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Executive Summary

Executive Summary

The Environmental Protection Agency (EPA) and the Department of Transportation’s
National Highway Traffic Safety Administration (NHTSA) have established a coordinated
program for Federal standards for greenhouse gas (GHG) emissions and corporate average fuel
economy (CAFE) for light-duty vehicles.! This program was developed in cooperation and
alignment with the California Air Resources Board (CARB) to ensure a single National Program.
The National Program established standards that increase in stringency year-over-year from
model year (MY) 2012 through MY 2025 for EPA and through MY2021 for NHTSA. California
adopted the first in the nation GHG standards for light-duty vehicles in 2004 for MY2009-2016,
and in 2012 for MY2017-2025, followed by amendments that allow compliance with the Federal
GHG standards as compliance with the California GHG standards, in furtherance of a single
National Program. Under the National Program, consumers continue to have a full range of
vehicle choices that meet their needs, and, through coordination with the California standards,
automakers can build a single fleet of vehicles across the U.S. that satisfies all GHG/CAFE
requirements. In the agencies’ 2012 final rules establishing the MY2017-2025 standards for
EPA and 2017-2021 final and 2022-2025 augural standards for NHTSA, the National Program
standards were projected by MY2025 to double fuel economy and cut GHG emissions in half,
save 6 billion metric tons of carbon dioxide (COz2) pollution and 12 billion barrels of oil over the
lifetime of MY2012-2025 vehicles, and deliver significant savings for consumers at the gas

pump.

The rulemaking establishing the National Program for MY 2017-2025 light-duty vehicles
included a regulatory requirement for EPA to conduct a Midterm Evaluation (MTE) of the GHG
standards established for MYs 2022-2025." The 2012 final rule preamble also states that “[t]he
mid-term evaluation reflects the rules’ long time frame, and, for NHTSA, the agency’s statutory
obligation to conduct a de novo rulemaking in order to establish final standards for MY's 2022-
2025.” NHTSA will consider information gathered as part of the MTE record, including
information submitted through public comments, in the comprehensive de novo rulemaking it
must undertake to set CAFE standards for MYs 2022-2025." Through the MTE, EPA must
determine no later than April 1, 2018 whether the MY 2022-2025 GHG standards, established in
2012, are still appropriate under section 202 (a) of the Clean Air Act, in light of the record then
before the Administrator, given the latest available data and information." EPA’s decision could
go one of three ways: the standards remain appropriate, the standards should be less stringent, or
the standards should be more stringent. EPA and NHTSA also are closely coordinating with
CARB in conducting the MTE to better ensure the continuation of the National Program. The
MTE will be a collaborative, data-driven, and transparent process and must entail a holistic
assessment of all the factors considered in the initial standards setting."

This Draft Technical Assessment Report (TAR), issued jointly by EPA, NHTSA, and CARB
for public comment, is the first formal step in the MTE process.” In this Draft TAR, the agencies
examine a wide range of technical issues relevant to GHG emissions and augural CAFE
standards for MY 2022-2025, and share with the public the initial technical analyses of those
issues. This is a technical report, not a policy or decision document. The information in this

! The agencies finalized the first set of National Program standards covering model years (MYs) 2012-2016 in May
2010% and the second set of standards, covering MY's 2017-2025, in October 2012.
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report, and in the comments we receive on it, will inform the agencies’ subsequent determination
and rulemaking actions. The agencies will fully consider public comments on this Draft TAR as
they continue to update and refine the analyses for further steps in the MTE process.

In this Draft TAR, EPA provides its initial technical assessment of the technologies available
to meet the MY2022-2025 GHG standards and one reasonable compliance pathway, and
NHTSA provides its initial assessment of technologies available to meet the augural MY2022-
2025 CAFE standards and a different reasonable compliance pathway. Given that there are
multiple possible ways that new technologies can be added to the fleet, examining two
compliance pathways provides valuable additional information about how compliance may
occur. NHTSA and EPA also performed multiple sensitivity analyses which show additional
possible compliance pathways. The agencies’ independent analyses complement one another
and reach similar conclusions:

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

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

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

Additionally, while the Draft TAR analysis focuses on the MY2022-2025 standards, the
agencies note that the auto industry, on average, is over-complying with the first several years of
the National Program. This has occurred concurrently with a period during which the
automotive industry successfully rebounded after a period of economic distress. The industry
has now seen six consecutive years of increases and a new all-time sales record in 2015,
reflecting positive consumer response to vehicles complying with the standards.

A summary of each chapter of the Draft TAR follows.

Chapter 1: Introduction. This chapter provides a broad discussion of the National
Program, explains further the MTE process and timeline, and provides additional background on
NHTSA’s CAFE program, EPA’s GHG program, and California’s GHG program. This chapter
also includes an update on what the latest science tells us about climate change impacts, and the
U.S.’s and California’s commitments on actions to address climate change. Chapter 1 also
provides a discussion of petroleum consumption and energy security.

Chapter 2: Overview of Agencies’ Approach to Draft TAR Analysis. The agencies are
committed to conducting the MTE through a collaborative, data-driven, and transparent process.
In gathering data and information for this Draft TAR, the agencies drew from a wide range of
sources to evaluate how the automotive industry has responded into the early years of the
National Program, how technology has developed, and how other factors affecting the light-duty
vehicle fleet have changed since the final rule in 2012. The agencies found that there is a wealth
of information since the 2012 final rule upon which to inform this Draft TAR, and this
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information is detailed throughout the document. Chapter 2 describes these sources, including
extensive state-of-the-art research projects by experts at the EPA National Vehicle and Fuel
Emissions Laboratory, as well as consultants to the agencies, data and input from stakeholders,
and information from technical conferences, published literature, and studies published by
various organizations. A significant study informing the agencies’ analyses is the National
Academy of Sciences 2015 report"' on fuel economy technologies, which the agencies highlight
in Chapter 2, and discuss throughout this document.

The analyses presented in this Draft TAR reflect the new data and information gathered by the
agencies thus far, and the agencies will continue to gather and evaluate more up-to-date
information, including public comments on this Draft TAR, to inform our future analyses. The
agencies have conducted extensive outreach with a wide range of stakeholders — including auto
manufacturers, automotive suppliers, non-governmental organizations (NGOs), consumer
groups, labor unions, automobile dealers, state and local governments, and others.

Chapter 3: Recent Trends in the Light-Duty Vehicle Fleet since the 2012 Final Rule.
This chapter summarizes trends in the light-duty vehicle market in the four years since the 2012
final rule, including changes in fuel economy/GHG emissions, vehicle sales, gasoline prices,
car/truck mix, technology penetrations, and vehicle power, weight and footprint. Since the 2012
final rule, vehicle sales have been strong, hitting an all-time high of 17.5 million vehicles in
2015, gas prices have dropped significantly, and truck share has grown. At the same time, fuel
economy technologies are entering the market at rapid rates. The agencies provide the latest
available projections for vehicle sales, gasoline prices, and fleet mix out to 2025, and compare
those to projections made in the 2012 final rule. This chapter also highlights compliance to date
with the GHG and CAFE standards, where, for the first three years of the program (MY2012-
2014), auto manufacturers have over-complied with the program.

Chapter 4: Baseline and Reference Vehicle Fleets. This chapter describes the agencies’
methodologies for developing a baseline fleet of vehicles and future fleet projections out to
MY2025. The GHG analysis uses a baseline fleet based on the MY2014 fleet, the latest year
available for which there are final GHG compliance data. The CAFE analysis uses a MY2015
baseline fleet based on MY2015 data and sales projections provided by manufacturers in the
latter half of M'Y2015, when production was well underway. These data sets complement one
another and each yield important perspective, with the MY 2014 data having the benefit of
validation through compliance data, and the MY2015 data providing more recent perspective.
The GHG and CAFE analysis fleets utilized similar, but separate, purchased projections from
IHS-Polk for the future vehicle fleet mix out to 2025, thereby representing some of the
uncertainty inherent in all reference case projections. Both analyses used data from the Energy
Information Administration’s Annual Energy Outlook 2015 (AEO 2015) as the basis for total
vehicle sales projections to 2025, as well as for the car and truck volume mix. Although the
agencies have relied on different data sources in development of the baseline fleets, we believe
this combination of approaches strengthens our results by showing robust results across a range
of reference case projections.

Chapter 5: Technology Costs, Effectiveness, and Lead-Time Assessment. This chapter is
an in-depth assessment of the state of vehicle technologies to improve fuel economy and reduce
GHG emissions, as well as the agencies’ assessment of expected future technology developments
through MY2025. The technologies evaluated include all those considered for the 2012 final
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rule, as well as new technologies that have emerged since then. Every technology has been
reconsidered with respect to its cost, effectiveness, application, and lead-time considerations,
with emphasis on assessing the latest introductions of technologies to determine if and how they
have changed since the agencies’ assessment in the 2012 final rule. These efforts reflect the
significant rate of progress made in automotive technologies over the past four years since the
MY2017-2025 standards were established. Technologies considered in this Draft TAR include
more efficient engines and transmissions, aerodynamics, light-weighting, improved accessories,
low rolling resistance tires, improved air conditioning systems, and others. Beyond the
technologies the agencies considered in the 2012 final rule, manufacturers are now employing
several technologies, such as higher compression ratio, naturally aspirated gasoline engines, and
greater penetration of continuously variable transmissions (CVTSs); other new technologies are
under active development and are expected to be in the fleet well before MY 2025, such as 48-
volt mild hybrid systems.

In Chapter 5, the agencies also provide details on the specific technology assumptions used
respectively by EPA for the GHG assessment and by NHTSA for the CAFE assessment in this
Draft TAR, including the specific assumptions that EPA and NHTSA each made for each
technology’s cost and effectiveness, and lead-time considerations. The agencies’ estimates of
technology effectiveness were informed by vehicle simulation modeling approaches; NHTSA
utilized the Autonomie model developed by Argonne National Laboratories for the Department
of Energy (DOE), and EPA used its Advanced Light-duty Powertrain and Hybrid Analysis
(ALPHA) model. The agencies look forward to public comment in this and other areas to help
advance collective forecasting of technology effectiveness in the out years of the program.

It is clear that the automotive industry is innovating and bringing new technology to market at
a rapid pace and neither of the respective agency analyses reflects all of the latest and emerging
technologies that may be available in the 2022-2025 time frame. For example, the agencies were
not able for this Draft TAR to evaluate the potential for technologies such as electric turbo-
charging, variable compression ratio, skip-fire cylinder deactivation, and P2-configuration mild-
hybridization. These technologies may provide further cost-effective reductions in GHG
emissions and fuel consumption. The agencies will continue to update their analyses throughout
the MTE process as new information becomes available.

Chapter 6: Assessment of Consumer Acceptance of Technologies that Reduce Fuel
Consumption and GHG Emissions. This chapter reviews issues surrounding consumer
acceptance of the vehicle technologies expected to be used to meet the MY 2022-2025 standards.
Since the program has been in effect since MY2012, the agencies focus on the evidence to date
related to consumer acceptance of vehicles subject to the National Program standards. This
evidence includes an analysis of how professional auto reviewers assess fuel-saving
technologies. For each technology, positive evaluations exceed negative evaluations, suggesting
that it is possible to implement these technologies without significant hidden costs. To date,
consumer response to vehicles subject to the standards is positive. Chapter 6 also discusses
potential impacts of the standards on vehicle sales and affordability, which are closely
interconnected with the effects of macroeconomic and other market forces. Based on the
agencies’ draft assessments, the reduced operating costs from fuel savings over time are expected
to far exceed the increase in up-front vehicle costs, which should mitigate any potential adverse
effects on vehicle sales and affordability.
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Chapter 7: Employment Impacts. This chapter discusses the effects of employment in the
automotive sector to date, and the projected effects of the MY 2022-2025 standards on
employment. Employment in the automotive industry dropped sharply during the Great
Recession, but has increased steadily since 2009. The primary employment effects of these
standards are expected to be found in several key sectors: auto manufacturers, auto parts
manufacturing, auto dealers, fuel production and supply, and consumers. The MY2025
standards are likely to have some effect on employment, due to both the effects of the standards
on vehicle sales, and the need to produce new technologies to meet the standards. Nevertheless,
the net effect of the standards on employment is likely to be small compared to macroeconomic
and other factors affecting employment.

