-2.  Alternative 3 - Preferred Phase 2 HD Fuel Consumption and CO, Standards for Gasoline HD
Pickups and Vans
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2.3 Direct and Indirect and Cumulative Impacts Analysis
Methodologies

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. The action alternatives in the direct and indirect
impacts analysis and the cumulative impacts analysis are the same, but the No Action Alternative under
each analysis reflects different assumptions to distinguish between direct and indirect impacts versus
cumulative impacts.

e The analysis of direct and indirect impacts compares action alternatives with a No Action Alternative
that generally reflects a small forecast improvement in the average fuel efficiency of new HD
vehicles after 2018 due to market-based incentives for improving fuel efficiency. In this way, the
analysis of direct and indirect impacts isolates the portion of the fleet-wide fuel efficiency
improvement attributable directly and indirectly to the proposed rule, and not attributable to
reasonably foreseeable future actions by manufacturers after 2018 to improve new HD vehicle fuel
efficiency even in the absence of new regulatory requirements.

e The analysis of cumulative impacts compares action alternatives with a No Action Alternative that
generally reflects no forecast improvement in the average fuel efficiency of new HD vehicles after
2018. As a result, the difference between the environmental impacts of the action alternatives and
the cumulative impacts baseline reflects the combined impacts of market-based incentives for
improving fuel efficiency after 2018 (i.e., reasonably foreseeable future changes in HD vehicle fuel
efficiency) and the direct and indirect impacts of the Phase 2 standards associated with each action
alternative. Therefore, this analysis reflects the cumulative impacts of reasonably foreseeable
improvements in fuel efficiency after 2018 due to market-based incentives in addition to the direct
and indirect impacts of the Phase 2 HD standards associated with each action alternative.

The No Action Alternative CO, emissions and fuel efficiency standards described in Section 2 reflect the
performance levels forecast under the cumulative impacts No Action Alternative. The direct and
indirect impacts No Action Alternative reflects a small improvement in the No Action performance levels
for tractors shown in Table 2.2.2-1 due to a continuing uptake of technologies in the tractor market that
reduce fuel consumption and CO, emissions absent Phase 2 regulation. There is no such forecast
improvement in vocational vehicle performance after 2017 absent Phase 2 regulation. Therefore, the
performance levels for vocational vehicles shown in Tables 2.2.4-1 and 2.2.4-2 would also characterize
the direct and indirect impacts No Action Alternative. Market-based improvements in fuel efficiency for
HD pickups and vans are expected after 2017, but these improvements are quite small in relation to the
annual percentage gains in fuel efficiency for HD pickups and vans under action alternatives shown in
Table 2.2.5-1. Therefore, the percentage gains shown in Table 2.2.5-1 are roughly the same in relation
to the cumulative impacts No Action Alternative and the direct and indirect No Action Alternative.
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2.3.1 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.

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.! Downstream emissions from tractor-trailers and vocational vehicles were
estimated using the most recent version of EPA’s Motor Vehicle Emission Simulator (MOVES2014)

model (EPA 2015). Downstream emissions from Classes 2b—3 vehicles were estimated using the most
recent version of NHTSA’s CAFE Compliance and Effects Modeling System (the Volpe HD model).

Upstream emissions are those associated with crude-petroleum extraction and transportation, and with
the refining, storage, and distribution of transportation fuels. NHTSA estimated both domestic and
international upstream emissions of CO,, and only domestic upstream emissions of criteria air pollutants
and airborne toxics. To estimate Classes 2b—3 upstream emissions changes resulting from decreased
downstream fuel consumption, the analysis uses the Volpe HD model, which incorporates emissions
factors from the Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation model
(GREET) model (2013 version developed by the U.S. Department of Energy Argonne National
Laboratory). The Volpe HD model uses the decreased volumes of the fuels along with the emissions
factors from GREET for the various fuel production and transport processes to estimate the net changes
in upstream emissions as a result of fuel consumption changes. To estimate Classes 4—8 upstream
emissions, the analysis uses a spreadsheet model developed by EPA that uses an identical methodology
based on GREET emissions factors. Chapters 4 and 5 discuss modeling issues related specifically to the
air quality and climate change analyses, respectively.

2.3.1.1 Downstream Emissions

Most downstream emissions are exhaust (tailpipe) emissions. The basic method used to estimate
tailpipe emissions entails multiplying the total miles driven by HD vehicles of each model year and age
by their estimated emissions rates per vehicle-mile of each pollutant. These emissions rates differ by
fuel type (e.g., gasoline and diesel) and by vehicles type and vehicle age.

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

e Activity expressed as vehicle miles traveled (VMT), and emissions factors expressed as grams per
VMT

e Activity expressed as fuel consumption in gallons, and emissions 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.

& 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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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 sulfur dioxide (S0,). 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. Therefore, emissions factors for CO, and SO, are not constant in terms of
grams emitted per VMT of a specific vehicle, because fuel efficiency—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 emissions controls with
which a vehicle is equipped.

2.3.1.2 Upstream Emissions

The agencies also estimated the impacts of the action alternatives on upstream emissions associated
with petroleum extraction and transportation, and refining, storage, and distribution of transportation
fuels. NHTSA and EPA project that the Proposed Action would lead to reductions in upstream emissions
from fuel production and distribution, because the total amount of fuel used by HD vehicles would
decline under the action alternatives compared to the No Action Alternative.

2.3.2 Energy Market Forecast Assumptions

This EIS uses projections of energy consumption and supply derived from the U.S. Energy Information
Administration (EIA), a DOE agency that collects and provides official energy statistics for the United
States. ElA 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 (AEO) and the world (International Energy Outlook [IEQ]). EIA reports energy forecasts
through 2040 for consumption and supply by energy fuel source, sector, and geographic region. The
model used to formulate EIA projections incorporates forecast market trends and all federal and state
laws and regulations in force at the time of modeling (e.g., the Phase 1 HD standards and MY 2017-2025
CAFE standards). Potential legislation and laws under debate in Congress are not included. This EIS uses
projections of energy consumption and supply based on the 2014 AEO Reference Case. The 2015 AEO
was released too recently to be reflected in this analysis; NHTSA will consider whether to incorporate it
into the Final EIS.

2.3.3 Modeling Software

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. In addition, EPA modified
the GREET model to add emissions factors for air toxics acetaldehyde, acrolein, benzene, 1,3-butadiene,
and formaldehyde.

For the action alternatives in this EIS, NHTSA assumed that increased fuel efficiency affects upstream
emissions by causing decreases in the volumes of gasoline and diesel produced and consumed. The
agencies calculated the impacts of decreased fuel production on total emissions of each pollutant using
the volumes of fuels estimated to be produced and consumed under each action alternative, together
with emissions factors for individual phases of the fuel production and distribution process derived from
GREET. The emissions 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
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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. Table 2.3.3-1 lists the software used for
computer simulation modeling of the projected HD vehicle fleet and its upstream and downstream
emissions for the 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 EIS analysis.

Table 2.3.3-1. Inventory of EIS Modeling Software

Model Outputs Used in this

Model Title Model Inputs Analysis
NEMS (AEO DOE—National = Default values for AEO 2014 = Projected fuel prices for all
2014) Energy Modeling fuels
System
GREET DOE— GHG and = Tractor-trailers and vocational = Estimates of upstream
Fuel-Cycle Regulated vehicles: GREET 1.8c model. In emissions associated with
model, as Emissions in some cases, the GREET values production, transportation,
updated Transportation were modified or updated by and storage for gasoline,
the agencies to be consistent diesel, and E85
with the EPA’s National
Emissions Inventory and
emissions factors from MOVES
2014.
= Classes 2b—3 vehicles: GREET
2013 model
MOVES EPA—Motor = Emissions data from in-use = NOx, SOx, CO, VOCs, PM2.5,
(2014) Vehicle Emissions chassis testing; remote sensing; and toxic emissions factors
Simulator state vehicle inspection and (tailpipe, evaporative, brake
maintenance; and other and tire wear) for HD vehicles
programs
Volpe (2015 Volpe—CAFE = Characteristics of baseline = Costs associated with
Version) Model vehicle fleet utilization of additional fuel-

= Availability, applicability, and
incremental effectiveness and
cost of fuel-saving technologies

= Vehicle survival and mileage
accumulation patterns

= Fuel economy rebound effect

= Future fuel prices, social cost of
carbon, and other economic
factors

= Fuel characteristics and criteria
pollutant emissions factors

saving technologies

= Changes in travel demand, fuel
consumption, fuel outlays,

= Technology utilization
scenarios

= Estimated U.S. vehicle fleet
criteria and toxic emissions
(tons) for future years
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Model

Title

Model Inputs

Model Outputs Used in this
Analysis

SMOKE (Version
2.7)

MCNC—Sparse
Matrix Operator
Kernel Emissions

= Criteria pollutant emissions

outputs from MOVES, Volpe, or
other models

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

= Gridded, speciated, hourly
emissions for input into CMAQ
and other models

CMAQ (Version
4.7)

EPA—Community
Multi-scale Air
Quality model

SMOKE outputs
Meteorological data

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

BenMAP-CE
(Version 1.1)

EPA—
Environmental
Benefits Mapping
and Analysis
Program —
Community Edition

CMAQ outputs

Population and population
distribution data
Concentration-response data
for health outcomes
Valuation data for
monetization of health
outcomes

= Health effects (number of
mortality and morbidity
outcomes)

= Monetized health effects

GCAM RCP
Scenario Results

Joint Global
Change Research
Institute’s Global
Change
Assessment
Model’s
simulations of the
Representative
Concentration
Pathway radiative
forcing targets

Regional population estimates
Labor productivity growth
Energy demand

Agriculture, land cover, and
land-use models

Atmospheric gas
concentrations

= GCAMReference, GCAM®6.0,
and RCP4.5 global GHG
emissions scenarios (baselines)

MAGICC (6) National Center for Adjusted GCAMReference, = Projected global CO,
Atmospheric GCAM®6.0, and RCPA4.5 climate concentrations, and global
Research—Model scenarios to reflect lower mean surface temperature,
for the Assessment projected emissions from the from 2018-2100
of Greenhouse-gas heavy-duty vehicle fleet in the
Induced Climate US from the action alternatives
Change

Notes:

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

GREET = Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation; GHG = greenhouse gas; EPA = U.S.
Environmental Protection Agency; MOVES = Motor Vehicle Emissions Simulator; E85 = blend of gasoline and ethanol
containing 51 to 83 percent ethanol; NO, = nitrogen oxides; SO, = sulfur oxides; CO = carbon monoxide; VOCs = volatile
organic compounds; PM2.5 = particulate matter with an aerodynamic diameter equal to or less than 2.5 microns;
GCAM = Global Change Assessment Model; MAGICC = Model for the Assessment of Greenhouse-gas Induced Climate
Change; CO, = carbon dioxide; RCP = Representative Concentration Pathway
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2.3.4 Approach to Scientific Uncertainty and Incomplete Information

CEQ regulations recognize that many federal agencies encounter limited information and substantial
uncertainties when analyzing the potential environmental impacts of their actions. Accordingly, the
regulations provide agencies with a means of formally acknowledging incomplete or unavailable
information in NEPA documents. Where “information relevant to reasonably foreseeable significant
adverse impacts cannot be obtained because the overall costs of obtaining it are exorbitant or the
means to obtain it are not known,” the regulations require an agency to include in its NEPA document
per 40 CFR § 1502.22(b):

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. A summary 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.

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 Fifth
Assessment Report (IPCC 2013, IPCC 2014) 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 Comparison of Alternatives

The CEQ NEPA 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 the Proposed Action and alternatives on energy
resources, 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 Sections 5.5 through 5.6,
Chapter 6, and Chapter 7 of this EIS, so they are not summarized here.

In the alternatives analyzed in this EIS, the projected growth in the number of HD vehicles in use
throughout the United States and in the annual VMT by HD vehicles would result in increased fuel
consumption that outpaces improvements in efficiency resulting from each action alternative over the
next decade, but Alternative 3 (Preferred Alternative) and Alternatives 4 and 5 would result in a forecast
decline in annual HD vehicle fuel use beginning in the early 2020s. Annual HD vehicle fuel consumption
after 2040 would also be lower than in 2015 under the Preferred Alternative and Alternatives 4 and 5.
Because CO, emissions are a direct consequence of total fuel consumption, the same result is projected
for total CO, emissions from HD vehicles. NHTSA estimates that the proposed HD vehicle fuel efficiency

% See 40 CFR § 1502.14.
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standards would reduce fuel consumption and CO, emissions from the future levels that would
otherwise occur in the absence of the Phase 2 HD Fuel Efficiency Improvement Program (i.e., fuel
consumption and CO, emissions under the No Action Alternative).

2.4.1 Direct and Indirect Effects

This section compares the direct and indirect effects of the No Action Alternative and the four action
alternatives on energy, air quality, and climate as presented in Sections 3.4.1, 4.2.1, and 5.4.1,
respectively (see Table 2.4.1-1). Under NEPA, direct effects “are caused by the action and occur at the
same time and place.” 40 CFR § 1508.8. Indirect effects are 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.

For detailed discussions of the assumptions and methodologies used to estimate the results presented
in this section, see Sections 2.3, Direct and Indirect and Cumulative Impacts Analysis Methodologies,
3.4.1 (energy), 4.1.2 (air quality), and 5.3 (climate). As explained in Section 2.3, the direct and indirect
effects methodology compares the action alternatives with a No Action Alternative that reflects a small
forecast increase in the average fuel efficiency of new HD vehicles in 2018 and beyond, due to market-
based incentives for improving fuel efficiency. By including these market-based improvements in the No
Action Alternative, this analysis attempts to isolate the portion of the fleet-wide fuel efficiency
improvement attributable directly and indirectly to the proposed rule, and not attributable to
reasonably foreseeable future actions by manufacturers.

2-28



Chapter 2 Proposed Action and Alternatives and Analysis Methodologies

Table 2.4.1-1.  Direct and Indirect Impacts®
Alt. 1 - Alt. 3 —
No Action Alt. 2 Preferred Alt. 4 Alt. 5
Total combined gas, NG, | 1,971.5 1,852.6 billion DGE 1,744.3 billion DGE 1,733.3 billion DGE 1,661.7 billion DGE
E85, and diesel fuel billion DGE

consumption by all U.S.
HD vehicles for 2019-

emissions reductions for
2018-2050 compared to
No Action Alternative

pollutants
(acetaldehyde, acrolein,
benzene, 1.3-butadiene,
DPM, and
formaldehyde) will
decrease compared to
the No Action
Alternative in all years
except 2018. 1,3-
butadiene emissions will

pollutants (acetaldehyde,
acrolein, benzene, 1.3-
butadiene, DPM, and
formaldehyde) will
decrease compared to
the No Action Alternative
in all years except 2018.
The decreases in
emissions will be similar
to those under Alt. 2. 1,3-

pollutants (acetaldehyde,
acrolein, benzene, 1.3-
butadiene, DPM, and
formaldehyde) will
decrease compared to

the No Action Alternative.

