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Executive Summary

The Environmental Protection Agency (EPA) and the National Highway Traffic
Safety Administration (NHTSA) are issuing a joint final rulemaking to establish new
standards for light-duty highway vehicles that will reduce greenhouse gas emissions (GHG)
and improve fuel economy. The joint rulemaking is consistent with the National Fuel
Efficiency Policy announced by President Obama on May 19, 2009, responding to the
country’s critical need to address global climate change and to reduce oil consumption. EPA
is finalizing greenhouse gas emissions standards under the Clean Air Act, and NHTSA is
finalizing Corporate Average Fuel Economy standards under the Energy Policy and
Conservation Act (EPCA), as amended. These standards apply to passenger cars, light-duty
trucks, and medium-duty passenger vehicles, covering model years (MY) 2012 through 2016.
The standards will require these vehicles to meet an estimated combined average emissions
level of 250 grams of CO2 per mile in MY 2016 under EPA’s GHG program, and 34.1 mpg
in MY 2016 under NHTSA’s CAFE program and represent a harmonized and consistent
national program (National Program). These standards are designed such that compliance can
be achieved with a single national vehicle fleet whose emissions and fuel economy
performance improves year over year. The National Program will result in approximately 960
million metric tons of CO2 emission reductions and approximately 1.8 billion barrels of oil
savings over the lifetime of vehicles sold in model years 2012 through 2016.

Mobile sources are significant contributors to air pollutant emissions (both GHG and
non-GHG) across the country, internationally, and into the future. The Agency has
determined that these emissions cause or contribute to air pollution which may reasonably be
anticipated to endanger public health or welfare, and is therefore establishing standards to
control these emissions as required by section 202 (a) of the Clean Air Act.' The health- and
environmentally-related effects associated with these emissions are a classic example of an
externality-related market failure. An externality occurs when one party's actions impose
uncompensated costs on another party. EPA’s final rule will deliver additional environmental
and energy benefits, as well as cost savings, on a nationwide basis that would likely not be
available if the rule were not in place.

Table 1 shows EPA’s estimated lifetime discounted cost, benefits and net benefits for
all vehicles projected to be sold in model years 2012-2016. It is important to note that there is
significant overlap in costs and benefits for NHTSA’s CAFE program and EPA’s GHG
program and therefore combined program costs and benefits are not a sum of the individual
programs.

! “Technical Support Document for Endangerment and Cause or Contribute Findings for Greenhouse Gases
Under Section 202(a) of the Clean Air Act” Docket: EPA-HQ-OAR-2009-0472-11292,
http://epa.gov/climatechange/endangerment.html. See also State of Massachusetts v. EPA, 549 U.S. 497, 533
("If EPA makes a finding of endangerment, the Clean Air Act requires the agency to regulate emissions of the
deleterious pollutant from new motor vehicles").
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Table 1 EPA’s Estimated 2012-2016 Model Year Lifetime Discounted Costs,
Benefits, and Net Benefits assuming the $21/ton SCC Value™™**
(Millions of 2007 dollars)

3% Discount Rate
Costs $51,500
Benefits $240,200
Net Benefits $188,700
7% Discount Rate
Costs $51,500
Benefits $191,700
Net Benefits $140,200

* As noted in Section ITII.H, SCC increases over time. The $21/ton value applies to
2010 CO2 emissions and grows larger over time.

® Although EPA estimated the benefits associated with four different values of a one
ton GHG reduction ($5, $21, $35, $65), for the purposes of this overview presentation
of estimated costs and benefits EPA is showing the benefits associated with the
marginal value deemed to be central by the interagency working group on this topic:
$21 per ton of CO2e, in 2007 dollars and 2010 emissions. The $21/ton value applies
to 2010 CO2 emissions and grows over time.

¢ Note that net present value of reduced GHG emissions is calculated differently than
other benefits. The same discount rate used to discount the value of damages from
future emissions (SCC at 5, 3, and 2.5 percent) is used to calculate net present value of
SCC for internal consistency. Refer to Section III.H for more detail.

¢ Monetized GHG benefits exclude the value of reductions in non-CO2 GHG
emissions (HFC, CH4 and N20) expected under this final rule. Although EPA has not
monetized the benefits of reductions in these non-CO2 emissions, the value of these
reductions should not be interpreted as zero. Rather, the reductions in non-CO2 GHGs
will contribute to this rule’s climate benefits, as explained in Section III.LF.2. The SCC
TSD notes the difference between the social cost of non-CO2 emissions and CO2
emissions, and specifies a goal to develop methods to value non-CO2 emissions in
future analyses.

This Regulatory Impact Analysis (RIA) contains supporting documentation to the
EPA rulemaking. NHTSA has prepared their own RIA in support of their rulemaking (this
can be found in NHTSA’s docket for the rulemaking, NHTSA-2009-0059). While the two
rulemakings are similar, there are also differences in the analyses that require separate
discussion. This is largely because EPA and NHTSA act under different statutes. EPA’s
authority comes under the Clean Air Act, and NHTSA’s authority comes under EPCA, and
each statute has somewhat different requirements and flexibilities. As a result, each agency
has followed a unique approach where warranted by these differences. Where each agency
has followed the same approach—e.g., development of technology costs and effectiveness—
the supporting documentation is contained in the joint Technical Support Document (joint
TSD can be found in EPA’s docket EPA-HQ-OAR-2009-0472). Therefore, this RIA should
be viewed as a companion document to the Joint TSD and the two documents together
provide the details of EPA’s technical analysis in support of its rulemaking.

While NHTSA and EPA each modeled their respective regulatory programs under the
National Program, the analyses were generally consistent and featured similar parameters.
EPA did not conduct an overall uncertainty analysis of the impacts associated with its
regulatory program, though it did conduct uncertainty and sensitivity analyses of individual
components of the analysis (e.g., uncertainty ranges associated with quantified and monetized
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non-GHG health impacts). NHTSA, however, conducted a Monte Carlo simulation of the
uncertainty associated with its regulatory program. The focus of the simulation model was
variation around the chosen uncertainty parameters and their resulting impact on the key
output parameters, fuel savings, and net benefits. Among other parameters, NHTSA varied
technology costs, technology effectiveness, fuel prices, the values of oil consumption
externalities and the rebound effect. Because of the similarities between the two analyses,
EPA references NHTSA RIA Chapter XII as indicative of the relative magnitude, uncertainty
and sensitivities of parameters of the cost/benefit analysis.

This document contains the following;

Chapter 1: Technology Packages, Cost and Effectiveness. The details of the vehicle
technology packages used as inputs to EPA’s Optimization Model for Emissions of
Greenhouse gases from Automobiles (OMEGA) are presented. These vehicle packages
represent potential ways of meeting the CO2 stringency established by this rule and are the
basis of the technology costs and effectiveness analyses discussed in Chapter 3 of the Joint
TSD. This chapter also contains details on the lumped parameter model, which is a major
part of EPA’s determination of the effectiveness of these packages.

Chapter 2: Air Conditioning. EPA’s unique air conditioning (A/C) program is
discussed. Details for this chapter include the A/C credit program and the related technology
costs and effectiveness associated with new A/C systems. The A/C credit program allows
manufacturers to earn credit for both direct and indirect CO2eq emissions. Direct emission
credits are earned through reducing refrigerant leakage (as the current refrigerant, R-134a, has
a very high global warming potential) from the A/C system. The amount of direct emission, or
leakage, credit that a manufacturer can earn is determined by using a design-based method to
calculate the yearly refrigerant leakage from a vehicle’s A/C system. This leakage value is
then used to calculate a “grams-per-mile” credit, with allowances made for the global
warming potential of the refrigerant. Indirect emission credits are earned through improving
the efficiency of the A/C system, which reduces the amount of power required to operate the
A/C system as well as the amount of CO2 emitted by the vehicle. The amount of indirect
emission credit is determined by using a menu-based approach, where the inclusion of
specific efficiency-improving components or design elements into a vehicle’s A/C system
results in an assigned credit value.

Chapter 3: Technical Basis of the Standards. This chapter contains two subchapters.
In the first, EPA evaluates the stringency of the California Pavley 1 program but for a national
standard. However, as further explained in the preamble, before being able to do so, technical
analysis was necessary in order to be able to assess what would be an equivalent national new
vehicle fleet-wide CO2 performance standards for model year 2016 which would result in the
new vehicle fleet in the State of California having CO2 performance equal to the performance
from the California Pavley 1 standards. This technical analysis is documented in this sub-
chapter of the RIA. In the second subchapter, EPA discusses an analysis of the “footprint”
approach EPA is using for establishing standards.

Chapter 4: Results of Final and Alternative Standards. A conceptual overview of
EPA’s OMEGA model and technology cost results for the program and alternative standards
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considered. For each manufacturer, EPA estimates the following achieved fleetwide CO2
levels and technology costs over the reference case, see Table 2.

Table 2 Fleetwide Costs in 2016

Fleetwide Cost
BMW $ 1453
Chrysler $ 1329
Ford $ 1231
Subaru $ 899
General Motors $ 1219
Honda $ 575
Hyundai $ 745
Tata $ 984
Kia $ 594
Mazda $ 308
Daimler $ 1343
Mitsubishi $ 978
Nissan $ 810
Porsche $ 1257
Suzuki $ 937
Toyota $ 455
Volkswagen $ 1,694
Total $ 948

Key results of the alternative stringencies analyzed are presented in Table 3:

Table 3 Key Results Per Reduction Scenarios of 4% and 6% Per Year

Industry Average

achieved CO2 | industry cost
Reduction Scenarios | level (g/mi) per vehicle
4% per year 256.9 $883
6% per year 236.1 $1,343
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Chapter 5: Emissions Impacts. This chapter contains the greenhouse gas and non-
greenhouse gas emission impacts of this rule and includes the impact of credits.

Greenhouse Emission Impacts of EPA’s Rulemaking

Table 4 shows reductions estimated from EPA’s GHG standards. The analyses
assume a pre-control case of MY 2011 CAFE standards continuing indefinitely beyond 2011,
and a post-control case in which MY 2016 standards continue indefinitely beyond 2016.

Including the reductions from upstream emissions (fuel production and transport),
total reductions are estimated to reach 307 MMTCO,eq (million metric tons of CO,
equivalent emissions) annually by 2030 (equivalent to a 21 percent reduction in U.S. car and
light truck emissions as compared to the reference scenario), and grow to over 500
MMTCO,eq in 2050 as cleaner vehicles continue to come into the fleet (equivalent to a 23
percent reduction in U.S. car and light truck emissions relative to the control case that year).

Table 4. Projected Net GHG Reductions (MMT CO; Equivalent per year)

Calendar Year: 2020 2030 2040 2050
Net Reduction” 156.4 307.0 401.5 505.9
Net CO, 139.1 273.3 360.4 458.7
Net other GHG 17.3 33.7 41.1 47.2
Downstream Reduction | 125.2 245.7 320.7 403.0
CO; (excluding A/C) 101.2 199.5 263.2 335.1
A/C —indirect CO, 10.6 20.2 26.5 33.8
A/C —direct HFCs 13.3 26.0 30.9 34.2
CH, (rebound effect) 0.0 0.0 0.0 0.0
N,O (rebound effect) 0.0 -0.1 -0.1 -0.1
Upstream Reduction 31.2 61.3 80.8 102.9
Co, 27.2 53.5 70.6 89.9
CH, 3.9 7.6 10.0 12.7
N,O 0.1 0.3 0.3 0.4

* includes impacts of 10% VMT rebound rate

Impacts of EPA’s Rulemaking on Emissions of Criteria and Toxic Pollutants

The results of EPA’s analyses on the impacts of the program on annual criteria
emissions are listed in Table 5. For all criteria pollutants the overall impact of the program
will be relatively small compared to total U.S. inventories across all sectors. In 2030, EPA
estimates the program will reduce total NOx, PM and SOy inventories by 0.1 to 0.8 percent
and reduce the VOC inventory by 1.0 percent, while increasing the total national CO
inventory by 0.6 percent.
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EPA estimates that the GHG program will result in small changes for toxic emissions
compared to total U.S. inventories across all sectors, as listed in Table 6. In 2030, EPA
estimates the program will reduce total benzene and 1,3 butadiene emissions by 0.1 to 0.3
percent. Total acrolein and formaldehyde emissions will increase by 0.1 percent.
Acetaldehyde emissions will increase by 2.2 percent.

Table 5 Annual Criteria Emission Impacts of Program (short tons)

Total Impacts Upstream Impacts Downstream Impacts
2020 2030 2020 2030 2020 2030
vocC -60,187 -115,542 -64,506 -126,749 4,318 11,207
% of total
inventory -0.51% -1.01% -0.55% -1.11% 0.04% 0.01%
CO 3,992 170,675 -6,165 -12,113 10,156 182,788
% of total
inventory 0.01% 0.56 % -0.02% -0.04% 0.01% 0.6%
NOx -5,881 -21,763 -19,291 -37,905 13,410 16,143
% of total
inventory -0.02 -0.07 % -0.06% -0.12% 0.04% 0.05%
PM2.5 -2,398 -4,564 -2,629 -5,165 231.0 602.3
% of total
inventory -0.03% -0.05% -0.03% -0.06% 0.00% 0.01%
SOx -13,832 -27,443 -11,804 -23,194 -2,027 -4,249
% of total
inventory -0.41% -0.82% -0.35% -0.69% -0.06% -0.13%

Table 6. Annual Air Toxic Emission Impacts of Program (short tons)

Total Impacts Upstream Impacts Downstream Impacts
2020 2030 2020 2030 2020 2030
1,3-Butadiene -95 -21 -1.5 -3.0 -93.6 -18.1
% of total
inventory -0.38% -0.10% -0.01% -0.01% -0.37% -0.09%
Acetaldehyde 760 668 -6.8 -13.4 766.9 681.5
% of total
inventory 2.26 % 2.18% -0.02% -0.04% 2.28% 2.22%
Acrolein 1 5 -0.9 -1.8 1.7 6.5
% of total
inventory 0.01% 0.07 % -0.01% -0.03% 0.03% 0.10%
Benzene -890 -523 -139.6 -274.3 -750.0 -248.3
% of total
inventory -0.48 % -0.29 % -0.08% -0.15% -0.40% -0.14%
Formaldehyde -49 15 -51.4 -101.0 2.1 116.3
% of total
inventory -0.06 % 0.02 % -0.06% -0.12% 0.00% 0.14%
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Chapter 6: Vehicle Program Costs Including Fuel Consumption Impacts. The
program costs and fuel savings associated with EPA’s rulemaking. In Chapter 6, we present
briefly some of the outputs of the OMEGA model (costs per vehicle) and how we use those
outputs to estimate the annual costs (and fuel savings) of the program through 2050. We also
present our cost per ton analysis showing the cost incurred for each ton of GHG reduced by
the program.

Chapter 7: Environmental and Health Impacts. This Chapter provides details on the
non-GHG health and environmental impacts associated with criteria pollutants and air toxics.
We also present the results of our non-GHG air quality modeling analysis and the quantified
and monetized estimates of PM; s- and ozone-related health impacts. Our air quality modeling
indicates that the final standards have relatively little impact on ambient concentrations of
modeled PM2.5, ozone, and air toxics (See Chapter 7.2.). The criteria pollutant-related
benefits of the rule are associated with small reductions in PM2.5.

As described in Chapter 7.5, EPA used four new estimates of the dollar value of
marginal reductions in CO2 emissions—known as the social cost of carbon—to calculate total
monetized CO2 benefits. Specifically, total monetized benefits in each year are calculated by
multiplying the SCC by the reductions in CO2 for that year. EPA used four different SCC
values to generate different estimates of total CO2 benefits and capture some of the
uncertainties involved in regulatory impact analysis. The central value is the average SCC
across models at the 3 percent discount rate. For purposes of capturing the uncertainties
involved in regulatory impact analysis, we emphasize the importance and value of considering
the full range. Chapter 7 also presents an analysis of the CO2 benefits over the model year
lifetimes of the 2012 through 2016 model year vehicles.

Chapter 7.6 also includes additional information about EPA’s mass reduction and
safety analysis.

Chapter 8: Other Economic and Social Impacts. This chapter provides a description
of other economic and social impacts associated with the rule, including vehicle sales impacts,
consumer vehicle choice, energy security, and other economic impacts associated with
reduced refueling, the value of increased driving, and the cost associated with additional
noise, congestion and accidents.

Vehicle Sales Impacts: Our analysis predicts vehicle sales increasing as a result of the
rule. Because the fuel savings associated with this rule are expected to exceed the technology
costs, the effective prices of vehicles — the adjusted increase in technology cost less the fuel
savings over five years -- to consumers will fall, and consumers will buy more new vehicles.
This effect is expected to increase over time. As a result, if consumers consider at least five
years of fuel savings at the time that they make their vehicle purchases, the lower net cost of
the vehicles is expected to lead to an increase in sales for both cars and trucks. Both the
absolute and the percent increases for truck sales are larger than those for cars (except in
2012).

Consumer Choice Impacts: Consumer vehicle choice models could in principle be
used to examine the effects of this rule on the mix of vehicles sold. In practice, however,
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EPA finds that the state of the art of these models is not yet settled. The models show great
variation, and there has been very little comparative assessment of them. Like NHTSA, EPA
will continue its efforts to review the literature, but, given the known difficulties, neither
NHTSA nor EPA has conducted an analysis using these models for this rule.

Payback Period on New Vehicle Purchases: We also conducted what we call our
"payback analysis" which looks at how quickly the improved fuel efficiency of new vehicles
provides savings to buyers despite the vehicles having new technology (and new costs). The
consumer payback analysis shows that fuel savings will outweigh up-front costs within three
years for people purchasing new vehicles with cash. For those purchasing new vehicles with
a typical five-year car note, the fuel savings will outweigh increased costs in the first month of
ownership.

Energy Security Impacts: A reduction of U.S. petroleum imports reduces both
financial and strategic risks associated with a potential disruption in supply or a spike in cost
of a particular energy source. This reduction in risk is a measure of improved U.S. energy
security. Based on these estimates of fuel savings, over the lifetimes of model years 2012-
2016, we estimate the discounted energy security impacts at $10.1 billion dollars, in 2007
dollars, assuming a 3 percent discount rate, and $8.0 billion dollars, assuming a 7 percent
discount rate.

Other Impacts: There are other impacts associated with the GHG emissions standards
and associated reduced fuel consumption. Lower fuel consumption would, presumably, result
in fewer trips to the filling station to refuel and, thus, time saved. The rebound effect,
discussed in detail in Chapter 4 of the joint TSD, produces additional benefits to vehicle
owners in the form of consumer surplus from the increase in vehicle-miles driven, but may
also increase the societal costs associated with traffic congestion, motor vehicle crashes, and
noise. These effects are likely to be relatively small in comparison to the value of fuel saved
as a result of the standards, but they are nevertheless important to include.

Chapter 8 also presents a summary of the total costs, total benefits, and net benefits
expected under the final rule. Table 7 presents these economics impacts.

Chapter 9: Small Business Flexibility Analysis. EPA’s analysis of the small business
impacts due to EPA’s rulemaking.