Chapter 8: Assessment of Vehicle Safety Effects. This chapter assesses the estimated
overall crash safety impacts of the MY 2022-2025 standards. In this chapter, the agencies first
review the relationships between mass, size, and fatality risk based on the statistical analysis of
historical crash data, which includes the new analysis performed by using the most recent crash
data. The updated NHTSA analysis develops five parameters for use in both the NHTSA and
EPA assessments to calculate the estimated safety impacts of the modeled mass reductions over
the lifetimes of new vehicles in response to MY 2022-2025 GHG standards and augural CAFE
standards. Second, to examine the impact of future lightweight vehicle designs on safety, the
agencies also reviewed a fleet crash simulation study that examined frontal crashes using
existing and future lightweight passenger car and cross-over utility vehicle designs. The study
found a relationship between vehicle mass reduction and safety that is directionally consistent
with the overall risk for passenger cars from the NHTSA 2016 statistical analysis of historical
crash data. Next, the agencies investigate the amount of mass reduction that is affordable and
feasible while maintaining overall fleet safety and as well as functionality such as durability,
drivability, noise, vibration and handling (NVH), and acceleration performance. Based on those
approaches, the agencies further discuss why the real world safety effects might be less than or
greater than calculated safety impacts, and what new challenges these lighter vehicles might
bring to vehicle safety and potential countermeasures available to manage those challenges
effectively.

Chapter 9: Assessment of Alternative Fuel Infrastructure. This chapter assesses the
status of infrastructure for alternative fueled vehicles, with emphasis on two technologies the
agencies believe will be important for achieving longer-term climate and energy goals — plug-in
electric vehicles (PEVs) and fuel cell electric vehicles (FCEVs). The agencies also discuss
infrastructure for ethanol (E85) flex-fueled vehicles and natural gas vehicles. The agencies’
assessment is that, as we concluded in the 2012 rule, high penetration levels of alternative fueled
vehicles will not be needed to meet the M'Y2025 standards, with the exception of a very small
percentage of PEVSs, and that infrastructure is progressing sufficiently to support vehicles from
those manufacturers choosing to produce alternative fueled vehicles to meet the MY2022-2025
standards. The majority of PEV charging occurs at home, and national PEV infrastructure in
public and work locations is progressing appropriately. Hydrogen infrastructure developments
are addressing many of the initial challenges of simultaneously launching new vehicle and
fueling infrastructure markets, and current efforts in California and the northeast states will
facilitate further vehicle and infrastructure rollout at the national level.

Chapter 10: Economic and Other Key Inputs Used in the Agencies’ Analyses. This
chapter describes many of the economic and other inputs used in the agencies’ analyses. This
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chapter discusses the methodologies used to assess inputs such as the real-world fuel
economy/GHG emissions gap, vehicle miles traveled (VMT), vehicle survival rates, the VMT
rebound effect, energy security, the social cost of carbon and other GHGs, health benefits,
consumer cost of vehicle ownership, and others.

Chapter 11: Credits, Incentives and Flexibilities. The National Program was designed
with a wide range of optional compliance flexibilities to allow manufacturers to maintain
consumer choice, spur technology development, and reduce compliance costs, while achieving
significant GHG and oil reductions. Chapter 11 provides an informational overview of all of
these compliance flexibilities, with particular emphasis on those flexibility options likely to be
most important in the M'Y2022-2025 timeframe.

Chapter 12: Analysis of the MY2022-2025 GHG Standards; and Chapter 13: Analysis of
Augural CAFE Standards. Chapters 12 and 13 provide results, respectively, of EPA’s initial
technical assessment of the technologies available to meet the MY2022-2025 GHG standards
(i.e., the footprint-based standard curves) and their costs, and NHTSA’s initial technical
assessment of technologies capable of meeting CAFE standards corresponding to the augural
standards for MY2022-2025, and these technologies’ costs. CARB has not conducted an
independent analysis, but has participated in both EPA’s and NHTSA’s analyses. Although all
three agencies have been working collaboratively in an array of areas throughout the
development of this Draft TAR, the EPA GHG and NHTSA CAFE assessments were done
largely independently. These independent analyses were done in part to recognize differences in
the agencies’ statutory authorities and to reflect independent choices regarding some of the
modeling inputs used at this initial stage of our evaluation. The agencies believe that
independent and parallel analyses can provide complementary results. The agencies further
believe that, for this Draft TAR which is the first step of the Midterm Evaluation process, it is
both reasonable and advantageous to make use of different data sources and modeling tools, and
to show multiple pathways for potential compliance with the MY 2022-2025 GHG standards and
augural CAFE standards.

As noted above, although CARB did not perform its own modeling assessment of the costs
and technologies to meet the 2022-2025 GHG and CAFE requirements, it was integrally
involved in analyzing the underlying technology cost and effectiveness inputs to the EPA and
NHTSA modeling. CARB believes that the analyses presented in this Draft TAR appropriately
present a range of technologies that could be used to meet the requirements. However, as
discussed above, there are, and will continue to be, emerging technologies that may well be
available in the 2022-2025 timeframe and could perform appreciably better or be lower cost than
the technologies modeled in this Draft TAR. Such technologies are exemplified by recent
advancements already seen in the marketplace yet not anticipated by the agencies’ rule four years
ago (e.g., expanded use of higher compression ratio, naturally aspirated gasoline engines).
Vehicle manufacturers have historically outpaced agency expectations and CARB believes it is
likely that industry will continue to do so.

In this Draft TAR, NHTSA does not present alternatives to the augural standards because, as
the first stage of the Midterm Evaluation process, the TAR is principally an exploration of
technical issues -- including assumptions about the effectiveness and cost of specific
technologies, as well as other inputs, methodologies and approaches for accounting for these
issues. The agencies seek comment from stakeholders to further inform the analyses, in advance
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of the NHTSA rulemaking and the EPA Proposed Determination. For the purposes of clearly
reflecting the impacts of updated technology assumptions relative to a familiar point of
comparison, both agencies have run their respective models using the stringency levels included
in NHTSA’s augural standards, and EPA’s existing GHG standards through MY2025. However,
the technology assumptions and other analyses presented in this Draft TAR, which will be
informed by public comment, will support the development of a full range of stringency
alternatives in the subsequent CAFE Notice of Proposed Rulemaking.

In this Draft TAR, the EPA GHG and NHTSA CAFE assessments both show that the
MY 2022-2025 standards can be achieved largely through the use of advanced gasoline vehicle
technologies with modest penetrations of lower cost electrification (like 48 volt mild hybrids
which include stop/start) and low penetrations of higher cost electrification (like strong hybrids,
plug-in hybrid electric vehicles, and all electric vehicles). Given the rapid pace of automotive
industry innovation, the agencies may consider effectiveness and cost of additional technologies
as new information, including comments on this Draft TAR, becomes available for further steps
of the Midterm Evaluation.

Based on various assumptions including the Annual Energy Outlook 2015 (AEO 2015)
reference case projections of the car/truck mix out to 2025, the footprint-based GHG standards
curves for MY2022-2025 are projected to achieve an industry-wide fleet average CO- target of
175 grams/mile (g/mi) in MY 2025, and the augural CAFE standards are projected to result in
average CAFE requirements increasing from 38.3 mpg in MY2021 to 46.3 mpg in MY 2025.
The projected fleet average COx2 target represents a GHG emissions level equivalent to 50.8 mpg
(if all reductions were achieved exclusively through fuel economy improvements).?

Table ES-1 below compares two additional AEO 2015 scenarios in addition to the AEO 2015
reference case: a low fuel price case and a high fuel price case. As shown, these fuel price cases
translate into different projections for the car/truck fleet mix (e.g., with a higher truck share
shown in the low fuel price case, and a lower truck share shown in the high fuel price case),
which in turn leads to varying projections for the estimated fleet wide CAFE requirements and
GHG CO:z targets and MPG-e levels projected for MY 2025, from 169 g/mi (52.6 mpg-e) under
the high fuel price case to 178 g/mi (49.9 mpg-e) under the low fuel price case. These estimated
GHG target levels and CAFE requirements reflect changes in the latest projections about the
MY 2025 fleet mix compared to the projections in 2012 when the agencies first established the
standards. Under the footprint-based standards, the program is designed to ensure significant
GHG reductions/fuel economy improvements across the fleet, and each automaker's standard
automatically adjusts based on the mix (size and volume) of vehicles it produces each model
year. In the agencies’ current analyses for this Draft TAR, we are applying the same footprint-
based standards established in the 2012 final rule to the updated fleet projections for MY2025. It
is important to keep in mind that the updated MY2025 fleet wide projections reflected in this
Draft TAR are still just projections (as were the fleet projections in the 2012 rule) -- based on the
latest available information, which may continue to change with future projections -- and that the
actual GHG emissions/fuel economy level achieved in MY2025 won’t be determined until the

2 The projected MY 2025 target of 175 g/mi represents an approximate 50% decrease in GHG emissions relative to
the fuel economy standards that were in place in 2010. It is clear from current GHG manufacturer performance
data that many automakers are earning air conditioner refrigerant GHG credits that reduce GHG emissions, but do
not increase fuel economy. Accordingly, the projected MY 2025 target of 175 g/mi represents slightly less than a
doubling of fuel economy relative to the standards that were in place in 2010.

ES-7



Executive Summary

manufacturers have completed their MY2025 production. The agencies will continue to assess
the latest available projections as we continue the Midterm Evaluation process.

Table ES- 1 Projections for MY2025: Car/Truck Mix, CO2 Target Levels, and MPG-equivalent!

AEO 2015 Fuel Price Case
2012 Final Rule AEO Low AEO Reference AEO High
Car/truck mix 67/33% 48/52% 52/48% 62/38%
CAFE (mpg)? 48.7 45.7 46.3 47.7
CO; (g/mi) 163 178 175 169
MPG-e 54.5 50.0 50.8 52.6
Notes:

! The CAFE, CO; and MPG-e values shown here are 2-cycle compliance values. Projected real-world values are
detailed in Chapter 10.1; for example, for the AEO reference fuel price case, real-world EPA CO, emissions
performance would be 220 g/mi and real-world fuel economy would be 36 mpg.

2 Average of estimated CAFE requirements.

3 Mile per gallon equivalent (MPG-e) is the corresponding fleet average fuel economy value if the entire fleet were
to meet the CO2 standard compliance level through tailpipe CO2 improvements that also improve fuel economy.
This is provided for illustrative purposes only, as we do not expect the GHG standards to be met only with fuel
efficiency technology.

The agencies’ updated assessments provide projections for the MY2022-2025 standards for
several key metrics, including modeled “low-cost pathway” technology penetrations, per-vehicle
average costs (cars, trucks, and fleet, by manufacturer and total industry-wide), industry-wide
average costs, GHG and oil reductions, consumer payback, consumer fuel savings, and benefits
analysis.