All emissions will remain
the same or decrease
slightly compared to
emissions under Alt. 3

? 2050
& | Total fuel savings by all -- 118.9 billion DGE 227.3 billion DGE 238.2 billion DGE 309.9 billion DGE
U.S. HD vehicles
compared to No Action
Alternative for 2019—
2050
Criteria air pollutant -- Emissions of all criteria Emissions of all criteria Emissions of all criteria Emissions of all criteria
emissions reductions pollutants (CO, NO,, pollutants (CO, NO,, pollutants (CO, NO,, pollutants (CO, NO,, PM2.5,
from 2018-2050 PM2.5, SO,, and VOCs) PM, s, SO,, and VOCs) will | PM2.5, SO,, and VOCs) S0,, and VOCs) will
compared to No Action will decrease compared decrease compared to will decrease compared decrease compared to the
Alternative to the No Action the No Action Alternative. | to the No Action No Action Alternative. The
Alternative. The The reductions in Alternative. The reductions in emissions will
greatest relative emissions will be greater | reductions in emissions be greater than the
reductions occur for NO, | than the reductions will be greater than the reductions under Alt. 4 for
and VOCs. under Alt. 2 for all criteria | reductions under Alt. 3 all criteria pollutants.
= pollutants. for all criteria pollutants
% (except CO in 2018 and
3 2050).
-3: Toxic air pollutants -- Emissions of all toxic Emissions of all toxic Emissions of all toxic Emissions of all toxic

pollutants (acetaldehyde,
acrolein, benzene, 1.3-
butadiene, DPM, and
formaldehyde) will
decrease compared to the
No Action Alternative in all
years except 2018. The
decreases in emissions will
be similar to those under
the other action
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precipitation increase

(0.00% less than the No

(0.01% less than the No

(0.01% less than the No

Alt. 1 - Alt. 3 -
No Action Alt. 2 Preferred Alt. 4 Alt. 5
change only slightly in all | butadiene emissions will (except that acetaldehyde | alternatives.
years. change only slightly in all | and formaldehyde
years. emissions increase
slightly in 2050).
Reductions in -- Premature mortality: Premature mortality: Premature mortality: Premature mortality:
premature mortality reduced by 308 to 707 reduced by 525 to 1,197 reduced by 544 to 1,239 reduced by 692 to 1,573
cases and work-loss cases cases cases cases
days in 2035 (values Work-loss days: Work-loss days: Work-loss days: Work-loss days:
within ranges depend reduced by 37,464 days | reduced by 64,389 days reduced by 66,761 days reduced by 84,927 days
2 | onassumptions used)
© | Range of monetized -- 3%: $3,439 million to 3%: $5,872 million to 3%: $6,085 million to 3%: $7,731 million to
9 health benefits in 2035 $7,826 million $13,281 million $13,754 million $17,458 million
< | compared to No Action 7%: $3,088 million to 7%: $5,266 million to 7%: $5,456 million to 7%: $6,931 million to
Alternative under a 3% $7,036 million $11,966 million $12,395 million $15,738 million
and 7% discount rate
(values within ranges
depend on assumptions
used)
Total GHG emissions by | 73,600 68,100 MMTCO, 62,900 MMTCO, 62,600 MMTCO, 59,400 MMTCO,
all U.S. HD vehicles for MMTCO, (5,500 MMTCO, [7%] (10,800 MMTCO, [15%)] (11,000 MMTCO, [15%)] (14,200 MMTCO, [19%)] less
2014-2100 less than the No Action less than the No Action less than the No Action than the No Action
Alternative) Alternative) Alternative) Alternative)
Atmospheric CO, 789.1 ppm 788.6 ppm 788.2 ppmin 2100 788.2 ppm 787.9 ppm
concentrations in 2100 (0.5 ppm less than the (0.9 ppm less than the No | (0.9 ppm less than the No | (1.2 ppm less than the No
8 No Action Alternative) Action Alternative) Action Alternative) Action Alternative)
_g Increase in global mean | 3.484°C 3.483°C 3.481°C 3.481°C 3.480°C by 2100
O | surface temperature by (0.002°C less than the (0.003°C less than the No | (0.003°C less than the No | (0.004°C less than the No
2100 No Action Alternative) Action Alternative) Action Alternative) Action Alternative)
Global sea-level rise by 76.28 cm 76.25 cm 76.22 cm 76.22 cm 76.20 cm
2100 (0.03 cm less than the (0.06 cm less than the No | (0.06 cm less than the No | (0.09 cm less than the No
No Action Alternative) Action Alternative) Action Alternative) Action Alternative)
Global mean 5.85% 5.85% 5.85% 5.85% 5.85%

(0.01% less than the No
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Alt. 1 - Alt. 3 -
No Action Alt. 2 Preferred Alt. 4 Alt. 5
by 2100 Action Alternative) Action Alternative) Action Alternative) Action Alternative)
Notes:

a

The numbers in this table have been rounded for presentation purposes. Therefore, the reductions might not reflect exact difference of the values in all cases.

NG = natural gas; E85 = blend of gasoline and ethanol containing 51 to 83 percent ethanol; DGE = diesel gallons equivalent; CO = carbon monoxide; NO, = nitrogen oxides;

PM2.5 = particulate matter with an aerodynamic diameter equal to or less than 2.5 microns; SO, = sulfur dioxide; VOCs = volatile organic compounds; DPM = diesel particulate
matter; MMTCO, = million metric tons carbon dioxide; ppm = parts per million; °C = degrees Celsius; cm = centimeters
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2.4.2 Cumulative Impacts

This section compares the cumulative impacts of the No Action Alternative and the four action
alternatives on energy, air quality, and climate as presented in Sections 3.4.2,4.2.2, and 5.4.2,
respectively (see Table 2.4.2-1). 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...or person undertakes
such other actions.” 40 CFR § 1508.7.

For detailed discussions of the assumptions and methodologies used to estimate the results presented
in this Section, see Sections 2.3 (Direct and Indirect and Cumulative Impacts Analysis Methodologies),
3.4.2 (energy), 4.1.2 (air quality), and 5.3 (climate). As explained in Section 2.3, the cumulative impacts
methodology compares the action alternatives with a No Action Alternative that assumes no increase in
the average fuel efficiency of new HD vehicles after 2018 (i.e., no increase beyond the 2014-2018 Phase
1 HD standards). In other words, the difference between the environmental impacts of the action
alternatives and the cumulative impacts baseline reflects the combined impacts of market-based
incentives for improving fuel efficiency after 2018 (i.e., reasonably foreseeable future changes in HD
vehicle fuel efficiency) and the direct and indirect impacts of the Phase 2 standards associated with each
action alternative.
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Table 2.4.2-1.  Cumulative Impacts
Alt. 1 - Alt. 3 -
No Action Alt. 2 Preferred Alt. 4 Alt. 5
Total combined gas, NG, | 1,991.7 billion 1,852.6 billion DGE 1,744.3 billion DGE 1,733.3 billion DGE 1,661.7 billion DGE
E85, and diesel fuel DGE

consumption by all U.S.
HD vehicles for 2019—

emissions reductions
from 2018-2050
compared to No Action
Alternative

air pollutants
(acetaldehyde,
acrolein, benzene, 1,3-
butadiene, DPM, and
formaldehyde) will
decrease in all years
compared to the No
Action Alternative,
except that in 2018
some remain the

pollutants
(acetaldehyde, acrolein,
benzene, 1,3-butadiene,
DPM, and
formaldehyde) will
decrease in all years
compared to the No
Action Alternative,
except that in 2018
some remain the same.

pollutants
(acetaldehyde, acrolein,
benzene, 1,3-butadiene,
DPM, and
formaldehyde) will
decrease in all years
compared to the No
Action Alternative,
except that in 2018
some will remain the

? 2050
S Total fuel savings by all -- 139.1 billion DGE 247.5 billion DGE 258.4 billion DGE 330.1 billion DGE
U.S. HD vehicles
compared to No Action
Alternative for 2019—-
2050
Criteria air pollutant -- Emissions of all Emissions of all criteria Emissions of all criteria Emissions of all criteria
emissions reductions for criteria pollutant (CO, | pollutants (CO, NO,, pollutants (CO, NO,, pollutants (CO, NO,, PM, s,
2018-2050 compared to NO,, PM2.5, SO,, and PM2.5, SO,, and VOCs) PM2.5, SO,, and VOCs) SO,, and VOCs) will
No Action Alternative VOCs) will decrease in | will decrease in all years | will decrease in all years | decrease in all years
all years compared to | compared to the No compared to the No compared to the No Action
the No Action Action Alternative. The Action Alternative. The | Alternative. The decreases
Alternative. decreases in emissions decreases in emissions in emissions of all criteria
will be greater than the of all criteria pollutants pollutants will be greater
decreases under Alt. 2. will be greater than the | than the decreases under
- decreases under Alt. 3 Alt. 4.
% (except for CO in 2018
3 and 2050).
-3: Toxic air pollutants -- Emissions of all toxic Emissions of all toxic air Emissions of all toxic air | Emissions of all toxic air

pollutants (acetaldehyde,
acrolein, benzene, 1,3-
butadiene, DPM, and
formaldehyde) will
decrease in all years
compared to the No Action
Alternative, except that in
2018 some remain the
same. The decreases in
emissions will be the same
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Surface Temperature by
2100

(0.002 °C less than the
No Action Alternative)

(0.004 °C less than the
No Action Alternative)

(0.004°C less than the
No Action Alternative)

Alt. 1 - Alt. 3 -
No Action Alt. 2 Preferred Alt. 4 Alt. 5
same. Decreases in all same. Decreases in or greater compared to the
emissions will be greater | emissions will be the decreases under Alt. 4.
than under Alt. 2. same or slightly greater
compared to the
decreases under Alt. 3
(except that
acetaldehyde and
formaldehyde emissions
increase slightly in
2050).
Reductions in premature - Premature mortality: Premature mortality: Premature mortality: Premature mortality:
mortality cases and reduced by 350 to 801 | reduced by 568 to 1,291 | reduced by 587 to 1,334 | reduced by 734 to 1,667
work-loss days in 2035 cases cases cases cases
(values within range Work-loss days: Work-loss days: Work-loss days: Work-loss days:
depend on assumptions reduced by 42,728 reduced by 69,653 days | reduced by 72,025 days | reduced by 90,191 days
used) days
Range of monetized - 3%: $3,912 million to 3%: $6,345 million to 3%: $6,557 million to 3%: $8,204million to
health benefits in 2035 $8,879 million $14,334 million $14,807 million $18,511 million
compared to No Action 7%: $3,511 millionto | 7%: $5,689 million to 7%: $5,879 million to 7%: $7,354 million to
Alternative under a 3% $7,992 million $12,921 million $13,350 million $16,693 million
© and 7% discount rate
® (values within range
E depend on assumptions
= used)
Total GHG emissions by 74,700 68,100 MMTCO, 62,900 MMTCO, 62,600 MMTCO, 59,400 MMTCO,
All U.S. HD vehicles from | MMTCO, (6,500 MMTCO, [9%] (11,800 MMTCO, [16%)] (12,000 MMTCO, [16%] | (15,200 MMTCO, [20%]
2014-2100 less than the No less than the No Action less than the No Action less than the No Action
Action Alternative) Alternative) Alternative) Alternative)
Atmospheric CO, 687.3 ppm 686.8 ppm 686.3 ppm 686.3 ppm 686.0 ppm
concentrations in 2100 (0.5 ppm less than the | (1.0 ppm less than the (1.0 ppm less than the (1.3 ppm less than the No
No Action Alternative) | No Action Alternative) No Action Alternative) Action Alternative)
Increase in Global Mean | 2.838°C 2.836°C 2.834°C 2.834°C 2.833°C

(0.005°C less than the No
Action Alternative)
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Alt. 1 - Alt. 3 -
No Action Alt. 2 Preferred Alt. 4 Alt. 5
Global sea-level rise by 70.22 cm 70.18 cm 70.15 cm 70.15 cm 70.12 cm
2100 (0.04 cm less than the | (0.07 cm less than the (0.08 cm less than the (0.10 cm less than the No
No Action Alternative) | No Action Alternative) No Action Alternative) Action Alternative)
Global mean 4.77% 4.76% 4.76% 4.76% 4.76%

precipitation increase by
2100

(0.00% less than the
No Action Alternative)

(0.01% less than the No
Action Alternative)

(0.01% less than the No
Action Alternative)

(0.01% less than the No
Action Alternative)

Notes:

®The numbers in this table have been rounded for presentation purposes. Therefore, the reductions might not reflect exact difference of the values in all cases.

NG = natural gas; E85 = blend of gasoline and ethanol containing 51 to 83 percent ethanol; DGE = diesel gallons equivalent; CO = carbon monoxide; NO, = nitrogen oxides;
PM2.5 = particulate matter with an aerodynamic diameter equal to or less than 2.5 microns; SO, = sulfur dioxide; VOCs = volatile organic compounds; DPM = diesel particulate

matter; MMTCO, = million metric tons carbon dioxide; ppm = parts per million; °C = degrees Celsius; cm = centimeters
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CHAPTER 3 ENERGY

NHTSA’s proposed HD standards would regulate HD fuel efficiency and, therefore, affect U.S.
transportation 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 transportation fuel consumption will account for most U.S. net energy imports
through 2040 (as explained below in this chapter), the United States has the potential to achieve large
reductions in imported oil use and, consequently, in net energy imports during this time, by improving
the fuel efficiency of HD vehicles. Reducing dependence on energy imports is a key component of
President Obama’s May 29, 2014, All-of-the-Above Energy Strategy, which also states that the
development of HD Phase 2 standards “will lead to large savings in fuel, lower CO, emissions, and health
benefits from reduced particulate matter and ozone” (White House 2014b).

The president’s All-of-the-Above Energy Strategy documents how the combination of increased U.S. oil
and natural gas production, more electricity generation from renewables such as wind and solar, and
gains in energy efficiency have produced “substantial economic and energy security benefits.” These
benefits include a decline in U.S. net petroleum imports, reflecting a decline in crude oil imports, and an
increase in refined petroleum product exports, thereby reducing the vulnerability of the United States to
foreign oil supply disruptions while also reducing the overall U.S. trade deficit.

This chapter discusses past, present, and forecast U.S. energy production and consumption, and the
significant and growing percentage of net energy imports resulting from current HD vehicle fuel
consumption trends. This chapter also compares this affected energy environment to energy impacts
under the Proposed Action and alternatives. The chapter is organized as follows.

e Section 3.1, Energy Intensity, describes energy intensity and consumption and how trends in U.S.
energy intensity relate to trends in the U.S. share of global energy consumption.

e Section 3.2, Affected Environment, 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 HD vehicle fuel use affects
overall energy use.

e Section 3.3, Heavy-Duty Vehicle Fuel Efficiency and U.S. Energy Security, describes how improving
the fuel efficiency of HD vehicles would affect U.S. energy security by reducing the overall U.S. trade
deficit and the macroeconomic vulnerability of the United States to foreign oil supply disruptions.

e Section 3.4, Environmental Consequences, describes the energy impacts of the Proposed Action and
alternatives, including direct and indirect (Section 3.4.1) and cumulative impacts (Section 3.4.2).