ES-8



Table 7 Economic Impacts of the Light-Duty GHG Rule

[ 2020 | 2030 | 2040 | 2050 | NPV,3%" | NPV,7%"

Vehicle Costs $15,600 $15,800 $17,400 $19,000 $345,900 $191,900
Fuel Savingsb -$35,700 -$79,800 -$119,300 -$171,200 -$1,545,600 -$672,600
Reduced Refueling $2,400 $4,800 $6,300 $8,000 $87,900 $40,100
Value of Increased Driving” $4,200 $8,800 $13,000 $18,400 $171,500 $75,500
Benefits from Reduced CO, Emissions at each assumed SCC value®%¢
Avg SCC at 5% $900 $2,700 $4,600 $7,200 $34,500 $34,500
Avg SCC at 3% $3,700 $8,900 $14,000 $21,000 $176,700 $176,700
Avg SCC at 2.5% $5,800 $14,000 $21,000 $30,000 $299,600 $299,600
95t percentile SCC at 3% $11,000 $27,000 $43,000 $62,000 $538,500 $538,500
Other Impacts

Criteria Pollutant $1,200- $1,200- $1,200-

Benefits"*™! B $1,300 $1,300 $1,300 $21,000 $14,000

Energy Security Impacts

(price shock) $2,200 $4,500 $6,000 $7,600 $81,900 $36,900

Accidents, Noise,

Congestion -$2,300 -$4,600 -$6,100 -$7,800 -$84,800 -$38,600
Quantified Net Benefits at each assumed SCC value“®*
Avg SCC at 5% $27,500 $81,500  $127,000  $186,900 $1,511,700 $643,100
Avg SCC at 3% $30,300 $87,700  $136,400  $200,700 $1,653,900 $785,300
Avg SCC at 2.5% $32.,400 $92.800 $143,400  $209,700 $1,776,300 $908,200
95" percentile SCC at 3% $37,600  $105,800  $165,400  $241,700 $2,015,700 $1,147,100

* Note that net present value of reduced GHG emissions is calculated differently than other benefits. The same
discount rate used to discount the value of damages from future emissions (SCC at 5, 3, 2.5 percent) is used to
calculate net present value of SCC for internal consistency. Refer to Chapter 7 for more detail.

® Calculated using pre-tax fuel prices.

“ Monetized GHG benefits exclude the value of reductions in non-CO2 GHG emissions (HFC, CH4 and N20)
expected under this final rule. Although EPA has not monetized the benefits of reductions in these non-CO2
emissions, the value of these reductions should not be interpreted as zero. Rather, the reductions in non-CO2
GHGs will contribute to this rule’s climate benefits, as explained in Section III.F.2 of the preamble. The SCC
Technical Support Document (TSD) notes the difference between the social cost of non-CO2 emissions and CO2
emissions, and specifies a goal to develop methods to value non-CO2 emissions in future analyses.

4 Section III.H.6 notes that SCC increases over time. Corresponding to the years in this table, the SCC estimates
range as follows: for Average SCC at 5%: $5-$16; for Average SCC at 3%: $21-$45; for Average SCC at
2.5%: $35-$65; and for 95th percentile SCC at 3%: $65-$136. Section III.H.6 also presents these SCC
estimates.

¢ Note that net present value of reduced GHG emissions is calculated differently than other benefits. The same
discount rate used to discount the value of damages from future emissions (SCC at 5, 3, 2.5 percent) is used to
calculate net present value of SCC for internal consistency. Refer to SCC TSD for more detail.

" Note that “B” indicates unquantified criteria pollutant benefits in the year 2020. For the final rule, we only
modeled the rule’s PM2.5- and ozone-related impacts in the calendar year 2030. For the purposes of estimating
a stream of future-year criteria pollutant benefits, we assume that the benefits out to 2050 are equal to, and no
less than, those modeled in 2030 as reflected by the stream of estimated future emission reductions. The NPV of
criteria pollutant-related benefits should therefore be considered a conservative estimate of the potential benefits
associated with the final rule.

£ The benefits presented in this table include an estimate of PM-related premature mortality derived from Laden
et al., 2006, and the ozone-related premature mortality estimate derived from Bell et al., 2004. If the benefit
estimates were based on the ACS study of PM-related premature mortality (Pope et al., 2002) and the Levy et al.,
2005 study of ozone-related premature mortality, the values would be as much as 70% smaller.

" The calendar year benefits presented in this table assume either a 3% discount rate in the valuation of PM-
related premature mortality ($1,300 million) or a 7% discount rate ($1,200 million) to account for a twenty-year
segmented cessation lag. Note that the benefits estimated using a 3% discount rate were used to calculate the
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NPV using a 3% discount rate and the benefits estimated using a 7% discount rate were used to calculate the
NPV using a 7% discount rate. For benefits totals presented at each calendar year, we used the mid-point of the
criteria pollutant benefits range ($1,250).

' Note that the co-pollutant impacts presented here do not include the full complement of endpoints that, if
quantified and monetized, would change the total monetized estimate of impacts. The full complement of
human health and welfare effects associated with PM and ozone remain unquantified because of current
limitations in methods or available data. We have not quantified a number of known or suspected health effects
linked with ozone and PM for which appropriate health impact functions are not available or which do not
provide easily interpretable outcomes (e.g., changes in heart rate variability). Additionally, we are unable to
quantify a number of known welfare effects, including reduced acid and particulate deposition damage to
cultural monuments and other materials, and environmental benefits due to reductions of impacts of
eutrophication in coastal areas.
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Technology Packages, Cost and Effectiveness

CHAPTER 1: Technology Packages, Cost and Effectiveness
1.1 Overview of Technology

The final GHG program is based on the need to obtain significant GHG emissions
reductions from the transportation sector, and the recognition that there are cost effective
technologies to achieve such reductions in the 2012-2016 time frame. As in many prior
mobile source rulemakings, the decision on what standard to set is largely based on the
effectiveness of the emissions control technology, the cost (both per manufacturer and per
vehicle) and other impacts of implementing the technology, and the lead time needed for
manufacturers to employ the control technology. EPA also considers the need for reductions
of greenhouse gases, the degree of reductions achieved by the standards, and the impacts of
the standards in terms of costs, quantified and unquantified benefits, safety, and other impacts.
The availability of technology to achieve reductions and the cost and other aspects of this
technology are therefore a central focus of this rulemaking.

At the same time, the technological problems and solutions involved in this
rulemaking differ in many ways from prior mobile source rulemakings. In the past the
assessment of exhaust emissions control technology has focused on how to reduce the amount
of various unwanted chemical compounds that are generated when fuel is combusted. The
emissions are often the result of incomplete combustion, such as emissions of HC, CO, and
PM. In some cases the combustion products are the result of the specific conditions under
which combustion occurs, such as the relationship between emissions of NOx and the
temperature of combustion. Technology to control exhaust emissions has focused, in part, on
changing the fuel delivery and engine systems so there is more complete combustion of the
fuel which generates less HC, CO, and PM in the engine exhaust but, by design, generates
more CO,. (CO; is one of ultimate combustion products of any carbon containing fuel, such
as gasoline and diesel fuel.). Other changes to the fuel delivery and engine systems have
been designed to change the combustion process to reduce the amount of NOx and PM
generated by the engine. Very large reductions have been achieved by installing and
optimizing aftertreatment (post-combustion, post- engine generated pollution) devices, such
as catalytic converters and catalyzed diesel particulate filters (DPF), that reduce the amount of
emissions of HC, CO, and PM by oxidizing or combusting these compounds in the
aftertreatment device, again generating CO, in the process. In the case of NOx,
aftertreatment devices have focused on the chemical process of reduction, or removal of
oxygen from the compound. Therefore the exhaust emissions control technologies of the past
have focused almost exclusively on (1) upgrading the fuel delivery and engine systems to
control the combustion process to reduce the amount of unwanted emissions from the engine
and in the process increase the amount of CO; emitted, and on (2) aftertreatment devices that
either continue this oxidation process and increase emissions of CO,, or otherwise change the
compounds emitted by the engine. Since CO; is a stable compound produced by the complete
combustion of the fuel — indeed serving as a marker of how efficiently fuel has been
combusted, these two methods employed to address HC, CO, PM, and NOx are not available
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Regulatory Impact Analysis

to address CO,. Instead, the focus of the CO, emissions control technology must be entirely
different—reducing the amount of fuel that is combusted.

Vehicles combust fuel to perform two basic functions: 1) transport the vehicle, its
passengers and its contents, and 2) operate various accessories during the operation of the
vehicle such as the air conditioner. Technology can reduce CO, emissions by either making
more efficient use of the energy that is produced through combustion of the fuel or by
reducing the energy needed to perform either of these functions.

This focus on efficiency involves a major change in focus and calls for looking at the
vehicle as an entire system. In addition to fuel delivery, combustion, and aftertreatment
technology, any aspect of the vehicle that affects the need to produce energy must also be
considered. For example, the efficiency of the transmission system, which takes the energy
produced by the engine and transmits it to the wheels, and the resistance of the tires to rolling
both have major impacts on the amount of fuel that is combusted while operating the vehicle.
The braking system the aerodynamics of the vehicle and the efficiency of accessories, such as
the air conditioner, all affect how much fuel is combusted.

This need to focus on the efficient use of energy by the vehicle as a system leads to a
broad focus on a wide variety of technologies that affect almost all the systems in the design
of a vehicle. As discussed below, there are many technologies that are currently available
which can reduce vehicle energy consumption. These technologies are already being
commercially utilized to a limited degree in the current light-duty fleet. These technologies
include hybrid technologies that use higher efficiency electric motors as the power source in
combination with or instead of internal combustion engines. While already commercialized,
hybrid technology continues to be developed and offers the potential for even greater
efficiency improvements. Finally, there are other advanced technologies under development,
such as lean burn gasoline engines, which offer the potential of improved energy generation
through improvements in the basic combustion process.

The large number of possible technologies to consider and the breadth of vehicle
systems that are affected mean that consideration of the manufacturer’s design and production
process plays a major role in developing the final standards. Vehicle manufacturers typically
develop their many different models by basing them on a limited number of vehicle platforms.
Several different models of vehicles are produced using a common platform, allowing for
efficient use of design and manufacturing resources. The platform typically consists of
common vehicle architecture and structural components. Given the very large investment put
into designing and producing each vehicle model, manufacturers cannot reasonably redesign
any given vehicle every year or even every other year, let alone redesign all of their vehicles
every year or every other year. At the redesign stage, the manufacturer will upgrade or add all
of the technology and make all of the other changes needed so the vehicle model will meet the
manufacturer’s plans for the next several years. This includes meeting all of the emissions
and other requirements that would apply during the years before the next major redesign of
the vehicle.
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Technology Packages, Cost and Effectiveness

This redesign often involves a package of changes, designed to work together to meet
the various requirements and plans for the model for several model years after the redesign.
This typically involves significant engineering, development, manufacturing, and marketing
resources to create a new product with multiple new features. In order to leverage this
significant upfront investment, manufacturers plan vehicle redesigns with several model
years’ of production in mind. That said, vehicle models are not completely static between
redesigns as limited changes are often incorporated for each model year. This interim process
is called a refresh of the vehicle and generally does not allow for major technology changes
although more minor ones can be done (e.g., acrodynamic improvements, valve timing
improvements). More major technology upgrades that affect multiple systems of the vehicle
thus occur at the vehicle redesign stage and not in the time period between redesigns.

Given that the regulatory timeframe of the GHG program is five years (2012 through
2016), and given EPA’s belief that full line manufacturers (i.e., those making small cars
through large cars, minivans, small trucks and large trucks) cannot redesign, on average, their
entire product line more than once during that timeframe, a five year redesign cycle has been
used in our final rule. This same redesign cycle was used in the proposal. This means that the
analysis assumes that each vehicle platform in the US fleet can undergo at least one full
redesign during our regulatory timeframe. While some may undergo more than one, the
analysis assumes that the extra redesign comes at the expense of another vehicle that would,
in effect, undergo no redesign during the regulatory timeframe.

Commenters were generally supportive of the use of a five year redesign cycle.
However, at least one commenter argued that shorter redesign cycles are possible and that the
final GHG standards are too low in light of the ability of manufacturers to conduct redesigns
at a faster pace. EPA’s response on both sides of this issue can be found in the Response to
Comments document (see issue 3.1).

As discussed below, there are a wide variety of emissions control technologies
involving several different systems in the vehicle that are available for consideration. Many
can involve major changes to the vehicle, such as changes to the engine block and heads, or
redesign of the transmission and its packaging in the vehicle. This calls for tying the
incorporation of the emissions control technology into the periodic redesign process. This
approach would allow manufacturers to develop appropriate packages of technology upgrades
that combine technologies in ways that work together and fit with the overall goals of the
redesign. It also allows the manufacturer to fit the process of upgrading emissions control
technology into its multi-year planning process, and it avoids the large increase in resources
and costs that would occur if technology had to be added outside of the redesign process.

Over the five model years at issue in this rulemaking, 2012-2016, EPA projects that
almost the entire fleet of light-duty vehicles (i.e., 85 percent) will have gone through a
redesign cycle. If the technology to control greenhouse gas emissions is efficiently folded
into this redesign process, then by 2016 almost the entire light-duty fleet could be designed to
employ upgraded packages of technology to reduce emissions of CO,, and as discussed
below, to reduce emissions of HFCs from the air conditioner.
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In determining the projected technology needed to meet the standards, and the cost of
those technologies, EPA is using an approach that accounts for and builds on this redesign
process. This provides the opportunity for several control technologies to be incorporated
into the vehicle during redesign, achieving significant emissions reductions from the model at
one time. This is in contrast to what would be a much more costly approach of trying to
achieve small increments of reductions over multiple years by adding technology to the
vehicle piece by piece outside of the redesign process.

As described below, the vast majority of technology required by the GHG rule is
commercially available and already being employed to a limited extent across the fleet,
although far greater penetration of these technologies into the fleet is projected as a result of
the final rule. The vast majority of the emission reductions which will result from the rule
would result from the increased use of these technologies. EPA also believes the rule would
encourage the development and limited use of more advanced technologies, such as PHEVs
and EVs, and is structuring the rule to encourage these technologies’ use.

In section 1.2 below, a summary of technology costs and effectiveness is presented. In
section 1.3, the process of combining technologies into packages is described along with
package costs and effectiveness. Sections 1.4 through 1.6 discuss the lumped parameter
approach which provides background and support for determining technology and package
effectiveness.

1.2 Technology Cost and Effectiveness

EPA collected information on the cost and effectiveness of CO, emission reducing
technologies from a wide range of sources. The primary sources of information were
NHTSA’s 2011 CAFE FRM and EPA’s 2008 Staff Technical Report. In those analyses,
piece costs and effectiveness were estimated based on a number of sources. The objective
was to use those sources of information considered to be most credible. Those sources
included: the 2002 NAS report on the effectiveness and impact of CAFE standards; the 2004
study done by the Northeast States Center for a Clean Air Future (NESCCAF); the
California Air Resources Board (CARB) Initial Statement of Reasons in support of their
carbon rulemaking; a 2006 study done by Energy and Environmental Analysis (EEA) for the
Department of Energy; a study done by the Martec Group for the Alliance of Automobile
Manufacturers, and an update by the Martec Group to that study; and vehicle fuel economy
certification data. In addition, confidential data submitted by vehicle manufacturers in
response to NHTSA’s request for product plans were considered, as was confidential
information shared by automotive industry component suppliers in meetings with EPA and
NHTSA staff held during the second half of the 2007 calendar year. These confidential data
sources were used primarily as a validation of the estimates since EPA prefers to rely on
public data rather than confidential data.

Since publication of the 2011 CAFE FRM and EPA’s 2008 Staff Technical Report,
EPA began a contracted study with FEV (an engineering services firm) that consists of
complete system tear-downs to evaluate technologies down to the nuts and bolts to arrive at
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very detailed estimates of the costs associated with manufacturing them. Also, cost and
effectiveness estimates were adjusted as a result of further meetings between EPA and
NHTSA staff in the first half of 2009 where both piece costs and fuel consumption
efficiencies were discussed in detail. EPA also reviewed the published technical literature
which addressed the issue of CO, emission control, such as papers published by the Society of
Automotive Engineers and the American Society of Mechanical Engineers. The results of
these efforts and early results of the FEV contracted study were used in the proposal for this
rule.

Since the proposal, EPA has carefully examined all information on technology cost
and effectiveness received during the comment period. Importantly, the FEV contracted
study has progressed and provides many more new cost estimates that have been incorporated
in the final analysis. As a result, while some FEV teardown costs were used in the proposal,
we have expanded our use of FEV costs for the final rule using new information available to
us shortly after the proposal. For more detail on our technology cost estimates and how they
have changed since the proposal refer to Chapter 3 of the joint TSD and, specifically, section
3.3.2.2 of the joint TSD for how costs have changed.