Based on the extensive updated assessments provided in this Draft TAR, the projections for
the average per-vehicle costs of meeting the MY2025 standards (incremental to the costs already
incurred to meet the MY 2021 standard) are, for EPA’s analysis of the GHG program, $894 -
$1,017, and, for NHTSA’s analysis of the CAFE program, $1,245 in the primary analysis using
Retail Price Equivalent (RPE), and $1,128 in a sensitivity case analysis using Indirect Cost
Multipliers (ICM). In the 2012 final rule, the estimated costs for meeting the MY 2022-2025
GHG standards (incremental to the costs for meeting the MY 2021 standard in MY2021) was
$1,070.3Vi

3 This cost estimate from the 2012 final rule was based on the use of Indirect Cost Multipliers (ICMs) in 20108$.
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Table ES- 2 Per-Vehicle Average Costs to Meet MY2025 Standards: Draft TAR Analysis
Costs Shown are Incremental to the Costs to Meet the MY2021 Standards

CAFE in MY 2028
GHG! in MY2025

. . RPE Sensitivity Primary Analysis? ICM Sensitivity
Primary Analysis Case® Case’
Car $707 $789 $1,207 $1,156
Truck $1,099 $1,267 $1,289 $1,096
Combined $894 $1,017 $1,245 $1,128

Notes:

1The values reported for the GHG analysis to account for indirect costs reflect the use of Indirect Cost Multipliers
for the primary analysis, and Retail Price Equivalent for the sensitivity case.

2 The values reported for CAFE primary analysis reflect the use of RPE and include civil penalties estimated to be
incurred by some OEMs as provided by EPCA/EISA. Estimated technology costs (without civil penalties) average
$1,111, $1,246, and $1,174, respectively for MY 2028 passenger cars, light trucks, and the overall light-duty fleet.
% Note that Chapter 12 (GHG) and Chapter 13 (CAFE) include a wide range of additional sensitivity cases.

In Table ES-2, NHTSA’s estimates are provided for MY2028 because NHTSA’s analysis,
which is conducted on a year-by-year basis, indicates that manufacturers could make use of
EPCAJ/EISA’s provisions allowing credits to be earned and carried forward to be applied toward
ensuing model years. Therefore, NHTSA’s analysis indicates that a “stabilized” response to the
augural standards might not be achieved until approximately 2028 (see Chapter 13 for additional
detail). EPA estimates are provided for MY2025 because EPA’s analysis projects that each
manufacturer would comply in MY2025 with that year’s standards (see Chapter 12 for additional
details).

Table ES-3 shows fleet-wide penetration rates for a subset of the technologies the agencies’
project could be utilized to comply with the MY2025 standards. While all three agencies have
been working collaboratively on an array of issues throughout this initial phase of the Midterm
Evaluation, much of the EPA GHG and NHTSA CAFE assessments were done largely
independently, as reflected in the different technology pathways shown in Table ES-3 (see
Chapter 2.3 for additional detail). The agencies’ analyses each project that the MY2022-2025
standards can be met largely through improvements in gasoline vehicle technologies, such as
improvements in engines, transmissions, light-weighting, aerodynamics, and accessories. The
analyses further indicate that only modest amounts of hybridization, and very little full
electrification (plug-in hybrid electric vehicles (PHEV) or electric vehicles (EV)) technology
will be needed to meet the standards. This initial assessment of potential technology paths is
similar to the agencies’ projections made in the 2012 final rule, and is consistent with the
findings of the National Academy of Sciences report from June 2015 (discussed in Chapter 2).
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Table ES- 3 Selected Technology Penetrations to Meet MY2025 Standards!

GHG CAFE
Turbocharg?d and f:lownsued 33% 54%
gasoline engines

Higher c'ompressmn' ratio, r'laturally 44% <1%
aspirated gasoline engines
8 d and other ad d

speed an o. gr a 2vance 90% 70%

transmissions

Mass reduction 7% 6%

Stop-start 20% 38%

Mild Hybrid 18% 14%

Full Hybrid <3% 14%

Plug-in hybrid electric vehicle® <2% <1%

Electric vehicle® <3% <2%

Notes:

! Percentages shown are absolute rather than incremental. These values reflect both EPA and NHTSA’s primary
analyses; both agencies present additional sensitivity analyses in Chapter 12 (GHG) and Chapter 13 (CAFE). For
EPA this includes a pathway where higher compression ratio naturally aspirated gasoline engines are held at a 10%
penetration, and the major changes are turbocharged and downsized gasoline engines increase to 47% and mild
hybrids increase to 38% (See Chapter 12.1.2)

ZIncluding continuously variable transmissions (CVT)

3In EPA’s modeling, the California Zero Emission Vehicles (ZEV) program is considered in the reference case
fleet; therefore, 3.5% of the fleet is projected to be full EV or PHEV in the 2022-2025 timeframe due to the ZEV
program and the adoption of that program by nine additional states.

Although some of the differences in costs are expected as EPA and NHTSA conducted two
independent analyses, the consideration of CARB’s program also led to one important
difference. As noted in the footnote for Table ES-3, EPA’s analysis included consideration for
compliance with other related state regulations including CARB’s ZEV regulation that has also
been adopted by nine other states under Section 177 of the Federal Clean Air Act. CARB’s ZEV
program requires a portion of new light-duty vehicle sales to be ZEVs and collectively, CA and
these states represent nearly 30 percent of nationwide sales of light-duty vehicles. CARB
worked with EPA to include ZEVs reflecting compliance with California’s ZEV program within
the reference fleet used by EPA. NHTSA’s analysis did not. This accounts for at least part of
the cost differences in the two agencies’ analyses as well as for some of the difference in
technology penetration rates for full hybrids.

EPA’s analysis indicates that, compared to the MY2021 standards, the MY 2025 standards
will result in a net lifetime consumer savings of $1,460 - $1,620 and a payback of about 5 to 5 %2
years.* NHTSA’s primary analysis indicates that net lifetime consumer savings could average
$680 per vehicle, such that increased vehicle purchase costs are paid back within about 6 ¥2
years, and $800 with payback within about 6 years in a sensitivity case analysis using ICMs.

4 Based on the AEO 2015 reference case gasoline price projections, 3 percent discount rate, and ICMs.
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Table ES- 4 Payback Period and Lifetime Net Consumer Savings for an Average Vehicle Compared to
the MY2021 Standards

GHG CAFE
MY2025 Vehicle MY2028 Vehicle
Primary Analysis RPE Sensitivity Case | Primary Analysis ICM Sensitivity Case
Payback period 5 51 6% 6
(years)
Net Lifetime
Consumer Savings $1,620 $1,460 $680 $800
(S, discounted at 3%)

* Note that Chapter 12 (GHG) and Chapter 13 (CAFE) include a wide range of additional sensitivity cases.

Over the lifetimes of MY2021-2025 vehicles, EPA estimates that under the GHG standards,
GHG emissions would be reduced by about 540 million metric tons (MMT) and oil consumption
would be reduced by 1.2 billion barrels. Over the lifetimes of MY2016-2028 vehicles, NHTSA
estimates that under the augural MY2022-2025 CAFE standards, GHG emissions would be
reduced by about 748 MMT and oil consumption would be reduced by about 1.6 billion barrels.
NHTSA’s estimates span a wider range of model years for two reasons, as discussed in Chapter
13: first, the NHTSA analysis projects that manufacturers may take some “early action” prior to
MY2022; second, as discussed above, the response to the augural standards might not be
“stabilized” until after MY2025. Differences in these values also result from differences in the
agencies’ estimates of annual mileage accumulation by light-duty vehicles.®

Table ES-5 Cumulative GHG and Oil Reductions for Meeting the MY2022-2025 Standards

Lifetime Reductions GHG CAFE
( MYs 2021-2025 vehicles) (MYs 2016-2028 vehicles)
CO.e reduction
. . 540 748
(million metric tons, MMT)
Oil reduction (billion barrels) 1.2 1.6

For the EPA GHG analysis, total industry-wide costs of meeting the MY2022-2025 GHG
standards are estimated at $34 to $38 billion. Societal monetized benefits of the MY 2022-2025
standards (exclusive of fuel savings to consumers) range from $40 to $41 billion. Consumer pre-
tax fuel savings are estimated to be $89 billion over the lifetime of vehicles meeting the
MY2022-2025 standards. Net benefits (inclusive of fuel savings) are estimated at $90 to $94
billion. These values are all at a 3 percent discount rate; values at a 7 percent discount rate are
shown in Table ES-6 below.

°> The agencies’ methods for assessing vehicle mileage accumulation are discussed in Chapter 10.3 for EPA, and
Chapter 13 for NHTSA.
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Table ES- 6 GHG Analysis of Lifetime Costs & Benefits to Meet the MY 2022-2025 Standards (for
Vehicles Produced in MY2021-2025)* (Billions of 20139%)

3 Percent Discount Rate 7 Percent Discount Rate
Primary Analysis RPE Sce:ss;tivity ::;T::_; RPE S::Ss:tivity
Vehicle Program -$34 -$38 -$24 -$27
Maintenance -S2 -$2 81 81
Fuel $89 $89 S49 S49
Benefits* S$41 $40 $30 $30
Net Benefits $94 $90 S54 S51

Note:

*These values reflect AEO 2015 reference fuel price case. The Primary Analysis reflects ICMs and the Sensitivity
Case reflects RPEs. All values are discounted back to 2015; see Chapter 12.3 for details on discounting social cost
of GHG and non-GHG benefits. Note that Chapter 12 also includes a number of additional sensitivity cases.

NHTSA'’s primary analysis shows that compared to the No Action alternative, the augural
CAFE standards could entail additional costs totaling $87 billion during MY's 2016-2028
(reasons for this span of MY are discussed above), and a sensitivity case using ICM shows total
costs of $79 billion. The primary analysis shows benefits totaling $175 billion, and the ICM
sensitivity case shows $178 billion. Consumer fuel savings are estimated to be $67 billion to
$122 billion over the lifetime of vehicles meeting the MY2022-2025 standards. Thus, net
benefits (inclusive of fuel savings) could total $88 billion based on the primary analysis and $99
billion for the ICM sensitivity case. These are estimates of the present value (in 2015) of costs
and benefits, based on a 3 percent discount rate. NHTSA has also conducted analysis using a 7
percent discount rate, and a broader sensitivity analysis to examine the impact of other key
analysis inputs, as discussed in Chapter 13. Below, Table ES-7 provides an overall summary of
costs and benefits observed in NHTSA’s analysis.

Table ES- 7 CAFE Analysis of Lifetime Costs & Benefits to Meet the MY 2022-2025 Standards (for
Vehicles Produced in MY2016-2028) (Billions of 2013%)

3 Percent Discount Rate 7 Percent Discount Rate
Primary Analysis® ICM Sensitivity Case® Primary Analysis
Vehicle Program®* -$87 -§79 -$60
Benefits (Fuel) $120 $122 S67
Benefits (Other) $55 S56 $43
Net Benefits $88 $99 $50

Notes:

Y Includes changes in maintenance costs (small relative to cost of additional technology).
2 The Primary Analysis reflects RPE.

3 Note that Chapter 13 includes a wide range of additional sensitivity cases.

As noted above, because EPA and NHTSA developed independent assessments of technology
cost, effectiveness, and reference case projections, the compliance pathways and associated costs
that result are also different. Consideration of these two results provides greater confidence that
compliance can be achieved through a number of different technology pathways.
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Chapter 1: Introduction

1.1  Purpose of this Report

The Environmental Protection Agency (EPA) and the National Highway Traffic Safety
Administration (NHTSA) have conducted two joint rulemakings to establish a coordinated
National Program for stringent Federal corporate average fuel economy (CAFE) and greenhouse
gas (GHG) emissions standards for light-duty vehicles. The National Program builds on over 35
years of the National Highway Traffic Safety Administration's (NHTSA's) issuance and
enforcement of the Nation's fuel economy standards under the Energy Policy and Conservation
Act (EPCA), and responds to a 2007 Supreme Court decision determining that greenhouse gases
(GHGs) can be regulated under the Clean Air Act (CAA) and EPA's endangerment finding. The
agencies finalized the first set of National Program standards covering model years (MY's) 2012-
2016 in May 2010* and the second set of standards, covering MYs 2017-2025, in October 2012.2
The National Program establishes standards that increase in stringency year-over-year from
MY2012 through MY 2025, projected to reach a level by 2025 that nearly doubles fuel economy
and cuts GHG emissions in half as compared to MY2008. Through the coordination of the
National Program with the California standards, automakers can build one single fleet of vehicles
across the U.S. that satisfies all GHG/CAFE requirements, and consumers can continue to have a
full range of vehicle choices that meet their needs. In the agencies' October 2012 final rules, the
National Program was estimated to save 6 billion metric tons of carbon dioxide (CO2) pollution
and 12 billion barrels of oil over the lifetime of MY2012-2025 vehicles. In addition, the final
standards are projected to provide significant savings for consumers due to reduced fuel use.