Sections 3.2 and 3.3 provide detailed projections for energy consumption and production through 2040,
from the Annual Energy Outlook (AEO) 2014 (AEO 2015 was released too recently to be reflected in this
analysis, but will be considered in the Final EIS), including data reported in All-of-the-Above Energy
Strategy, from the AEO 2014 (EIA 2014a). These forecasts reflect current enacted legislation and final
regulations as of the end of October 2013, but do not reflect the impacts of the Proposed Action, which
are discussed in Section 3.4.
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3.1 Energy Intensity

Energy intensity is often calculated as the sum of all energy supplied to an economy (in thousand British
thermal units [Btu]) divided by its real (inflation-adjusted) gross domestic product (GDP; the combined
market price of all the goods and services produced in an economy at a given time). This energy-GDP
ratio (E/GDP) can decline due to improvements in energy efficiency and/or shifts from more to less
energy-intensive sectors of the economy (e.g., an increasing percentage of GDP from the services sector
and a decrease in the percentage of GDP from energy-intensive manufacturing). The U.S. Department
of Energy (DOE) Office of Energy Efficiency and Renewable Energy (EERE) has developed an economy-
wide energy intensity index that estimates how the amount of energy needed to produce the same
basket of goods has changed over time. Figure 3.1-1 shows that this DOE/EERE index fell by 14 percent
from 1985 to 2011, as the E/GDP ratio fell by 36 percent, illustrating that the decline in energy use per
dollar of GDP has come from improvements in energy efficiency and shifts in the composition of GDP.

Figure 3.1-1. U.S. Energy Intensity, 1950-2011
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Source: White House 2014b.

Figure 3.1-1 also shows that the relationship between growth in GDP and total energy consumption has
changed over the past 6 decades. From 1950 to 1970, GDP growth was associated with nearly parallel
growth in energy consumption, with little change in energy intensity. From 1970 to 2000, the DOE/EERE
and E/GDP measures of energy intensity both declined, but total energy consumption still increased as
GDP growth more than offset improvements in energy efficiency and shifts in GDP composition that
reduced energy intensity. From 2000 to 2011, the United States recorded substantial GDP growth with
almost no increase in energy consumption due to reductions in energy intensity. The AEO forecasts
ongoing declines in U.S. energy intensity, with average 2012—2040 GDP growth of 2.4 percent per year
resulting in average annual total energy consumption growth of just 0.4 percent (EIA 2014a).

The decline in U.S. energy intensity, combined with rapid economic growth and increased energy use 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. By 2009, the U.S.

share had fallen to 19.4 percent (EIA 2014b), and the 2014 International Energy Outlook forecasts that

the U.S. share of global energy consumption will fall to 13.1 percent by 2040 (EIA 2014c).
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3.2 Affected Environment

Although petroleum is overwhelmingly the primary source of energy for HD vehicles today, HD vehicles
can use other fuels (e.g., natural gas), and the Proposed Action has the potential to reduce
transportation petroleum demand and thereby affect the availability and use of fuels consumed by
different economic sectors. Understanding how primary fuel markets are expected to evolve in the
coming years also provides context for considering energy impacts of the Proposed Action. Therefore,
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.

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, crude oil (converted to petroleum products
for consumption), and natural gas liquids (converted to liquefied petroleum gases for consumption).
These five energy sources accounted for 91 percent of U.S. energy consumption in 2011. Hydropower,
biomass, solar, wind, and other renewable energy accounted for 9 percent of U.S. energy consumption
in 2011.

By 2040, the top five aforementioned energy sources are forecast to account for 88 percent of U.S.
energy consumption, a reduction of 3 percent from their previous share, while the share of energy from
renewable fuels is forecast to rise to 12 percent (EIA 2014a). Forecast gains in U.S. oil and natural gas
production, more electricity generation from renewables, and energy efficiency improvements are
expected to significantly reduce the difference between U.S. energy production and consumption by
2040, thereby reducing U.S. reliance on energy imports. Figure 3.2.1-1 illustrates this change in U.S. fuel
consumption and production from 2011 to 2040 (not including the impacts of the Proposed Action).

Figure 3.2.1-1. U.S. Energy Production and Consumption by Source in 2011 and 2040
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From 2011 to 2040, production and consumption of nuclear power is forecast to increase from 8.3 to 8.5
quadrillion Btu (quads), and production and consumption of renewable fuel is forecast to increase from
approximately 8.7 quads in 2011 to 12.5 quads in 2040. The forecast growth in renewable energy
includes a decline in hydropower production and consumption from 3.1 quads in 2011 to 2.9 quads in
2040, and increases in biomass energy (e.g., ethanol and other liquid fuel from crops, and grid-
connected electricity from wood and other biomass) and other renewable energy (e.g., wind and solar),
from approximately 5.6 quads in 2011 to 9.6 quads in 2040. Electric power generation accounts for two-
thirds of the forecast growth in renewable fuel use, and the industrial sector accounts for another 28
percent. Because production and consumption are roughly equivalent for nuclear and renewable
energy, there are essentially no net imports associated with these energy sources." These fuels supplied
17.4 percent of U.S. energy consumption in 2011, and their share of consumption is forecast to increase
to 19.8 percent by 2040.

U.S. coal production is forecast to increase from 22.2 quads in 2011 to 22.6 quads in 2040, as coal
consumption is expected to decline from 19.6 quads in 2011 to 18.7 quads in 2040. The United States is
currently, and is expected to remain, a net exporter of coal energy through 2040, because the country is
expected to continue to produce more coal than it consumes.

U.S. production of dry natural gas (separated from natural gas liquids, discussed below) is forecast to
increase from 23.0 quads in 2009 to 38.4 quads in 2040, while consumption of natural gas is expected to
rise from 24.9 quads in 2011 to 32.3 quads in 2040, making the United States a net exporter of dry
natural gas in 2017 through 2040. The forecast growth in natural gas is due to new production
technologies that have enabled an 11-fold increase in U.S. shale gas production from 2005 to 2011, with
another 250 percent increase forecast for 2011 to 2040, more than offsetting declines in conventional
natural gas production. The surge in shale gas production is why the AEO 2014 (EIA 2014a) forecast
anticipates much higher natural gas production than had been foreseen in the AEO 2006 and 2010
forecasts (EIA 2006, 2010), as shown in Figure 3.2.1-2.

Production of natural gas liquid (NGL, a similar but heavier hydrocarbon compared to dry natural gas) is
forecast to increase from 3.1 quads in 2011 to 4.0 quads in 2040. After extraction, natural gas liquid is
separated from dry natural gas in processing plants and sold as ethane, propane, and other liquefied
petroleum gases. Liquefied petroleum gas (LPG) consumption is forecast to increase from 3.0 quads in
2011 to 3.5 quads in 2040. Therefore, the increase in NGL production is expected to outpace the growth
in LPG consumption, resulting in net exports for this subset of liquid fuels in 2011 through 2040. U.S.
production of crude oil is forecast to increase from 12.2 quads in 2011 to 16.0 quads in 2040. Crude oil
is refined into petroleum products (including gasoline and diesel, but excluding non-petroleum liquid
fuels, such as biofuels and LPG).

! There are virtually no U.S. net imports of nuclear power in the sense that U.S. consumption of electricity generated by nuclear
power is supplied by U.S. nuclear power plants. Supply and consumption of nuclear fuel at different stages of processing is
more complex, encompassing a nuclear fuel cycle that includes mining of uranium ore, conversion into uranium hexafluoride,
and enrichment to increase the concentration of uranium-235 in uranium hexafluoride. U.S. nuclear plants in 2012 purchased
83 percent of their total uranium consumption from foreign suppliers, and 38 percent of the enriched uranium needed to
fabricate fuel for U.S. reactors was supplied by foreign enrichers (EIA 2013).
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Figure 3.2.1-2. U.S. Natural Gas Production, 1950-2040
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U.S. consumption of petroleum is forecast to decline from 32.4 quads in 2011 to 30.4 quads in 2040.
Therefore, U.S. net imports of petroleum are forecast to decline from approximately 20 quads (3,602
million barrels) in 2011 to 14 quads (2,522 million barrels) in 2040. As in the case of natural gas
production, advances in oil drilling technology have resulted in a higher AEO 2014 (EIA 2014a) forecast
for U.S. crude oil production than had been foreseen in the AEO 2006 and 2010 (EIA 2006, 2010)

forecasts, as shown in Figure 3.2.1-3.

Figure 3.2.1-3. U.S. Petroleum Production, 1950-2040
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The primary fuel projections discussed above demonstrate that there are likely to be essentially no U.S.
net imports of nuclear power and renewable energy, with U.S. net exports expected for coal, natural
gas, and NGL from 2017 through 2040. Despite forecast reductions in petroleum net imports, U.S.
petroleum net imports are still expected to exceed the net exports of other primary fuels, resulting in a
continued U.S. reliance on net energy imports through 2040. As stated above, these forecasts do not
include impacts from the Proposed Action, which would contribute to additional declines in petroleum
consumption (discussed in Section 3.4) and associated reductions in petroleum net imports.

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
sectors: industrial, residential, commercial, and transportation. These sectors can be categorized as
stationary (including industrial, residential, and commercial sectors) or mobile (i.e., transportation).
Stationary and transportation sectors consume the primary fuels 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. Total primary energy consumption
for electric power generation is forecast to increase from 39.1 quads in 2011 to 44.9 quads in 2040. In
2011, nuclear power supplied 21 percent of electric power generation source fuel, coal 46 percent,
natural gas 20 percent, and renewable energy 12 percent. In 2040, nuclear power is expected to supply
19 percent of electric power generation source fuel, coal 38 percent, natural gas 26 percent, and
renewable energy 17 percent. The petroleum share of electric power fuel supply is anticipated to
decline from 1.0 percent in 2009 to just 0.4 percent in 2040.

Figure 3.2.2-1 illustrates sharply contrasting profiles for 2040 fuel consumption forecasts for stationary
and transportation sectors, with stationary sectors 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.

Figure 3.2.2-1. Forecast U.S. Energy Consumption by End-Use Sector and Source Fuel in 2040
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3.2.2.1 Stationary-Sector Fuel Consumption

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

Electricity (including energy losses during generation and transmission) and natural gas used on site (for
heat, cooking, and hot water) are the principal forms of energy used by the residential and commercial
sectors, accounting for 94 percent of 2011 energy use and 95 percent of forecast 2040 energy use in
these two sectors. The industrial sector has more diverse energy consumption patterns, including coal,
LPG, petroleum, and renewable energy, but electricity and natural gas still accounted for 57 percent of
2011 industrial sector energy use, and account for 62 percent of forecast 2040 energy use in this sector.
New energy technologies to supply stationary energy to consumers must compete with an existing
infrastructure that delivers electricity and natural gas reliably and at a relatively low cost, but energy
efficiency improvements are expected to restrain total energy consumption growth in these sectors.

Residential-sector energy consumption is forecast to be little changed at 21.4 quads in 2011 and 21.5
guads in 2040, with this sector accounting for 22 percent of total U.S. energy consumption in 2011 and
20 percent of total forecast U.S. energy consumption in 2040. Residential consumption of liquid fuel
(propane, kerosene, and distillate fuel oil) is expected to fall from 1.1 quads in 2011 to 0.7 quads in
2040. Residential renewable fuel use (primarily wood for heating) is expected to decline from 0.5 quads
in 2011 to 0.4 quads in 2040. Residential natural gas use is forecast to fall from 4.8 quads in 2011 to 4.2
quads in 2040, as residential electricity use increases from 15.0 quads in 2011 to 16.2 quads in 2040.

Commercial-sector energy consumption is forecast to rise from 18.1 quads in 2011 to 20.9 quads in
2040, with this sector accounting for 19 percent of total U.S. energy consumption in 2011 and 20
percent of total forecast U.S. energy consumption in 2040. Commercial consumption of liquid fuel,
renewable energy, and coal are all expected to be essentially the same in 2011 and 2040, at 0.7 quads
for liquid fuel, 0.1 quads for renewable energy, and 0.05 quads for coal. Commercial natural gas use is
expected to increase from 3.2 quads in 2011 to 3.6 quads in 2040, and commercial electricity use is
forecast to increase from 14.0 quads in 2011 to 16.4 quads in 2040.

Industrial-sector energy consumption is projected to rise from 30.5 quads in 2011 to 38.3 quads in 2040,
with this sector accounting for 31 percent of total U.S. energy consumption in 2011 and 36 percent of
total forecast U.S. energy consumption in 2040. Industrial-sector consumption of LPG is expected to
increase from 2.2 quads in 2011 to 2.9 quads in 2040, petrochemical feedstock consumption is forecast
to increase from 0.9 quads in 2011 to 1.6 quads in 2040, and other petroleum product liquid fuel use is
expected to increase from 5.0 quads in 2011 to 5.6 quads in 2040. Industrial coal use is expected to
decline from 1.5 quads in 2011 to 1.4 quads in 2040. Industrial consumption of renewable energy is
expected to increase from 2.0 quads in 2011 to 3.1 quads in 2040, electricity use is forecast to increase
from 10.4 quads in 2011 to 12.4 quads in 2040, and natural gas consumption is forecast to increase from
8.4 quads in 2011 to 11.3 quads in 2040.
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3.2.2.2 Transportation-Sector Fuel Consumption

Transportation-sector fuel consumption is forecast to decline from 27.2 quads in 2011 to 25.6 quads in
2040. In 2011, petroleum supplied 92.4 percent of transportation energy demand, biofuel (mostly
ethanol used in gasoline blending) supplied 4.4 percent, natural gas 2.7 percent, electricity 0.3 percent,
and LPG (propane) 0.2 percent. In 2040, petroleum is expected to supply 86.6 percent of transportation
energy demand, biofuel 5.8 percent, natural gas 6.7 percent, electricity 0.7 percent, and LPG 0.3
percent.

In 2011, light-duty vehicles (cars and light trucks) accounted for 57 percent of transportation energy
consumption, HD vehicles accounted for 22 percent, air travel accounted for 9 percent, and other
transportation (e.g., boats, rail, pipeline) accounted for 12 percent. In 2040, light-duty vehicles are
expected to account for 45 percent of transportation energy consumption, HD vehicles 32 percent, air
travel 11 percent, and other transportation 12 percent. The HD vehicle percentage of total
transportation energy consumption is projected to increase due to an increase in HD vehicle fuel
consumption and a decrease in light-duty vehicle gasoline consumption, as discussed below.

In 2011, the transportation sector accounted for 77.6 percent of total U.S. petroleum consumption. In
2040, transportation is expected to account for 73 percent of total U.S. petroleum consumption, with
the industrial sector accounting for 23.7 percent. The residential and commercial sectors and electricity
generation combined are expected to account for just 3.3 percent of U.S. petroleum consumption in
2040. With petroleum expected to account for all U.S. net energy imports in 2040, and transportation
expected to account for 73 percent of total petroleum consumption in 2040, U.S. net energy imports in
2040 are expected to result primarily from fuel consumption by light-duty and HD vehicles.

The forecast decline in transportation-sector energy consumption is led by a forecast decline in gasoline
use that reflects fuel economy and fuel efficiency improvements stemming from the model year (MY)
2012-2016 and MY 2017-2025 CAFE standards Final EIS and to a lesser extent, the Phase 1 HD
standards. Improvements in fuel efficiency, combined with a slower AEO 2014 (EIA 2014a) forecast
growth rate for vehicle miles traveled, are why the AEO 2014 forecasts much lower gasoline
consumption than had been projected in the AEO 2006 and 2010 forecasts (EIA 2006, 2010), as shown in
Figure 3.2.2-2.
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Figure 3.2.2-2. U.S. Consumption of Motor Gasoline, 1950-2040
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The forecast amount of petroleum consumed in gasoline is also reduced by ethanol blending in gasoline.
As recently as 2000, U.S. gasoline consumption was almost entirely associated with petroleum content,
but ethanol is now blended into nearly all U.S. gasoline as E10, which is 10 percent ethanol by volume,
thereby reducing the petroleum content of gasoline, as shown in Figure 3.2.2-3. This figure also shows
that the forecast decline in motor gasoline consumption through 2040 is expected to be partially offset
by an increase in diesel fuel consumption, with forecast diesel consumption almost entirely associated
with petroleum content (reflecting a relatively small forecast amount of biodiesel consumption). As
noted above, this forecast does not reflect impacts of the Proposed Action.