EPA reviewed all this information in order to develop the best estimates of the cost
and effectiveness of CO, reducing technologies. These estimates were developed for five
vehicle classes: small car, large car, minivan, small truck and large truck. All vehicle types
were mapped into one of these five classes in EPA’s analysis (see Chapter 3 of the draft Joint
TSD). Fuel consumption reductions are possible from a variety of technologies whether they
be engine-related (e.g., turbocharging), transmission-related (e.g., six forward gears in place
of four), accessory-related (e.g., electronic power steering), or vehicle-related (e.g., low
rolling resistance tires). Table 1-1 through

Table 1-5 show estimates of the near term cost associated with various technologies for
the five vehicle classes used in this analysis. These estimates shown in Table 1-1 through

Table 1-5 are relative to a baseline vehicle having a multi-point, port fuel injected
gasoline engine operating at a stoichiometric air-fuel ratio with fixed valve timing and lift and
without any turbo or super charging and equipped with a 4-speed automatic transmission.
This configuration was chosen as the baseline vehicle because it is the predominant
technology package sold in the United States. Costs are presented in terms of their hardware
incremental compliance cost. This means that they include all potential costs associated with
their application on vehicles, not just the cost of their physical parts. A more detailed
description of these and the following estimates of cost and effectiveness of CO, reducing
technologies can be found in Chapter 3 of the joint TSD, along with a more detailed
description of the comprehensive technical evaluation underlying the estimates.
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Table 1-1 EPA’s Incremental Piece Costs for Engine Technologies Marked up to include both Direct and
Indirect Costs in 2016 (2007 Dollars per Vehicle)

& add twin turbo

turbo

Vehicle Class
Technology Incremental to
Small Car Large Car Minivan Small Truck | Large Truck
Low friction lubricants Base engine $3 $3 $3 $3 $3
Engine friction reduction | Base engine $50 $75 $75 $75 $100
VVT — intake cam Base engine $40 $80 $80 $80 $80
» | phasing
Q
£ | VVT - coupled cam Base engine $40 $80 $80 $80 $80
= | phasing
8 VVT — dual cam phasing | Base engine $73 $157 $157 $157 $157
% Cylinder deactivation Base engine n/a $150 $150 $150 $169
Discrete VVLT Base engine $125 $181 $181 $181 $259
Continuous VVLT Base engine $245 $449 $449 $449 $489
Cylinder deactivation Base engine n/a $150 $150 $150 $169
2 VVI? — coupled cam Base engine $40 $40 $40 $40 $40
& | phasing
& [ Discrete VVLT Base engine $141 $204 $204 $204 $291
2 Continuous VVLT
T i _
S | (includes conversion to | 25 engine w/ VVT $497 $1,048 $1,048 $1,048 $1,146
coupled
Overhead Cam)
Camless valvetrain Base engine $501 $501 $501 $501 $501
(electromagnetic)
GDI - stoichiometric 14 Base 14 $209 209 $209 209 209
GDI - stoichiometric V6 | Base V6 n/a $301 $301 $301 $301
GDI - stoichiometric V8 | Base V8 n/a $346 $346 n/a $346
GDI — lean burn GDI - stoich $623 $623 $623 $623 $623
Turbocharge (single) Base 14 $397 n/a $397 n/a n/a
Turbocharge (single) Base V6 n/a $420 $420 $420 $420
o o | Turbocharge (twin) Base engine $666 $666 $666 $666 $666
= g Downsize to 14 DOHC V6 DOHC n/a -$384 -$384 -$384 -$384
§ o | Downsize to 14 DOHC V6 SOHC n/a -$177 -$177 -$177 -$177
8 3 | Downsize to 14 DOHC | V6 OHV n/a $265 $265 $265 $265
\g & | Downsize to 14 DOHC 14 DOHC (larger) -$67 -$67 -$67 -$67 -$67
28 § Downsize to 13 DOHC 14 DOHC -$116 n/a n/a n/a n/a
E QCJ Downsize to V6 DOHC V8 DOHC n/a -$188 -$188 -$188 -$188
Downsize to V6 DOHC V8 SOHC 2V n/a $59 $59 $59 $59
Downsize to V6 DOHC | V8 SOHC 3V n/a -$17 -$17 -$17 -$17
Downsize to V6 DOHC | V8 OHV n/a $310 $310 $310 $310
Downsize to 14 DOHC | v pope wio turbo n/a $149 $149 $149 $149
& add turbo
Downsize to 14 DOHC |y sop¢ wio turbo n/a $323 $323 $323 $323
9 & add turbo
g Downsize to 14 DOHC | 6 o1y w/o turbo $771 $771 $771 $771 $771
g & add turbo
S -
= Downsize to 14 DOHC 14 DOHC (larger) $391 /a $391 n/a /a
S & add turbo w/o turbo
g | Downsize 0 I3DOHC | 1y hoHE wio turbo $349 n/a n/a n/a n/a
g5 & add turbo
F .
Downsize to V6 DOHC | ¢ e wio turbo n/a $592 $592 $592 $592
& add twin turbo
Downsize to V6 DOHC V8 SOHC 2V w/o n/a $816 $816 $816 $816
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Downsize to V6 DOHC V8 SOHC 3V w/o

& add twin turbo turbo n/a $736 $736 $736 $736
Downsize to V6 DOHC | ¢ v w/o urbo n/a $1,099 $1,099 $1,099 $1,099
& add twin turbo

Convert to V6 DOHC V6 SOHC n/a $258 $258 $258 $258
Convert to V6 DOHC V6 OHV n/a $464 $464 $464 $464
Convert to V8§ DOHC V8 SOHC 2V n/a $292 $292 $292 $292
Convert to V8 DOHC V8 SOHC 3V n/a $213 $213 $213 $213
Convert to V8 DOHC V8 OHV n/a $509 $509 $509 $509
Oasoline HECTdual- 1 GDI - stoich $253 $375 $375 $375 $659
Diesel — Lean NOx trap Base gasoline engine $1,877

Diesel — urea SCR Base gasoline engine $2,655 $2,164 $2,164 $2,961

Table 1-2 EPA’s Incremental Piece Costs for Transmission Technologies Marked up to include both
Direct and Indirect Costs in 2016 (2007 Dollars per Vehicle)

Vehicle Class

Technology Incremental to Small Large Minivan Small Large

Car Car Truck Truck
Aggressive shift logic Base trans $28 $28 $28 $28 $28
Early torque converter lockup | Base trans $25 $25 $25 $25 $25
5-speed automatic 4-speed auto trans $90 $90 $90 $90 $90
6-speed automatic 4-speed auto trans $99 $99 $99 $99 $99
6-speed DCT — dry clutch 6-speed auto trans -$52 -$52 -$52 -$52 -$52
6-speed DCT — wet clutch 6-speed auto trans -$7 -$7 -$7 -$7 -$7
6-speed manual 5-speed manual trans $79 $79 $79 $79 $79
CVT 4-speed auto trans $192 $224 $224 n/a n/a

Table 1-3 EPA’s Incremental Piece Costs for Hybrid Technologies Marked up to include both Direct and
Indirect Costs in 2016 (2007 Dollars per Vehicle)

Vehicle Class
Technology Incremental to —
Small Car Large Car Minivan Small Truck | Large Truck

Stop-Start g:ﬁ: engine & $351 $398 $398 $398 $437
IMA/ISA/BSG Base engine &
(includes engine trans g $2,854 $3.612 $3,627 $3.423 $4.431
downsize)
2-Mode hybrid | Base engine & $4.232 $5.469 $5.451 $4,943 $7.236
electric vehicle trans
Power-split Base engine &
hybrid electric & $3,967 $5,377 $5,378 $4,856 $7,210

. trans
vehicle
Plug-in hybrid | IMA/ISA/BSG $6,922 $9,519 $9,598 $9,083 $12,467
electric vehicle hybrid
Plug-in hybrid = Power-split $5.423 $7.431 $7.351 $7,128 $9,643
electric vehicle hybrid
Full. electric Base engine & $27.628 w/a w/a w/a n/a
vehicle trans
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Table 1-4 EPA’s Incremental Piece Costs for Accessory Technologies Marked up to include both Direct
and Indirect Costs in 2016 (2007 Dollars per Vehicle)

Technology Incremental to Vehicle Class
Small Car Large Car Minivan Small Truck | Large Truck

Improved high efficiency
altern.zi tor & Base accessories $76 $76 $76 $76 $76
electrification of
accessories
Upgrade to 42 volt 12 volt electrical
electrical system system $86 $86 $86 386 $86
Electric power steering Base power
(12 or 42 volt) steering $94 $94 $94 $94 $94

Table 1-5 EPA’s Incremental Piece Costs for Vehicle Technologies Marked up to include both Direct and
Indirect Costs in 2016 (2007 Dollars per Vehicle)

Vehicle Class
Technology Incremental to —
Small Car Large Car Minivan Small Truck | Large Truck
Aero drag reduction 0% | g o\ opicle $42 $42 $42 $42 $42
on cars, 10% on trucks)
{;;)ev;/ rolling resistance Base tires $6 $6 $6 $6 $6
Low drag brakes (ladder Base brakes n/a n/a n/a $63 $63
frame only)
Secondary axle disconnect | g, o \epicle $514 $514 $514 $514 n/a
(unibody only)
Front axle disconnect Base vehicle n/a n/a n/a $84 $84

(ladder frame only)

Table 1-6 through Table 1-10 summarize the CO, reduction estimates of various
technologies which can be applied to cars and light-duty trucks. A similar summary of costs
is provided in Chapter 3 of the joint TSD and each of these estimates is discussed in more

detail there.
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Table 1-6 Engine Technology Effectiveness

Absolute CO, Reduction (% from baseline vehicle)

Technology Large . Small Large
Small Car Cagr Minivan Truck Tru%k
Low friction lubricants — incremental to base engine 0.5 0.5 0.5 0.5 0.5
Engine friction reduction — incremental to base engine 1-3 1-3 1-3 1-3 1-3
Overhead Cam Branch
VVT — intake cam phasing 2 1 1 1 2
VVT — coupled cam phasing 3 4 2 3 4
VVT — dual cam phasing 3 4 2 2 4
.Cyhnd.er deactivation (includes imp. oil pump, na. 6 6 6 6
if applicable)
Discrete VVLT 4 3 3 4 4
Continuous VVLT 5 6 4 5 5
Overhead Valve Branch
Cyllnd?r deac'tlvatlon (includes imp. oil na. 6 6 6 6
pump, if applicable)
VVT — coupled cam phasing 3 4 2 3 4
Discrete VVLT 4 4 3 4 4
Continuous VVLT (includes conversion to 5 6 4 5 5
Overhead Cam)
Camless valvetrain (electromagnetic) ** 5-15 5-15 5-15 5-15 5-15
Gasoline Direct Injection—stoichiometric (GDI-S) 1-2 1-2 1-2 1-2 1-2
Gasoline Direct Injection—lean burn (incremental to
GDLS) ** 8-10 9-12 9-12 9-12 10-14
Gasoline HCCI dual-mode (incremental to GDI-S) ** 10-12 10-12 10-12 10-12 10-12
Turbo+downsize (incremental to GDI-S) 5-7 5-7 5-7 5-7 5-7
Diesel — Lean NOx trap[ ]* 15-26 21-32 21-32 21-32 21-32
[25-35] [30-40] [30-40] [30-40] [30-40]
Diesel — urea SCR [ ]* 15-26 21-32 21-32 21-32 21-32
[25-35] [30-40] [30-40] [30-40] [30-40]

* Note: estimates for % reduction in fuel consumption are presented in brackets.

** Note: for reference only, not used in this rulemaking
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Table 1-7 Transmission Technology Effectiveness

Absolute CO, Reduction (% from baseline vehicle)

Technology Small Large Minivan Small Large
Car Car Truck Truck
5-speed automatic (from 4-speed auto) 2.5 2.5 2.5 2.5 2.5
Aggressive shift logic 1-2 1-2 1-2 1-2 1-2
Early torque converter lockup 0.5 0.5 0.5 0.5 0.5
6-speed automatic (from 4-speed auto) 4.5-6.5 4.5-6.5 4.5-6.5 4.5-6.5 4.5-6.5
6-speed AMT (from 4-speed auto) 9.5-14.5 | 9.5-14.5 [ 9.5-14.5 9.5-14.5 9.5-14.5
6-speed manual (from 5-speed manual) 0.5 0.5 0.5 0.5 0.5

Table 1-8 Hybrid Technology Effectiveness

Absolute CO, Reduction (% from baseline vehicle)

Technology Small Large Minivan Small Large

Car Car Truck Truck
Stop-Start with 42 volt system 7.5 7.5 7.5 7.5 7.5
IMA/ISA/BSG (includes engine downsize) 30 25 20 20 20
2-Mode hybrid electric vehicle n.a. 40 40 40 25
Power-split hybrid electric vehicle 35 35 35 35 n.a.
Full-Series hydraulic hybrid 40 40 40 40 30
Plug-in hybrid electric vehicle 58 58 58 58 47
Full electric vehicle (EV) 100 100 n.a. n.a. n.a.

Table 1-9 Accessory Technology Effectiveness

Absolute CO, Reduction (% from baseline vehicle)

Technology Small Large .. Small Large
Car Car Minivan Truck Truck
Improvefi high efficiency alternator & electrification of 12 12 12 12 12
accessories (12 volt)
Electric power steering (12 or 42 volt) 1.5 1.5-2 2 2 2
Improved high efficiency alternator & electrification of 24 2.4 24 2.4 24

accessories (42 volt)

Table 1-10 Other Vehicle Technology Effectiveness

Absolute CO, Reduction (% from baseline vehicle)

Technology Small Large .. Small Large
Car Ca% Minivan | oy Truck
Aero drag reduction (20% on cars, 10% on trucks) 3 3 3 2 2
Low rolling resistance tires (10%) 1-2 1-2 1-2 1-2 n.a.
Low drag brakes (ladder frame only) n.a. n.a. n.a. 1 1
Secondary axle disconnect (unibody only) 1 1 1 1 n.a.
Front axle disconnect (ladder frame only) n.a. n.a. n.a. 1.5 1.5
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1.3 Package Cost and Effectiveness

1.3.1 Explanation of Technology Packages

Individual technologies can be used by manufactures to achieve incremental
COgsreductions. However, as mentioned in Section 1.1, EPA believes that manufacturers are
more likely to bundle technologies into “packages” to capture synergistic aspects and reflect
progressively larger CO,reductions with additions or changes to any given package. In
addition, manufacturers typically apply new technologies in packages during model
redesigns—which occur once roughly every five years—rather than adding new technologies
one at a time on an annual or biennial basis. This way, manufacturers can more efficiently
make use of their redesign resources and more effectively plan for changes necessary to meet
future standards. No commenter took issue with this concept.

Therefore, the approach taken here is to group technologies into packages of
increasing cost and effectiveness. EPA determined that 19 different vehicle types provided
adequate resolution required to accurately model the entire fleet. This was the result of
analyzing the existing light duty fleet with respect to vehicle size and powertrain
configurations. All vehicles, including cars and trucks, were first distributed based on their
relative size, starting from compact cars and working upward to large trucks. Next, each
vehicle was evaluated for powertrain, specifically the engine size, 14, V6, and V8, and finally
by the number of valves per cylinder. Note that each of these 19 vehicle types was mapped
into one of the five classes of vehicles mentioned in Figure 1-1. While the five classes
provide adequate resolution for the cost basis associated with technology application, they do
not adequately account for all vehicle attributes such as base vehicle powertrain configuration
and mass reduction. For example, costs and effectiveness estimates for the small car class
were used to represent costs for three vehicle types: subcompact cars, compact cars, and
small multi-purpose vehicles (MPV) equipped with a 4-cylinder engine, however the mass
reduction associated for each of these vehicle types was based on the vehicle type sales
weighted average. Note also that these 19 vehicle types span the range of vehicle footprints—
smaller footprints for smaller vehicles and larger footprints for larger vehicles—which serve
as the basis for the GHG standards.

Within each of the 19 vehicle types multiple technology packages were created in
increasing technology content and, hence, increasing effectiveness. Important to note is that
the effort in creating the packages attempted to maintain a constant utility for each package as
compared to the baseline package. As such, each package is meant to provide equivalent
driver-perceived performance to the baseline package. The initial packages represent what a
manufacturer will most likely implement on all vehicles, including low rolling resistance tires,
low friction lubricants, engine friction reduction, aggressive shift logic, early torque converter
lock-up, improved electrical accessories, and low drag brakes. Subsequent packages include
advanced gasoline engine and transmission technologies such as turbo/downsizing, GDI, mass
reduction and dual-clutch transmission. The most technologically advanced packages within
a segment included HEV, PHEV and EV designs. The end result being a list of several
packages for each of 19 different vehicle types from which a manufacturer could choose in
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order to modify its fleet such that compliance could be achieved. No commenter took issue
with this concept or the list of packages that were developed.

The final step in creating the vehicle packages was to evaluate each package within
the 19 vehicle types for cost-effectiveness. This was accomplished by dividing the
incremental cost of the technology package by its incremental effectiveness and assessing the
overall step in cost-effectiveness. Technology packages that demonstrated little to no increase
in effectiveness and a significant increase in cost were eliminated as a choice for the model.
This process provided several positive aspects in the package creation:

(1) Vehicle packages were not limited by any preconceived assumptions of which
technologies should be more prominent. An example of this is turbo-downsizing a
V6 engine. In some cases the GDI V6 with advanced valvetrain technology was
just as effective as a turbo charge 14, thus excluding the additional cost of turbo
charging;

(2) The OMEGA model was allowed to apply packages in an increasing order of both
effectiveness and cost.

Some of the intermediate packages were not cost-effective. As a result, the model
might be blocked from choosing a subsequent package that was cost-effective. Most of the
diesel packages and some of the hybrid packages exhibited this condition. Due to the high
cost of these packages, and effectiveness on par with advanced gas, the model would not
move through these packages and choose a more cost effective package, thus blocking the
model’s logical progression. This is the reason for the absence of diesel and hybrid packages
in some of the 19 vehicle types available for the OMEGA model. The specific criteria used to
remove certain packages from use the model inputs is discussed further below. It is important
to note that the burning of diesel fuel generates approximately 15% more COsthan gasoline.
As this rule is based on the reduction of CO,emissions and not on fuel economy, this creates
an additional effectiveness disadvantage for the diesel packages as compared to the advanced
gas and gas hybrid packages.
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Midsize/large car; 24V V6 DOHC (T5)
Midsize/large car; 32V V8 DOHC (T6,

Large car Compact car/small MPV; 24V V6 DOHC (T4)
Midsize MPV/small truck; 16V 14 DOHC (T7)
Large MPV; 12V V6 SOHC (T9)
Large MPV; 24V V6 DOHC (T16)
Large MPV; 32V V8 DOHC (T17)
Midsize MPV/small truck; 12V V6 SOHC (T8)

Midsize MPV/small truck; 24V V6 DOHC (T15),
Large truck; 12V V6 SOHC (T11)

Large truck/MPV; 12V V6 OHV (T12,

Minivan

Large truck; 16V V8 OHV (T13)

Large truck/van; 16V V8 SOHC (T14)

Large truck/van; 24V V6 DOHC (T18)
Large truck/van; 32V V8 DOHC (T19)