The rulemaking establishing the National Program for model year MY2017-2025 light-duty
vehicles included a regulatory commitment from EPA to conduct a Midterm Evaluation (MTE)
of the GHG standards established for MYs 2022-2025.3 The 2012 final rule states "The mid-
term evaluation reflects the rules' long time frame, and, for NHTSA, the agency's statutory
obligation to conduct a de novo rulemaking in order to establish final standards for MY's 2022-
2025. NHTSA will use the MTE as part of the rulemaking it must undertake to set standards for
MY's 2022-2025._Through the MTE, EPA will determine whether the GHG standards for model
years 2022-2025, established in 2012, are still appropriate, within the meaning of section 202 (a)
of the Clean Air Act, in light of the record then before the Administrator, given the latest
available data and information. See 40 CFR section 86.181-12(h). EPA’s decision could go one
of three ways: the standards remain appropriate, the standards should be less stringent, or the
standards should be more stringent. In order to align the agencies' proceedings for MY's 2022-
2025 and to maintain a joint national program, EPA and NHTSA will finalize their actions
related to MYs 2022-2025 standard concurrently. If the EPA determination is that the standards
may change, the agencies will issue a joint NPRM and joint final rules." See 77 FR at 62628
(Oct. 15, 2012).

The MTE is a collaborative, data-driven, and transparent process that will be "a holistic
assessment of all of the factors considered in standards setting,” and "the expected impact of
those factors on manufacturers' ability to comply, without placing decisive weight on any
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particular factor or projection.” See 77 FR 62784 (Oct. 15, 2012).” The MTE analysis is
intended to be as robust and comprehensive as that in the original setting of the MY2017-2025
standards. 1d. EPA and NHTSA also are closely coordinating with the California Air Resources
Board (CARB) in conducting the MTE to better ensure the continuation of the National Program.
Id. The agencies fully expect that any adjustments to the standards will be made in consultation
with CARB. The details of National Program and the MTE are discussed in Sections 1.2 and 1.3
respectively, below.

The 2012 final rule preamble also states "Prior to beginning NHTSA’s rulemaking process
and EPA’s mid-term evaluation, the agencies plan to jointly prepare a Draft Technical
Assessment Report (TAR) to examine afresh the issues and, in doing so, conduct similar
analyses and projections as those considered in the current rulemaking, including technical and
other analyses and projections relevant to each agency’s authority to set standards as well as any
relevant new issues that may present themselves.” See 77 FR 62965 (Oct. 15, 2012). This Draft
Technical Assessment Report (TAR) is the first formal step in the MTE process and is being
issued jointly by EPA, NHTSA, and CARB for public comment. EPA is required to prepare and
seek public comment on the TAR.* The Draft TAR is a technical report, not a decision
document. It is an opportunity for all three agencies to share with the public the initial technical
analyses of the MY2022-2025 standards. The Draft TAR is a first step in the process that will
ultimately inform whether the MY2022-2025 GHG standards adopted by EPA in 2012 should
remain in place or should change, and what MY2022-2025 CAFE standards would be maximum
feasible for NHTSA. EPA's regulations require it to consider in the Draft TAR a wide range of
factors relevant to the MY2022-2025 standards® including:

Powertrain improvements for gasoline and diesel engines
Battery developments for hybridization, electrified vehicles
Technology costs

Vehicle light-weighting and impacts on safety

Market penetration of fuel efficient technologies

Fuel prices

Fleet mix (cars v. trucks)

Employment impacts

Infrastructure for electric vehicle charging, alternative fuels
Consumer acceptance

Consumer payback periods

Any other factors deemed relevant

The agencies have conducted extensive research and analyses to support the MTE, as
discussed in Chapter 2 and throughout the document. As part of gathering robust data and
information to inform the MTE, the agencies also have conducted extensive outreach with a wide
range of stakeholders — including auto manufacturers, automotive suppliers, NGOs, consumer

A 40 CFR section 86.1818 (h) (1) lists factors which EPA must consider, including “availability and effectiveness of
the technology;” “the appropriate lead time for introduction of technology;” the feasibility and practicability of
the standards;” “the impact of the standards on reduction of emissions, oil conservation, energy security and fuel
savings by consumers;” “the impact of the standards on the automobile industry;” and “the impacts of the
standards on automobile safety.”
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groups, labor unions, state and local governments, the academic and research communities, and
others. Among other things, the Draft TAR presents analyses reflecting this research and
information obtained during the agencies’ outreach, presents updated assessments since the 2012
final rule, including a 2015 assessment by the National Academies of Science, and offers an
opportunity for public comments on our work thus far. The agencies will fully consider public
comments on this Draft TAR as they continue the MTE process, discussed below.

1.2  Building Blocks of the National Program

The National Program is both needed and possible because the relationship between
improving fuel economy and reducing CO: tailpipe emissions is very direct and close. The
amount of those CO2 emissions is essentially constant per gallon combusted of a given type of
fuel. Thus, the more fuel efficient a vehicle is, the less fuel it burns to travel a given distance.
The less fuel it burns, the less CO: it emits in traveling that distance. While there are emission
control technologies that reduce the pollutants (e.g., carbon monoxide) produced by imperfect
combustion of fuel by capturing or converting them to other compounds, there is currently no
such technology for CO2. Further, while some of those pollutants can also be reduced by
achieving a more complete combustion of fuel, doing so only increases the tailpipe emissions of
CO2. Thus, there is a single pool of technologies for addressing these twin problems, i.e., those
that reduce fuel consumption and thereby reduce CO2 emissions as well. As noted in the 2012
final rule, the rates of increase in stringency for the CAFE standards are lower than EPA's rates
of increase in stringency for GHG standards for purposes of harmonization and in reflection of
several statutory constraints on the CAFE program.®®

1.2.1 Background on NHTSA’s CAFE Program

The establishment of national fuel economy standards followed directly from passage of the
Energy Policy and Conservation Act (EPCA) of 1975. The Act directed the Secretary of
Transportation to set standards separately for passenger cars and light trucks at the maximum
feasible levels in each model year (with the passenger car standard not to exceed 27.5 mpg), and
provided additional direction regarding many aspects of the program. The Secretary has
delegated this responsibility to the National Highway Traffic Safety Administration (NHTSA).
The first fuel economy standards took effect in MY 1978.

Congress has amended EPCA several times to provide further direction. Through the Energy
Independence and Security Act (EISA) of 2007, Congress directed the Secretary to, among other
things, define future standards in terms of vehicle attributes related to fuel economy and ensure
that those standards cause the overall fleet to achieve an average fuel economy level of at least
35 mpg by 2020. EISA did not otherwise change the requirement that the Department of
Transportation (DOT) set standards separately for passenger cars and light trucks at the
maximum feasible levels in each model year. NHTSA can only set standards for up to five
model years at a time and standards must be set at least eighteen months before the beginning of
the model year.’

In the late 1970s, NHTSA issued regulations to establish and significantly increase the
stringency of fuel economy standards through 1985. In the 1980s, the Department relaxed the

B For a fuller discussion of these issues, see 77 FR 62639, October 15, 2012.
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passenger car standards for model years 1986-1989 and then increased the standard to 27.5 mpg.
In 1994, NHTSA issued a notice proposing to explore higher fuel economy standards for light
trucks. However, starting with the fiscal year 1996 and continuing through fiscal year 2001,
Congress prohibited NHTSA from using any funds to increase fuel economy standards. In 2003,
NHTSA increased light truck standards during model years 2005-2007. In 2006, NHTSA
increased light truck standards during model years 2008-2011 and required an attribute-based
standard in 2011.

Following EISA and a 2007 decision by the United States Court of Appeals for the Ninth
Circuit® (requiring that, when issuing CAFE standards, the Department issue Environmental
Impact Statements and assign an economic value to avoided CO2 emissions), the Department
proposed in April 2008 to establish more stringent attribute-based standards for both passenger
cars and light trucks during model years 2011-2015. The Department subsequently completed
work on a rule to finalize these standards; however, with the automobile industry experiencing a
steep decline during 2008, the Department withdrew the rule. Under President Obama, the
Department promulgated the model year 2011 standards in April 2009, and began work on
harmonized DOT fuel economy and EPA GHG standards referred to here as the National
Program.

As shown below, as required fuel economy standards have increased, passenger car (PC) and
light truck (LT) average fuel economy levels achieved by manufacturers have improved:

CAFE Requirement and Achieved: Overall U.S. Fleet
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It is important to note that the CAFE fuel economy values (both the required and the
achieved) shown in this chart are based on EPA 2-cycle city and highway tests as required by
Congress. Accordingly, these values are a minimum of 25 percent higher than the typical fuel
economy values shown on fuel economy labels (which are based on 5-cycle testing that reflects a
much broader range of driving conditions) and achieved by consumers in real world driving.

1.2.2 Background on EPA’s GHG Program

Under the Clean Air Act, EPA is responsible for addressing emissions of air pollutants from
motor vehicles. On April 2, 2007, the U.S. Supreme Court issued its opinion in Massachusetts v.
EPA.° a case involving EPA’s 2003 denial of a petition for rulemaking to regulate GHG
emissions from motor vehicles under section 202(a) of the Clean Air Act (CAA).1° The Court
held that GHGs fit within the definition of air pollutant in the Clean Air Act and further held that
the Administrator must determine whether or not emissions from new motor vehicles cause or
contribute to air pollution which may reasonably be anticipated to endanger public health or
welfare, or whether the science is too uncertain to make a reasoned decision. The Court rejected
the argument that EPA cannot regulate CO2 from motor vehicles because to do so would de facto
tighten fuel economy standards, authority over which has been assigned by Congress to DOT.
The Court stated that “[b]Jut that DOT sets mileage standards in no way licenses EPA to shirk its
environmental responsibilities. EPA has been charged with protecting the public’s ‘health’ and
‘welfare’, a statutory obligation wholly independent of DOT’s mandate to promote energy
efficiency.” The Court concluded that “[t]he two obligations may overlap, but there is no reason
to think the two agencies cannot both administer their obligations and yet avoid inconsistency.”*
The case was remanded back to the Agency for reconsideration in light of the Court’s decision.?

On December 15, 2009, EPA published two findings (74 FR 66496): That emissions of GHGs
from new motor vehicles and motor vehicle engines contribute to GHG air pollution, and that
GHG air pollution may reasonably be anticipated to endanger public health and welfare of
current and future generations in the U.S.

1.2.3 Background on CARB’s GHG Program

Recognizing the increasing threat of climate change to the well-being of California’s citizens
and the environment, in 2002 the state legislature passed assembly bill 1493 (AB 1493) which
directed CARB to adopt the maximum feasible and cost-effective reductions in GHG emissions
from passenger cars and light-duty trucks beginning in the 2009 model year. Accordingly, in
2004, CARB adopted the first in the nation GHG emission requirements for passenger cars and
light-duty trucks for model years 2009-2016. In January 2012, CARB adopted additional light-
duty vehicle GHG emission requirements for model years 2017-2025. These additional
requirements were developed in a joint effort with EPA and NHTSA on the development of
corporate fuel economy and federal GHG emission standards for model year 2017 and beyond.