Figure 3.2.2-3. U.S. Motor Gasoline and Diesel Fuel Consumption, 2000-2040
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In 2011, gasoline accounted for 99.4 percent of light-duty vehicle fuel consumption and diesel
accounted for 0.3 percent. In 2040, gasoline is expected to account for 93.2 percent of light-duty vehicle
fuel and diesel is expected to account for 3.2 percent. By contrast, gasoline accounted for 12.6 percent
of 2011 HD vehicle fuel consumption and diesel accounted for 86.7 percent. In 2040, gasoline is
expected to account for 9.4 percent of HD vehicle fuel and diesel is expected to account for 81.7
percent. The share of HD vehicle fuel supplied by compressed natural gas (CNG) and liquefied natural
gas (LNG) is expected to increase from 0.4 percent in 2011 to 8.6 percent in 2040. As noted above, this
vehicle fuel forecast does not reflect the potential impacts of the Proposed Action.

3.3 HD Vehicle Fuel Efficiency and U.S. Energy Security

Section 3.2 shows that the United States is expected to have net energy exports in 2017 through 2040
for the combination of all source fuels except for petroleum. In 2040, transportation is expected to
account for 73 percent of total U.S. petroleum consumption, with light-duty vehicles accounting for 45
percent of transportation energy consumption, and HD vehicles accounting for 32 percent. A forecast
decline in transportation energy consumption is led by a forecast decline in gasoline use that primarily
reflects the impacts of MY 2012-2016 and MY 2017-2025 light-duty CAFE standards, with gasoline
expected to account for 93.2 percent of light-duty vehicle energy consumption in 2040. This forecast
decline in gasoline consumption is expected to be partially offset by a forecast increase in diesel fuel
consumption, with diesel expected to account for 81.7 percent of HD vehicle fuel in 2040 (this diesel
forecast does not reflect impacts of the Proposed Action). Therefore, the proposed Phase 2 standards
for HD vehicle fuel efficiency target the segment of the affected environment for energy where there is
significant potential to further reduce net petroleum imports and overall net energy imports.

As shown in Figure 3.3-1, U.S. net petroleum imports have fallen from a peak of over 12 million barrels
per day (bpd) in 2005 to 6.2 million bpd in 2013. The president’s All-of-the-Above Energy Strategy notes
that roughly 35 percent of this steep decline in net petroleum imports is due to increases in U.S.
production, and 65 percent is due to reductions in U.S. petroleum consumption (White House 2014b).

Figure 3.3-1. U.S. Petroleum Net Imports, 1950-2040
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The president’s All-of-the-Above Energy Strategy also notes that the drop in net petroleum imports has
accounted for more than 20 percent of a substantial decline in the U.S. trade deficit over recent years
(White House 2014b), as shown in Figure 3.3-2. The total U.S. trade balance fell from 5.4 percent of GDP
in 2006 (the highest recorded for the United States) to 2.8 percent by the end of 2013 (the lowest since
1999, excluding the financial crisis-affected year of 2009).

Figure 3.3-2. Total and Petroleum Trade Deficits, 1995-2013
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The impact of net petroleum imports on the U.S. trade deficit reflects both the physical volume of net
imports (in bpd, as shown in Figure 3.3-1) and the prevailing price of crude oil that determines the dollar
value of any given volume of net petroleum imports.

Figure 3.3-3 shows that real (inflation-adjusted) spot prices for West Texas Intermediate (WTI) crude oil
have been near $100 per barrel in recent years, which is comparable with peak oil prices in the late
1970s and early 1980s, and roughly three times the real price of crude oil in the 1990s. The WTI
benchmark price has a significant impact on petroleum product prices including the price of motor
gasoline and diesel.
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Figure 3.3-3. Nominal and Real Oil Prices (2013 $)
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During the 1990s, net petroleum physical imports were high but the cost of net imports as a percentage
of GDP was relatively low because the real price of oil was relatively low. In recent years, high oil prices
have increased the cost of net imports as a percentage of GDP even as net petroleum physical imports
have declined due to increasing domestic oil production, substituting biofuels and other fuels for
petroleum use, and improving the energy efficiency of petroleum product consumption. Figure 3.3-4
shows that the trend in net petroleum imports as a percentage of GDP has followed a pattern since
1970 that is closely related to the trend in real oil prices (shown above in Figure 3.3-3).

Figure 3.3-4. Net Import Shares of Petroleum Products’
Percent of GDP
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% The narrow measure of net imports in the figure includes net imports of crude, gasoline, distillates, and fuel oil; the broader
measure, available since 1973, includes naphtha, jet fuel, and other refined products, which slightly increases the net import
share relative to the narrow measure but does not materially change the trend pattern.
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The United States cannot control the global price of crude oil, which is determined by global supply and
demand for oil; however, the United States can further reduce the net petroleum trade deficit by
further reducing the physical volume of net petroleum imports. In addition to reducing the U.S. trade
deficit, the president’s All-of-the-Above Energy Strategy (White House 2014b) also presents an analysis
of macroeconomic energy security benefits of reducing net petroleum imports associated with making
the U.S. economy less vulnerable to oil price shocks arising from foreign supply disruptions. This
analysis highlights a number of supply disruptions that have occurred since 1970. These disruptions
resulted in rapid oil price increases of 28 to 53 percent that cut GDP growth and reduced employment
over several quarters.

The analysis shows that the negative impact on GDP growth is moderated when U.S. net petroleum
imports account for a smaller percent of GDP: if a 10 percent increase in oil prices occurs when net
petroleum imports account for 2 percent of GDP, then the negative cumulative impact on GDP growth
over subsequent quarters is about twice as severe as the same 10 percent increase in oil prices would be
if net petroleum imports accounted for 1 percent of GDP, as shown in Figure 3.3-5.

Figure 3.3-5. Estimated Cumulative Effect of a 10 Percent Oil Price Shock on GDP
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3.4 Environmental Consequences

Section 3.4.1 examines direct and indirect impacts on fuel consumption associated with each of the
action alternatives. Section 3.4.2 examines cumulative fuel consumption impacts. Section 3.4.3 also
shows how the action alternatives would alter the affected energy environment described above in
Section 3.2.
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3.4.1 Direct and Indirect Impacts

Table 3.4.1-1 shows the direct and indirect impacts on total fuel consumption by the entire HD fleet for
calendar years 2019 through 2050 from each alternative, including Alternative 1 (No Action Alternative).
This analysis assumes a small forecast improvement in the average fuel efficiency of new HD vehicles
MYs 2018 and beyond under the No Action Alternative, due to market-based incentives for improving
fuel efficiency.? Table 3.4.1-1 also shows the direct and indirect fuel savings for each action alternative,
compared to the No Action Alternative, through 2050, when almost the entire HD vehicle fleet is likely
to be composed of vehicles subject to Phase 2 standards.

Table 3.4.1-1.  Direct and Indirect HD Vehicle Fuel Consumption and Fuel Savings by Alternative, 2019-2050

Billion Diesel Gallon Equivalents

Alt. 1 - Alt. 3 -

No Action Alt. 2 Preferred Alt. 4 Alt. 5
Fuel Consumption
HD Pickups and Vans 284.7 272.4 261.5 258.5 254.9
Vocational Vehicles 398.8 390.3 367.8 365.4 348.7
Tractor Trucks and Trailers 1,288.0 1,190.0 1,114.9 1,109.4 1,058.1
All HD Vehicles 1,971.5 1,852.6 1,744.3 1,733.3 1,661.7
Fuel Savings Compared to Alt. 1 — No Action
HD Pickups and Vans -- 12.3 23.2 26.2 29.8
Vocational Vehicles - 8.6 31.0 335 50.2
Tractor Trucks and Trailers - 98.0 173.1 178.5 229.9
All HD Vehicles - 118.9 227.3 238.2 309.9

This table reports total 2019-2050 fuel consumption in diesel gallon equivalents (DGE) for diesel,
gasoline, natural gas (NG), and E85 fuel, for HD pickups and vans (Classes 2b—3), vocational vehicles
(Classes 2b—8), and tractor-trailers (Classes 7-8), for each alternative. Gasoline accounts for
approximately 55 percent of HD pickup and van fuel use, 22 percent of vocational vehicle fuel use, and
just 0.0001 percent of tractor-trailer fuel use. E85 accounts for less than 0.4 percent of HD pickup and
van fuel use, NG accounts for less than 1 percent of vocational vehicle fuel use, and E85 and NG use are
expected to be negligible for other vehicle categories. Diesel accounts for approximately 45 percent of
HD pickup and van fuel use, 77 percent of vocational vehicle fuel use, and 100 percent of tractor trailer
fuel use.

*As explained in Chapter 2, the analysis of direct and indirect impacts compares the action alternatives with a No Action
Alternative that assumes market-based improvements in order to isolate the portion of the fleet-wide fuel efficiency
improvement attributable directly and indirectly to the proposed rule, and not attributable to reasonably foreseeable future
actions by manufacturers.
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Assuming the small forecast improvement in the average fuel efficiency of new HD vehicles MYs 2018
and beyond, total fuel consumption from 2019 through 2050 across all HD vehicle classes under the No
Action Alternative is projected to be 1971.5 billion DGE. Total projected 2019-2050 fuel consumption
decreases across the action alternatives, from 1852.6 billion DGE under Alternative 2 to 1661.7 billion
DGE under Alternative 5. Less fuel would be consumed under each of the action alternatives than under
the No Action Alternative, with total 2019-2050 direct and indirect fuel savings ranging from 118.9
billion DGE under Alternative 2 to 309.9 billion DGE under Alternative 5. Under Alternative 3 (Preferred
Alternative), total projected fuel consumption from 2019-2050 would be 1744.3 billion DGE, and direct
and indirect fuel savings compared to the No Action Alternative would be 227.3 billion DGE.

3.4.2 Cumulative Impacts

Table 3.4.2-1 shows the cumulative impacts on total fuel consumption by the entire HD fleet for
calendar years 2019 through 2050 from each alternative, including the No Action Alternative. It also
shows the cumulative fuel savings for each action alternative, compared to the No Action Alternative,
through 2050. Total 2019-2050 fuel consumption for each action alternative in this table is the same as
shown for the corresponding action alternative in Table 3.4.1-1.

Table 3.4.2-1. Cumulative HD Vehicle Fuel Consumption and Fuel Savings by Alternative, 2014-2050

Billion Diesel Gallon Equivalents

Alt. 1 - Alt. 3 -

No Action Alt. 2 Preferred Alt. 4 Alt. 5
Fuel Consumption
HD Pickups and Vans 288.0 272.4 261.5 258.5 254.9
Vocational Vehicles 398.8 390.3 367.8 365.4 348.7
Tractor Trucks and Trailers 1,304.9 1,190.0 1,114.9 1,109.4 1,058.1
All HD Vehicles 1,991.7 1,852.6 1,744.3 1,733.3 1,661.7
Fuel Savings Compared to Alt. 1 - No Action
HD Pickups and Vans -- 15.6 26.5 29.5 33.1
Vocational Vehicles - 8.6 31.0 335 50.2
Tractor Trucks and Trailers - 114.9 190.0 195.4 246.8
All HD Trucks - 139.1 2475 258.4 330.1

The No Action Alternative fuel consumption is higher in Table 3.4.2-1 than in Table 3.4.1-1 because the
No Action fuel consumption numbers below do not reflect any forecast improvement in the average fuel
efficiency of new HD vehicles MYs 2018 and beyond. As a result, the fuel savings estimates below
reflect the cumulative impact of reasonably foreseeable improvements in fuel efficiency after 2018 due
to market-based incentives in addition to the direct and indirect impacts of the Phase 2 HD standards
associated with each action alternative.

Assuming no improvement in the average fuel efficiency of new HD vehicles MYs 2018 and beyond, total
fuel consumption from 2019 through 2050 across all HD vehicle classes under the No Action Alternative
is projected to amount to 1991.7 billion DGE. Total projected 2019-2050 fuel consumption decreases
across the action alternatives to levels ranging from 1852.6 billion DGE under Alternative 2 to 1661.7
billion DGE under Alternative 5. Less fuel would be consumed under each of the action alternatives than
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under the No Action Alternative, with total 2019-2050 cumulative fuel savings ranging from 139.1
billion DGE under Alternative 2 to 330.1 billion DGE under Alternative 5. Under the Preferred
Alternative, total projected fuel consumption from 2019-2050 would be 1744.3 billion DGE, and
cumulative fuel savings compared to the No Action Alternative would be 247.5 billion DGE.

3.4.3 Overall Benefits of Joint National Program

The affected environment for U.S. energy production and consumption described in Section 3.2 reflects
the substantial impact of past vehicle fuel efficiency actions, including National Program standards for
light-duty passenger cars and light trucks for MYs 2012—-2016 and 2017-2025, and Phase 1 HD standards
for MY 2014-2018. As noted in Section 3.2, these improvements in fuel efficiency, combined with
slower forecast growth in vehicle miles traveled, are why the AEO 2014 forecasts much lower gasoline
consumption than had been projected in the AEO 2010, as shown in Figure 3.2.2-1.

The overall benefits of 2012-2025 light-duty and 2014—-2018 HD vehicle National Program standards are
also evident in the forecast decline in motor gasoline consumption and the historically small increase in
diesel fuel consumption through 2040, shown in Figure 3.2.2-2. Phase 2 HD standards would have only a
very small incremental impact on forecast motor gasoline (and E85 and NG) consumption, because HD
vehicles account for only a small fraction of motor gasoline use, but Phase 2 HD standards would have a
more substantive impact on forecast transportation diesel fuel consumption, as shown in Figure 3.4.3-1.

Figure 3.4.3-1. Phase 2 HD Impact on U.S. Transportation Diesel Fuel Consumption, 2015-2040
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In fact, the Preferred Alternative (and Alternatives 4 and 5) would bend the AEO 2014 forecast
trajectory for diesel consumption, resulting in a forecast decline in U.S. transportation diesel use
beginning in the early 2020s and running through 2040. Total forecast transportation diesel
consumption in 2040 under the Preferred Alternative would be back down to the transportation diesel
consumption level in 2015.
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Section 3.2 shows that the combination of increased U.S. energy production, more electricity generation
from renewables, and gains in energy efficiency are expected to achieve large reductions in net energy
imports through 2040. Phase 2 HD standards are just one component of the president’s All-of-the-
Above Energy Strategy, but the incremental impact of Phase 2 standards would further reduce U.S. net
energy imports, as shown in Figure 3.4.3-2. The Preferred Alternative would reduce forecast net
petroleum imports by 10 percent in 2040, and reduce overall net energy imports by 34 percent.