Figure 1-1 Scaling classes to Vehicle Type Mapping

1.3.2 Technology Package Costs & Effectiveness

As described above, technology packages were created for each of 19 different vehicle
types. These packages are described in Table 1-11 and the 2016 MY costs for each package
are also presented. Note that Table 1-11 includes all the packages created and considered by
EPA. Only a subset of these packages was actually used as inputs to the OMEGA model
because some of the packages were not desirable from a cost effectiveness standpoint (in
other words, some packages would be skipped over if the next package provides superior cost
effectiveness). Table 1-12 shows the package costs for the packages that were actually used
as inputs to the OMEGA model. This table shows the package costs for each model year
2012 through 2022 and later. This shows the impact of both learning effects and short-term
versus long-term indirect cost markups on the package costs. For details of the learning
effects and indirect cost markups used in this analysis refer to Chapter 3 of the Joint TSD. By
taking a simple average of the technology package costs for each year shown in Table 1-12
and then normalizing the averages to the 2016 model year average, the package costs for each
year can be expressed as a percentage relative to 2016. These results are shown in Table
1-13. This table shows that package costs in 2012 are, on average, 118% of the costs for
2016. This higher cost is due to backing out the learning effects that are built into the 2016
model year estimates. For 2014, the costs are 109% of those for 2016 as learning has
occurred between 2012 and 2014. The costs for 2022 are 94% of those for 2016. This is the
result of the long-term ICM kicking in as some indirect costs are no longer attributable to the
GHG program. Table 1-12 also shows the effectiveness of each package used in the OMEGA
model (note that the effectiveness of packages does not change with model year). No
commenter took issue with this concept.
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Table 1-11 Package Descriptions and 2016 MY Costs for 19 Vehicle Types (T1-T19), All Packages Considered, Costs in 2007 dollars

x wn
c € % 8 c 2 % g ®
) Technology ) - System Camshaft changes 5 £ £ of 8 FS | g gl s5]E| g 8
Vehicle P Engine Transmission (not used for downsized 4 2 [ s = =4 S8 98 =] ol 8] © >
ackage # Voltage . = 2 M o a S B e o | 8|2 = s
engines) gl 8 [ 2 £ o 1< cE 5 | s|T| € s
ol T 2 9] =) < g g 2 e z z|le % =
=l = 2 S & 2l 8l 5 18] 2 |3]39]% S
5 100 1.5L 4V DOHC 14 AT 4 spd 12v
Sa 101 1.5L4VI4 AT 4 spd 12V LUB EFR ASL TORQ IACC 12V LRR $189
g g. 102 1.5L 4V 14 + CCP DCT 6 spd 12V LUB EFR JIACC 12V EPS AERO1 LRR 3% $518
8 s '2. 103 1.2L 4V I3 + CCP + DVVL + GDI dry DCT 6 spd 42V S-S LUB EFR GDI-I4>I3 I4to 13 IACC42V EPS AERO1 LRR 5% $1,205
'% ~ 104 1.0L 4V I3 (small) Turbo + DCP + GDI dry DCT 6 spd 42V S-S LUB EFR GDI-I4>I3 I4to I3 JIACC 42V EPS AERO1 LRR 10% $1,770
@ 105 29KWH (FTP 150 miles @160 WH/mi) N/A EV AERO 1 LRR 20%  $28,537
200 2.4L 4V DOHC 14 AT 4 spd 12v
hA 201 2.4L 4V 14 AT 4 spd 12V LUB EFR ASL TORQ IACC 12v LRR $189
5 ~N 202 2.0L 4V 14 + CCP + GDI AT 6 spd 12V LUB EFR GDI-14 I4to 14 ASL TORQ IACC 12V EPS AERO1 LRR 3% $730
2 8 203 2.0L 4V 14 + CCP + GDI DCT 6 spd 12V LUB EFR GDI-14 I4to14 IACC 12V EPS AERO1 LRR 3% $669
| '2. 204 2.0L 4V 14 + CCP + DVVL + GDI dry DCT 6 spd 42V S-S LUB EFR GDI-14 I4to14 IACC42V EPS AERO1 LRR 10% $1,475
~ 205 1.5L 4V 14 Turbo + DCP + GDI dry DCT 6 spd 42V S-S LUB EFR GDI-14 I4to 14 IACC 42V EPS AERO1 LRR 10% $1,841
S 206 1.2L 4V 14 HEV (IMA) + GDI dry DCT 6 spd HEV LUB EFR GDI-14 I4to 14 AERO1 LRR $3,144
207 1.2L 4V 14 Plug-in HEV (IMA) + GDI (50% UF) dry DCT 6 spd HEV LUB EFR GDI-14 14 to 14 AERO 1 LRR $10,066
- 300 2.4L 4V DOHC 14 AT 4 spd 12V
TS 301 2.4L4V 14 AT 4 spd 12V LUB EFR ASL TORQ IACC 12V LRR $189
& > —_ 302 2.2L 4V 14 + CCP + GDI AT 6 spd 12V LUB EFR GDI-14 I4to14 ASL TORQ IACC 12V EPS AERO1 LRR 3% $749
=8m 303 2.2L 4V 14 + CCP + DVVL + GDI DCT 6 spd 12V LUB EFR GDI-14 I4to14 IACC 12V EPS AERO1 LRR 5% $908
3 28 304 2.2L 4V 14 + CCP + DVVL + GDI dry DCT 6 spd 42V S-S LUB EFR GDI-14 I4to 14 JIACC 42V EPS AERO1 LRR 10% $1,538
g3 E 305 1.6L 4V 14 Turbo + DCP + GDI dry DCT 6 spd 42V S-S LUB EFR GDI-14 I4to14 IACC42V EPS AERO1 LRR 10% $1,904
E E 307 1.4L 4V 14 Turbo HEV (IMA) + GDI dry DCT 6 spd HEV LUB EFR GDI-14 I4to14 AERO1 LRR $3,602
s= 308 1.8L 4V 14 HEV (Power Split) + GDI N/A HEV LUB EFR GDI-14 I4to 14 AERO1 LRR $4,211
309 1.8L 4V I4 Plug-in HEV (Power Split) + GDI (50% UF) N/A HEV LUB EFR GDI-14 14 to 14 AERO 1 LRR $9,634
400 3.0L 4V DOHC V6 AT 4 spd 12v
E © 401 3.0L 4V V6 AT 4 spd 12V LUB EFR ASL TORQ IACC 12V LRR $214
g i I 402 2.0L 4V 14 Turbo + DCP + GDI AT 6 spd 12V LUB EFR GDI-V6>I4 V6 DOHC to 14 ASL TORQ IACC 12V EPS AERO1 LRR 3% $1,111
) 403 2.0L 4V 14 Turbo + DCP + GDI DCT 6 spd 12V LUB EFR GDI-V6>14 V6 DOHC to I4 IACC 12V EPS AERO1 LRR 3% $1,051
g g E E 404 2.0L 4V 14 Turbo + DCP + GDI DCT 6 spd 42V S-S LUB EFR GDI-V6>14 V6 DOHC to 14 IACC42V EPS AERO1 LRR 5% $1,633
o> § ~ 406 2.4L 14 Turbo Diesel DCT 6 spd 12V LUB EFR Diesel Diesel-SCR EPS AERO1 LRR 5% $2,722
8 = 407 1.5L 4V 14 Turbo HEV (IMA) + GDI DCT 6 spd HEV LUB EFR GDI-V6>14 V6 DOHC to 14 AERO1 LRR $4,188
408 2.8L 4V V6 HEV (2-mode) + CCP + Deac + GDI N/A HEV LUB_EFR _ GDI-V6 AERO1 LRR $6,109
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Table 1-11 Continued

¢ |g] 8 2 gl 3
=4 c = IE v
) Technology ) - System Camshaft changes 5 = £ ol 3 2S | % 85|l & S
Vehicle Engine Transmission (not used for downsized < 3 [ s = o 5 ® o] k= of| 8] © >
Package # Voltage . pt 2] N 3 @ 5 28 7] | &l8| = z
engines) wl| & & 2 £ ol 2 c = & |13 §
4 = 5 = 5 o (=] ©
18] = : s o|gl 2| 28 (2] s |zlz|2l 8| &
S| T 2 =1 = 2] &8 o | & 2 S|l 2| = S
- 500 _ [3.3L 4V DOHC V6 AT 4 spd 12v
P —_ 501 3.3L4V V6 AT 4 spd 12V LUB EFR ASL TORQ IACC 12V LRR $214
3 “>’ n 502 3.0L 4V V6 + CCP +GDI AT 6 spd 12V LUB EFR  GDI-V6 ASL TORQ IACC 12V EPS AERO1 LRR 3% $985
E = § 503 3.0L 4V V6 + CCP + Deac + GDI AT 6 spd 12V LUB EFR  GDI-V6 ASL TORQ IACC 12V EPS AERO1 LRR 5% $1,238
® Ok 504 3.0L 4V V6 + CCP + Deac + GDI DCT 6 spd 42V S-S LUB EFR  GDI-V6 IACC 42V EPS AERO1 LRR 10% $1,919
E 505 2.2L 4V 14 Turbo + DCP + GDI DCT 6 spd 42V S-S LUB EFR GDI-V6>14 V6 DOHC to 14 IACC42V EPS AERO1 LRR 10% $1,903
508 2.5L 4V 14 HEV (Power Split) + GDI N/A HEV LUB EFR GDI-V6>I4 V6 DOHC to 14 AERO 1 LRR $5,329
a 600 4.5L 4V DOHC V8 AT 4 spd 12V
o 601 4.5L 4V V8 AT 4 spd 12V LUB EFR ASL TORQ IACC 12v LRR $214
i _ 602 4.0L 4V V6 + CCP+ GDI AT 6 spd 12V LUB EFR GDI-V8>V6 V8 DOHC to V6 DOHC ASL TORQ IACC 12V EPS AERO1 LRR 3% $817
= ¢>’ © 603 4.0L 4V V6 + CCP + Deac + GDI AT 6 spd 42V S-S LUB EFR GDI-V8>V6 V8 DOHC to V6 DOHC ASL TORQ IACC42V EPS AERO1 LRR 5% $1,567
8 = § 604 4.0L 4V V6 + CCP+ Deac + GDI DCT 6 spd 42V S-S LUB EFR GDI-V8>V6 V8 DOHC to V6 DOHC IACC42V EPS AERO1 LRR 5% $1,506
g0 605 3.0L 4V V6 Turbo + DCP + GDI AT 6 spd 42V S-S LUB EFR GDI-V8>V6 V8 DOHC to V6 DOHC ASL TORQ IACC42V EPS AERO1 LRR 5% $2,274
NOE
@ 606 3.0L 4V V6 Turbo + DCP + GDI DCT 6 spd 42V S-S LUB EFR GDI-V8>V6 V8 DOHC to V6 DOHC JIACC 42V EPS AERO1 LRR 5% $2,214
s 608 3.0L 4V V6 Turbo Diesel DCT 6 spd 12V LUB EFR Diesel Diesel-SCR EPS AERO1 LRR 5% $3,258
609 3.0L 4V V6 HEV (2-mode) + CCP + Deac + GDI N/A HEV LUB EFR GDI-V8>V6 V8 DOHC to V6 DOHC AERO 1 LRR $5,939
700 2.6L 4V DOHC 14 (I5) AT 4 spd 12V
ST 701 2.6L 4V 14 AT 4 spd 12V LUB EFR ASL TORQ IACC 12v LRR $214
[ 702 2.4L 4V 14 + CCP + GDI AT 6 spd 12V LUB EFR GDI-14 I4to 14 ASL TORQ IACC12V EPS AERO1 LRR 3% $838
= T
= 2 - N 703 2.4L 4V 14 + CCP + DVVL + GDI DCT 6 spd 12V LUB EFR GDI-14 I4to14 IACC 12V EPS AERO1l LRR 3% $959
g > § 3 704 2.4L 4V 14 + CCP + DVVL + GDI dry DCT 6 spd 42V S-S LUB EFR GDI-14 I4to14 IACC42V EPS AERO1 LRR 10% $1,788
@ § = E 705 2.0L 4V 14 Turbo + DCP + GDI dry DCT 6 spd 42V S-S LUB EFR GDI-14 I4to 14 JIACC 42V EPS AERO1 LRR 10% $2,141
E ‘e 707 1.8L 4V 14 Turbo HEV (IMA) + GDI dry DCT 6 spd HEV LUB EFR GDI-14 I4to14 AERO1 LRR $4,401
A 708 1.8L 4V 14 Turbo HEV (Power Split) + GDI N/A HEV LUB EFR GDI-14 I4to14 AERO1 LRR $6,104
709 1.8L 4V 14 Turbo Plug-in HEV (IMA) + GDI (50% UF) dry DCT 6 spd HEV LUB EFR GDI-14 14 to 14 AERO 1 LRR $13,999
800 3.7L 2V SOHC V6 AT 4 spd 12V
X~ 801 3.7L 2V SOHC V6 AT 4 spd 12V LUB EFR ASL TORQ IACC 12v LRR $214
§ 802 3.2L 2V SOHC V6 + CCP + GDI AT 6 spd 12V LUB EFR  GDI-V6 ASL TORQ IACC 12V EPS AERO1 LRR 3% $1,006
> FE 803 3.2L 2V SOHC V6 _+ CCP + Deac + GDI AT 6 spd 12V LUB EFR  GDI-V6 ASL TORQ IACC 12V EPS AERO1 LRR 3% $1,156
E © © @ 804 2.8L 4V V6 + CCP + GDI AT 6 spd 12V V6 SOHC to V6 DOHC LUB EFR  GDI-V6 ASL TORQ IACC 12V EPS AERO1 LRR 3% $1,264
@ g a [ 805 2.8L 4V V6 + CCP + DVVL + GDI AT 6 spd 12V V6 SOHC to V6 DOHC LUB EFR  GDI-V6 ASL TORQ IACC 12V EPS AERO1 LRR 5% $1,563
E = '>D E 806 2.8L 4V V6 + CCP + Deac + GDI AT 6 spd 12V V6 SOHC to V6 DOHC LUB EFR  GDI-V6 ASL TORQ IACC 12V EPS AERO1 LRR 5% $1,531
b} % 807 2.8L 4V V6 + CCP + Deac + GDI DCT 6 spd 42V S-S V6 SOHC to V6 DOHC LUB EFR  GDI-V6 IACC42V EPS AERO1 LRR 10% $2,248
= § 808 2.4L 4V 14 Turbo + DCP + GDI DCT 6 spd 42V S-S LUB EFR GDI-V6>I4 V6 SOHC to 14 JIACC 42V EPS AERO1 LRR 10% $2,149
g 811 2.8L I4 Turbo Diesel DCT 6 spd 12V LUB EFR Diesel Diesel-SCR EPS AERO1 LRR 5% $2,770
~ 812 3.0L 4V V6 HEV (IMA) + CCP + Deac + GDI DCT 6 spd HEV V6 SOHC to V6 DOHC LUB EFR  GDI-V6 AERO1 LRR $4,430
813 3.0L 4V V6 HEV (2-mode) + CCP + Deac + GDI N/A HEV V6 SOHC to V6 DOHC LUB _EFR _ GDI-V6 AERO 1 LRR $5,858
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— 900 4.0L 2V SOHC V6 AT 4 spd 12v
= 901 4.0L 2V SOHC V6 AT 4 spd 12V LUB EFR ASL TORQ IACC 12v LRR $214
§ 902 3.6L 2V SOHC V6 + CCP + GDI AT 6 spd 12V LUB EFR  GDI-V6 ASL TORQ IACC 12V EPS AERO1 LRR 3% $1,027
g > 903 3.6L 2V SOHC V6 + CCP + Deac + GDI AT 6 spd 12V LUB EFR  GDI-V6 ASL TORQ IACC 12V EPS AERO1 LRR 3% $1,176
“ o o 904 3.2L 4V V6 + CCP + GDI AT 6 spd 12V V6 SOHC to V6 DOHC LUB EFR  GDI-V6 ASL TORQ IACC 12V EPS AERO1 LRR 3% $1,285
E > & 905 3.2L 4V V6 + CCP + Deac + GDI AT 6 spd 12V V6 SOHC to V6 DOHC LUB EFR  GDI-V6 ASL TORQ IACC 12V EPS AERO1 LRR 5% $1,565
= £ 906 3.2L 4V V6 + CCP + Deac + GDI DCT 6 spd 42V S-S V6 SOHC to V6 DOHC LUB EFR  GDI-V6 JIACC 42V EPS AERO1 LRR 10% $2,316
3 907 2.4L 4V 14 Turbo + DCP + GDI DCT 6 spd 42V S-S LUB EFR GDI-V6>14 V6 SOHC to 14 IACC42V EPS AERO1 LRR 10% $2,217
E 910 2.0L 4V 14 Turbo HEV (IMA) + GDI DCT 6 spd HEV LUB EFR GDI-V6>14 V6 SOHC to 14 AERO1 LRR $4,512
911 3.2L 4V V6 HEV (2-mode) + CCP + Deac + GDI N/A HEV V6 SOHC to V6 DOHC LUB EFR  GDI-V6 AERO 1 LRR $6,367
—~ 1000 4.7L 2V SOHC V8 AT 4 spd 12V
= 1001 4.7L 2V SOHC V8 AT 4 spd 12V LUB EFR ASL TORQ IACC 12v LRR $214
§ 1002 4.4L 2V SOHC V8 + CCP + GDI AT 6 spd 12V LUB EFR  GDI-V8 ASL TORQ IACC 12V EPS AERO1 LRR 3% $1,092
E § 1003 4.4L 2V SOHC V8 + CCP + Deac + GDI AT 6 spd 12V LUB EFR  GDI-V8 ASL TORQ IACC 12V EPS AERO1 LRR 3% $1,242
) 1004 4.2L 4V V6 + CCP + GDI AT 6 spd 12V LUB EFR GDI-V8>V6 V8 SOHC to V6 DOHC ASL TORQ IACC 12V EPS AERO1 LRR 3% $1,106
E > & 1005 4.2L 4V V6 + CCP + Deac + GDI AT 6 spd 12V LUB EFR GDI-V8>V6 V8 SOHC to V6 DOHC ASL TORQ IACC 12V EPS AERO1 LRR 5% $1,401
= [ 1006 4.2L 4V V6 + CCP + Deac + GDI DCT 6 spd 42V S-S LUB EFR GDI-V8>V6 V8 SOHC to V6 DOHC IACC42V EPS AERO1 LRR 10% $2,187
3. 1007 2.8L 4V V6 Turbo + DCP + GDI DCT 6 spd 42V S-S LUB EFR GDI-V8>V6 V8 SOHC to V6 DOHC IACC 42V EPS AERO1 LRR 10% $2,872
E 1010 3.0L V6 Turbo Diesel DCT 6 spd 12V LUB EFR Diesel Diesel-SCR EPS AERO1 LRR 5% $2,839
1011 4.2L 4V V6 HEV (2-mode) + CCP + Deac + GDI N/A HEV LUB EFR GDI-V8>V6 V8 SOHC to V6 DOHC AERO 1 LRR $6,167
1100 |4.2L 2V SOHC V6 AT 4 spd 12v
g 1101 4.2L 2V SOHC V6 AT 4 spd 12V LUB EFR ASL TORQ IACC 12V LRR $239
— 1102 3.9L 2V SOHC V6 + CCP + GDI AT 6 spd 12V LUB EFR  GDI-V6 ASL TORQ IACC 12V AERO1 LRR 3% $948
& 1103 3.9L 2V SOHC V6 + CCP + Deac + GDI AT 6 spd 12V LUB EFR  GDI-V6 ASL TORQ IACC 12V AERO1 LRR 3% $1,117
: o 1104 3.6L 4V V6 + CCP + GDI AT 6 spd 12V V6 SOHC to V6 DOHC LUB EFR  GDI-V6 ASL TORQ IACC 12V AERO1 LRR 3% $1,206
~ ';; 1105 3.6L 4V V6 + CCP + DVVL + GDI AT 6 spd 12V V6 SOHC to V6 DOHC LUB EFR  GDI-V6 ASL TORQ IACC 12v AERO1 LRR 5% $1,590
§ & 1106 3.6L 4V V6 + CCP + Deac + GDI AT 6 spd 12V V6 SOHC to V6 DOHC LUB EFR  GDI-V6 ASL TORQ IACC 12V AERO1 LRR 5% $1,500
= e 1107 3.6L 4V V6 + CCP + Deac + GDI DCT 6 spd 42V S-S V6 SOHC to V6 DOHC LUB EFR  GDI-V6 IACC 42V EPS AERO1 LRR LDB 10% $2,430
[} 1108 2.5L 4V 14 Turbo + DCP + GDI DCT 6 spd 42V S-S LUB EFR GDI-V6>14 V6 SOHC to 14 IACC42V EPS AERO1 LRR LDB 10% $2,312
g 1111 2.8L I4 Turbo Diesel DCT 6 spd 12v LUB EFR Diesel Diesel-SCR AERO1 LRR LDB 5% $3,579
-1 1112 3.6L 4V V6 HEV (IMA) + CCP + Deac + GDI DCT 6 spd HEV V6 SOHC to V6 DOHC LUB EFR  GDI-V6 AERO1 LRR LDB $5,545
1113 3.6L 4V V6 HEV (2-mode)+ CCP + Deac + GDI N/A HEV V6 SOHC to V6 DOHC LUB EFR  GDI-V6 AERO 1 LRR LDB $8,257
+9 1200 3.8L 2V OHV V6 AT 4 spd 12v
5 > 1201 3.8L 2V OHV V6 AT 4 spd 12V LUB EFR ASL TORQ IACC 12V LRR $239
E E ﬁ 1202 3.2L 4V DOHC V6 + CCP + GDI AT 6 spd 12V V6 OHV to V6 DOHC LUB EFR  GDI-V6 ASL TORQ IACC 12V AERO1 LRR 3% $1,413
vob 1203 3.2L 4V DOHC V6 + CCP + Deac + GDI AT 6 spd 12V V6 OHV to V6 DOHC LUB EFR  GDI-V6 ASL TORQ IACC 12V AERO1 LRR 3% $1,581
2P 1204 3.2L 4V DOHC V6 + CCP + Deac + GDI DCT 6 spd 42V S-S V6 OHV to V6 DOHC LUB EFR  GDI-V6 IACC 42V EPS AERO1 LRR LDB 10% $2,637
53 1205 2.5L 4V 14 Turbo + DCP + GDI DCT 6 spd 42V S-S LUB EFR GDI-V6>14 V6 OHV to 14 DOHC IACC42V_EPS AERO1 LRR LDB 10% $2,760
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g 1300 5.7L 2V OHV V8 AT 4 spd 12V
= 1301 5.7L 2V OHV V8 AT 4 spd 12V LUB EFR ASL TORQ IACC 12v LRR $239
& 1302 5.2L 2V OHV V8 + CCP + GDI AT 6 spd 12V LUB EFR  GDI-V8 ASL TORQ IACC 12V AERO1 LRR 3% $993
: = 1303 5.2L 2V OHV V8 + CCP + Deac + GDI AT 6 spd 12V LUB EFR  GDI-V8 ASL TORQ IACC 12V AERO1 LRR 3% $1,162
~ : 1304 4.6L 4V V8 + CCP + GDI AT 6 spd 12V V8 OHV to V8 DOHC LUB EFR  GDI-V8 ASL TORQ IACC 12v AERO1 LRR 3% $1,541
§ & 1305 4.6L 4V V8 + CCP + Deac + GDI AT 6 spd 12V V8 OHV to V8 DOHC LUB EFR  GDI-V8 ASL TORQ IACC 12V AERO1 LRR 5% $1,862
= e 1306 4.6L 4V V8 + CCP + Deac + GDI DCT 6 spd 42V S-S V8 OHV to V8 DOHC LUB EFR  GDI-V8 JIACC 42V EPS AERO1 LRR LDB 10% $2,859
[} 1307 3.5L 4V V6 Turbo + DCP + GDI DCT 6 spd 42V S-S LUB EFR GDI-V8>V6 V8 OHV to V6 DOHC IACC42V EPS AERO1 LRR LDB 10% $3,314
g 1310 3.5L V6 Turbo Diesel DCT 6 spd 12V LUB EFR Diesel Diesel-SCR AERO 1 LRR LDB 5% $3,646
- 1311 4.6L 4V V8 HEV (2-mode) + CCP + Deac + GDI N/A HEV V8 OHV to V8 DOHC LUB EFR  GDI-V8 AERO 1 LRR LDB $8,552
~ 1400 5.4L 3V SOHC V8 AT 4 spd 12v
S § T 1401 5.4L 3V SOHC V8 AT 4 spd 12V LUB EFR ASL TORQ IACC 12V LRR $239
- I~ ';: 1402 4.6L 4V DOHC V8 + CCP + GDI AT 6 spd 12V V8 SOHC 3V to V8 DOHC | LUB EFR  GDI-V8 ASL TORQ IACC 12v AERO1 LRR 3% $1,246
g, g & 1403 4.6L 4V DOHC V8 + CCP + Deac + GDI AT 6 spd 12V V8 SOHC 3V to V8 DOHC | LUB EFR  GDI-V8 ASL TORQ IACC 12v AERO1 LRR 5% $1,566
s t e 1404 4.6L 4V DOHC V8 + CCP + Deac + GDI DCT 6 spd 42V S-S V8 SOHC 3V to V8 DOHC | LUB EFR  GDI-V8 JIACC 42V EPS AERO1 LRR LDB 10% $2,564
1405 3.5L 4V V6 Turbo + DCP + GDI DCT 6 spd 42V S-S LUB EFR GDI-V8>V6 V8 SOHC 3V to V6 DOHC IACC 42V EPS AERO1 LRR LDB 10% $2,952
x 1500 3.2L 4V DOHC V6 AT 4 spd 12v
§ 1501 3.2L 4V V6 AT 4 spd 12V LUB EFR ASL TORQ IACC 12V LRR $214
> FE 1502 2.8L 4V V6 + CCP + GDI AT 6 spd 12V LUB EFR  GDI-V6 ASL TORQ IACC 12V EPS AERO1 LRR 3% $1,006
E © © ™ 1503 2.8L 4V V6 + CCP + DVVL + GDI AT 6 spd 12V LUB EFR  GDI-V6 ASL TORQ IACC 12V EPS AERO1 LRR 5% $1,305
@ g E ':, 1504 2.8L 4V V6 + CCP + Deac + GDI AT 6 spd 12V LUB EFR  GDI-V6 ASL TORQ IACC 12V EPS AERO1 LRR 5% $1,273
E = '>D 1 1505 2.8L 4V V6 + CCP + Deac + GDI DCT 6 spd 42V S-S LUB EFR  GDI-V6 IACC42V EPS AERO1 LRR 5% $1,697
= % E 1506 2.4L 4V 14 Turbo + DCP + GDI DCT 6 spd 42V S-S LUB EFR GDI-V6>I4 V6 DOHC to 14 JIACC 42V EPS AERO1 LRR 5% $1,681
= ,3 1509 2.8L 14 Turbo Diesel DCT 6 spd 12V LUB EFR Diesel Diesel-SCR EPS AERO1 LRR 5% $2,770
g 1510 3.0L 4V V6 HEV (IMA) + CCP + Deac + GDI DCT 6 spd HEV LUB EFR  GDI-V6 AERO1 LRR $4,172
~ 1511 3.0L 4V V6 HEV (2-mode) + CCP + Deac + GDI N/A HEV LUB EFR  GDI-V6 AERO 1 LRR $5,600
1600 3.5L 4V DOHC V6 AT 4 spd 12v
© 1601 3.5L 4V V6 AT 4 spd 12V LUB EFR ASL TORQ IACC 12v LRR $214
E i o) 1602 3.2L 4V V6 + CCP + GDI AT 6 spd 12V LUB EFR  GDI-V6 ASL TORQ IACC 12V EPS AERO1 LRR 3% $1,027
E §' : 1603 3.2L 4V V6 + CCP + Deac + GDI AT 6 spd 12V LUB EFR  GDI-V6 ASL TORQ IACC 12V EPS AERO1 LRR 5% $1,307
D3 g 1604 3.2L 4V V6 + CCP + Deac + GDI DCT 6 spd 42V S-S LUB EFR  GDI-V6 IACC42V EPS AERO1 LRR 10% $2,058
i § e 1605 2.4L 4V 14 Turbo + DCP + GDI DCT 6 spd 42V S-S LUB EFR GDI-V6>I4 V6 DOHC to 14 IACC 42V EPS AERO1 LRR 5% $1,715
= 1608 2.0L 4V 14 Turbo HEV (IMA) + GDI DCT 6 spd HEV LUB EFR GDI-V6>I4 V6 DOHC to 14 AERO1 LRR $4,188
1609 3.2L 4V V6 HEV (2-mode) + CCP + Deac + GDI N/A HEV LUB_EFR _ GDI-V6 AERO1 LRR $6,109
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1700 4.6L 4V DOHC V8 AT 4 spd 12v
0 1701 4.6L 4V V8 AT 4 spd 12V LUB EFR ASL TORQ IACC 12v LRR $214
E i N 1702 4.2L 4V V6 + CCP + GDI AT 8 spd 12V LUB EFR GDI-V8>V6 V8 DOHC to V6 DOHC ASL TORQ IACC 12V EPS AERO1 LRR 3% $860
= > '; 1703 4.2L 4V V6 + CCP + Deac + GDI AT 8 spd 12V LUB EFR GDI-V8>V6 V8 DOHC to V6 DOHC ASL TORQ IACC 12V EPS AERO1 LRR 5% $1,155
%E & 1704 4.2L 4V V6 + CCP + Deac + GDI DCT 6 spd 42V S-S LUB EFR GDI-V8>V6 V8 DOHC to V6 DOHC IACC42V EPS AERO1 LRR 10% $1,941
i g e 1705 2.8L 4V V6 Turbo + DCP + GDI DCT 6 spd 42V S-S LUB EFR GDI-V8>V6 V8 DOHC to V6 DOHC JIACC 42V EPS AERO1 LRR 10% $2,648
= 1708 3.0L V6 Turbo Diesel DCT 6 spd 12V LUB EFR Diesel Diesel-SCR EPS AERO1 LRR 5% $2,839
1709 4.2L 4V V6 HEV (2-mode) + CCP + Deac + GDI N/A HEV LUB EFR GDI-V8>V6 V8 DOHC to V6 DOHC AERO 1 LRR $5,921
g 1800 4.0L 4V DOHC V6 AT 4 spd 12V
— 1801 4.0L 4V V6 AT 4 spd 12V LUB EFR ASL TORQ IACC 12v LRR $239
& 1802 3.6L 4V V6 + CCP + GDI AT 6 spd 12V LUB EFR  GDI-V6 ASL TORQ IACC 12V AERO1 LRR 3% $948
: © 1803 3.6L 4V V6 + CCP + DVVL + GDI AT 6 spd 12V LUB EFR  GDI-V6 ASL TORQ IACC 12V AERO1 LRR 5% $1,332
~ : 1804 3.6L 4V V6 + CCP + Deac + GDI AT 6 spd 12V LUB EFR  GDI-V6 ASL TORQ IACC 12v AERO1 LRR 5% $1,242
§ S 1805 3.6L 4V V6 + CCP + Deac + GDI DCT 6 spd 42V S-S LUB EFR  GDI-V6 IACC 42V EPS AERO1 LRR LDB 10% $2,172
= e 1806 2.5L 4V 14 Turbo + DCP + GDI DCT 6 spd 42V S-S LUB EFR GDI-V6>I4 V6 DOHC to 14 JIACC 42V EPS AERO1 LRR LDB 10% $2,138
[} 1809 2.8L I4 Turbo Diesel DCT 6 spd 12V LUB EFR Diesel Diesel-SCR AERO1 LRR LDB 5% $3,579
g 1810 3.6L 4V V6 HEV (IMA) + CCP + Deac + GDI DCT 6 spd HEV LUB EFR  GDI-V6 AERO1 LRR LDB $5,287
= 1811 3.6L 4V V6 HEV (2-mode) + CCP + Deac + GDI N/A HEV LUB EFR  GDI-V6 AERO 1 LRR LDB $8,000
1900 5.6L 4V DOHC V8 AT 4 spd 12v
) 1901 5.6L 4V V8 AT 4 spd 12V LUB EFR ASL TORQ IACC 12V LRR $239
g0 o 1902 4.6L 4V V8 + CCP + GDI AT 6 spd 12V LUB EFR  GDI-V8 ASL TORQ IACC 12v AERO1 LRR 3% $1,033
2 i : 1903 4.6L 4V V8 + CCP + Deac + GDI AT 6 spd 12V LUB EFR  GDI-V8 ASL TORQ IACC 12v AERO1 LRR 5% $1,353
'; H & 1904 4.6L 4V V8 + CCP + Deac + GDI DCT 6 spd 42V S-S LUB EFR  GDI-V8 JIACC 42V EPS AERO1 LRR LDB 10% $2,351
o >E 1905 3.5L 4V V6 Turbo + DCP + GDI DCT 6 spd 42V S-S LUB EFR GDI-V8>V6 V8 DOHC to V6 DOHC IACC42V EPS AERO1 LRR LDB 10% $2,807
& 1908 3.5L V6 Turbo Diesel DCT 6 spd 12V LUB EFR Diesel Diesel-SCR AERO1 LRR LDB 5% $3,646
1909 4.6L 4V V8 HEV (2-mode) + CCP + Deac + GDI N/A HEV LUB EFR _ GDI-V8 AERO1 LRR LDB $8,044