1.3 Background on the National Program

NHTSA and EPA have conducted two joint rulemakings to establish a National Program for
corporate average fuel economy (CAFE) and GHG emissions standards. Together, the two rules
established strong and coordinated Federal GHG and fuel economy standards for passenger cars,
light-duty trucks, and medium-duty passenger vehicles (hereafter light-duty vehicles or LDVS).
Each agency adopted standards covering MYs 2012-2016 in May 2010* and covering MY 2017
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and beyond in October 2012.%* The MYs 2012-2016 rule represented the first time EPA
established standards for GHG emissions under its Clean Air Act authority. The Federal GHG
and fuel economy standards for MY2017 and beyond were developed in a joint effort with
CARB. And, subsequent to the adoption of California-specific GHG standards for MYs 2017-
2025 and the adoption of the Federal standards for MY 2017 and beyond, CARB adopted a
"deemed to comply" provision whereby compliance with the Federal GHG standards would be
deemed as compliance with California’s GHG program in furtherance of a single National
Program. The National Program approach, combined with California standards, helps to better
ensure that all manufacturers can build a single fleet of vehicles that satisfy all requirements
under both federal programs and under California’s program, which helps to reduce costs and
regulatory complexity for auto manufacturers. In addition, the National Program provides
significant environmental and climate benefits, energy security, and consumer savings to the
general public. Most stakeholders strongly supported the National Program, including the auto
industry, automotive suppliers, state and local governments, labor unions, NGOs, consumer
groups, veterans groups, and others.

Together, light-duty vehicles, which include passenger cars, sport utility vehicles, crossover
utility vehicles, minivans, and pickup trucks, are presently responsible for approximately 60
percent of all U.S. transportation-related GHG emissions and fuel consumption.*® The 2012 final
rule projected that combined, the National Program standards, and NHTSA's MY2011 CAFE
standards, result in MY2025 light-duty vehicles with nearly double the fuel economy and half
the GHG emissions compared to MY2010 vehicles. Collectively, these represented some of the
most significant federal actions ever taken to reduce GHG emissions and improve fuel economy
in the U.S. In the 2012 final rule, based on future assumptions including car/truck share, EPA
projected that its standards would lead to an average industry fleet wide emissions level of 163
grams/mile of carbon dioxide (CO2) in model year 2025 (compared to 326 g/mile in MY 2011),
which is equivalent to 54.5 mpg if this level were achieved solely through improvements in fuel
economy.®P In the same notice, NHTSA estimated that, if proposed and subsequently finalized
at levels announced on an augural basis for model years 2022-2025, CAFE standards could
increase industry-wide fuel economy to 48.7-49.7 mpg by model year 2025, depending on a
range of factors.

In the 2012 final rule, the agencies projected that, in meeting the MY 2025 standards, a wide
range of vehicles would continue to be available, preserving consumer choice. The agencies
projected that the M'Y2025 standards would be met largely through advancements in
conventional vehicle technologies, including advances in gasoline engines (such as
downsized/turbocharged engines) and transmissions, vehicle weight reduction, improvements in

€ 163g/mi would be equivalent to 54.5 mpg, if the entire fleet were to meet this CO; level through tailpipe CO, and
fuel economy improvements. However, the agencies projected in the 2012 rulemaking analysis that a portion of
these improvements will be made through improvements in air conditioning refrigerant leakage and the use of
alternative refrigerants, which would contribute to reduced GHG emissions but would not contribute to fuel
economy improvements. This is why NHTSA's 48.7-49.7 mpg range differs from EPA's projected 54.5 mpg
standard.

P Real-world CO; is typically 25 percent higher and real-world fuel economy is typically 20 percent lower than the
CO; and CAFE compliance values discussed here.
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vehicle aerodynamics, more efficient vehicle accessories, and lower rolling resistance tires. The
agencies also projected that vehicle air conditioning systems would continue to improve by
becoming more efficient and by increasing the use of alternative refrigerants and lower leakage
systems. The agencies estimated that some increased electrification of the fleet would occur
through the expanded use of stop/start and mild hybrid technologies, but projected that meeting
the M'Y2025 standards would require only about five to nine percent of the fleet to be full hybrid
electric vehicles (HEVs) and only about two to three percent of the fleet to be electric vehicles
(EV) or plug-in hybrid electric vehicles (PHEVs).E All of these technologies were available at
the time of the final rule, some on a limited number of vehicles while others were more
widespread, and the agencies projected that manufacturers would be able to meet the standards
through significant efficiency improvements in the technologies, as well as through increased
usage of these and other technologies across the fleet.

In the 2012 final rule, EPA adopted standards through MY 2025, with the MY2022-2025
standards subject to the midterm evaluation process established in the EPA regulations. As
mentioned above, NHTSA adopted standards only through MY 2021, due to a statutory
requirement of the Energy Policy and Conservation Act (EPCA) of 1975, as amended by the
Energy Independence and Security Act (EISA) of 2007, which allows NHTSA to set CAFE
standards for only up to five model years at a time. Due to this statutory requirement, NHTSA
must conduct a full de novo rulemaking to establish standards for MY's 2022-2025. In the 2012
final rule, NHTSA thus presented MY2022-2025 standards as “augural,” reflecting the agency’s
best judgment of what standards would have been maximum feasible at the time of the final rule,
based on the information then available. The future rulemaking to set MY2022-2025 CAFE
standards must be based on the best information, data, and analysis available at the time of the
new rulemaking.

The MY2012-2016 and MY2017 and beyond CAFE and GHG emissions standards are
attribute-based standards,” using vehicle footprint as the attribute. Footprint is defined as a
vehicle’s wheelbase multiplied by its average track width!®*—in other words, the area enclosed
by the points at which the wheels meet the ground. The standards are therefore generally based
on a vehicle’s size: larger vehicles have numerically less stringent fuel economy/GHG
emissions targets and smaller vehicles have numerically more stringent fuel economy/GHG
emissions targets.

Under the footprint-based standards, the footprint curve defines a GHG or fuel economy
performance target for each separate car or truck footprint. Individual vehicles or models,
however, are not required to meet the target on the curve. To determine its compliance
obligation, a vehicle manufacturer would average the curve targets for a given year for each of
its footprints of its vehicle models produced in that year, as weighted by the number of vehicles
it produced of each model.® Each manufacturer thus will have a GHG and CAFE average

E For comparison to vehicles for sale today, an example of a mild HEV is GM's eAssist (Buick Lacrosse), a strong
HEV is the Toyota Prius, an EV is the Nissan Leaf, and a PHEV is the Chevrolet Volt.

F Attribute-based standards are required by EISA (49 U.S.C. 32902(b)(3)) and allowed by the CAA. NHTSA first
used the footprint attribute in its Reformed CAFE program for light trucks for model years 2008-2011 and
passenger car CAFE standards in MY2011.

C See, e.g., 49 CFR 531.5 for the curve equations for passenger car CAFE standards.
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standard that is unique to each of its car and truck fleets, depending on the footprints and
production volumes of the vehicle models produced by that manufacturer in a given model year.
A manufacturer will have separate footprint-based standards for passenger cars (like sedans,
station wagons, and many 2WD sport-utility vehicles and crossovers) and for light trucks (like
most 4WD and heavier 2WD sport-utility vehicles, minivans, and pickup trucks)". The curves
are mostly sloped, so that generally, vehicles with larger footprints will be subject to higher CO-
grams/mile targets and lower CAFE mpg targets than vehicles with smaller footprints. This is
because, generally speaking, smaller vehicles are more capable of achieving lower levels of CO2
and higher levels of fuel economy than larger vehicles. Although a manufacturer’s fleet average
standards could be estimated throughout the model year based on the projected production
volume of its vehicle fleet (and are estimated as part of the EPA certification process), the final
standards with which each manufacturer must comply are determined by its final model year
production figures. A manufacturer’s calculation of its fleet average standards as well as its
fleets’ average performance at the end of the model year will thus be based on the production-
weighted average target and performance of each model in its fleet.'

The footprint curves for the MY2012-2025 CAFE standards are shown below in Figure 1.1
and Figure 1.2 and GHG standards are shown below in Figure 1.3 and Figure 1.4. As noted
above, NHTSA has only adopted standards through MY2021. The CAFE MY2022-2025 curves
provided below were presented as augural attribute curves in the MY2017-2025 rule, and will
have to be re-evaluated as part of the upcoming rulemaking to establish final CAFE standards for
those model years. Although the general model of the target curve equation is the same for each
vehicle category and each year, the parameters of the curve equation differ for cars and trucks.
Each parameter also changes on a model year basis, resulting in the yearly increases in
stringency.!’

" This is required for the CAFE program under 49 U.S.C. § 32902.

' A manufacturer may have some models that exceed their target, and some that are below their target. Compliance
with a fleet average standard is determined by comparing the fleet average standard (based on the production
weighted average of the target levels for each model) with fleet average performance (based on the production
weighted average of the performance for each model).
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Footprint-based standards help to distribute the burden of compliance across all vehicle
footprints and across all manufacturers. Manufacturers are not compelled to build vehicles of
any particular size or type, and each manufacturer has its own fleetwide standard for each fleet in
each year that reflects the light-duty vehicles it chooses to produce. This approach also preserves
consumer choice, as the standards do not constrain consumers’ opportunity to purchase the size
of vehicle with the performance, utility and safety features that meet their needs.

1.4  Agencies’ Commitment to the Midterm Evaluation (MTE)

Given the long time frame at issue in setting standards for MY2022-2025 light-duty vehicles,
and given NHTSAs statutory obligation to conduct a de novo rulemaking in order to establish
final standards for vehicles for the 2022—-2025 model years, the agencies committed in the 2012
final rule to conduct a comprehensive mid-term evaluation for the MY 2022-2025 standards.
The MY2017-2025 final rule noted that in order to align the agencies’ proceedings for MY's
2022-2025 and to maintain a joint national program, EPA and NHTSA will finalize their actions
related to MY2022-2025 standards concurrently.

As noted above, through the MTE, EPA will determine whether the GHG standards for model
years 2022-2025, established in 2012, are still "appropriate,” within the meaning of section 202
(@)(2) of the Clean Air Act, given the latest available data and information. EPA’s decision
could go one of three ways: the standards remain appropriate, the standards should be less
stringent, or the standards should be more stringent. Public input on the Draft TAR, along with
any new data and information, will inform the next step in the MTE process -- EPA’s Proposed
Determination. The Proposed Determination will be the EPA Administrator’s proposal on
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whether the MY2022-2025 standards are appropriate. The Proposed Determination will be
available for public comment, as required by EPA’s regulations. If the Administrator’s proposal
is that the standards should change (either more or less stringent), then this action will be a
Notice of Proposed Rulemaking. Public input on the Proposed Determination, as well as new
data and information available, will inform the next step -- EPA’s Final Determination. The
Final Determination will be the Administrator’s final decision on whether or not the MY 2022-
2025 standards are appropriate, in light of the record then before the Administrator. EPA is
legally bound to make a final determination, by April 1, 2018, on whether the MY 2022-2025
GHG standards are appropriate under section 202(a), in light of the record then before the
agency. See generally 40 CFR 86.1818-12(h).

As stated above, EPCA limits NHTSA to setting CAFE standards for up to five years at a
time, so that the MY2022-2025 CAFE provisions are only “augural,” reflecting NHTSA's best
judgment of what standards would have been maximum feasible at the time of the final rule,
based on the information then available. The MTE is closely coordinated with NHTSA’s plan to
conduct a CAFE rulemaking to establish MY2022-2025 standards and NHTSA committed to
fully participate in the MTE process, including this Draft Technical Assessment Report (TAR).
77 FR 62784. NHTSA’s rulemaking will consider all relevant information and fresh balancing
of statutory factors in order to determine the maximum feasible CAFE standards for MY's 2022—
2025. In order to maintain a joint national program by aligning the agencies' proceedings for
MY's 2022-2025, if the EPA determination is that its standards will not change, NHTSA will
issue its final rule concurrently with the EPA final determination. If the EPA determination is
that standards may change, the agencies will issue a joint NPRM and joint final rule similar to
the previous two joint rulemakings. The public input on the research and analysis presented in
the Draft TAR will inform NHTSA’s proposed rule as well as EPA’s MTE determination
process.