Figure 3.4.3-2.  Phase 2 HD Impact on Projected U.S. Net Petroleum Imports and Net Energy
Imports in 2040

B Pztraleum Net Imports B Net Energy Imports
16
14
12
z
=
E 10
S
5 =&
-
L)
3
= 1
=}
4
F
0
AEDQ 2014 Alt 2 Alt 3: Preferred Alt4 Alt5

3-17






Phase 2 Fuel Efficiency Standards for Medium- and Heavy-Duty Engines and Vehicles Draft EIS

CHAPTER 4 AIR QUALITY

The Proposed Action (including Alternative 1 [No Action Alternative], Alternative 2, Alternative 3
[Preferred Alternative], Alternative 4, and Alternative 5) would affect air pollutant emissions and air
quality, which in turn, would affect public health and welfare and the natural environment. Section
4.1.1 describes the relevant air pollutants, the standards that regulate levels of these pollutants in the
ambient air, their health effects, and the regulations that limit pollutant emissions rates from vehicles.
Section 4.1.2 describes the approaches and methods that NHTSA used to estimate the impacts of the
Proposed Action, including the national and regional analyses, the timeframes for analysis, treatment of
incomplete or unavailable information, allocation of estimated emissions to nonattainment areas, and
estimates of health outcomes and monetized benefits. Section 4.2.1 provides overviews of the
estimated changes in criteria pollutant emissions, toxic air pollutant emissions, and health effects and
monetized health benefits due to the Proposed Action. Following these overviews, Sections 4.2.1.2
through 4.2.1.6 discuss the direct and indirect impacts in detail for each alternative. Section 4.2.2
provides the same information for the estimated cumulative impacts.

4.1 Affected Environment

4.1.1 Relevant Pollutants and Standards

Many human activities cause gases and particles to be emitted into the atmosphere. These activities
include driving cars and trucks; burning coal, oil, and other fossil fuels; manufacturing chemicals and
other products; and smaller, everyday activities such as dry-cleaning, degreasing, 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 damage to the immune, neurological,
reproductive, and respiratory systems. In extreme cases, it can even cause death (EPA 2012a).

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

! criteria 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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equal to or less than 10 microns (PM10) and 2.5 microns (PM2.5, or fine particles), and lead. Vehicles do
not directly emit ozone, but this pollutant is evaluated based on emissions of the ozone precursor
pollutants nitrogen oxides (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 (highway vehicles) 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 2013, emissions from on-road
mobile sources declined 85 percent for CO, 60 percent for NO,, 43 percent for PM2.5, 44 percent for
PM10, 89 percent for SO,, and 87 percent for VOCs. Nevertheless, the U.S. transportation sector
remains a major source of emissions of certain criteria pollutants or their chemical precursors. On-road
mobile sources are responsible for 24,796,000 tons per year of CO (34 percent of total U.S. emissions),
185,000 tons per year (3 percent) of PM2.5 emissions, and 268,000 tons per year (1 percent) of PM10
emissions (EPA 2013a). HD vehicles contribute 6 percent of U.S. highway emissions of CO, 66 percent of
highway emissions of PM2.5, and 55 percent of highway emissions of PM10 (Davis et al. 2013). Almost
all of the PM in motor vehicle exhaust is PM2.5 (Gertler et al. 2000, EPA 2013b); therefore, this analysis
focuses on PM2.5 rather than PM10. On-road mobile sources also contribute 2,161,000 tons per year
(12 percent of total nationwide emissions) of VOCs and 5,010,000 tons per year (38 percent) of NO,
emissions, which are chemical precursors of ozone (EPA 2013a). HD vehicles contribute 8 percent of
U.S. highway emissions of VOCs and 50 percent of NO, (Davis et al. 2013). In addition, NO, is a PM2.5
precursor and VOCs can be PM2.5 precursors.” SO, and other oxides of sulfur (SO,) are important
because they contribute to the formation of PM2.5 in the atmosphere; however, on-road mobile
sources account for less than 0.56 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, 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

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
PM2.5. Highway vehicle emissions are large contributors to nitrate formation nationally (EPA 2004a).
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criteria pollutant are compared to the permissible levels specified by NAAQS to assess whether the
region’s air quality could be unhealthful.

Table 4.1.1-1. National Ambient Air Quality Standards

Primary Standards Secondary Standards
Pollutant Level’ Averaging Time Level® Averaging Time
Carbon monoxide (CO) 9 ppm (10 mg/m3) 8 hours® None
35 ppm (40 mg/m®) 1 hour”
Lead 0.15 ug/m3 Rolling 3-month average Same as Primary
Nitrogen dioxide (NO,) 0.053 ppm (100 ug/mB) Annual (arithmetic mean) Same as Primary
0.100 ppm (188 pg/m°) 1 hour® None
Particulate matter 150 ug/m3 24 hours® Same as Primary
(PM10)
Particulate matter 12.0 pg/m’ Annual (arithmetic mean)® 15.0 pg/m’ Annual
(PM2.5) (arithmetic mean)®
35 ug/m’ 24 hours' Same as Primary
Ozone 0.075 ppm 8 hours® Same as Primary
Sulfur dioxide (SO,) 0.075 ppm (200 pg/m?) 1 hour” 0.5 ppm (1,300 pg/m°) 3 hours®
Notes:

a

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

Not to be exceeded more than once per year.

To attain this standard, the 3-year average of the 98th percentile of the daily maximum 1-hour average at each monitor
within an area must not exceed 0.100 ppm (effective January 22, 2010).

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

To attain this standard, the 3-year average of the weighted annual mean PM2.5 concentrations from single or multiple
community-oriented monitors must not exceed 12.0 ug/m3 for the primary standard and 15.0 ug/m3 for the secondary
standard.

To attain this standard, the 3-year average of the 98th percentile of 24-hour concentrations at each population-oriented
monitor within an area must not exceed 35 ug/m3 (effective December 17, 2006).

)

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).

The 1-hour sulfur dioxide standard is attained when the 3-year average of the 99th percentile of the daily maximum 1-hour
average concentrations does not exceed 0.075 ppm.

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

CFR = Code of Federal Regulations; EPA = U.S. Environmental Protection Agency; PM10 = particulate matter with a nominal
aerodynamic diameter equal to or less than 10 microns; PM2.5 = particulate matter with a nominal aerodynamic diameter
equal to or less than 2.5 microns

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
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compliance with NAAQS. When EPA changes a NAAQS, each state must revise its SIP to address how it
plans to attain the new standard.

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 MSATs included in this analysis are
acetaldehyde, acrolein, benzene, 1,3-butadiene, diesel particulate matter (DPM), and formaldehyde.
EPA and the Federal Highway Administration (FHWA) have identified these air toxics as the MSATs that
typically are of greatest concern for impacts from highway vehicles (EPA 2007, FHWA 2012). DPM is a
component of exhaust from diesel-fueled vehicles and falls almost entirely within the PM2.5 particle-
size class. On-road mobile sources are responsible for 57,440,375 tons per year (4 percent of total U.S.
emissions) of acetaldehyde emissions, 4,940,766 tons per year (5 percent) of acrolein emissions,
118,251,994 tons per year (22 percent) of benzene emissions, 19,735,566 tons per year (16 percent) of
1,3-butadiene emissions, and 86,046,243 tons per year (3 percent) of formaldehyde emissions (EPA
2011b).*

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

Air pollution near major roads has been shown to increase the risk of adverse health effects in
populations who live, work, or attend school near major roads.”> A 2013 study estimated that 19
percent of the U.S. population (over 59 million people) lived within 500 meters (about 1,600 feet) of
major roads (those with at least 25,000 annual average daily traffic), while about 3.2 percent of the
population (10 million people) lived within 100 meters (about 300 feet) of such roads (Rowangould
2013). Another 2013 study estimated that 3.7 percent of the U.S. population (about 11 million
people) lived within 150 meters (about 500 feet) of interstate highways, or other freeways and
expressways (Boehmer et al. (2013). Because of the large number of people who live near major
roads, it is important to understand how traffic-generated pollutants collectively affect the health of
exposed populations (EPA 2012b).

® Alist 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 2007).

* Nationwide total emissions data are not available for DPM.

> Most of the information in the remainder of this section appeared originally in the EPA 2014 final rule establishing Tier 3
motor vehicle emissions and fuel standards. See Control of Air Pollution from Motor Vehicles: Tier 3 Motor Vehicle Emission
and Fuel Standards; Final Rule, 79 FR 23414 (April 28, 2014).
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In the past 15 years, many studies have been published with results reporting that populations who
live, work, or go to school near high-traffic roadways experience higher rates of numerous adverse
health effects, compared to populations far away from major roads.® In addition, numerous studies
have found adverse health effects associated with spending time in traffic, such as commuting or
walking along high-traffic roadways (Laden et al. 2007, Peters et al. 2004, Zanobetti et al. 2009,
Dubowsky Adar et al. 2007). The health outcomes with the strongest evidence of linkages with traffic-
associated air pollutants are respiratory effects, particularly in asthmatic children, and cardiovascular
effects.

Numerous reviews of this body of health literature have been published as well. In 2010, an expert
panel of the Health Effects Institute (HEI) published a review of hundreds of exposure, epidemiology,
and toxicology studies (HEI 2010). The panel rated how the evidence for each type of health outcome
supported a conclusion of a causal association with traffic-associated air pollution as either “sufficient,”
“suggestive but not sufficient,” or “inadequate and insufficient.” The panel categorized evidence of a
causal association for exacerbation of childhood asthma as “sufficient,” and categorized evidence of a
causal association for new onset asthma as between “sufficient” and as “suggestive but not sufficient.”
The panel categorized evidence linking traffic-associated air pollutants with exacerbation of adult
respiratory symptoms and lung function decrement as “suggestive of a causal association.” It
categorized as “inadequate and insufficient” evidence of a causal relationship between traffic-related air
pollution and health care utilization for respiratory problems, new onset adult asthma, chronic
obstructive pulmonary disease, non-asthmatic respiratory allergy, and cancer in adults and children.
Other literature reviews have been published with conclusions generally similar to the HEI panel’s
(Boothe and Shendell 2008, Sun et al. 2014). However, researchers from the U.S. Centers for Disease
Control and Prevention (CDC) recently published a systematic review and meta-analysis of studies
evaluating the risk of childhood leukemia associated with traffic exposure, and reported positive
associations between “postnatal” proximity to traffic and leukemia risks, but no such association for
“prenatal” exposures (Boothe et al.2014).

Health outcomes with few publications suggest the possibility of other effects still lacking sufficient
evidence to draw definitive conclusions. Among these outcomes with a small number of positive studies
are neurological impacts (e.g., autism and reduced cognitive function) and reproductive outcomes (e.g.,
preterm birth, low birth weight) (Volk et al. 2011, Franco-Suglia et al. 2007, Power et al. 2011, Wu et al.
2011).

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

® The Tier 3 Final Rule reported that in the widely-used PubMed database of health publications, between January 1, 1990 and
August 18, 2011, 605 publications contained the keywords “traffic, pollution, epidemiology,” with approximately half the
studies published after 2007.

4-5



Chapter 4 Air Quality

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—carbon dioxide
(CO,), methane (CH,), and nitrous oxide (N,0); 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 EPA (2012c). The most recent EPA technical reports and Federal Register
notices for NAAQS reviews provide more information on the health effects of criteria pollutants (EPA
2013c).

41.1.1.1 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.

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 (2006),
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.

4-6



Chapter 4 Air Quality

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,, SO,, 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 (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 7.2 provides more information about materials damage and soiling
impacts.

As noted above, EPA regulates PM according to two particle-size classifications, PM10 and PM2.5. This
analysis considers only PM2.5 because almost all of the PM emitted in exhaust from HD vehicles is
PM2.5. EPA classifies DPM as an MSAT, 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. Epidemiological studies show associations between short-term CO exposure and
cardiovascular morbidity, particularly increased emergency room visits and hospital admissions for
coronary heart disease. Some epidemiological studies suggest a causal relationship between long-term

” Elemental carbon and black carbon are similar forms of fine PM and are considered synonymous for purposes of this analysis.
The term elemental carbon describes carbonaceous particles based on chemical composition rather than light-absorbing
characteristics. The term black carbon describes particles of mostly pure carbon that absorb solar radiation at all wavelengths
(EPA 2012d). The carbon content of a sample of PM can be described by either term depending on the test method used:
typically, the result for a sample tested by thermal or wet chemical methods is termed “elemental carbon” while the result for a
sample tested by optical methods is termed “black carbon” (Andreae and Gelencser 2006).

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

° Highway motor vehicles overall accounted for 34 percent of national CO emissions in 2011 (EPA 2013a). Passenger cars and
light trucks accounted for approximately 89 percent of the CO emissions from highway motor vehicles (EPA 2013b) while HD
vehicles accounted for most of the remaining 11 percent.
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exposures to CO and developmental effects and adverse health effects at birth, such as decreased birth
weight.

41114 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,)

SO,, 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.
S0, 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
respiratory infections. NO, has also been linked to other health outcomes, 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 to the EPA Tier 3 Motor Vehicle Emission and
Fuel Standards Rule.”

10 control of Air Pollution from Motor Vehicles: Tier 3 Motor Vehicle Emission and Fuel Standards; Final Rule, 79 FR 23414 (April
28, 2014).
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Motor vehicle emissions contribute to ambient levels of air toxics known or suspected to be human or
animal carcinogens, or that have non-cancer health effects. The population experiences an elevated risk
of cancer and other non-cancer health effects from exposure to air toxics (EPA 2005). 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 2005). 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.

41.1.2.1 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 is currently in the draft development phase of the hazard identification. The expected
completion date is to be determined (EPA 2014a).

The primary non-cancer 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 non-cancer
health hazards from inhalation exposure to acetaldehyde on the same schedule noted above.

41.1.2.2 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
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
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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).

41.1.2.3 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 non-cancer 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 non-cancer 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 reported any
evaluation of these newer data (EPA 2013d).

41.1.2.4 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 deoxyribonucleic acid [DNA]). 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
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)

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

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

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

In EPA’s 2002 Diesel Health Assessment Document (Diesel HAD) (EPA 2002d), exposure to diesel exhaust
was classified as likely to be carcinogenic to humans by inhalation from environmental exposures, in
accordance with the revised draft 1996—-1999 EPA cancer guidelines (EPA 1999a). A number of other
agencies (National Institute for Occupational Safety and Health, the International Agency for Research
on Cancer, the World Health Organization, California EPA, and the U.S. Department of Health and
Human Services) had made similar hazard classifications prior to 2002. EPA also concluded in the 2002
Diesel HAD that it was not possible to calculate a cancer unit risk for diesel exhaust due to limitations in
the exposure data for the occupational groups or the absence of a dose-response relationship.

In the absence of a cancer unit risk, the Diesel HAD sought to provide additional insight into the
significance of the diesel exhaust cancer hazard by estimating possible ranges of risk that might be
present in the population. An exploratory analysis was used to characterize a range of possible lung
cancer risk. The outcome was that environmental risks of cancer from long-term diesel exhaust
exposures could plausibly range from as low as 10” to as high as 10, Because of uncertainties, the
analysis acknowledged that the risks could be lower than 10, and a zero risk from diesel exhaust
exposure could not be ruled out.

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

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

Since 2002, several new studies have been published, which continue to report increased lung cancer
risk with occupational exposure to diesel exhaust from older engines. Of particular note since 2011, are
three new epidemiology studies that have examined lung cancer in occupational populations, for
example, truck drivers, underground non-metal miners and other diesel-motor-related occupations
(Garshick et al. 2012, Silverman et al. 2012, Olsson et al. 2012). These studies reported increased risk of
lung cancer with exposure to diesel exhaust with evidence of positive exposure-response relationships
to varying degrees. These newer studies—along with others that have appeared in the scientific
literature—add to the evidence EPA evaluated in the 2002 Diesel HAD and further reinforces the
concern that diesel exhaust exposure likely poses a lung cancer hazard. The findings from these newer
studies do not necessarily apply to newer technology diesel engines since the newer engines have large
reductions in the emissions constituents compared to older-technology diesel engines.