Notes to Table 1-11:

DOHC=dual overhead cam; SOHC=single overhead cam; OHV=overhead valve; AT=automatic transmission; DCT=dual clutch transmission; LUB=low friction lubes; EFR=engine friction
reduction; ASL=aggressive shift logic; TORQ=early torque converter lockup; IACC=improved accessories; EPS=electric power steering; AERO 1=improved aerodynamics; LRR=low rolling
resistance tires.



Technology Packages, Cost and Effectiveness

Table 1-12 Package Costs & Effectiveness for 2012-2022+MY for 19 Vehicle Types (T1-T19), Packages Used as Inputs to the OMEGA Model, Costs in 2007 dollars
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Technology . . System 3
Engine Transmission 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 <
Package Voltage L
o
o
O
100 1.5L 4V DOHC 14 AT 4 spd 12v
101 1.5L 4V 14 AT 4 spd 12V $206 $202 $197 $193 $189 $189 $189 $189 $189 $189 $182 7.6%
102 1.5L 4V 14 + CCP DCT 6 spd 12V $578 $562 $547 $532 $518 $518 $518 $518 $518 $518 $498 18.9%
03 .2L 4V I3 + CCP + DVVL + GDI dry DCT 6 spd | 42V S-S | $1,506 $1,479 $1,343 $1,230 $1,205 $1,205 $1,205 $1,205 $1,205 $1,205 $1,116 33.2%
04 .0L 4V I3 (small) Turbo + DCP + GDI dry DCT 6 spd | 42V S-S | $2,144 $2,098 $1,943 $1,812 $1,770 $1,770 $1,770 $1,770 $1,770 $1,770 $1,624 36.4%
200 2.4L 4V DOHC 14 AT 4 spd 12V
201 2.4L 4V 14 AT 4 spd 12V $206 $202 $197 $193 $189 $189 $189 $189 $189 $189 $182 7.6%
203 2.0L 4V 14 + CCP + GDI DCT 6 spd 12V $748 $728 $708 $688 $669 $669 $669 $669 $669 $669 $638  20.0%
204 2.0L 4V 14 + CCP + DVVL + GDI dry DCT 6 spd | 42V S-S | $1,810 $1,774 $1,629 $1,508 $1,475 $1,475 $1,475 $1,475 $1,475 $1,475 $1,380 35.4%
207 1.2L 4V I4 Plug-in HEV (IMA) + GDI (50% UF) dry DCT 6 spd HEV $15,595 $15,587 $12,525 $10,074 $10,066 $10,066 $10,066 $10,066 $10,066 $10,066 $8,611 64.5%
300 2.4L 4V DOHC 14 AT 4 spd 12v
301 2.4L 4V 14 AT 4 spd 12V $206 $202 $197 $193 $189 $189 $189 $189 $189 $189 $182 7.6%
303 2.2L 4V 14 + CCP + DVVL + GDI DCT 6 spd 12V $1,018  $989 $961 $934 $908 $908 $908 $908 $908 $908 $869  23.2%
304 2.2L 4V 14 + CCP + DVVL + GDI dry DCT 6 spd | 42V S-S | 41,882 $1,843 $1,697 $1,573 $1,538 $1,538 41,538 $1,538 $1,538 $1,538 $1,441 35.4%
309 1.8L 4V I4 Plug-in HEV (Power Split) + GDI (50% UF) N/A HEV $13,222 $13,081 $11,250 $9,762 $9,634 $9,634 $9,634 $9,634 $9,634 $9,634 $8,273 68.0%
400 3.0L 4V DOHC V6 AT 4 spd 12V
401 3.0L 4V V6 AT 4 spd 12V $231 $227 $222 $218 $214 $214 $214 $214 $214 $214 $207 7.6%
403 2.0L 4V 14 Turbo + DCP + GDI DCT 6 spd 12V $1,176 $1,143 $1,111 $1,081 $1,051 $1,051 41,051 $1,051 $1,051 $1,051 $920 23.4%
404 2.0L 4V 14 Turbo + DCP + GDI DCT 6 spd 42V S-S | $2,006 $1,967 $1,804 $1,668 $1,633 $1,633 $1,633 $1,633 $1,633 $1,633 $1,452 31.6%
406 2.4L 14 Turbo Diesel DCT 6 spd 12V $3,063 $2,974 $2,887 $2,803 $2,722 $2,722 $2,722 $2,722 $2,722 $2,722 $2,492 32.9%
408 2.8L 4V V6 HEV (2-mode) + CCP + Deac + GDI N/A HEV $9,249 $9,230 $7,508 $6,127 $6,109 $6,109 $6,109 $6,109 $6,109 $6,109 $5,371 36.5%
500 3.3L 4V DOHC V6 AT 4 spd 12v
501 3.3L 4V V6 AT 4 spd 12V $231 $227 $222 $218 $214 $214 $214 $214 $214 $214 $207 7.6%
502 3.0L 4V V6 + CCP +GDI AT 6 spd 12V $1,102 $1,071 $1,041 $1,013  $985 $985 $985 $985 $985 $985 $949 17.9%
503 3.0L 4V V6 + CCP + Deac + GDI AT 6 spd 12V $1,387 $1,348 $1,310 $1,274 $1,238 $1,238 $1,238 $1,238 $1,238 $1,238 $1,193 20.6%
505 2.2L 4V 14 Turbo + DCP + GDI DCT 6spd | 42VSS | $2,311 $2,263 $2,092 $1,947 $1,903 $1,903 $1,903 $1,903 $1,903 $1,903 $1,713 34.3%
508 2.5L 4V 14 HEV (Power Split) + GDI N/A HEV $6,008 $5,831 $5,658 $5491 $5,329 $5,329 $5,329 $5,329 $5,329 $5,329 $4,595 37.5%
600 4.5L 4V DOHC V8 AT 4 spd 12v
601 4.5L 4V V8 AT 4 spd 12V $231  $227  $222 $218  $214  $214  $214 $214  $214  $214  $207  7.6%
602 4.0L 4V V6 + CCP+ GDI AT 6 spd 12V $912 $887 $863 $839 $817 $817 $817 $817 $817 $817 $772 17.9%
604 4.0L 4V V6 + CCP+ Deac + GDI DCT 6 spd 42V S-S | 41,863 $1,828 41,670 $1,538 $1,506 $1,506 $1,506 $1,506 $1,506 $1,506 $1,406 31.9%
609 3.0L 4V V6 HEV (2-mode) + CCP + Deac + GDI N/A HEV $9,065 $9,052 $7,330 $5951 $5939 $5939 45939 $5939 $5939 $5939 45,190 44.4%
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Table 1-12 Continued