NHTSA and EPA are conducting this mid-term evaluation in close coordination with the
California Air Resources Board (CARB), given our commitment to maintaining a National
Program to address GHG emissions and fuel economy. California adopted its own GHG
standards for MYs 2017-2025 in 2012 prior to NHTSA and EPA finalizing the GHG and fuel
economy standards for the National Program. Through direction from its Board in 2012, CARB
both adopted a ‘deemed to comply’ provision allowing compliance with EPA's GHG standards
in lieu of CARB’s standards, and committed to participating with NHTSA and EPA in
conducting the mid-term evaluation. EPA subsequently granted California’s waiver request
under the Clean Air Act on January 9, 2013 for its MY2017-2025 GHG standards.'® To date,
CARB has been involved with the preparation of this Draft TAR to inform the mid-term
evaluation of the National Program.

Additionally, CARB is scheduled to provide an update to its Board in late 2016 regarding the
status of the mid-term evaluation as well as a review of California-specific elements of the
CARB Advanced Clean Cars (ACC) program. *°

1.5 Climate Change and Energy Security Drivers for the National Program

The two primary policy drivers for the National Program are to reduce the U.S. contribution
to global climate change (the legal basis for EPA’s GHG emissions standards) and to reduce
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petroleum consumption and improve U.S. energy security (the legal basis for NHTSA’s CAFE
standards).

1.5.1 Climate Change

1.5.1.1 Overview of Climate Change Science and Global Impacts

According to the National Research Council, “Emissions of CO2 from the burning of fossil
fuels have ushered in a new epoch where human activities will largely determine the evolution of
Earth’s climate. Because COz in the atmosphere is long lived, it can effectively lock Earth and
future generations into a range of impacts, some of which could become very severe. Therefore,
emission reduction choices made today matter in determining impacts experienced not just over
the next few decades, but in the coming centuries and millennia.”%

In 2009, based on a large body of robust and compelling scientific evidence, the EPA
Administrator issued the Endangerment Finding under CAA section 202(a)(1).?* In the
Endangerment Finding, the Administrator found that the current, elevated concentrations of
GHGs in the atmosphere—already at levels unprecedented in human history—may reasonably
be anticipated to endanger public health and welfare of current and future generations in the U.S.
The D.C. Circuit later upheld the Endangerment Finding from all challenges. Coalition for
Responsible Regulation v. EPA, 684 F. 3d 102, 116-26 (D.C. Cir. 2012).

Since the administrative record concerning the Endangerment Finding closed following the
EPA’s 2010 Reconsideration Denial, the climate has continued to change, with new records
being set for a number of climate indicators such as global average surface temperatures, Arctic
sea ice retreat, CO2 concentrations, and sea level rise. Additionally, a number of major scientific
assessments have been released that improve understanding of the climate system and strengthen
the case that GHGs endanger public health and welfare both for current and future generations.
These assessments, from the Intergovernmental Panel on Climate Change (IPCC), the U.S.
Global Change Research Program (USGCRP), and the National Research Council (NRC),
include: IPCC’s 2012 Special Report on Managing the Risks of Extreme Events and Disasters to
Advance Climate Change Adaptation (SREX) and the 2013-2014 Fifth Assessment Report
(ARS), the USGCRP’s 2014 National Climate Assessment, Climate Change Impacts in the
United States (NCA3), and the NRC’s 2010 Ocean Acidification: A National Strategy to Meet
the Challenges of a Changing Ocean (Ocean Acidification), 2011 Report on Climate
Stabilization Targets: Emissions, Concentrations, and Impacts over Decades to Millennia
(Climate Stabilization Targets), 2011 National Security Implications for U.S. Naval Forces
(National Security Implications), 2011 Understanding Earth’s Deep Past: Lessons for Our
Climate Future (Understanding Earth’s Deep Past), 2012 Sea Level Rise for the Coasts of
California, Oregon, and Washington: Past, Present, and Future, 2012 Climate and Social Stress:
Implications for Security Analysis (Climate and Social Stress), and 2013 Abrupt Impacts of
Climate Change (Abrupt Impacts) assessments.

The findings of the recent scientific assessments confirm and strengthen the science that
supported the 2009 Endangerment Finding. The NCAS3 indicates that climate change "threatens
human health and well-being in many ways, including impacts from increased extreme weather
events, wildfire, decreased air quality, threats to mental health, and illnesses transmitted by food,
water, and disease-carriers such as mosquitoes and ticks.”?> Most recently, the USGCRP
released a new assessment, “The Impacts of Climate Change on Human Health in the United
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States: A Scientific Assessment” (also known as the USGCRP Climate and Health Assessment).
This assessment finds that "climate change impacts endanger our health™ and that in the United
States we have "observed climate-related increases in our exposure to elevated temperatures;
more frequent, severe, or longer lasting extreme events; diseases transmitted through food, water,
or disease vectors such as ticks and mosquitoes; and stresses to mental health and well-being."
The assessment determines that "[e]very American is vulnerable to the health impacts associated
with climate change.” Climate warming will also likely "make it harder for any given regulatory
approach to reduce ground-level ozone pollution,” and, unless offset by reductions of ozone
precursors, it is likely that "climate-driven increases in ozone will cause premature deaths,
hospital visits, lost school days, and acute respiratory symptoms.'23

Assessments state that certain populations are particularly vulnerable to climate change. The
USGCRP Climate and Health Assessment assesses several disproportionately vulnerable
populations, including those with low income, some communities of color, immigrant groups,
indigenous peoples, pregnant women, vulnerable occupational groups, persons with disabilities,
and persons with preexisting or chronic medical conditions. The Climate and Health Assessment
also concludes that children’s unique physiology and developing bodies contribute to making
them particularly vulnerable to climate change. Children also have unique behaviors and
exposure pathways that could increase their exposure to environmental stressors, like
contaminants in dust or extreme heat events. Impacts from climate change on children are likely
expected from heat waves, air pollution, infectious and waterborne illnesses, disruptions in food
safety and security, and mental health effects resulting from extreme weather events. For
example, climate change can disrupt food safety and security by significantly reducing food
quality, availability and access. Children are more susceptible to this disruption because
nutrition is important during critical windows of development and growth. Older people with
pre-existing chronic heart or lung disease are at higher risk of mortality and morbidity both as a
result of climate warming and during extreme heat events. Pre-existing chronic disease also
increases susceptibility to adverse cardiac and respiratory impacts of air pollution and to more
severe consequences from infectious and waterborne diseases. Limited mobility among older
adults can also increase health risks associated with extreme weather and floods.

The new assessments also confirm and strengthen the science that supported the 2009
Endangerment Finding. The NRC assessment Understanding Earth’s Deep Past stated that "[b]y
the end of this century, without a reduction in emissions, atmospheric COz is projected to
increase to levels that Earth has not experienced for more than 30 million years." In fact, that
assessment stated that “the magnitude and rate of the present GHG increase place the climate
system in what could be one of the most severe increases in radiative forcing of the global
climate system in Earth history.”?* Because of these unprecedented changes in atmospheric
concentrations, several assessments state that we may be approaching critical, poorly understood
thresholds. The NRC Abrupt Impacts report analyzed the potential for abrupt climate change in
the physical climate system and abrupt impacts of ongoing changes that, when thresholds are
crossed, could cause abrupt impacts for society and ecosystems. The report considered
destabilization of the West Antarctic Ice Sheet (which could cause 3-4 m of potential sea level
rise) as an abrupt climate impact with unknown but probably low probability of occurring this
century. The report categorized a decrease in ocean oxygen content (with attendant threats to
aerobic marine life); increase in intensity, frequency, and duration of heat waves; and increase in
frequency and intensity of extreme precipitation events (droughts, floods, hurricanes, and major
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storms) as climate impacts with moderate risk of an abrupt change within this century. The NRC
Abrupt Impacts report also analyzed the threat of rapid state changes in ecosystems and species
extinctions as examples of an irreversible impact that is expected to be exacerbated by climate
change. Species at most risk include those whose migration potential is limited, whether because
they live on mountaintops or fragmented habitats with barriers to movement, or because climatic
conditions are changing more rapidly than the species can move or adapt. While some of these
abrupt impacts may be of low or moderate probability in this century, the probability for a
significant change in many of these processes after 2100 was judged to be higher, with severe
impacts likely should the abrupt change occur. Future temperature changes will be influenced by
what emissions path the world follows. In its high emission scenario, the IPCC AR5 projects
that global temperatures by the end of the century will likely be 2.6°C to 4.8°C (4.7 to 8.6°F)
warmer than today. There is very high confidence that temperatures on land and in the Arctic
will warm even faster than the global average. However, according to the NCAS3, significant
reductions in emissions would lead to noticeably less future warming beyond mid-century, and
therefore less impact to public health and welfare. According to the NCAS3, regions closer to the
poles are projected to receive more precipitation, while the dry subtropics expand (colloquially,
this has been summarized as wet areas getting wet and dry regions getting drier), while "[t]he
widespread trend of increasing heavy downpours is expected to continue, with precipitation
becoming less frequent but more intense.” Meanwhile, the NRC Climate Stabilization Targets
assessment found that the area burned by wildfire in parts of western North America is expected
to grow by 2 to 4 times for 1°C (1.8°F) of warming. The NCA also found that "[e]xtrapolation
of the present observed trend suggests an essentially ice-free Arctic in summer before mid-
century." Retreating snow and ice, and emissions of carbon dioxide and methane released from
thawing permafrost, are very likely to amplify future warming.

Since the 2009 Endangerment Finding, the IPCC AR5, the USGCRP NCA3, and three of the
new NRC assessments provide estimates of projected global average sea level rise. These
estimates, while not always directly comparable as they assume different emissions scenarios
and baselines, are at least 40 percent larger than, and in some cases more than twice as large as,
the projected rise estimated in the IPCC AR4 assessment, which was referred to in the 2009
Endangerment Finding. The NRC Sea Level Rise assessment projects a global average sea level
rise of 0.5 to 1.4 meters by 2100. The NRC National Security Implications assessment suggests
that “the Department of the Navy should expect roughly 0.4 to 2 meters global average sea-level
rise by 2100.” The NRC Climate Stabilization Targets assessment states that a global average
temperature increase of 3°C will lead to a global average sea level rise of 0.5 to 1 meter by 2100.
These NRC and IPCC assessments continue to recognize and characterize the uncertainty
inherent in accounting for melting ice sheets in sea level rise projections.

Carbon dioxide in particular has unique impacts on ocean ecosystems. The NRC Climate
Stabilization Targets assessment found that coral bleaching will likely increase due both to
warming and ocean acidification. Ocean surface waters have already become 30 percent more
acidic over the past 250 years due to absorption of CO2 from the atmosphere. According to the
NCAZ3, this "ocean acidification makes water more corrosive, reducing the capacity of marine
organisms with shells or skeletons made of calcium carbonate (such as corals, krill, oysters,
clams, and crabs) to survive, grow, and reproduce, which in turn will affect the marine food
chain.” The NRC Understanding Earth’s Deep Past assessment notes four of the five major coral
reef crises of the past 500 million years appear to have been driven by acidification and warming
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that followed GHG increases of similar magnitude to the emissions increases expected over the
next hundred years. The NRC Abrupt Impacts assessment specifically highlighted similarities
between the projections for future acidification and warming and the extinction at the end of the
Permian which resulted in the loss of an estimated 90 percent of known species.