In light of the growing body of scientific literature evaluating the health effects of exposure to diesel
exhaust, in June 2012, the World Health Organization’s International Agency for Research on Cancer
(IARC), a recognized international authority on the carcinogenic potential of chemicals and other agents,
evaluated the full range of cancer-related health effects data for diesel engine exhaust. IARC concluded
that diesel exhaust should be regarded as “carcinogenic to humans” (IARC 2013). This designation was
an update from its 1988 evaluation that considered the evidence to be indicative of a “probable human
carcinogen.”

41.1.2.6 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
IARC have concluded that formaldehyde is a known human carcinogen (NTP 2011, IARC 2006, and IARC
2012).

The conclusions by IARC and the National Toxicology Program reflect the results of epidemiologic
research published since 1991, in combination with previous animal, human, and mechanistic evidence.
Research by the National Cancer Institute reported an increased risk of nasopharyngeal (nose and
throat) cancer and specific lymphohematopoietic (lymph and blood) malignancies among workers
exposed to formaldehyde (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
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death due to leukemia among workers exposed to formaldehyde (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 along with several studies that suggest formaldehyde may increase the risk of asthma,
particularly in the young. EPA released a draft Toxicological Review of Formaldehyde — Inhalation
Assessment through the IRIS program for peer review by the National Research Council (NRC) and public
comment in June 2010 (EPA 2010a). The draft assessment reviewed more recent research from animal
and human studies on cancer and other health effects. The NRC released their review report in April
2011 (NRC 2011a). The EPA is currently revising the draft assessment in response to this review (EPA
2014b).

4.1.1.3 Vehicle Emissions Standards

EPA has established criteria pollutant emissions standards for vehicles under the CAA. EPA has
tightened these emissions standards over time as more effective emissions-control technologies have
become available. These stricter standards for passenger cars and light trucks and for HD 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. By 2006,
U.S. refiners and importers of gasoline were required under the Tier 2 standards to manufacture
gasoline with an average sulfur level of 30 ppm, a 90 percent reduction from earlier sulfur levels. These
fuels enable post-2006 model year vehicles to use emissions-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. On April 28, 2014, EPA issued a final rule establishing
Tier 3 motor vehicle emissions and fuel standards.” The Tier 3 vehicle standards reduce both tailpipe
and evaporative emissions from passenger cars, light-duty trucks, medium-duty passenger vehicles, and
Classes 2b—3 heavy-duty vehicles. Starting in 2017, Tier 3 sets new vehicle emissions standards and
lowers the sulfur content of gasoline, considering the vehicle and its fuel as an integrated system. The
Tier 3 program will require an approximate 60 percent reduction in new Classes 2b—3 vehicle NOy, PM,
VOCs and formaldehyde emissions. The Tier 3 gasoline sulfur standard will make emissions-control
systems more effective for both existing and new vehicles, and will enable more stringent vehicle
emissions standards (EPA 2014c).

1 Control of Air Pollution from Motor Vehicles: Tier 3 Motor Vehicle Emission and Fuel Standards; Final Rule, 79 FR 23414 (April
28,2014).
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EPA adopted new emissions-control requirements for heavy-duty highway engines and vehicles on
October 6, 2000 (65 FR 59896) and January 18, 2001 (66 FR 5002). These rules also required that the
Nation’s refiners and importers of diesel fuel manufacture diesel fuel with sulfur levels capped at 15
ppm, an approximately 97-percent reduction from the previous maximum of 500 ppm. This fuel, known
as ultra-low-sulfur diesel fuel, enables post-2006 model year heavy-duty vehicles to use emissions
controls that reduce exhaust (tailpipe) emissions of NO, by 95 percent and PM by 90 percent, compared
to 2003 model year levels. As a result of these programs, new trucks meeting current emissions
standards emit 98 percent less NO, and 99 percent less PM than new trucks emitted 20 years ago. "
Figure 4.1.1-1 illustrates current trends in travel and emissions from highway vehicles, not accounting
for the effects of the Proposed Action and alternatives; see Section 4.2.

Figure 4.1.1-1. Vehicle Miles Traveled Compared to Vehicle Emissions™”
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Because CO emissions are generally about 10 times higher than emissions of NOx, SOx, and VOCs, and emissions of PM2.5
are about 10 times lower than emissions of NOx, SOx, and VOCs, the scales for CO and PM2.5 are proportionally adjusted to
enable comparison of trends among pollutants.

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

Sources: Davis et al. 2013, EPA 2011b, EPA 2013a, EPA 2013b, EIA 20144, IEC 2011.

VMT = vehicle miles traveled; VOCs = volatile organic compounds; NOx = nitrogen oxides; CO = carbon monoxide;
PM2.5 = particulate matter with a diameter of 2.5 microns or less.

2 Model year 1984 heavy-duty engines met standards of 10.7 grams per brake horsepower-hour (g/bhp-hr) NO, and 0.6 g/bhp-
hr PM; model year 2007 and later heavy-duty engines meet standards of 0.2 g/bhp-hr NO, and 0.01 g/bhp-hr PM.
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Since 1970, aggregate emissions traditionally associated with vehicles have decreased substantially even as
vehicle miles traveled (VMT) increased by approximately 142 percent from 1970 to 1999, and
approximately 166 percent from 1970 to 2011, as shown in Figure 4.1.1-1. For example, NO, emissions,
due mainly to light trucks and heavy-duty vehicles, decreased by 60 percent between 1970 and 2013, as
shown in Figure 4.1.1-1 (EPA 2013a). 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. MSAT
emissions will likely decrease in the future because of recent EPA rules (EPA 2007). These rules limited
the benzene content of gasoline beginning in 2011. They also limit exhaust emissions of hydrocarbons
(many VOCs and MSATSs are hydrocarbons) from passenger cars and light trucks when they are operated
at cold temperatures. The cold-temperature standard 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.

4.1.1.4 Conformity Regulations

The CAA prohibits a federal agency from engaging in or supporting an activity that does not “conform”
to a State Implementation Plan (SIP) or federal Implementation Plan after EPA has approved or
promulgated it, or that would affect a state’s compliance with the NAAQS. 42 U.S.C. § 7506(c)(1). The
purpose of the 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 the NAAQS, and do not impede
the ability of a state to attain or maintain NAAQS or delay any interim milestones. EPA has issued two
sets of regulations to implement the conformity requirements:

e The Transportation Conformity Rule (40 CFR part 51, Subpart T and part 93, Subpart A), which
applies to transportation plans, programs, and projects funded or approved under Title 23 U.S.C. or
Title 49 U.S.C., Chapter 53 (Public Transportation).

e The General Conformity Rule (40 CFR part 51, Subpart W and part 93, Subpart B), which applies to all
other federal actions not covered under transportation conformity. The General Conformity Rule
establishes emissions thresholds for use in evaluating the conformity of an action that results in
emissions increases. See 40 CFR 93.153(b). If the net increases of direct and indirect emissions are lower
than these thresholds, then the action is presumed to conform and no further conformity evaluation is
required. If the net increases of direct and indirect emissions exceed any of these thresholds, and the
action is not otherwise exempt, then a conformity determination is required. The conformity
determination can entail air quality modeling studies, consultations with EPA and state air quality
agencies, and commitments to revise the SIPs or to implement measures to mitigate air quality impacts.

The proposed HD vehicle fuel efficiency standards and associated program activities are not funded or
approved under Title 23 U.S.C. or Title 49 U.S.C., Chapter 53. Further, the proposed standards are not a
highway or transit project funded or approved by FHWA or the Federal Transit Administration.
Accordingly, this action and associated program activities are not subject to the Transportation
Conformity Rule. Instead, we evaluate the applicability of the General Conformity Rule.

Under the General Conformity Rule, a conformity determination is required where a federal action
would result in total direct and indirect emissions of a criteria pollutant or precursor originating in
nonattainment or maintenance areas equaling or exceeding the rates specified in 40 CFR § 93.153(b)(1)
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and (2). 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 emissions of a criteria pollutant or its
precursors that are caused or initiated by the federal action and originate in a nonattainment or
maintenance area and occur at the same time and place as the action and are reasonably foreseeable.”
40 CFR § 93.152. Because NHTSA’s Proposed Action would set fuel efficiency standards for HD vehicles,
it causes no direct emissions within the meaning of the General Conformity Rule. See Department of
Transportation v. Public Citizen, 541 U.S. 752, 772 (2004) (“[T]he emissions from the Mexican trucks are
not ‘direct’ because they will not occur at the same time or at the same place as the promulgation of the
regulations.”).

Indirect emissions under the General Conformity Rule are “those emissions of a criteria pollutant or its
precursors (1) That are caused or initiated by the federal action and originate in the same
nonattainment or maintenance area but occur at a different time or place as the action; (2) That are
reasonably foreseeable; (3) That the agency can practically control; and (4) For which the agency has
continuing program responsibility.” 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 that may result from the fuel efficiency 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.

As the fuel efficiency improvement program uses performance-based standards, NHTSA cannot control
the technologies vehicle manufacturers’ use to improve the fuel efficiency of HD vehicles. Furthermore,
NHTSA cannot control consumer purchasing and driving behavior (e.g., the rebound effect). 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 efficiency 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, and NHTSA cannot control either. See, e.g., Department of Transportation
v. Public Citizen, 541 U.S. 752, 772-73 (2004); South Coast Air Quality Management District v. Federal
Energy Regulatory Commission, 621 F.3d 1085, 1101 (9th Cir. 2010).

NHTSA’s NEPA analysis assumes a rebound effect, wherein the Proposed Action could create an
incentive for additional vehicle use by reducing the relative cost of fuel. This rebound effect is an
estimate of how NHTSA assumes some drivers and motor carriers will react to the proposed rule and
is important 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 practically control. Therefore, the Proposed Action would
cause no indirect emissions under the General Conformity Rule, and a general conformity
determination is not required.

"3 Final Rule: Revisions to the General Conformity Regulations, 75 FR 17254 (Apr. 5, 2010).
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4.1.2 Methodology

This section describes the approaches and methods that NHTSA used to estimate the impacts of the
Proposed Action, including an overview (Section 4.1.2.1), regional analysis (Section 4.1.2.2), timeframes
for analysis (Section 4.1.2.3), treatment of incomplete or unavailable information (Section 4.1.2.4),
allocation of estimated emissions to nonattainment areas (Sections 4.1.2.5 and 4.1.2.6), and estimates
of health outcomes and monetized benefits (Section 4.1.2.7).

41.2.1 Overview

To analyze air quality and human health impacts, NHTSA calculated the emissions of criteria pollutants
and MSATs from HD vehicles 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,

(2) decreases (usually) in per-vehicle (downstream) emissions rates resulting from application of fuel
efficiency technologies, and (3) the increase in vehicle (downstream) emissions resulting from added
vehicle use due to the fuel-efficiency 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. To estimate upstream emissions changes
resulting from decreased downstream fuel consumption, the analysis uses a spreadsheet model
developed by EPA and based on emissions factors from the Greenhouse Gases, Regulated Emissions,
and Energy Use in Transportation model (GREET) model (2013 version developed by the U.S.
Department of Energy [DOE] Argonne National Laboratory). The spreadsheet model uses the decreased
volumes of the fuels along with the emissions factors from GREET for the various fuel production and
transport processes to estimate the net changes in upstream emissions as a result of fuel consumption
changes.

4.1.2.2 Regional Analysis

Over the course of the development of recent CAFE EISs and the Phase 1 EIS, NHTSA received comments
requesting that the agency consider the sub-national air quality impacts of these programs. 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, state and local authorities, and the general public. Performing this analysis does
not affect the agency’s conclusion that a general conformity determination is not required. While a
truly local analysis (i.e., at the individual roadway level) is impractical for a nationwide EIS, NHTSA
believes a regional emissions analysis still provides valuable information and is feasible for the scope of
this analysis.
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To assess regional differences in the effects of the alternatives, NHTSA estimated net emissions changes
for individual nonattainment and maintenance areas. The distribution of emissions is not uniform
nationwide, and either increases or decreases in emissions can occur within individual nonattainment
and maintenance areas. NHTSA focused on nonattainment and maintenance areas because these are
the regions in which air quality problems have been greatest. NHTSA assessed only areas that are in
nonattainment or maintenance for ozone or PM2.5 because these are the pollutants for which
emissions from HD vehicles are of greatest concern. At present, there are no CO or NO, nonattainment
areas. There are many areas designated as being in nonattainment for SO, or PM10. There are also
maintenance areas for CO, NO,, PM10, and SO,. NHTSA did not quantify PM10 emissions separately
from PM2.5 because almost all the PM in the exhaust from HD vehicles is PM2.5.** Appendix B provides
emissions estimates for all nonattainment and maintenance 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 0.56 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 and maintenance areas. Emissions
increases due to the rebound effect consist of higher emissions from HD vehicles operating on entire
regional roadway networks, so that any emissions 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
emissions rates. The longest averaging period for measuring whether ambient concentrations of a
pollutant comply with the NAAQS is 1 year.” This air quality analysis considers emissions that would
occur over annual periods, consistent with the NAAQS. To evaluate impacts 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 2018: A baseline/early forecast year; last year in which new HD vehicles are generally required to
meet fuel efficiency standards that increase over the previous year, as set forth under NHTSA’s
Phase 1 HD Fuel Efficiency Improvement Program. (Phase 1 fuel efficiency standards remain the
same for subsequent years until the Proposed Action takes effect.)

% addition to exhaust PM2.5, the analysis included the brake wear and tire wear components of PM2.5.

- Compliance with the ozone NAAQS is based on the average of the fourth highest daily maximum 8-hour concentration over a
3-year period; compliance with the 24-hour PM2.5 NAAQS is based on the average of the daily 98th-percentile concentrations
averaged over a 3-year period; and compliance with the annual PM2.5 NAAQS is based on the 3-year average of the weighted
annual mean concentrations.
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e 2025: An early forecast year; by this point about half of HD vehicle VMT would be accounted for by
vehicles that meet fuel efficiency standards as set forth under the Proposed Action.

e 2035: A mid-term forecast year; by this point a large proportion of HD vehicle VMT would be
accounted for by vehicles that meet fuel efficiency standards as set forth under the Proposed
Action.

e 2050: By 2050, almost all HD vehicles in operation would meet fuel efficiency standards as set forth
under the Proposed Action, and changes in year-over-year impacts would be determined primarily
by VMT growth rather than by MY 2021-2027 HD vehicles (MY 2018-2027 HD trailers) replacing
older, less fuel-efficient HD 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
uncertain (and therefore may be incomplete or unavailable) include future emissions rates, vehicle
manufacturers’ decisions about vehicle technology and design, the mix of vehicle types and model years
comprising the HD vehicle 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., emissions inventory estimates).

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.