S
©
3
Technology System 3
Engine Transmission 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 e
Package Voltage S
o~
o
O
700 2.6L 4V DOHC 14 (I5) AT 4 spd 12V
701 2.6L4VI4 AT 4 spd 12V $231 $227 $222 $218 $214 $214 $214 $214 $214 $214 $207 7.6%
703 2.4L 4V 14 + CCP + DVVL + GDI DCT 6 spd 12V $1,072 $1,042 $1,014 $986 $959 $959 $959 $959 $959 $959 $917  21.4%
704 2.4L 4V 14 + CCP + DVVL + GDI dry DCT 6 spd | 42V S-S | 42,181 $2,136 $1,969 $1,828 $1,788 $1,788 $1,788 $1,788 $1,788 $1,788 $1,679 34.7%
708 1.8L 4V 14 Turbo HEV (Power Split) + GDI N/A HEV $6,884 $6,680 $6,482 $6,290 $6,104 $6,104 $6,104 $6,104 $6,104 $6,104 $5,336 39.6%
709 1.8L 4V 14 Turbo Plug-in HEV (IMA) + GDI (50% UF) dry DCT 6 spd HEV $21,528 $21,504 $17,349 $14,020 $13,999 $13,999 $13,999 $13,999 $13,999 $13,999 $11,985 62.2%
800 3.7L 2V SOHC V6 AT 4 spd 12V
801 3.7L 2V SOHC V6 AT 4 spd 12V $231 $227 $222 $218 $214 $214 $214 $214 $214 $214 $207 7.6%
802 3.2L 2V SOHC V6 + CCP + GDI AT 6 spd 12V $1,126 $1,094 $1,064 $1,035 $1,006 $1,006 $1,006 $1,006 $1,006 $1,006 $970 17.8%
803 3.2L 2V SOHC V6 + CCP + Deac + GDI AT 6 spd 12V $1,295 $1,259 $1,223 $1,189 $1,156 $1,156 $1,156 $1,156 $1,156 $1,156 $1,114 19.6%
808 2.4L 4V 14 Turbo + DCP + GDI DCT 6 spd 42V S-S | $2,588 $2,532 42,353 $2,200 $2,149 $2,149 $2,149 $2,149 $2,149 $2,149 $1,983 32.3%
813 3.0L 4V V6 HEV (2-mode) + CCP + Deac + GDI N/A HEV $8,746 $8,718 $7,146 $5,884 45,858 $5,858 $5,858 $5,858 $5,858 $5,858 $5,177 36.3%
900 4.0L 2V SOHC V6 AT 4 spd 12V
901 4.0L 2V SOHC V6 AT 4 spd 12V $231 $227 $222 $218 $214 $214 $214 $214 $214 $214 $207 7.6%
902 3.6L 2V SOHC V6 + CCP + GDI AT 6 spd 12V $1,149 $1,117 $1,086 $1,056 $1,027 $1,027 $1,027 $1,027 $1,027 $1,027 $990 17.4%
903 3.6L 2V SOHC V6 + CCP + Deac + GDI AT 6 spd 12V $1,318 $1,281 $1,245 $1,210 41,176 $1,176 $1,176 $1,176 $1,176 $1,176 $1,134 19.4%
907 2.4L 4V 14 Turbo + DCP + GDI DCT 6 spd 42V S-S | $2,665 $2,607 $2,425 $2,270 $2,217 $2,217 $2,217 $2,217 $2,217 $2,217 $2,049 32.3%
911 3.2L 4V V6 HEV (2-mode) + CCP + Deac + GDI N/A HEV $9,541 $9,513 $7,782 $6,392 $6,367 $6,367 $6,367 $6,367 $6,367 $6,367 $5,619 36.5%
1000 |4.7L 2V SOHC V8 AT 4 spd 12V
1001 4.7L 2V SOHC V8 AT 4 spd 12V $231 $227 $222 $218 $214 $214 $214 $214 $214 $214 $207 7.6%
1004 4.2L 4V V6 + CCP + GDI AT 6 spd 12V $1,239 $1,204 $1,170 $1,138 $1,106 $1,106 $1,106 $1,106 $1,106 $1,106 $1,066 18.3%
1006 4.2L 4V V6 + CCP + Deac + GDI DCT 6 spd 42V S-S | $2,632 $2,574 $2,394 $2,240 $2,187 $2,187 $2,187 $2,187 $2,187 $2,187 $2,078 34.3%
1011 4.2L 4V V6 HEV (2-mode) + CCP + Deac + GDI N/A HEV $9,316  $9,294 $7,570 $6,187 $6,167 $6,167 $6,167 $6,167 $6,167 $6,167 $5,427 36.5%
1100 |4.2L 2V SOHC V6 AT 4 spd 12V
1101 4.2L 2V SOHC V6 AT 4 spd 12V $256 $252 $247 $243 $239 $239 $239 $239 $239 $239 $231 7.6%
1102 3.9L 2V SOHC V6 + CCP + GDI AT 6 spd 12V $1,057 $1,029 $1,001 $974 $948 $948 $948 $948 $948 $948 $914  18.3%
1103 3.9L 2V SOHC V6 + CCP + Deac + GDI AT 6 spd 12V $1,248 $1,213 $1,180 $1,148 $1,117 $1,117 $1,117 $1,117 $1,117 $1,117 $1,077 19.9%
1108 2.5L 4V 14 Turbo + DCP + GDI DCT 6 spd 42V S-S | $2,778 $2,721 $2,528 $2,365 $2,312 $2,312 $2,312 $2,312 $2,312 $2,312 $2,138 35.1%
1200 |3.8L 2V OHV V6 AT 4 spd 12v
1201 3.8L 2V OHV V6 AT 4 spd 12V $256 $252 $247 $243 $239 $239 $239 $239 $239 $239 $231 7.6%
1202 3.2L 4V DOHC V6 + CCP + GDI AT 6 spd 12V $1,582 $1,537 $1,495 $1,453 $1,413 $1,413 $1,413 $1,413 $1,413 $1,413 $1,362 18.9%
1204 3.2L 4V DOHC V6 + CCP + Deac + GDI DCT 6 spd 42V S-S | $3,145 43,076 $2,873 $2,700 $2,637 $2,637 $2,637 $2,637 $2,637 $2,637 $2,509 34.9%
1205 2.5L 4V 14 Turbo + DCP + GDI DCT 6 spd 42V S-S | 43,285 $3,212 $3,005 $2,827 $2,760 $2,760 $2,760 $2,760 $2,760 $2,760 $2,582 35.1%
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Table 1-12 Continued

5
3
Technology . . System E
Package Engine Transmission Voltage i
(o}
o
O
| 1300 5.7L 2V OHV V8 AT 4 spd 12V
130 5.7L 2V OHV V8 AT 4 spd 12V $256 $252 $247 $243 $239 $239 $239 $239 $239 $239 $231 7.6%
1302 5.2L 2V OHV V8 + CCP + GDI AT 6 spd 12V $1,107 $1,077 $1,048 $1,020 $993 $993 $993 $993 $993 $993 $957 18.3%
1303 5.2L 2V OHV V8 + CCP + Deac + GDI AT 6 spd 12V $1,298 $1,262 $1,228 $1,194 $1,162 $1,162 $1,162 $1,162 $1,162 $1,162 $1,120 19.9%
1306 4.6L 4V V8 + CCP + Deac + GDI DCT 6 spd 42V S-S | $3,397 $3,320 $3,110 $2,929 $2,859 $2,859 $2,859 $2,859 $2,859 $2,859 $2,724 34.9%
1307 3.5L 4V V6 Turbo + DCP + GDI DCT 6 spd 42V S-S | 43,910 $3,819 $3,593 $3,398 $3,314 $3,314 $3,314 $3,314 $3,314 $3,314 $3,096 35.1%
1400 5.4L 3V SOHC V8 AT 4 spd 12V
1401 5.4L 3V SOHC V8 AT 4 spd 12V $256 $252 $247 $243 $239 $239 $239 $239 $239 $239 $231 7.6%
1402 4.6L 4V DOHC V8 + CCP + GDI AT 6 spd 12V $1,393 $1,355 $1,317 $1,281 $1,246 $1,246 $1,246 $1,246 $1,246 $1,246 $1,201 18.9%
1404 4.6L 4V DOHC V8 + CCP + Deac + GDI DCT 6 spd 42V S-S | 43,063 $2,996 $2,796 $2,624 $2,564 $2,564 $2,564 $2,564 $2,564 $2,564 $2,439 34.9%
1405 3.5L 4V V6 Turbo + DCP + GDI DCT 6 spd 42V S-S | 43,501 $3,421 $3,208 $3,024 $2,952 $2,952 $2,952 $2,952 $2,952 $2,952 $2,765 35.1%
1500 3.2L 4V DOHC V6 AT 4 spd 12V
1501 3.2L 4V V6 AT 4 spd 12V $231 $227 $222 $218 $214 $214 $214 $214 $214 $214 $207 7.6%
502 2.8L 4V V6 + CCP + GDI AT 6 spd 12V $1,126 $1,094 $1,064 $1,035 $1,006 $1,006 $1,006 $1,006 $1,006 $1,006 $970 17.8%
505 2.8L 4V V6 + CCP + Deac + GDI DCT 6 spd 42V S-S | 42,078 $2,037 $1,873 $1,734 $1,697 $1,697 $1,697 $1,697 $1,697 $1,697 $1,605 31.8%
1511 3.0L 4V V6 HEV (2-mode) + CCP + Deac + GDI N/A HEV $8,454 $8,435 $6,872 $5,618 $5,600 $5,600 $5600 $5600 $5600 $5,600 $4,929 35.8%
1600 3.5L 4V DOHC V6 AT 4 spd 12V
1601 3.5L 4V V6 AT 4 spd 12V $231 $227 $222 $218 $214 $214 $214 $214 $214 $214 $207 7.6%
1602 3.2L 4V V6 + CCP + GDI AT 6 spd 12V $1,149 $1,117 $1,086 $1,056 $1,027 $1,027 $1,027 $1,027 $1,027 $1,027 $990 17.4%
1605 2.4L 4V 14 Turbo + DCP + GDI DCT 6 spd 42V S-S | 42,099 $2,057 $1,892 $1,753 $1,715 $1,715 $1,715 $1,715 $1,715 $1,715 $1,531 31.6%
1609 3.2L 4V V6 HEV (2-mode) + CCP + Deac + GDI _N/A HEV $9,249 $9,230 $7,508 $6,127 $6,109 $6,109 $6,109 $6,109 $6,109 $6,109 $5,371 36.5%
1700 |4.6L 4V DOHC V8 AT 4 spd 12V
1701 4.6L 4V V8 AT 4 spd 12V $231 $227 $222 $218 $214 $214 $214 $214 $214 $214 $207 7.6%
1702 4.2L 4V V6 + CCP + GDI AT 8 spd 12V $960 $934 $908 $884 $860 $860 $860 $860 $860 $860 $814  17.4%
1704 4.2L 4V V6 + CCP + Deac + GDI DCT 6 spd 42V S-S | $2,354 $2,304 $2,132 $1,986 $1,941 $1,941 $1,941 $1,941 $1,941 $1,941 $1,825 33.7%
1709 4.2L 4V V6 HEV (2-mode) + CCP + Deac + GDI N/A HEV $9,037 $9,024 $7,308 $5,933 45,921 $5,921 $5,921 $5921 $5,921 $5,921 $5,174 36.5%
1800 |4.0L 4V DOHC V6 AT 4 spd 12v
1801 4.0L 4V V6 AT 4 spd 12V $256 $252 $247 $243 $239 $239 $239 $239 $239 $239 $231 7.6%
1802 3.6L 4V V6 + CCP + GDI AT 6 spd 12V $1,057 $1,029 $1,001 $974 $948 $948 $948 $948 $948 $948 $914  18.3%
1806 2.5L 4V 14 Turbo + DCP + GDI DCT 6 spd 42V S-S | 42,582 $2,530 $2,343 $2,185 $2,138 $2,138 $2,138 $2,138 $2,138 $2,138 $1,936 34.5%
1900 5.6L 4V DOHC V8 AT 4 spd 12V
1901 5.6L 4V V8 AT 4 spd 12V $256 $252 $247 $243 $239 $239 $239 $239 $239 $239 $231 7.6%
1902 4.6L 4V V8 + CCP + GDI AT 6 spd 12V $1,152  $1,121 $1,091 $1,061 $1,033 $1,033 $1,033 $1,033 $1,033 $1,033 $996 18.3%
1904 4.6L 4V V8 + CCP + Deac + GDI DCT 6 spd 42V S-S | $2,822 $2,763 $2,569 $2,405 $2,351 $2,351 $2,351 $2,351 $2,351 $2,351 $2,233 34.4%
1905 3.5L 4V V6 Turbo + DCP + GDI DCT 6 spd 42V S-S | 43,338  $3,263 $3,055 $2,875 $2,807 $2,807 $2,807 $2,807 $2,807 $2,807 $2,597 34.5%
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Table 1-13 Package Costs Measured Relative to the Package Costs for the 2016MY

PACKAGE COSTS

YEAR RELATIVE TO 2016

2012 119%

2013 117%

2014 109%

2015 102%

2016 100%

2017 100%

2018 100%

2019 100%

2020 100%

2021 100%
2022+ 94%

A number of the packages shown in Table 1-11 are not shown in Table 1-12
because it was determined that those packages were not cost effective relative to other
packages available for a specific vehicle type. The process used to make these
determinations is discussed below.

As discussed in detail in Chapter 4 of this RIA, the order of technology which will
be applied to any specific vehicle by the OMEGA model is set in the Technology input
file. Since the goal of adding technology is to move the manufacturer closer to
compliance with the GHG standard, the available technology packages should be placed
in order of their total GHG effectiveness. Otherwise, the model is adding technology
which moves the manufacturer further from compliance. At the same time, the cost of
each successive package should be greater than that of the prior package. In this case, a
greater degree of GHG reduction is available at a lower cost. The package with the
greater cost and lower overall effectiveness should therefore be removed from the list.

Table 1-14 presents the complete list of technology packages which were
described for vehicle type #6, which includes midsize and large cars equipped with a V8
engine with either SOHC or DOHC and 4 valves per head. The information listed in the
first seven columns is taken from Table 1-11 and/or Table 1-12. The values in the eighth
column, which are explained below, are used to remove packages which would not likely
be applied by a manufacturer and, therefore, should not be included in the OMEGA
modeling.
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Table 1-14 Evaluation of Technology Packages for Vehicle Type #6

Technology Engine Transmission System geiﬁ? Total C.02 g((;tlaé $/delta
Package Voltage . Reduction CO,%
tion Cost
601 4.5L DOHC 4-Valve V8 AT 4 spd 12V 0% 7.6% $214 $28
602 4.0L V6 GDI + CCP AT 6 spd 12V 3% 17.9% $817 $59
603 4.0L V6 w/ Deac GDI + CCP AT 6 spd 42 S-S 5% 28.2% $1567 $73
605 3.0L V6 Turbo DCP + GDI AT 6 spd 42 S-S 5% 28.5% $2274 $288
604 4.0L V6 w/ Deac GDI + CCP DCT 6 spd 42 S-S 5% 31.9% $1506 $(220)
606 3.0L V6 Turbo DCP + GDI DCT 6spd 42 S-S 5% 32.1% $2214 $4,568
608 3.0L V6 Turbo Diesel DCT 6 spd 12V 5% 32.3% $3258 $4,128
609 3.0L V6 w/ Deac GDI+CCP HEV 2-mode HEV 0% 44.4% $5939 $223
Remove Package 605
601 4.5L DOHC 4-Valve V8§ AT 4 spd 12V 0% 7.6% $214 $28
602 4.0L V6 GDI + CCP AT 6 spd 12V 3% 17.9% $817 $59
603 4.0L V6 w/ Deac GDI + CCP AT 6 spd 42 S-S 5% 28.2% $1567 $73
604 4.0L V6 w/ Deac GDI + CCP DCT 6 spd 42 S-S 5% 31.9% $1506 ($16)
606 3.0L V6 Turbo DCP + GDI DCT 6spd 42 S-S 5% 32.1% $2214 $4,568
608 3.0L V6 Turbo Diesel DCT 6 spd 12V 5% 32.3% $3258 $4,128
609 3.0L V6 w/ Deac GDI + CCP HEV 2-mode HEV 0% 44.4% $5939 $223
Remove Package 603
601 4.5L DOHC 4-Valve V8 AT 4 spd 12V 0% 7.6% $214 $28
602 4.0L V6 GDI + CCP AT 6 spd 12V 3% 17.9% $817 $59
604 4.0L V6 w/ Deac GDI + CCP DCT 6 spd 42 S-S 5% 31.9% $1506 $49
606 3.0L V6 Turbo DCP + GDI DCT 6spd 42 S-S 5% 32.1% $2214 $4,568
608 3.0L V6 Turbo Diesel DCT 6 spd 12V 5% 32.3% $3258 $4,128
609 3.0L V6 w/ Deac GDI + CCP HEV 2-mode HEV 0% 44.4% $5939 $223
Remove Package 606
601 4.5L DOHC 4-Valve V8 AT 4 spd 12V 0% 7.6% $214 $28
602 4.0L V6 GDI + CCP AT 6 spd 12V 3% 17.9% $817 $59
604 4.0L V6 w/ Deac GDI + CCP DCT 6 spd 42 S-S 5% 31.9% $1506 $49
608 3.0L V6 Turbo Diesel DCT 6 spd 12V 5% 32.3% $3258 $4,295
609 3.0L V6 w/ Deac GDI + CCP HEV 2-mode HEV 0% 44.4% $5939 $223
Remove Package 608
601 4.5L DOHC 4-Valve V8§ AT 4 spd 12V 0% 7.6% $214 $28
602 4.0L V6 GDI + CCP AT 6 spd 12V 3% 17.9% $817 $59
604 4.0L V6 w/ Deac GDI + CCP DCT 6 spd 42 S-S 5% 31.9% $1506 $49
609 3.0L V6 w/ Deac GDI + CCP HEV 2-mode HEV 0% 44.4% $5939 $356
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The eighth, or last column of Table 1-14 is a measure of the incremental cost
effectiveness of each package relative to the previous package. Specifically, it is the ratio
of the incremental cost of the current package over the previous package to the
incremental effectiveness of the current package over the previous package. In both
cases (cost and effectiveness), the increment is the arithmetic difference. As discussed
above, OMEGA uses a different measure of incremental effectiveness in its calculation of
CO,emissions. Here, however, the arithmetic difference in the effectiveness of two
technology packages provides the best comparison across packages, since the base
COs,emissions inherent in the total effectiveness estimates is the same; that of the base
vehicle. Therefore, a 10% difference between two packages with 7% and 17%
effectiveness, respectively, represents the same CO,emission reduction as a 10%
difference between two packages with 27% and 37% effectiveness, respectively.
Generally, a low ratio of incremental cost to incremental effectiveness is better than a
high ratio. Ideally, the technology packages included in the model would progress from
lower ratios to higher ratios.

The topmost section of Table 1-14 shows all of the packages described earlier.
The order of the packages has been rearranged slightly from that in Table 1-11 in order to
place the packages in order of increasing total effectiveness. As can be seen, there are
two very large anomalies in the ratios of incremental cost to incremental effectiveness.
The ratio for the turbocharged engine with a 6 speed automatic transmission (package
605) is very high, while that for the engine with cylinder deactivation with a dual clutch
transmission (package 604) is negative. The cause of this is that the cost of package 604
is lower than that for package 605. If package 604 can achieve a 31.9% reduction in
CO,emissions at a cost of $1,506, then there is no point in considering a package which
only achieves a 28.5% reduction in CO,emissions for a cost of $2,274. Therefore,
package 605 was removed and the calculations were repeated. (In general, the package
just prior to one with a negative ratio of incremental cost to incremental effectiveness
should be removed.) The revised set of technology packages is shown in the second
section of Table 1-14 after removing package 605.

The second set of packages now shows one obvious anomaly. Again, the ratio of
incremental cost to incremental effectiveness for package 604 is negative. This occurs
because package 604 achieves a higher CO2 reduction for less cost than package 603. As
done above, package 603 was eliminated and the calculations were repeated using the
revised set of packages shown in the third section of Table 1-14.