In addition to future impacts, the NCA3 emphasizes that climate change driven by human
emissions of GHGs is already happening now and it is happening in the U.S. According to the
IPCC AR5 and the NCAS3, there are a number of climate-related changes that have been
observed recently, and these changes are projected to accelerate in the future:

e The planet warmed about 0.85°C (1.5°F) from 1880 to 2012. It is extremely likely
(>95 percent probability) that human influence was the dominant cause of the
observed warming since the mid-20th century, and likely (>66 percent probability)
that human influence has more than doubled the probability of occurrence of heat
waves in some locations. In the Northern Hemisphere, the last 30 years were likely
the warmest 30 year period of the last 1400 years.

e Global sea levels rose 0.19 m (7.5 inches) from 1901 to 2010. Contributing to this
rise was the warming of the oceans and melting of land ice. It is likely that 275
gigatons per year of ice melted from land glaciers (not including ice sheets) since
1993, and that the rate of loss of ice from the Greenland and Antarctic ice sheets
increased substantially in recent years, to 215 gigatons per year and 147 gigatons per
year respectively since 2002. For context, 360 gigatons of ice melt is sufficient to
cause global sea levels to rise 1 mm.

e Annual mean Arctic sea ice has been declining at 3.5 to 4.1 percent per decade, and
Northern Hemisphere snow cover extent has decreased at about 1.6 percent per
decade for March and 11.7 percent per decade for June.

e Permafrost temperatures have increased in most regions since the 1980s, by up to 3°C
(5.4°F) in parts of Northern Alaska.

e Winter storm frequency and intensity have both increased in the Northern
Hemisphere. The NCAS3 states that the increases in the severity or frequency of some
types of extreme weather and climate events in recent decades can affect energy
production and delivery, causing supply disruptions, and compromise other essential
infrastructure such as water and transportation systems.

In addition to the changes documented in the assessment literature, there have been other
climate milestones of note. In 2009, the year of the Endangerment Finding, the average
concentration of CO2 as measured on top of Mauna Loa was 387 parts per million, far above
preindustrial concentrations of about 280 parts per million.?> The average concentration in 2015
was 401 parts per million, the first time an annual average concentration has exceeded 400 parts
per million since record keeping began at Mauna Loa in 1958, and likely for at least the past
800,000 years.?® Arctic sea ice has continued to decline, with September of 2012 marking the
record low in terms of Arctic sea ice extent, 40 percent below the 1979-2000 median. Sea level
has continued to rise at a rate of 3.2 mm per year (1.3 inches/decade) since satellite observations
started in 1993, more than twice the average rate of rise in the 20th century prior to 1993.2” And
2015 was the warmest year globally in the modern global surface temperature record, going back
to 1880, breaking the record previously held by 2014; this now means that the last 15 years have
been 15 of the 16 warmest years on record.?®
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These assessments and observed changes raise concerns that reducing emissions of GHGs
across the globe is necessary in order to avoid the worst impacts of climate change, and
underscore the urgency of reducing emissions now. The NRC Committee on America’s Climate
Choices listed a number of reasons “why it is imprudent to delay actions that at least begin the
process of substantially reducing emissions.”?® For example:

e “The faster emissions are reduced, the lower the risks posed by climate change.
Delays in reducing emissions could commit the planet to a wide range of adverse
impacts, especially if the sensitivity of the climate to GHGs is on the higher end of
the estimated range.

e Waiting for unacceptable impacts to occur before taking action is imprudent because
the effects of GHG emissions do not fully manifest themselves for decades and, once
manifested, many of these changes will persist for hundreds or even thousands of
years.

e In the committee’s judgment, the risks associated with doing business as usual are a
much greater concern than the risks associated with engaging in strong response
efforts.”

1.5.1.2 Overview of Climate Change Impacts in the United States

The NCA3 assessed the climate impacts in eight regions of the U.S., noting that changes in
physical climate parameters such as temperatures, precipitation, and sea ice retreat were already
having impacts on forests, water supplies, ecosystems, flooding, heat waves, and air quality. The
U.S. average temperatures have similarly increased by 1.3 to 1.9°Fs F since 1895, with most of
that increase occurring since 1970, and the most recent decade was the U.S.'s hottest as well as
the world's hottest. Moreover, the NCA3 found that future warming is projected to be much
larger than recent observed variations in temperature, with 2 to 4°Fs F warming expected in most
areas of the U.S. over the next few decades, and up to 10°Fs F possible by the end of the century
assuming continued increases in emissions. Extreme heat events will continue to become more
common, and extreme cold less common. Additionally, precipitation is considered likely to
increase in the northern states, decrease in the southern states, and with the heaviest precipitation
events projected to increase everywhere.

In the Northeast, temperatures increased almost 2°F from 1895 to 2011, precipitation
increased by about 5 inches (10 percent), and sea level rise of about a foot has led to an increase
in coastal flooding. In the future, if emissions continue to increase, the Northeast is projected to
experience 4.5 to 10°F of warming by the 2080s. This is expected to lead to more heat waves,
coastal and river flooding, and intense precipitation events. Sea levels in the Northeast are
expected to increase faster than the global average because of subsidence, and changing ocean
currents may further increase the rate of sea level rise.

In the Southeast, average annual temperature during the last century cycled between warm
and cool periods. A warm peak occurred during the 1930s and 1940s followed by a cool period
and temperatures then increased again from 1970 to the present by an average of 2°F. Louisiana
has already lost 1,880 square miles of land in the last 80 years due to sea level rise and other
contributing factors. The Southeast is exceptionally vulnerable to sea level rise, extreme heat
events, hurricanes, and decreased water availability. Major risks of further warming include
significant increases in the number of hot days (95°F or above) and decreases in freezing events,
as well as exacerbated ground level ozone in urban areas. Projections suggest that there may be
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fewer hurricanes in the Atlantic in the future, but they will be more intense, with more Category
4 and 5 storms. The NCA identified New Orleans, Miami, Tampa, Charleston, and Virginia
Beach as cities at particular risk of flooding.

In the Northwest, temperatures increased by about 1.3°F between 1895 and 2011. Snowpack
in the Northwest is an important freshwater source for the region. More precipitation falling as
rain instead of snow has reduced the snowpack, and warmer springs have corresponded to earlier
snowpack melting and reduced stream flows during summer months. Drier conditions have
increased the extent of wildfires in the region. Average annual temperatures are projected to
increase by 3.3°F to 9.7°F by the end of the century (depending on future global GHG
emissions), with the greatest warming is expected during the summer. Continued increases in
global GHG emissions are projected to result in up to a 30 percent decrease in summer
precipitation. Warmer waters are expected to increase disease and mortality in important fish
species, including Chinook and sockeye salmon. Ocean acidification also threatens species such
as oysters, with the Northwest coastal waters already being some of the most acidified
worldwide due to coastal upwelling and other local factors.

In Alaska, temperatures have changed faster than anywhere else in the U.S. Annual
temperatures increased by about 3°F in the past 60 years. Warming in the winter has been even
greater, rising by an average of 6°F. Glaciers in Alaska are melting at some of the fastest rates
on Earth. Permafrost soils are also warming and beginning to thaw. Drier conditions had already
contributed to more large wildfires in the 10 years prior to the NCA3 than in any previous
decade since the 1940s, when recordkeeping began, and subsequent years have seen even more
wildfires. By the end of this century, continued increases in GHG emissions are expected to
increase temperatures by 10 to 12°F in the northernmost parts of Alaska, by 8 to 10°F in the
interior, and by 6 to 8°F across the rest of the state. These increases will exacerbate ongoing
arctic sea ice loss, glacial melt, permafrost thaw and increased wildfire, and threaten humans,
ecosystems, and infrastructure.

In the Southwest, temperatures are now about 2°F higher than the past century, and are
already the warmest that region has experienced in at least 600 years. The NCA notes that there
is evidence that climate-change induced warming on top of recent drought has influenced tree
mortality, wildfire frequency and area, and forest insect outbreaks. At the time of publication of
the NCA, even before the last 2 years of extreme drought in California, tree ring data was
already indicating that the region might be experiencing its driest period in 800 years. The
Southwest is projected to warm an additional 5.5 to 9.5°F over the next century if emissions
continue to increase. Winter snowpack in the Southwest is projected to decline (consistent with
recent record lows), reducing the reliability of surface water supplies for cities, agriculture,
cooling for power plants, and ecosystems. Sea level rise along the California coast is projected
to worsen coastal erosion, increase flooding risk for coastal highways, bridges, and low-lying
airports, and pose a threat to groundwater supplies in coastal cities. Also, “The combination of a
longer frost-free season, less frequent cold air outbreaks, and more frequent heat waves
accelerates crop ripening and maturity, reduces yields of corn, tree fruit, and wine grapes,
stresses livestock, and increases agricultural water consumption.” Increased drought, higher
temperatures, and bark beetle outbreaks are likely to contribute to continued increases in
wildfires.
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The rate of warming in the Midwest has markedly accelerated over the past few decades.
Temperatures rose by more than 1.5°F from 1900 to 2010, but between 1980 and 2010 the rate of
warming was three times faster than from 1900 through 2010. Precipitation generally increased
over the last century, with much of the increase driven by intensification of the heaviest rainfalls.
Several types of extreme weather events in the Midwest (e.g., heat waves and flooding) have
already increased in frequency and/or intensity due to climate change. In the future, if emissions
continue increasing, the Midwest is expected to experience 5.6 to 8.5°F of warming by the
2080s, leading to more heat waves. Specific vulnerabilities highlighted by the NCA include
long-term decreases in agricultural productivity, changes in the composition of the region’s
forests, increased public health threats from heat waves and degraded air and water quality,
negative impacts on transportation and other infrastructure associated with extreme rainfall
events and flooding, and risks to the Great Lakes including shifts in invasive species, increases in
harmful algal blooms, and declining beach health.

High temperatures (more than 100°F in the Southern Plains and more than 95°F in the
Northern Plains) are projected to occur much more frequently by mid-century. Increases in
extreme heat will increase heat stress for residents, energy demand for air conditioning, and
water losses. In Hawaii, other Pacific islands, and the Caribbean, rising air and ocean
temperatures, shifting rainfall patterns, changing frequencies and intensities of storms and
drought, decreasing base flow in streams, rising sea levels, and changing ocean chemistry will
affect ecosystems on land and in the oceans, as well as local communities, livelihoods, and
cultures. Low islands are particularly at risk.

In Hawaii and the Pacific islands, “Warmer oceans are leading to increased coral bleaching
events and disease outbreaks in coral reefs, as well as changed distribution patterns of tuna
fisheries. Ocean acidification will reduce coral growth and health. Warming and acidification,
combined with existing stresses, will strongly affect coral reef fish communities.” For Hawaii
and the Pacific islands, future sea surface temperatures are projected to increase 2.3°F by 2055
and 4.7°F by 2090 under a scenario that assumes continued increases in emissions.

1.5.1.3 Recent U.S. Commitments on Climate Change Mitigation

In 2009, President Obama adopted a goal of reducing U.S. GHG emissions by approximately
17 percent below 2005 levels by 2020.%° The Administration subsequently took several major
actions towards this goal under its Climate Action Plan, most notably the historic National
Program standards to reduce new car and light truck GHG emissions levels by 50 percent by
2025 (see above for the history of the National Program), promulgating the first standards to
reduce GHGs and improve fuel efficiency for medium- and heavy-duty vehicles for model years
2014-2018 (Phase 1) and proposing further Phase 2 standards for this segment, the investment of
more than $80 billion in clean energy technologies under the economic recovery program,
implementing various energy efficiency measures, and promulgating the Clean Power Plan (i.e.
the standards of performance for new and existing electric power plant stationary sources under
sections 111 (b) and (d) of the Clean Air Act) to reduce CO2 emissions from the electric power
sector.

In December 2015, the U.S. was one of over 190 signatories to the Paris Climate Agreement,
widely regarded as the most ambitious climate change agreement in history. In the Paris
agreement, individual countries agreed to commit to putting forward successive and ambitious
nationally determined contributions (NDCs) for greenhouse gas emissions reductions to the
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United Nations Framework Convention on Climate Change. Further, the countries agreed to
revise their NDCs every five years, with the expectation that they will strengthen over time. The
Paris agreement reaffirms the goal of limiting global temperature increase to well below 2°Fs
Celsius, and for the first time urged efforts to limit the temperature increase to 1.5°Fs Celsius.
The U.S. submitted a non-binding intended NDC target of reducing economy-wide GHG
emissions by 26-28 percent below its 2005 level in 2025 and to make best efforts to reduce
emissions by 28 percent.3! This pace would keep the U.S. on a trajectory to achieve deep
economy-wide reductions on the order of 80 percent by 2050.