4.1.25 Allocation of Exhaust Emissions to Nonattainment Areas®

For each alternative, the Volpe and MOVES models provided national emissions estimates for each
criteria air pollutant (or its chemical precursors) and MSAT. National emissions were allocated to the
county level using VMT data for each county. EPA provided estimated HD vehicle VMT data for all

%% |n Sections 4.1.2.5 and 4.1.2.6, where the term nonattainment is used, it includes both nonattainment areas and
maintenance areas.
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counties in the United States, consistent with EPA’s National Emissions Inventory (NEI)."” VMT data used
in the NEI were estimated from traffic counts taken by counties and states on major roadways, and
therefore are subject to some uncertainty. 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 and MOVES models.

NHTSA used the county-level VMT allocations, expressed as the fractions of national VMT that takes
place within each county, to derive the county-level emissions from the estimates of nationwide total
emissions. Emissions for each nonattainment area were then derived by summing the emissions for the
counties included in each nonattainment area. Many nonattainment areas comprise one or more
counties, and because county-level emissions are aggregated for each nonattainment area,
uncertainties in the county-level emissions estimates carry over to estimates of emissions within each
nonattainment area. Over time, some counties will grow faster than others, and VMT growth rates will
also vary. EPA’s estimate of county-level VMT allocation is constant over time, which introduces some
uncertainty into the nonattainment-area-level VMT estimates for future years. Additional uncertainties
that affect county-level exhaust emissions estimates arise from differences among counties or
nonattainment areas in factors other than VMT, such as ambient temperatures, vehicle age
distributions, vehicle speed distributions, vehicle inspection and maintenance programs, and fuel
composition requirements. This uncertainty increases as the projection period lengthens, such as for
analysis years 2035 and 2050 compared with analysis years 2018 and 2025.

The geographic definitions of ozone and PM2.5 nonattainment areas NHTSA uses in this document came
from the current EPA Green Book Nonattainment Areas for Criteria Pollutants (EPA 2013e). 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 2013 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 PM2.5 and their
status/classification and general conformity threshold.

Y The VMT data provided by EPA are based on data generated by the Federal Highway Administration.
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Table 4.1.2-1.  Nonattainment Areas for Ozone and PM2.5
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
Allentown-Bethlehem-Easton, PA PM2.5 Nonattainment 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 PM2.5 Nonattainment 100
Baltimore, MD Ozone Moderate 50
Baltimore, MD PM2.5 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
Birmingham, AL Ozone Maintenance 100
Birmingham, AL PM2.5 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 PM2.5 Nonattainment 100
Cass County, Ml Ozone Maintenance 100
Charleston, WV Ozone Maintenance 100
Charleston, WV PM2.5 Nonattainment 100
Charlotte-Gastonia-Rock Hill, NC-SC Ozone Moderate 50
Chattanooga, TN-GA-AL PM2.5 Nonattainment 100
Chicago-Gary-Lake County, IL-IN Ozone Moderate 50
Chicago-Gary-Lake County, IL-IN PM2.5 Nonattainment 100
Chico, CA Ozone Former Subpart 1 50
Chico, CA PM2.5 Nonattainment 100
Cincinnati-Hamilton, OH-KY-IN Ozone Former Subpart 1 50
Cincinnati-Hamilton, OH-KY-IN PM2.5 Nonattainment 100
Clarksville-Hopkinsville, TN-KY Ozone Maintenance 100
Clearfield and Indiana Counties, PA Ozone Maintenance 100
Cleveland-Akron-Lorain, OH Ozone Maintenance 100

4-21



Chapter 4 Air Quality

General
Conformity

Nonattainment/Maintenance Area Pollutant Status® Threshold”
Cleveland-Akron-Lorain, OH PM2.5 Nonattainment 100
Columbus, OH Ozone Maintenance 100
Columbus, OH PM2.5 Nonattainment 100
Dallas-Fort Worth, TX Ozone Moderate 50
Dayton-Springfield, OH Ozone Maintenance 100
Dayton-Springfield, OH PM2.5 Nonattainment 100
Denver-Boulder-Greeley-Fort Collins-Loveland, CO Ozone Former Subpart 1 50
Detroit-Ann Arbor, Ml Ozone Maintenance 100
Detroit-Ann Arbor, Ml PM2.5 Nonattainment 100
Door County, WI Ozone Former Subpart 1 50
Dukes County, MA Ozone Marginal 50
Erie, PA Ozone Maintenance 100
Essex County (Whiteface Mountain), NY Ozone Former Subpart 1 50
Evansville, IN Ozone Maintenance 100
Evansville, IN PM2.5 Nonattainment 100
Fairbanks, AK PM2.5 Nonattainment 100
Flint, Ml Ozone Maintenance 100
Fort Wayne, IN Ozone Maintenance 100
Franklin County, PA Ozone Maintenance 100
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 PM2.5 Nonattainment 100
Hancock-Knox-Lincoln-Waldo Counties, ME Ozone Maintenance 100
Harrisburg-Lebanon-Carlisle, PA Ozone Maintenance 100
Harrisburg-Lebanon-Carlisle, PA PM2.5 Nonattainment 100
Haywood and Swain Counties (Great Smoky Mountain Ozone Maintenance 100
National Park), NC

Hickory-Morgantown-Lenoir, NC PM2.5 Nonattainment 100
Houston-Galveston-Brazoria, TX Ozone Severe 25
Huntington-Ashland, WV-KY-OH PM2.5 Nonattainment 100
Huntington-Ashland, WV-KY Ozone Maintenance 100
Huron County, Ml Ozone Maintenance 100

4-22



Chapter 4 Air Quality

General
Conformity
Nonattainment/Maintenance Area Pollutant Status® Threshold”
Imperial County, CA Ozone Moderate 50
Imperial County, CA PM2.5 Nonattainment 100
Indianapolis, IN Ozone Maintenance 100
Indianapolis, IN PM2.5 Nonattainment 100
Jackson County, IN Ozone Maintenance 100
Jamestown, NY Ozone Former Subpart 1 50
Jefferson County, NY Ozone Moderate 50
Johnstown, PA Ozone Maintenance 100
Johnstown, PA PM2.5 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
Klamath Falls, OR PM2.5 Nonattainment 100
Knoxville, TN Ozone Former Subpart 1 50
Knoxville, TN PM2.5 Nonattainment 100
Lancaster, PA Ozone Maintenance 100
Lancaster, PA PM2.5 Nonattainment 100
Lansing-East Lansing, Ml Ozone Maintenance 100
Las Vegas, NV Ozone Former Subpart 1 50
Libby, MT PM2.5 Nonattainment 100
Liberty-Clairton, PA PM2.5 Nonattainment 100
Lima, OH Ozone Maintenance 100
Logan, UT-ID PM2.5 Nonattainment 100
Los Angeles South Coast Air Basin, CA Ozone Extreme 10
Los Angeles South Coast Air Basin, CA PM2.5 Nonattainment 100
Los Angeles-San Bernardino Counties (western Mohave), CA Ozone Moderate 50
Louisville, KY-IN Ozone Maintenance 100
Louisville, KY-IN PM2.5 Nonattainment 100
Macon, GA Ozone Maintenance 100
Macon, GA PM2.5 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 PM2.5 Nonattainment 100
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Mason County, Ml Ozone Maintenance 100
Memphis, TN-AR Ozone Maintenance 100
Milwaukee-Racine, WI Ozone Moderate 50
Milwaukee-Racine, WI PM2.5 Nonattainment 100
Morongo Band of Mission Indians, CA Ozone Serious 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 PM2.5 Nonattainment 100
New York-N. New Jersey-Long Island, NY-NJ-CT Ozone Moderate 50
Nogales, AZ PM2.5 Nonattainment 100
Norfolk-Virginia Beach-Newport News, VA Ozone Maintenance 100
Oakridge, OR PM2.5 Nonattainment 100
Parkersburg-Marietta, WV-OH Ozone Maintenance 100
Parkersburg-Marietta, WV-OH PM2.5 Nonattainment 100
Pechanga Band of Luiseno Mission Indians of the Pechanga Ozone Moderate 100
Reservation, CA

Philadelphia-Wilmington, PA-NY-DE PM2.5 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 PM2.5 Nonattainment 100
Portland, ME Ozone Maintenance 100
Poughkeepsie, NY Ozone Moderate 50
Providence (entire State), Rl Ozone Moderate 50
Provo, UT PM2.5 Nonattainment 100
Raleigh-Durham-Chapel Hill, NC Ozone Maintenance 100
Reading, PA Ozone Maintenance 100
Reading, PA PM2.5 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
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Rome, GA PM2.5 Nonattainment 100
Sacramento Metro, CA Ozone Severe 25
Sacramento Metro, CA PM2.5 Nonattainment 100
Salt Lake City, UT PM2.5 Nonattainment 100
San Diego, CA Ozone Former Subpart 1 50
San Francisco Bay Area, CA Ozone Marginal 50
San Francisco Bay Area, CA PM2.5 Nonattainment 100
San Joaquin Valley, CA Ozone Extreme 10
San Joaquin Valley, CA PM2.5 Nonattainment 100
San Luis Obispo (Eastern San Luis Obispo), CA Ozone Marginal 100
Scranton-Wilkes Barre, PA Ozone Maintenance 100
Seaford, DE Ozone Marginal 100
Seattle-Tacoma, WA PM2.5 Nonattainment 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 PM2.5 Nonattainment 100
State College, PA Ozone Maintenance 100
Steubenville-Weirton, OH-WV Ozone Maintenance 100
Steubenville-Weirton, OH-WV PM2.5 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
Tuscan Buttes, CA Ozone Marginal 100
Upper Green River Basin Area, WY Ozone Marginal 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 PM2.5 Nonattainment 100
West Central Pinal County, AZ PM2.5 Nonattainment 100
Wheeling, WV-OH Ozone Maintenance 100
Wheeling, WV-OH PM2.5 Nonattainment 100
York, PA Ozone Maintenance 100
York, PA PM2.5 Nonattainment 100
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Youngstown-Warren-Sharon, OH-PA Ozone Maintenance 100
Yuba City-Marysville, CA PM2.5 Nonattainment 100

Notes:

® Pollutants for which the area is designated in nonattainment or maintenance as of 2013. 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.

Emissions thresholds in tons/year. In ozone nonattainment areas the thresholds given are for the precursor
pollutants VOC or NOx; in PM2.5 nonattainment areas the thresholds represent primary PM2.5. Source: 40
CFR § 51.853. These thresholds are provided for information only; a general conformity determination is not
required for the Proposed Action.

Source: EPA 2013e.

N/A = conformity does not apply; NOx = nitrogen oxides; PM2.5 = particulate matter with a nominal aerodynamic
diameter equal to or less than 2.5 microns; VOC = volatile organic compounds

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.

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 and the Phase 1 HD Fuel Efficiency Improvement Program EIS. 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 emissions reductions to geographic areas according to the
following methodology:

o 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 10 are in

Emissions that occur while vehicles are being refueled at retail stations are included in estimates of emissions from vehicle
operation.

4-26


http:outlets.18

Chapter 4 Air Quality

nonattainment areas. These 10 fields account for 15 percent of domestic production, or 3 percent
of total crude-oil imports plus domestic production in 2009 (EIA 2009, 2014b, 2014c). Therefore,
because relatively little extraction occurs in nonattainment areas, NHTSA did not account for
emissions reductions from crude oil feedstock recovery in nonattainment areas.

NHTSA assumed that little to no extraction of natural gas occurs in nonattainment areas. Of the top
50 highest producing natural gas fields in the United States, 8 are in nonattainment areas. These 8
fields account for 6 percent of total natural gas imports plus domestic gross withdrawals in 2009
(EIA 2009, 2014d, 2014e). Therefore, because relatively little extraction occurs in nonattainment
areas, NHTSA did not account for emissions reductions from natural gas feedstock recovery in
nonattainment areas.

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
pollutants emitted in the transport of crude oil occur in nonattainment areas. Therefore, NHTSA did
not consider emissions reductions from feedstock transportation within nonattainment areas.

Because NHTSA did not account for emissions changes from the first two upstream stages, the
assumptions produce conservative estimates of emissions reductions in nonattainment areas (i.e., the
estimates slightly underestimate the emissions 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 9 percent and 86
percent of all upstream emissions per unit of fuel produced and distributed (based on GREET version
1.8c). NHTSA used projected emissions data from the EPA 2011-based air quality modeling platform
(EPA 2014d) to allocate reductions in nationwide total emissions from fuel refining to individual
nonattainment areas. These EPA data were for 2018, 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 NEI, 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 2011-based EPA modeling platform (EPA 2014e) 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.

4.1.2.7 Health Outcomes and Monetized Benefits

41.2.7.1 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
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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.

Health and monetary outcomes are calculated from factors for each primary pollutant (NO,, directly
emitted PM2.5 and SO,), 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.

Table 4.1.2-2. Human Health and Welfare Effects of PM2.5

Effects Excluded from Quantification or

Effects Quantified and Monetized Monetization *

Adult premature mortality Chronic bronchitis (age >26)

Infant mortality Emergency room visits for cardiovascular effects
Acute bronchitis (age 8-12) Strokes and cerebrovascular disease (age 50-79)

Other respiratory effects (e.g., pulmonary function, non-
asthma ER visits, non-bronchitis chronic diseases, other
ages and populations)

Hospital admissions: respiratory (all ages) and cardiovascular
(age >26)

Emergency room visits for asthma Cardiovascular effects other than those listed

Reproductive and developmental effects (e.g., low birth

Nonfatal heart attacks (age >18) weight, pre-term births)

Lower (age 7-14) and upper (age 9—11) respiratory symptoms Cancer, mutagenicity, and genotoxicity effects

Minor restricted-activity days (age 18—65)

Lost work days (age 18-65)

Asthma exacerbations (asthmatics age 6-18)

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

Source: EPA 2013f. See this source for more information related to the affected ages included in the analysis.

EPA = U.S. Environmental Protection Agency

In calculating the health impacts and monetized health benefits of emissions reductions, NHTSA
estimated only the PM2.5-related human health impacts expected to result from reduced population
exposure to atmospheric concentrations of PM2.5. Two other pollutants—NO, and SO,—are included in
the analysis as precursor emissions that contribute to PM2.5 not emitted directly from a source, but
instead formed by chemical reactions in the atmosphere (secondary PM2.5). 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 non-linearities associated with
ozone formation. This analysis does not include any reductions in health impacts resulting from lower
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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 PM2.5 benefit-per-ton estimates apply to directly emitted
PM2.5 or its precursors (NO, and SO,). NHTSA followed the benefit-per-ton technique used in EPA’s
PM2.5 NAAQS Regulatory Impact Analysis (RIA) (EPA 2013c), Ozone NAAQS RIA (EPA 2010a), Portland
Cement National Emission Standards for Hazardous Air Pollutants RIA (EPA 2010b), and NO, NAAQS
RIA (EPA 2010c), and most recently updated in EPA’s Technical Support Document Estimating the
Benefit per Ton of Reducing PM2.5 Precursors from 17 Sectors (EPA 2013f). Updates from the 2006
PM NAAQS RIA in the 2012 PM2.5 NAAQS RIA include no longer assuming a concentration threshold in
the concentration-response function for the PM2.5-related health effects; using benefits derived from
two major cohort studies of PM2.5 and mortality as the core benefits estimates; and baseline
incidence rates for hospital admissions, emergency department visits, and asthma prevalence rates.
Revised health endpoints, sensitivity analyses, new morbidity studies, and an updated median wage
data were also included.