The third set of packages shows another anomaly. Package 606 is roughly a
factor of 10 higher than any of the prior packages. This occurs because package 606
reduces CO2 emissions by only 0.2% over package 604 for an incremental cost of around
$700. A manufacturer would be better off skipping package 606 and moving straight to
package 608 (the diesel) since package 608 has a more attractive (although not much)
ratio than does package 606. Therefore, package 606 was eliminated and the calculations
were repeated using the revised set of packages shown in the fourth section of Table
1-14.
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The greatest anomaly in the fourth set of ratios is that for the diesel package 608.
It is considerably less attractive than package 609 (the 2-mode hybrid). Therefore,
package 608 is removed and results in the list of packages shown in the fifth and last
section of Table 1-14. If EPA believed that manufacturers would prefer to implement
diesel technology over strong hybridization for some reason, both packages could have
been left in the modeling. However, absent such a reason, the diesel engine package was
removed from vehicle type #6. The revised set of technology packages is shown in the
fourth section of Table 1-14.

1.4 EPA’s Lumped Parameter Approach for Determining
Effectiveness Synergies

EPA engineers reviewed existing tools that could be used to develop estimates of
the technology synergies, including the NEMS model'. However, the synergies in the
NEMS model depend heavily upon an assumed technology application flow path; those
technologies that the model would apply first would be expected to have fewer synergies
than those applied later on. For this reason, and because this report includes many new
technologies not available in NEMS, it was necessary for EPA to develop its own set of
estimates. EPA used a well-documented engineering approach known as a lumped-
parameter technique to determine values for synergies. At the same time, however, EPA
recognized the availability of more robust methods for determining the synergistic
impacts of multiple technologies on vehicle CO, emissions than the lumped-parameter
approach, particularly with regard to applying synergy effects differentiated across
different vehicle classes, and therefore augmented this approach with the detailed vehicle
simulation modeling described in Section 1.4.7.

The basis for EPA’s lumped parameter analysis is a first-principles energy
balance that estimates the manner in which the chemical energy of the fuel is converted
into various forms of thermal and mechanical energy on the vehicle. The analysis
accounts for the dissipation of energy into the different categories of energy losses,
including each of the following:

e Second law losses (thermodynamic losses inherent in the combustion of fuel),

e Heat lost from the combustion process to the exhaust and coolant,

e Pumping losses, i.e., work performed by the engine during the intake and
exhaust strokes,

¢ Friction losses in the engine,

¢ Transmission losses, associated with friction and other parasitic losses,

e Accessory losses, related directly to the parasitics associated with the engine
accessories and indirectly to the fuel efficiency losses related to engine
warmup,

® Vehicle road load (tire and aerodynamic) losses;
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with the remaining energy available to propel the vehicle. It is assumed that the baseline
vehicle has a fixed percentage of fuel lost to each category.

Each technology is categorized into the major types of engine losses it reduces, so
that interactions between multiple technologies applied to the vehicle may be determined.
When a technology is applied, its effects are estimated by modifying the appropriate loss
categories by a given percentage. Then, each subsequent technology that reduces the
losses in an already improved category has less of a potential impact than it would if
applied on its own. Table 1-15 below is an example spreadsheet used by EPA to estimate
the synergistic impacts of a technology package for a standard-size car.
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Table 1-15 Sample Lumped Parameter Spreadsheet

Vehicle type: Standard Car

EPA Staff Deliberative Materials--Do Not Quote or Cite

Vehicle Energy Effects Estimator

Description: Technology picklist

Family Package: Z
Indicated Energy Heat
Brake Energ) Engine Friction Lost To
Vehicle Road Loads Parasitics | Gearbox, Exhaust &
Mass Drag Tires T.C. Coolant
Inertia Aero Rolling Access Trans Friction ~ Pumping | Ind Eff Second
Load Load Load Losses Losses Losses Losses Losses Law Check
Baseline % of fuel 13.0% 4.0% 4.0% 1.8% 4.2% 6.6% 4.4% 32.0% 30.0% 100.0% OK
Reduction 0% 16% 8% 64% 33% 16% 75%
% of original fuel 13.0% 3.4% 3.7% 0.8% 3.3% 5.6% 1.1% 31.8% 30%
Indicated Mech Brake Drivetrain Fuel | Road |
Efficiency | Efficiency | Efficiency | Efficiency | Efficienc Loads
Baseline 38.0% 71.1% 27.0% 77.8% 21.0% 100.0%
New 38.2% 82.5% 31.5% 87.2% 27.5% 95.4%
| Current Results
72.9%  Fuel Consumption Original friction/brake ratio
27.1% FC Reduction Based on PMEP/IMEP >>>>
37.2%  FE Improvement (GM study) =71.1% mech efficiency
N/A  Diesel FC Reduction
Independent User Picklist
Technology FC Estimate Loss Category Impl ion into Include? (0/1) Gross FC Red
Aero Drag Reduction 3.0% Aero 16% aero (cars), 10.5% aero (trucks) 1 3.0%
Rolling Resistance Reduction 1.5% Rolling 8% rolling 1 1.5%
Low Fric Lubes 0.5% Friction 2% friction 1 0.5%
EF Reduction 2.0% Friction 8.5% friction 1 2.0%
ICP 2.0% Pumpin; 12% pumping, 38.2% IE, -2% fric 0 0.0%
DCP 3.0% _ total VVT Pumpin; 18.5% pumping, 38.2% IE, -2% fric 0 0.0% Pick one
CCP 3.0% total VVT Pumping 18.5% pumping, 38.2% IE, -2% fric 1 3.0%
Deac 6.0% Pumping, friction 39% pumping 0 0.0%
DVVL 4.0% Pumpin; 30% pumping, -3% friction 1 4.0%
CVVL 5.0% Pumping 37% pumping, -3% friction 0 0.0%
Camless 10.0% Pumpin, 76% pumping, -5% friction 0 0.0%
GDI 1.5% Ind Eff 38.6% Ind Eff 0 0.0%
Turbo/Dnsize 6.0% Pumping 39% pumping 0 0.0%
5-spd 2.5% Trans, pumpin; 22% pumping, -5% trans 0 0.0%
CVT 6.0% Trans, pumpin; 46% pumping, -5% trans 0 0.0%
ASL 1.5% Pumping 9.5% pumping 1 1.5%
Agg TC Lockup 0.5% Trans 2.5% trans 1 0.5%
6-spd auto 5.5% Trans, pumpin; 42% pumping, -5% trans 1 5.5%
AMT 6.5% Trans 35% trans (increment) 1 6.5%
42V S-S 7.5% F,P, A 13% friction, 19% pumping, 38% access 1 7.5%
12V acc + Imp alt 1.5% Access 18% access 0 0.0%
EPS 1.5% Access 18% access 1 1.5%
42V acc + imp alt 3.0% Access 36% access 1 3.0% Or #51
HCCI dual-mode 11.0% Ind. Eff, pumpin, 41% IE, 25% pumping 0 0.0%
GDI (lean) 10.5% Ind. Eff, pumpin, 40% IE, 38% pumping 0 0.0%
[Diesel - LNT 30.0% _ over gas __Ind Eff, pumping 48% IE, 85% pumping, -13% friction 0 0.0% Pick one
|Diesel - SCR 30.0% _ over gas _ Ind Eff, pumpin, 46% IE, 80% pumping, -13% friction 0 0.0%
Opt. E25 8.5% Ind. Eff, pumping 39% IE, 40% pumping 0 0.0%
33.6%

Table 1-16 below lists the technologies considered in this example, their
corresponding individual technology effectiveness values, and a comparison of the gross
combined package CO, reduction (i.e. disregarding synergies) to the lumped parameter
results. The difference is the implied synergistic effects of these technologies combined
on a package.
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Table 1-16 Comparison of Lumped Parameter Analysis with Standard Car Package

TECHNOLOGY INDIVIDUAL CO, CUMULATIVE
REDUCTION CO,REDUCTION

Aero Drag 3% 3%
Rolling Resistance Reduction 1.5% 4.5%
Low Friction Lubricants 0.5% 4.9%
Engine Friction Reduction 2.0% 6.8%
VVT — Coupled Cam Phasing 3.0% 9.6%
VVT — Discrete Variable Lift 4.0% 13.2%
Aggressive Shift Logic 1.5% 14.5%
Early Torque Convertor Lock-up 0.5% 15.0%
6-speed Automatic Transmission 5.5% 19.6%
6-speed Dual Clutch Transmission 6.5% 24.9%
Stop-start with 42 volt system 7.5% 30.5%
Electric Power Steering 1.5% 31.5%
42V acc + improved alternator 3.0% 33.6%

Gross combined effectiveness 33.6 %

Lumped Parameter Estimate 27.1%

Estimated synergistic effects -6.5%

The synergy estimates obtained using the lumped parameter technique were
subsequently compared to the results from the vehicle simulation work. EPA will
continue to use the lumped parameter approach as an analytical tool, and (using the
output data from the vehicle simulation as a basis) may adjust the synergies as necessary
in the future. No commenter took issue with this concept.

14.1 Ricardo’s Vehicle Simulation

Vehicle simulation modeling was performed by Ricardo, Inc. The simulation
work addressed gaps in existing synergy modeling tools, and served to both supplement
and update the earlier vehicle simulation work published by NESCCAF. Using a
physics-based, second-by-second model of each individual technology applied to various
baseline vehicles, the Ricardo model was able to estimate the effectiveness of the
technologies acting either individually or in combination. This information could then be
used to estimate the synergies of these technology combinations, and also to differentiate
the synergies across different vehicle classes.

In total, Ricardo modeled five baseline vehicles and twenty-six distinct
technology combinations, covering the full range of gasoline and diesel powertrain
technologies used in the Volpe model, with the exception of the powersplit, plug-in and
two-mode hybrid vehicle technologies. The five generalized vehicle classes modeled
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were a standard car, a full-size car, a small multi-purpose vehicle (MPV), a large MPV
and a large truck. The complete list of vehicles and technology packages is given below
in this section, along with a detailed explanation of the selection criteria.

Each technology package was modeled under a constraint of “equivalent
performance” to the baseline vehicle. To quantify the performance, a reasonably
comprehensive, objective set of vehicle performance criteria were used as a basis to
compare with the baseline vehicle, characterizing the launch acceleration, passing
performance and grade capability that a vehicle buyer might expect when considering a
technology package. The main metrics used to compare vehicle performance are listed
below in Table 1-17.

Table 1-17 Performance Metrics Used as Basis for “Equivalent Performance”

CHARACTERISTIC PERFORMANCE METRIC

Overall Performance Time to accelerate from 0-60 MPH

Launch Acceleration Time to accelerate from 0-30 MPH
Vehicle speed and distance after a 3-second acceleration
from rest

Passing Performance Time to accelerate from 30 to 50 MPH
Time to accelerate from 50 to 70 MPH

Grade Capability Maximum % grade at 70 MPH
(standard car, large car, small MPV and large MPV)
Maximum % grade at 60 MPH at GCVWR (large truck)

Notes: All accelerations are assumed at WOT (wide open throttle) condition. GCVWR = Gross Combined
Vehicle Weight Rating

A summary of the vehicle simulation results is given below in Section 1.4.7,
including the CO, emissions reduction effectiveness for each technology package. The
full Ricardo vehicle simulation results, including the acceleration performance data, may
be found in Ricardo’s final report posted publicly at EPA’s website.”

1.4.2 Description of Ricardo’s Report

In this section, the structure, methodology and results from the Ricardo vehicle
simulation report are summarized. EPA worked closely with Ricardo to develop baseline
models of five generalized vehicle classes that could be validated against EPA
certification data, and then used as a platform upon which to add various technology
packages. The vehicle simulation modeling results generated by Ricardo consist of the
following:

e Baseline vehicle characterization, to determine the baseline fuel consumption and
CO, emissions over the EPA combined cycle federal test procedure (FTP) for five
baseline vehicles, for validation with EPA certification data.
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e Simulation of the vehicle technology combinations (applied to the baseline
vehicles)

¢ Incremental technology effectiveness estimates, to examine the effect of adding
technologies one-by-one. These could then be used more directly to validate
synergies estimated using the lumped parameter method.

This section describes the selection process for each of the baseline vehicles and
the technology packages, and summarizes the results of the vehicle simulation. No
commenter took issue that the Ricardo work was a legitimate way to validate the lumped
parameter methodology, and that it did in fact confirm that methodology’s reasonable use
in this rule

1.4.3 Determination of representative vehicle classes

In an effort to establish a reasonable scope for the vehicle simulation work and to
update the earlier simulation done by NESCCAF, EPA chose five representative vehicle
classes as the basis for evaluating technology benefits and synergies, representing the
vehicle attributes of the projected highest-volume light-duty car and truck sales segments.
These five classes covered a broad range of powertrain and vehicle characteristics, over
which the effectiveness and synergies of each of the technologies could be evaluated.

The main distinguishing attributes of the five vehicle classes considered by EPA and
Ricardo are given below in Table 1-18.
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Table 1-18 Attributes of the Five Generalized Vehicle Classes Considered by Ricardo

VEHICLE STANDARD LARGE SMALL LARGE LARGE
CLASS CAR CAR MPV MPV TRUCKS
EPA Vehicle Compact, Large CAR Small SUV, Minivans, Large SUV’s,
Types Included Midsize Small Mid-SUV’s Large Pickups
Pickup
Curb Weight 2800-3600 1bs >3600 Ibs 3600-4200 | 4200-4800 1bs | >4800 Ibs
Range Ibs
Engine Type 14 V6 14 V6 V8
Drivetrain FWD RWD/AWD FWD FWD/AWD 4WD
Body Type Unibody Unibody Unibody Unibody Ladder Frame
Towing None None Partial Partial Full
Capability
Example vehicles | Toyota Camry, | Chrysler 300, | Saturn Vue, | Dodge Grand Ford F-150,
Chevy Malibu, Ford 500/ Ford Caravan, Chevy
Honda Accord Taurus Escape, GMC Acadia, Silverado
Honda CR- Ford Flex 1500, Dodge
\Y Ram

EPA then selected representative vehicle models for each of these classes, based on three

main criteria:

¢ The vehicle should possess major attributes and technology characteristics that are
near the average of its class, including engine type and displacement, transmission

type, body type, weight rating, footprint size and fuel economy rating.

e It should be among the sales volume leaders in its class, or where there is not a

clearly-established volume leader, the model should share attributes consistent
with major sellers.

e The vehicle should have undergone a recent update or redesign, such that the

technology in the baseline model could be considered representative of vehicles
sold at the beginning of the regulatory timeframe.

Consideration was also given to include the sales-leading vehicle manufacturers
among the baseline models. Hence, the U. S. domestic manufacturers account for four of
the five models (Chrysler 300, GM/Saturn Vue, Chrysler/Dodge Caravan, and the Ford
F-150), while import manufacturers are represented in their strongest sales segment, the
standard car class, by the Toyota Camry.
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1.4.4 Description of Baseline Vehicle Models

The baseline vehicles selected to represent their respective vehicle classes are

described below in Table 1-19, listed with the critical attributes that EPA used as

selection criteria. While each attribute for these baseline vehicles does not match the
precise average for its class, each of these baselines is an actual vehicle platform that
allows validation of the simulation data with “real world” certification data.

Table 1-19 Description of Baseline Vehicles

VEHICLE CLASS | STANDARD LARGE SMALL LARGE LARGE
CAR CAR MPV MPV TRUCKS
i i T m D ran
Baseline Vehicle oyota Chrysler 300 Satu odge Grand Ford F-150
Camry VUE Caravan
Emissions*
CO;Emissions 327 409 415 435 575
(g/mi)
Base Engine DOHC 14 SOHC V8 DOHC 14 OHV V6 SOHC V8
Displacement 2.4 3.5 24 3.8 5.4
(L)
Rate Power
(HP) 154 250 169 205 300
wn Torque (ft-1bs) 160 250 161 240 365
% Valvetrain Type VVT (DCP) Fixed VVT (DCP) Fixed VVT (CCP)
2 Valves/Cylinder 4 4 4 2 3
'E Drivetrain FWD RWD FWD FWD 4WD
2 Transmission Auto Auto Auto Auto Auto
@ # 0fS Forward 5 5 4 4 4
> peeds
oy .
S| My 3108 3721 3825 4279 5004
> ETW (Ibs) 3500 4000 4000 4500 6000
GVWR (Ibs) - -- 4300 5700 6800
GCWR (Ibs) - -- - - 14000
Front Track
Width (in.) 62 63 61.4 63 67
Wheelbase (in.) 109.3 120 106.6 119.3 144.5
o &| Displacement/
g "3 Weight Ratio 1.54 1.88 1.25 1.78 2.16
S "5 (L/ton)
£
GE E Power /
s: _E:‘ Weight Ratio 99.1 134.4 88.4 95.8 119.9
@] (HP/ton)

*Estimated CO,; equivalent, taken from EPA adjusted combined fuel economy ratings.
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1.4.5 Technologies Considered by EPA and Ricardo in the Vehicle
Simulation

A number of advanced gasoline and diesel technologies were considered in the
Ricardo study, comprising the majority of the technologies used in the Volpe model, with
the exception of the hybrid electric vehicle technologies. In developing a comprehensive
list of technologies to be modeled, EPA surveyed numerous powertrain and vehicle
technologies and technology trends, in order to assess their potential feasibility in the
next one to ten years. The list of technologies considered therefore includes those that
are available today (e.g., variable valve timing, six-speed automatic transmissions) as
well as some that may not be ready for five to ten years (e.g., camless valve actuation and
HCCI engines). Table 1-20 below lists the technologies that Ricardo included in the
vehicle simulation models.
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Table 1-20 Technologies Included in the Ricardo Vehicle Simulation

ENGINE TECHNOLOGIES
Abbreviation Description
DOHC Dual Overhead Camshafts
SOHC Single Overhead Camshaft
OHV Overhead Valve (pushrod)
CCP Couple Cam Phasing
DCP Dual (independent) Cam Phasing
DVVL Discrete (two-step) Variable Valve Lift
CVVL Continuous Variable Valve Lift
Deac Cylinder Deactivation
CVA Camless Valve Actuation (full)
Turbo Turbocharging and engine downsizing
GDI Gasoline Direct Injection
Diesel Diesel with advanced aftertreatment
HCCI Homogenous Charge Compression Ignition (gasoline)
LUB Low-friction engine lubricants
EFR Engine Friction Reduction
TRANSMISSION TECHNOLOGIES
Abbreviation Description
L4 Lock-up 4-speed automatic transmission
LS Lock-up 5-speed automatic transmission
L6 Lock-up 6-speed automatic transmission
DCT6 6-speed Dual Clutch Transmission
CVT Continuously Variable Transmission
ASL Aggressive Shift Logic
TORQ Early Torque Converter Lock-up
ACCESSORY TECHNOLOGIES

Abbreviation Description
ISG (42V) 42V Integrated Starter-Generator
EPS Electric Power Steering
EACC Electric Accessories (water pump, oil pump, fans)
HEA High-Efficiency Alternator

VEHICLE TECHNOLOGIES
Abbreviation Description
AERO Aerodynamic drag reduction (10~20%)
ROLL Tire Rolling Resistance reduction (10%)
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1.4.6 Choice of Technology Packages