1.5.1.4 Recent California Commitments on Climate Change

With climate change threatening California’s resources, economy, and quality of life, the
State is squarely focused on addressing it and protecting our natural and built environments.
Over the past several decades, California has taken a number of innovative actions to cut
emissions from the transportation sector. Collectively, the State’s set of vehicle, fuels, and land
use policies will cut in half emissions from passenger transportation and drivers' fuel costs over
the next 20 years. California's Low Carbon Fuel Standard (LCFS) is beginning to drive the
production of a broad array of cleaner fuels. Since its launch in 2011, the regulation has
generated a multitude of unique approaches for cleaner fuels. The cars on California's roads are
also undergoing a transformation. California's vehicle GHG standards-authorized by AB 1493
(Pavley) in 2002, first approved in 2004, and extended in 2012- are delivering both carbon
dioxide reductions and savings at the pump. The transition to a fleet of lower-emitting, more-
efficient vehicles in California will continue beyond 2020, as these rules cover model years
through 2025, and turnover of the fleet will deliver additional benefits from these rules for many
more years. California (CARB) is also working with EPA and NHTSA on national GHG
standards and corresponding fuel efficiency standards for medium- and heavy-duty trucks.
Furthermore, California is making major strides toward reducing the number of miles people
drive, through more sustainable local and regional housing, land use, and transportation
planning. However, California has recognized these actions will not be sufficient to address
deep GHG emission reductions. To begin laying the foundation for further actions, the Governor
issued an Executive Order in 2015 establishing new 2030 targets and a revised statewide climate
plan is being developed this year. The Governor's 2030 targets include a 40 percent reduction in
GHG emissions below 1990 levels, a 50 percent renewable portfolio standard for electricity (now
established as law with legislation in late 2015), and a 50 percent reduction in petroleum usage
from the state's cars and trucks.

Additionally, reducing emissions of short-lived climate pollutants (SLCPs), such as black
carbon (BC), CH4, and some fluorinated gases (such as a number of hydrofluoroethers and
hydrofluorocarbons) may help slow the near-term rate of climate change. This may be
particularly important in regions such as the Arctic, where the climate is changing most rapidly,
and where BC has additional impacts due to its ability to darken snow and ice. The majority of
BC emissions come from mobile sources (predominantly diesel) and open biomass burning. In
April 2016, California released a Proposed SLCP Reduction Strategy which is designed to meet
planning targets of reducing CH4 and HFC emissions by 40 percent below 2013 levels by 2030,
and reducing BC emissions by 50 percent below 2013 levels by 2030.

1.5.1.5 Contribution of Cars and Light Trucks to the U.S. Greenhouse Gas Emissions
Inventory
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The most recent U.S. GHG emission inventory®? includes seven greenhouse gases: carbon
dioxide (COz2), methane (CHa4), nitrous oxide (N20), perfluorocarbons (PFCs),
hydrofluorocarbons (HFCs), sulfur hexafluoride (SFs), and nitrogen trifluoride (NFs3).

Mobile sources, which include cars, light trucks and medium-duty passenger vehicles (the
largest sport utility vehicles and full-size passenger vans), heavy-duty trucks and buses,
airplanes, railroads, marine vessels, and a variety of smaller sources, are significant contributors
of four of the seven GHGs listed above. CO2, CH4, and N20O emissions are present in vehicle
tailpipe emissions, and HFCs are used in automotive air conditioning systems. In recent years,
the annual GHG emissions inventory due to light-duty vehicles has been slightly more than 1
billion metric tons per year. Currently, HFCs are a small fraction of the total climate forcing
emissions, but they are the fastest growing source of GHG emissions in California. Across the
US, emissions of HFCs are increasing more quickly than those of any other GHGs, and globally
they are increasing 10-15 percent annually.®® At that rate, emissions are projected to double by
2020 and triple by 2030.3* The growth is driven both by increased demand for refrigeration and
air-conditioning, especially for stationary applications, and because these substances were
developed and are being implemented as alternatives to ozone-depleting substances (ODS) under
the Montreal Protocol >3

In 2013, mobile sources emitted 30 percent of all U.S. GHG emissions, the second largest
contribution after power plants. Transportation sources, which are largely synonymous with
mobile sources but which exclude certain off-highway sources such as farm and construction
equipment, account for 27 percent of U.S. GHG emissions. Motor vehicles alone, which include
cars, light trucks and medium-duty passenger vehicles, heavy-duty trucks and buses, and
motorcycles, are responsible for 23 percent of U.S. GHG emissions. CO2 emissions represent 96
percent of total mobile source GHG emissions.

Cars, light trucks, and medium-duty passenger vehicles, the motor vehicles covered by the
Light-Duty GHG/CAFE National Program, alone account for 16 percent of all U.S. GHG
emissions.

1.5.1.6 Importance of the National Program in the U.S. Climate Change Program

The Light-Duty GHG/CAFE National Program is a centerpiece of the U.S. climate change
program. The GHG standards that took effect with model year 2012 cars, light trucks, and
medium-duty passenger vehicles, promulgated under the Clean Air Act, were the first-ever
national GHG emissions standards in the U.S.

The Light-Duty GHG/CAFE National Program is projected to achieve very large GHG
emissions reductions. In the analysis for the 2025 rulemaking, EPA projected that the
cumulative GHG emissions savings over the lifetimes of the new light duty vehicles sold in
model years 2012 through 2025 would be 6 billion metric tons (these reductions would begin in
calendar year 2012 and would end in the calendar year when the last model year 2025 vehicles
would be retired from the fleet).?’

Because EPA GHG emissions standards will remain in effect unless and until they are
changed, GHG emissions savings will continue to accrue for vehicles sold after model year 2025,
and these longer-term GHG emissions (COze) savings are not reflected in the 6 billion metric ton
value above. In terms of on-the-ground reductions in specific calendar years, EPA projected, in
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the 2012 Final Rule analysis, that the National Program would yield GHG (CO2¢) emissions
reductions of 180 million metric tons (MMT) in calendar year 2020, 380 MMT in 2025, 580
MMT in 2030, 860 MMT in 2040, and 1100 MMT in calendar year 2050. The cumulative GHG
emissions savings over calendar years 2012 through 2050 were projected to be 22 billion metric
tons.

Comparing GHG emissions reductions across various countries and policies is complicated,
involving many assumptions in order to yield “apples-to-apples” comparisons. In 2014, The
Economist published a comparison of global programs that yielded large GHG emissions
reductions.*® In terms of annual GHG emissions reductions, the article concluded that the Light-
Duty GHG/CAFE National Program yielded the sixth-greatest rate of GHG emissions reductions
among all of the programs evaluated, worldwide.

1.5.2 Petroleum Consumption and Enerqgy Security

1.5.2.1 Overview of Petroleum Consumption and Energy Security

In 1975, Congress enacted the Energy Policy and Conservation Act (EPCA) mandating that
NHTSA establish and implement a regulatory program for motor vehicle fuel economy to
address “the need of the United States to conserve energy.” While the U.S. has plentiful
resources for most energy feedstocks, the one source of energy for which the U.S. has been
dependent upon imports for many decades is petroleum. Accordingly, NHTSA concluded that
the EPCA goal of “the need of the United States to conserve energy” means “the consumer cost,
national balance of payments, environmental, and foreign policy implications of our need for
large quantities of petroleum, especially imported petroleum.”*® NHTSA first implemented the
corporate average fuel economy (CAFE) program in 1978. Congress reaffirmed the CAFE
program with the Energy Independence and Security Act (EISA) of 2007.

Dependence on imported petroleum leads to many risks: the potential for oil suppliers to
manipulate market mechanisms and thereby raise prices, the threat of supply disruptions which
can have significant economic and national security ramifications, and the export of domestic
capital to pay for imported petroleum which can have a wide variety of deleterious impacts on
domestic economic growth and trade balances. For these reasons, reducing excessive reliance on
imported oil has been a national priority since the first oil embargo in 1973-1974. Despite these
concerns, net imports of petroleum grew fairly consistently for three decades from around 5
million barrels per day (MBPD) in the early 1970s to over 12 MBPD in 2004-2007, and the
import share of U.S. oil consumption over the same period doubled from about 30 percent to
about 60 percent.*! The direct costs of U.S. net oil imports fluctuate with world oil prices, of
course, ranging in this century from a little over $100 billion in 2000 to an all-time high of nearly
$400 billion in 2008.4> The U.S. reliance on imported petroleum has decreased significantly in
recent years as domestic oil and natural gas liquids production reversed its historical decline and
increased from 6.8 MBPD in 2008 to 11.7 MBPD in 2014, at a time when total domestic
petroleum demand decreased slightly.*® Accordingly, net oil imports have declined from a peak
of over 12 MBPD a decade ago to 5.0 MBPD in 2014, representing 27 percent of total U.S. oil
consumption, with the latter value similar to that in the early 1970s.

While oil imports have declined in recent years, oil prices rose from $15-30 per barrel in the
late 1980s through the early 2000s to $50-100 per barrel since, which yields national average
gasoline prices of $2.50 to $4.00 per gallon. Accordingly, while payments for imported oil have
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decreased, payments for total U.S. oil consumption remained at about $600 billion in 2014.
These higher oil prices have yielded national average gasoline prices on the order of $3-4 per
gallon over much of the last few years, which significantly increased the cost-of-living for
American families. Gasoline prices have fallen since late 2014 and averaged about $2.50 per
gallon during most of 2015. As of February 2016, the Short-Term Energy Outlook from EIA
forecasts the U.S. retail regular gasoline price to average $1.98 per gallon in 2016 and $2.21 per
gallon in 2017.%5 U.S. drivers have benefited considerably from these low prices. Nevertheless,
DOT must set fuel economy standards considering estimates of future fuel prices.

The history of the oil market over the last few decades has been longer periods of relative
stability interrupted by shorter periods of high market volatility. Oil prices dropped significantly
in late 2014, and so U.S. payments for both imported oil and total oil are lower today than in the
recent past. The Energy Information Administration's AEO 2015 projected a wide range of
possible oil prices out to 2040, ranging from a low of $76 per barrel under its Low Qil Price
scenario to a high of $252 per barrel in its High Oil Price scenario, with a reference case price of
$141 per barrel (all Brent Spot Prices in 2013 dollars).*® The uncertainty and volatility
associated with world oil prices are another risk associated with our dependence on petroleum.

1.5.2.2 Recent U.S. Commitments on Petroleum and Energy Security

Dependence on imported oil has been identified as an important challenge since the first oil
embargo in 1973-74.

On March 30, 2011, the U.S. pledged to reduce oil imports by one-third by 2025, or by about
3.6 MBPD.#" The long-term strategy advanced for achieving this historic reduction in oil
imports included several elements: fuel economy/GHG standards for both light-duty and heavy-
duty vehicles, expanding domestic oil development, and developing alternative fuels. Due to a
combination of factors, primarily increased domestic oil production, but also higher oil prices
and the first few years of the CAFE/GHG standards, the one-third reduction in oil imports, or 3.6
MBPD, has already been achieved well in advance of 2025. The broader challenge will be to
retain, or even build on, this successful reduction in oil imports over the next decade given the
history of volatility in oil markets.

1.5.2.3 Contribution of Cars and Light Trucks to U.S. Petroleum Consumption

In 2014, transportation sources accounted for 70 percent of U.S. petroleum consumption.
Cars, light trucks, and medium-duty passenger vehicles, the motor vehicles covered by the
National Program, account for about 60 percent of all U.S. transportation oil consumption, about
8 million barrels per day, or about 42 percent of total U.S. petroleum consumption.*®

1.5.2.4 Importance of National Program to Petroleum Consumption and Energy Security

The CAFE standards have long been regarded as a major reason for the significant increase in
average light vehicle fuel economy from the late 1970s through the mid-1980s, an