Table 4.1.2-2 lists the quantified PM2.5-related benefits captured in those benefit-per-ton estimates,
and potential PM2.5-related benefits that were not quantified in this analysis. The benefits estimates
use the concentration-response functions®™ as reported in the epidemiology literature. 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 Estimating the Benefit per Ton of Reducing
PM2.5 Precursors from 17 Sectors (EPA 2013f). 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 PM2.5
benefits is, therefore, based on the total direct PM2.5and PM2.5-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

9 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).

 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), or $8.4 million (in year 2012 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. It is based on how people themselves would value reducing these risks.) 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 2014).
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estimates from epidemiology studies that examined two large population cohorts—the American
Cancer Society cohort (Krewski et al. 2009) and the Harvard Six Cities cohort (Lepeule et al. 2012). These
are logical choices for anchor points when presenting PM-related benefits because, although the
benefit-per-ton results vary between the two studies, EPA considers both studies to be equal in terms of
strengths and weaknesses and the quality of results. According to EPA, both studies should be used to
generate benefits estimates (EPA 2013f). 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 2013). Morbidity impacts are measured either through willingness-to-
pay or cost-of-illness 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

$8.4 million in 2012 dollars to the DOT VSL of $9.1 million (in 2012 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.

2 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 2013 values in accordance with changes in prices and
incomes over the past several years. However, for this rulemaking DOT and EPA have agreed to express monetized values in
terms of 2012 dollars.

22 The VSL derived by DOT and used for this EIS is $9.1 million in 2012 dollars. This value differs from the VSL adopted by EPA in
the 2014 Update of the Guidelines for Preparing Economic Analyses (EPA 2014f) and estimated at $7.9 million in 2008 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 2012 dollars) Derived for PM-related Mortality and Morbidity,
Adjusted to Reflect DOT’s Value of Statistical Life®
Upstream Emissions Downstream Emissions
(Data for Refineries Sector) (Data for On-Road Sources Sector)
Year’ Mz 50, N | puns 50, Nox
3-Percent Discount Rate
Mortality® and Morbidity — Krewski et al. (2009)
2018 $365,000 $78,000 $8,000 $422,000 $23,000 $9,000
2025 $422,000 $90,000 $9,000 $479,000 $26,000 $10,000
2035 $495,000 $106,000 $10,000 $564,000 $32,000 $11,000
2050 $495,000 $106,000 $10,000 $564,000 $32,000 $11,000
Mortality® and Morbidity — Lepeule et al. (2012)
2018 $833,000 $177,000 $18,000 $952,000 $51,000 $19,000
2025 $947,000 $205,000 $19,000 $1,084,000 $59,000 $22,000
2035 $1,104,000 $236,000 $23,000 $1,229,000 $72,000 $25,000
2050 $1,104,000 $236,000 $23,000 $1,229,000 $72,000 $25,000
7-Percent Discount Rate
Mortality® and Morbidity — Krewski et al. (2009)
2018 $331,000 $71,000 $7,000 $382,000 $21,000 $8,000
2025 $376,000 $81,000 $8,000 $433,000 $24,000 $9,000
2035 $443,000 $95,000 $9,000 $505,000 $29,000 $10,000
2050 $443,000 $95,000 $9,000 $505,000 $29,000 $10,000
Mortality® and Morbidity — Lepeule et al. (2012)
2018 $753,000 $154,000 $15,000 $861,000 $46,000 $18,000
2025 $855,000 $183,000 $18,000 $981,000 $54,000 $19,000
2035 $994,000 $213,000 $21,000 $1,144,000 $64,000 $23,000
2050 $994,000 $213,000 $21,000 $1,144,000 $64,000 $23,000
Notes:

® The benefits-per-ton estimates in this table are based on EPA estimates of premature mortality by Krewski et al. (2009)

and Lepeule et al. (2012), and a suite of morbidity endpoints (see Table 4.1.2-2). Benefits for two sectors (on-road mobile
source and refineries) of the 17 sectors analyzed in EPA 2013f.

Benefit-per-ton values were estimated for 2016, 2020, 2025, and 2030. For 2018 and 2035, values were either
interpolated or extrapolated based on the growth between 2018 and 2030. For 2050, values were held constant from
2035 values because of the high level of uncertainty in projections to 2060. All values have been rounded.

° For age under 25 or age over 30.

Source: EPA 2013f.
NO, = nitrogen oxides; PM2.5 = particulate matter with an aerodynamic diameter equal to or less than 2.5 microns;
SO, = sulfur dioxide
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Table 4.1.2-4. Valuation Metrics for Mortality and Morbidity Endpoints (in 2012 dollars)

Health Outcome Valuation Method Valuation®
Premature Mortality
Premature Mortality DOT Mean VSL $10,400,000

Chronic lliness

Myocardial Infarctions, Nonfatal

Medical costs over 5 years; varies by age and discount rate.

Varies from $110,000 to $230,000,
depending on age and discount rate

Hospital Admissions

Respiratory, Age 65+ COl: Medical Costs + Wage Lost $41,000
Chronic Lung Disease, Ages 18-64 COI: Medical Costs + Wage Lost $24,000
Cardiovascular COl: Medical Costs + Wage Lost (18-64) $48,000
COl: Medical Costs + Wage Lost (65-99) $47,000
Emergency Room Visits
Asthma COl: 2 Studies $490
Other Health Endpoints
Acute Bronchitis WTP: 6 Day lliness, CV Studies $530
Upper Respiratory Symptoms WTP: 1 Day, CV Studies $37
Lower Respiratory Symptoms WTP: 1 Day, CV Studies $23
Asthma Exacerbation WTP: Bad Asthma Day $564
Work Loss Days Median Daily Wage, County-Specific Variable
(U.S. Median = $170)
Minor Restricted Activity Days WTP: 1 Day, CV Studies $76

Notes:

® Central Estimate of Value Per Statistical Incidence. Table 5-9 in EPA 2013f presented VSLs for the year 1990, 2000, and
2020 income levels. The valuation presented in this table was interpolated for the year 2012 and are presented here in
2012 dollars. Dollar amounts for each valuation method were extracted by EPA from BenMAP and were presented in

2010 dollars in EPA 2013f.
Source: EPA 2013f.

COlI = cost of illness; CV = contingent valuation; OT = Department of Transportation; VSL = value of statistical life;

WTP = willingness to pay

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.

o 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 (PM2.5). Emissions changes and
benefit-per-ton estimates alone are not a precise indication of local or regional air quality and health
impacts because there could be localized impacts associated with the Proposed Action. Because the
atmospheric chemistry related to ambient concentrations of PM2.5, ozone, and air toxics is very
complex, full-scale photochemical air quality modeling is necessary to control for local variability.
Full-scale photochemical modeling provides the needed spatial and temporal detail to more

4-32



Chapter 4 Air Quality

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. At this time, NHTSA intends to
conduct a photochemical modeling analysis for the Final EIS using the same methodology as in the
CAFE Final EISs and the MDHD Phase 1 Final EIS.

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

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

e 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.

o 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 non-
linearities 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
guantify these effects of pollutant emissions.

The RIA for the 2012 PM2.5 NAAQS (EPA 2013c) provides more information about the overall
uncertainty in the estimates of the benefits of reducing PM2.5 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 2018, 2025, 2035, and 2030 (see Section 4.1.2.3). NHTSA
applied the values for 2030 to estimate impacts in 2035 and 2050.
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Table 4.1.2-5. Incidence-per-ton Values for Health Outcomes

Outcome and

Upstream Emissions
(Data for Refineries Sector)

Downstream Emissions
(Data for On-Road Sources Sector)

Year® Direct PM2.5 | S0, \ NOy Direct PM2.5 | S0, | NOy
Premature Mortality — Krewski et al. (2009)

2016 0.027000 0.00770 0.00076 0.042000 0.00220 0.00085
2018 0.032500 0.00785 0.00078 0.042500 0.00225 0.00086
2020 0.038000 0.00800 0.00079 0.043000 0.00230 0.00087
2025 0.040000 0.00860 0.00085 0.047000 0.00260 0.00093
2030 0.044000 0.00950 0.00092 0.051000 0.00280 0.00100
Premature Mortality — Lepeule et al. (2012)

2016 0.062000 0.01700 0.00170 0.094000 0.00500 0.00190
2018 0.073500 0.01750 0.00175 0.096000 0.00515 0.00195
2020 0.085000 0.01800 0.00180 0.098000 0.00530 0.00200
2025 0.091000 0.02000 0.00190 0.110000 0.00580 0.00210
2030 0.099000 0.02100 0.00210 0.110000 0.00640 0.00230
Acute Bronchitis

2016 0.042000 0.01300 0.00130 0.067000 0.00400 0.00140
2018 0.052000 0.01300 0.00130 0.068000 0.00405 0.00140
2020 0.062000 0.01300 0.00130 0.069000 0.00410 0.00140
2025 0.065000 0.01400 0.00140 0.072000 0.00440 0.001400.00140
2030 0.066000 0.01400 0.00140 0.075000 0.00460 0.00150
Work Loss Days

2016 3.80000 1.10000 0.11000 5.90000 0.32000 0.12000
2018 4.55000 1.10000 0.11000 6.00000 0.33000 0.12000
2020 5.30000 1.10000 0.11000 6.10000 0.34000 0.12000
2025 5.30000 1.20000 0.11000 6.20000 0.35000 0.12000
2030 5.40000 1.20000 0.12000 6.40000 0.36000 0.12000
Emergency Room Visits — Respiratory

2016 0.015000 0.00410 0.00042 0.024000 0.00110 0.00049
2018 0.017500 0.00415 0.00043 0.024500 0.00115 0.00050
2020 0.020000 0.00420 0.00043 0.025000 0.00120 0.00050
2025 0.020000 0.00430 0.00044 0.026000 0.00120 0.00051
2030 0.021000 0.00450 0.00046 0.026000 0.00130 0.00053
Notes:

a

shown in EPA 2013f. For 2035 and 2050 the EPA values for 2030 were used.

Source: EPA 2013f.

EPA estimated benefit-per-ton values for 2016, 2020, 2025, and 2030. For 2018, values were interpolated from trends

EPA = U.S. Environmental Protection Agency; NOy = nitrogen oxides; PM2.5 = particulate matter with an aerodynamic
diameter equal to or less than 2.5 microns; SO, = sulfur dioxide

4-34



Chapter 4 Air Quality

4.2 Environmental Consequences

4.2.1 Direct and Indirect Impacts
4211 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 emissions 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, EPA 2012c). 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
HD vehicles 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 emissions reductions compared to the No Action
Alternative.

This section examines the direct and indirect impacts on air quality associated with the action
alternatives.” Section 4.2.2 examines cumulative air quality impacts of the action alternatives.”* Using
the assumptions discussed in Section 2.3, this chapter presents direct and indirect impacts and
cumulative air quality impacts to show a complete range of results.

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 5 in more detail.

4.2.1.1.1 Criteria Pollutants Overview

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

B As explained in Chapter 2, the analysis of direct and indirect impacts compares action alternatives with a No Action
Alternative that generally reflects a small forecast increase in the average fuel efficiency of new HD vehicles MYs 2018 and
beyond, due to market-based incentives for improving fuel efficiency. By including these market-based improvements in the
No Action Alternative, this analysis attempts to isolate the portion of the fleet-wide fuel efficiency improvement attributable
directly and indirectly to the proposed rule, and not attributable to reasonably foreseeable future actions by manufacturers.

2 s explained in Chapter 2, the cumulative impacts analysis compares the same action alternatives with a No Action
Alternative that generally assumes no increase in the average fuel efficiency of new HD vehicles MYs 2018 and beyond (i.e., no
increase beyond the 2014-2018 Phase 1 HD standards). In other words, this baseline does not take into account market-based
incentives for improving fuel efficiency. By comparing the action alternatives to this baseline, the cumulative impacts analysis
reflects the combined impacts of market-based incentives for improving fuel efficiency after 2018 and the direct and indirect
impacts of Phase 2 HD standards associated with each action alternative.

25 .. . . .. . . .. .
Downstream emissions do not include evaporative emissions from vehicle fuel systems due to modeling limitations.
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Table 4.2.1-1.  Nationwide Criteria Pollutant Emissions (tons per year) from U.S. HD Vehicles by Alternative,
Direct and Indirect Impacts

Pollutant and Year | Alt.1- No Action Alt. 2 Alt. 3 — Preferred Alt. 4 Alt. 5
Carbon monoxide (CO)
2018 2,022,153 2,022,049 2,022,017 2,022,032 2,022,015
2025 1,613,987 1,593,855 1,584,461 1,583,774 1,574,006
2035 1,386,395 1,322,540 1,303,407 1,303,201 1,285,336
2050 1,557,183 1,465,076 1,439,871 1,440,064 1,417,090
Nitrogen oxides (NOy)
2018 2,185,443 2,184,866 2,184,735 2,184,710 2,184,542
2025 1,429,740 1,359,701 1,327,865 1,324,042 1,291,485
2035 1,128,951 910,303 837,790 835,135 774,765
2050 1,326,493 1,012,596 913,122 912,654 834,570
Particulate matter (PM2.5)
2018 97,464 97,430 97,422 97,419 97,410
2025 60,109 59,964 59,741 59,475 59,158
2035 43,985 43,860 42,481 42,311 41,552
2050 51,317 51,269 49,155 49,117 48,101
Sulfur dioxide (SO,)
2018 121,098 120,924 120,871 120,853 120,806
2025 129,757 125,916 123,602 122,105 119,296
2035 141,640 131,283 121,936 120,982 114,928
2050 167,699 153,560 139,849 139,566 131,589
Volatile organic compounds (VOC)
2018 342,799 342,620 342,568 342,552 342,504
2025 278,241 267,595 262,117 260,350 254,133
2035 260,507 227,885 211,836 210,765 198,496
2050 307,333 260,890 238,313 238,088 222,168
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Figure 4.2.1-1. Nationwide Criteria Pollutant Emissions (tons per year) from U.S. HD Vehicles for 2035 by Alternative, Direct and Indirect Impacts
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Figure 4.2.1-2 summarizes the changes over time in total national emissions of criteria pollutants from
HD vehicles under the Preferred Alternative. Figures 4.2.1-1 and 4.2.1-2 show a consistent trend among
the criteria pollutants. Emissions of CO, NO,, PM2.5, and VOCs would decrease due to the EPA
emissions standards (see Section 4.1), despite a growth in total VMT from 2018 to 2035, but increase
from 2035 to 2050 because continued growth in total VMT during that period overwhelms the initial
decreases (see Table 4.2.1-1 and Figure 4.2.1-1). (Note that continued growth in VMT is projected to
occur under all alternatives).

Emissions of SO, under all alternatives are predicted to increase from 2018 to 2050 because declines
due to gains in new HD vehicle fuel efficiency are more than offset by continuing growth in VMT. The
timing of the increases between 2018 and 2050 varies by alternative. EPA regulates vehicle SO,
emissions by limiting the concentration of sulfur in fuel and has not established tailpipe emissions
standards for SO,. As a result, SO, emissions vary only with total fuel consumption. Under the No
Action Alternative, which assumes neither NHTSA nor EPA promulgate Phase 2 standards (i.e., the No
Action Alternative), total fuel consumption rises as VMT grows, and SO, emissions increase continuously
from 2018 to 2050. Alternative 2 is not sufficiently stringent for fuel savings to offset VMT growth, so
SO, emissions increase continuously from 2018 to 2050 under Alternative 2 as well. Under the
Preferred Alternative and Alternative 