EPA chose a number of technology packages representing a range of options that
manufacturers might pursue. In determining these technology combinations, EPA
considered available cost and effectiveness numbers from the literature, and applied
engineering judgment to match technologies that were compatible with each other and
with each vehicle platform. Also, where appropriate, the same technologies were applied
to multiple vehicle classes, to determine where specific vehicle attributes might affect
their benefits and synergies. Table 1-21 below describes in detail the technology content
in each technology package simulated by Ricardo.
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Table 1-21 Description of the Vehicle Technology Packages Modeled by Ricardo

VEHICLE | TECHNOLOGY
CLASS PACKAGE ENGINE VALVETRAIN | TRANSMISSION ACCESSORIES
Baseline 2.4 Liter 14 DOHC, DCP L5 --
=}
= Z 2.4L 14, PFI CCP, DVVL DCT6 ISG (42V), EPA,
s = EACC
g o 1 2.4L 14, GDI DCP, DVVL CVT EPS, EACC, HEA
7 ISG (42V), EPS,
2 2.4L 14, GDI DCP L6 EACC
Baseline 2.4 Liter 14 DOHC, DCP L6 EPS
ISG (42V), EPA,
V4 2.4L 14, PFI CCP, DVVL DCT6 EACC
1 2.4L 14, GDI DCP, DVVL CVT EPS, EACC, HEA
‘e ISG (42V), EPA,
E 2 2.4L 14, GDI DCP L6 EACC
% 15 15L 14, GDI, DCP DCT6 EPS, EACC, HEA
= Turbo
2 15a 2.4L 14, GDI CVA DCT6 EPS, EACC, HEA
15b 2'4%{136?]]’ DCP, CVVL DCT6 EPS, EACC, HEA
5 1.9L 14, Diesel DOHC DCT6 EPS, EACC, HEA
Baseline 3.5 Liter V6 SOHC L5 --
4 22L 14, GDI, DCP L6 EPS, EACC, HEA
g Turbo
8 5 2.8L 14, Diesel DOHC DCT6 EPS, EACC, HEA
P Y1 3.5L V6, GDI CVA DCT6 EPS, EACC, HEA
N
ZJ Y2 3'5LHVC6C’IG DL, DCP, CVVL DCT6 EPS, EACC, HEA
é 6a 3.0L V6, GDI DCP, CVVL DCT6 EPS, EACC, HEA
ISG (42V), EPA,
16 3.5L V6, GDI CCP, Deac L6 EACC
> Baseline 3.8 Liter V6 OHV L4 -
E 4 2.1L 14, GDI, DCP L6 EPS, EACC, HEA
Turbo
gn 6b 3.0L V6, GDI CCP, Deac DCT6 EPS, EACC, HEA
= ISG (42V), EPA,
ot 16 3.8L V6, GDI CCP, Deac L6 EACC
Baseline 5.4 Liter, V8 SOHC, CCP L4 --
ISG (42V), EPA,
9 5.4L V8, GDI CCP, Deac DCT6 EACC
< 10 3.6L V6, GDI, DCP DCT6 EPS, EACC, HEA
E Turbo
t 11 4.8L V8, Diesel DOHC DCT6 EPS, EACC, HEA
2 12 5.4L V8, GDI CCP, Deac L6 ISG (42V), EPA,
3 EACC
17 5.4L V8, GDI DCP, DVVL L6 EPS, EACC, HEA
X1 5.4L V8, GDI CVA DCT6 EPS, EACC, HEA
X2 5'4LHVC8C’IG DL, DCP, CVVL DCT6 EPS, EACC, HEA
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Other: 20% Aerodynamic drag reduction, 10% tire rolling resistance reduction assumed for all
vehicles, except Large Trucks. 10% Aerodynamic drag reduction assumed for Large Truck. Low-Friction
lubricants and moderate engine friction reductions are assumed for all vehicles. Aggressive shift logic and
early torque converter lockup strategies are assumed for all vehicles, where applicable.

1.4.7 Simulation Results

The CO, emissions results from the vehicle simulation are summarized below in
Table 1-22 (for cars) and Table 1-23 (for light-duty trucks). The CO, estimates are given
for the combined city and highway test cycles, according to the EPA Federal Test
Procedure (FTP), with the technology package results compared with the baseline vehicle
as shown.

It is important to reiterate that each of the technology package results were
obtained with performance determined to be equivalent to the baseline vehicle. No
attempt was made to project trends in performance during the regulatory period, nor was
the performance downgraded to give improved fuel efficiency. A full comparison of
vehicle acceleration performance is given in the Ricardo final report.

Table 1-22 CO, Emissions Estimates Obtained from Vehicle Simulation (Cars)

CO2 CO2 CO2 CO2
VEHICLE TECHNONOLGY MAJOR CITY HWY COMB REDUCTION
PACKAGE FEATURES*
g/mi g/mi g/mi %
. Baseline 2.4L 14, DCP, LS5 338 217 284 -
< CCP, DVVL,
g Z DCT. ISG 250 170 214 24.7%
S
< GDI, DCP,
-c% 1 DVVL, CVT 294 198 251 11.5%
% 2 GDL, IDS%P’ L6, 277 180 233 17.8%
Baseline 3.5L V6, L5 420 279 356 -
2.2L 14, GDI,
§ 4 Turbo, DCP., L6 346 236 296 16.9%
< 2.8L 14 Diesel,
% 5 DCT 315 221 273 23.5%
% Y1 GDI, CVA, DCT 278 199 242 32.0%
= Y2 GDI, HCCI, DCT 290 197 248 30.4%
=
= GDI, DCP,
6a CVVL. DCT 331 235 288 19.2%
GDI, CCP, Deac,
16 L6, 1SG 301 205 257 27.7%

*-Please refer to Table 1-20 for a full description of the vehicle technologies
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Table 1-23 CO, Emissions Estimates Obtained from Vehicle Simulation (Light-Duty Trucks)

Co2 Co2 Co2 Co2
e | TECHNONOLGY MAJOR CITY | HWY | COMB | REDUCTION
PACKAGE FEATURES*
g/mi g/mi g/mi %
Baseline 2.4L 14, DCP, EPS 367 253 316 -
z CCP, D;’S\éL’ DCT, 272 208 243 23.0%
2 ! GDL, DSS’TDVVL’ 310 227 272 13.7%
E 2 GDL DCP. L6.1SG 201 211 255 193%
< 1.5L I4 GDI, Turbo.
E 15 bePDCT 272 212 245 22.5%
15a GDL CVA, DCT 262 193 231 263%
15b GDL HCCL, DCT 270 197 237 24.8%
5 TOL 14 Diesel, DCT | 282 205 247 21.8%
> Baseline 3.3L V6 458 313 393 =
= 4 2.1L I{gg?ig urbo, | 35y 256 312 20.6%
& 6b GDIL CCP. Deac, DCT | 333 243 205 24.9%
5 16 GDL Ccfs’c?eac’ L6, | 35 225 280 28.7%
Baseline 5.4L V8, CCP 612 102 517 =
9 GDL, CCPI’S%eaC’ DCT. | 43 315 379 26.7%
=4 3.6L V6, GDI, Turbo
o . 9’ t 9
S 10 boP. DCT 404 319 366 20.3%
= T 181 V8 Diesel, DCT | 444 326 391 24.4%
1))
5 12 GDL, CCP, Deac, L6, | 5 328 400 22.6%
= ISG
17 GDL DCP.DVVL.L6 | 492 333 120 18.8%
X1 GDL CVA. DCT a2 314 374 27.8%
X2 GDL HCCL, DCT 125 311 374 277%

*-Please refer to Table 1-20 for a full description of the vehicle technologies

1.5 Comparison of Lumped-Parameter Results to Modeling Results

Considering the following:

1) EPA’s lumped-parameter package estimates are comparable with those obtained
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2) EPA is confident in the plausibility of the individual technology effectiveness
estimates in, based on the sources from which that information was assimilated, as

detailed in Section 2 of this report.

3) Additionally, EPA expresses confidence in the overall Ricardo package results
due to the robust methodology used in building the models and generating the

results. No commenter took issue with this concept.
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Figure 1-2 Comparison of Ricardo package results to equivalent lumped parameter package results

Based on this, EPA concludes that the synergies derived from the lumped
parameter approach are generally plausible (with a few packages that garner additional
investigation). EPA will continue to analyze this data, focusing on those packages where
the differences between the two approaches are large.

The simulation results may present opportunities to improve the fidelity of the
lumped-parameter approach by identifying differences between different platforms or
important vehicle traits (such as displacement-to-weight ratio, e.g.). There might also be
opportunity to infer (through detailed analysis) the individual effectiveness values for
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some technologies by comparing and isolating Ricardo package results across different
vehicle platforms.

1.6 Using the Lumped-Parameter Technique to Determine Synergies
in a Technology Application Flowpath (Identifying ‘“Technology
Pairs” to account for synergies)

In order to account for the real world synergies of combining of two or more
technologies, the product of their individual effectiveness values must be adjusted based
on known interactions, as noted above. When using an approach in which technologies
are added sequentially in a pre-determined application path to each individual vehicle
model, as used in NHTSA’s 2006 fuel economy rule for light trucks3, these interactions
may be accounted for by considering a series of interacting technology pairs. EPA
believes that a lumped parameter approach can be used as a means to estimate and
account for synergies for such a technology application method. When using a sequential
technology application approach which applies more than one technology, it is necessary
to separately account for the interaction of each unique technology pair. Moreover, if the
sequential technology application approach applies a technology that supersedes another,
for example, where a VVLT system is substituted in place of a cylinder deactivation
system, its incremental effectiveness must be reduced by the sum of the synergies of that
technology with each individual technology that was previously applied, regardless of
whether any of them have also been superseded. Figure 1-3 below provides an example
of how technology pairs are identified for a specific technology application path similar
to one used by NHTSA. In this example, an interaction is identified between each of the
engine technologies (except GDI) with each of the transmission technologies. So, in this
example, were the model to couple a turbocharged and downsized GDI engine with a 6-
speed transmission, it would apply a series of many synergy pairs to the combined
individual effectiveness values to arrive at the overall effectiveness.
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Engine Technology Trans Technology
VVT (ICP)
A
VVT (CCP) % L5
A \ 4
DISP L6

A

4
VVLT (DVVL)

GDI

A
TURB

(Lines indicate potential synergies)

Figure 1-3 Illustration of technology pairings for a specific technology application path
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CHAPTER 2: Air Conditioning

2.1 Overview of Air Conditioning Impacts and Technologies

Over 95% of the new cars and light trucks in the United States are equipped with
mobile air conditioning (A/C) systems. In the 1970’s and 1980’s, A/C systems were an
optional (luxury) feature, but these systems are now standard on almost all new vehicle
models. The A/C system is a unique and distinct technology on the automobile. It is
different from the other technologies described in Chapter 3 of the joint Technical
Support Document (TSD) in several ways. First, most of the technologies described in
the joint TSD directly affect the efficiency of the engine, transmission, and vehicle
systems. As such, these systems are almost always active while the vehicle is moving
down the road or being tested on a dynamometer for the fuel economy and emissions test
drive cycles. A/C on the other hand, is a parasitic load on the engine that only burdens
the engine when the vehicle occupants demand it. Since it is not tested as a normal part
of the fuel economy and emissions test drive cycles, it is referred to as an “off-cycle”
effect. There are many other off-cycle loads that can be switched on by the occupant that
affect the engine; these include lights, wipers, stereo systems, electrical
defroster/defogger, heated seats, power windows, etc. However, these electrical loads
individually amount to a very small effect on the engine (although together they can be
significant). The A/C system (by itself) adds a significantly higher load on the engine as
described later in this chapter. Secondly, present A/C systems leak a powerful
greenhouse gas (GHG) directly into the air - even when the vehicle is not in operation.
No other vehicle system has associated GHG leakage. Because of these factors, a distinct
approach to control of MAC systems is justified, and a separate technical discussion is
also warranted.

As just mentioned above, there are two mechanisms by which A/C systems
contribute to the emissions of greenhouse gases. The first is through direct leakage of the
refrigerant into the air. The hydrofluorocarbon (HFC) refrigerant compound currently
used in all recent model year vehicles is R134a (also known as 1,1,1,2-Tetrafluoroethane,
or HFC-134a). Based on the higher global warming potential of HFCs, a small leakage
of the refrigerant has a greater global warming impact than a similar amount of emissions
of some other mobile source GHGs. R134a has a global warming potential (GWP) of
1430.* This means that 1 gram of R134a has the equivalent global warming potential of

A The global warming potentials (GWP) used in the NPRM analysis are consistent with Intergovernmental
Panel on Climate Change (IPCC) Fourth Assessment Report (AR4). At this time, the IPCC Second
Assessment Report (SAR) global warming potential values have been agreed upon as the official U.S.
framework for addressing climate change. The IPCC SAR GWP values are used in the official U.S.
greenhouse gas inventory submission to the United Nations climate change framework. When inventories
are recalculated for the final rule, changes in GWP used may lead to adjustments.
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1,430 grams of CO, (which has a GWP of 1).1 In order for the A/C system to take
advantage of the refrigerant’s thermodynamic properties and to exchange heat properly,
the system must be kept at high pressures even when not in operation. Typical static
pressures can range from 50-80 psi depending on the temperature, and during operation,
these pressures can get to several hundred psi. At these pressures leakage can occur
through a variety of mechanisms. The refrigerant can leak slowly through seals, gaskets,
and even small failures in the containment of the refrigerant. The rate of leakage may
also increase over the course of normal wear and tear on the system. Leakage may also
increase more quickly through rapid component deterioration such as during vehicle
accidents, maintenance or end-of-life vehicle scrappage (especially when refrigerant
capture and recycling programs are less efficient). Small amounts of leakage can also
occur continuously even in extremely “leak-tight” systems by permeating through hose
membranes. This last mechanism is not dissimilar to fuel permeation through porous fuel
lines. Manufacturers may be able to reduce these leakage emissions through the
implementation of technologies/designs such as leak-tight, non-porous, durable
components. The global warming impact of leakage emissions also can be addressed by
using alternative refrigerants with lower global warming potential. Refrigerant emissions
can also occur during maintenance and at the end of the vehicle’s life (as well as
emissions during the initial charging of the system with refrigerant), and these emissions
are already addressed by the CAA Title VI stratospheric ozone program, as described
below.

The second mechanism by which vehicle A/C systems contribute to GHG
emissions is through the consumption of additional fuel required to provide power to the
A/C system and from carrying around the weight of the A/C system hardware year-round.
The additional fuel required to run the system is converted into CO; by the engine during
combustion. These increased emissions due to A/C operation can be reduced by
increasing the overall efficiency of the vehicle’s A/C system, as described below. EPA
will not be addressing modifications to the excess weight of the A/C system, since the
incremental increase in CO, emissions and fuel consumption due to carrying the A/C
system is directly measured during the normal federal test procedure, and is thus already
subject to the normal control program.

EPA’s analysis indicates that together, these (A/C related) emissions account for
about 9% of the greenhouse gas emissions from cars and light trucks. In this document,
EPA will separate the discussion of these two categories of A/C-related emissions
because of the fundamental differences in the emission mechanisms and the methods of
emission control. Refrigerant leakage control is akin in many respects to past EPA fuel
evaporation control programs (in that containment of a fluid is the key feature), while
efficiency improvements are more similar to the vehicle-based control of CO, set out in
the joint TSD (in that they would be achieved through specific hardware and controls).

EPA recognizes that California and the European Union also believe that A/C
related emissions account for a significant part of greenhouse gas emissions. Both
California and the European Union have either proposed or discussed programs to limit
GHGs from A/C systems. EPA has evaluated these programs and this document
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discusses some similar features and others that emphasize additional emission reduction
mechanisms.

2.2 Air Conditioner Leakage

No substantive public comments were received during the public comment period on the
size of the HFC credit or the HFC inventories presented here. Consequently, the NPRM
analysis is presented here unchanged. The NPRM inventories differ slightly from the
updated emission inventory analysis provided in the FRM (RIA Chapter 5) due to slight
changes in sales and VMT. The global warming potentials used in this analysis are
discussed in RIA chapter 5.

2.2.1 Impacts of Refrigerant Leakage on Greenhouse Gas Emissions

There have been several studies in the literature which have attempted to quantify the
emissions (and impact) of air conditioner HFC emissions from light duty vehicles. In this
section, several of these studies are discussed.

2.2.1.1 In-Use Leakage Rates

Based on measurements from 300 European vehicles (collected in 2002 and
2003), Schwarz and Harnisch estimate that the average HFC direct leakage rate from
modern A/C systems was estimated to be 53 g/yr.2 This corresponds to a leakage rate of
6.9% per year. This was estimated by extracting the refrigerant from recruited vehicles
and comparing the amount extracted to the amount originally filled (as per the vehicle
specifications). The fleet and size of vehicles differs from Europe and the United States,
therefore it is conceivable that vehicles in the United States could have a different
leakage rate. The authors measured the average charge of refrigerant at initial fill to be
about 747 grams (it is somewhat higher in the U.S. at 770g), and that the smaller cars
(684 gram charge) emitted less than the higher charge vehicles (883 gram charge).
Moreover, due to the climate differences, the A/C usage patterns also vary between the
two continents, which may influence leakage rates.

Vincent et al., from the California Air Resources Board estimated the in-use
refrigerant leakage rate to be 80 g/yr.3 This is based on consumption of refrigerant in
commercial fleets, surveys of vehicle owners and technicians. The study assumed an
average A/C charge size of 950 grams and a recharge rate of 1 in 16 years (lifetime). The
recharges occurred when the system was 52% empty and the fraction recovered at end-
of-life was 8.5%.

2.2.1.2 Emission Inventory

The EPA publishes an inventory of greenhouse gases and sinks on an annual
basis. The refrigerant emissions numbers that are used in the present analysis are from
the Vintaging model, which is used to generate the emissions included in this EPA
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inventory source. The HFC refrigerant emissions from light duty vehicle A/C systems
was estimated to be 61.8 Tg CO, equivalent in 2005 by the Vintaging model.*®

In 2005, refrigerant leakage accounted for about 5.1% of total greenhouse gases
from light duty sources. The following table shows the breakdown of greenhouse gases
as broken down by the different emissions processes in 2005. The baseline tailpipe CO,,
N,O and CH4 emissions are from MOVES, the refrigerant emissions are from the
Vintaging model, and the A/C CO, emissions are from EPA and the National Renewable
Energy Laboratory (NREL) as described below.

Table 2-1 CO, Equivalent Emissions from Light Duty Vehicles Broken Up by Source or Process

Emissions source or process Tg CO, (equivalent) | Percentage of total
Tailpipe CO, (w/o A/C) 1,076 88.6%

CO; from A/C 47.2 3.9%
HFC-134a (Leakage) 61.8 5.1%

N20 28.2 2.3%

CH4 1.9 0.2%

Total 1,215

From a vehicle standpoint, the Vintaging model assumes that 42% of the
refrigerant emissions are due to direct leakage (or “regular” emissions), 49% for service
and maintenance (or “irregular” emissions), and 9% occurs at disposal or end-of-life as
shown in the following table. These are based on assumptions of the average amount of
chemical leaked by a vehicle every year, how much is lost during service of a vehicle
(from professional service center and do-it-yourself practices), and the amount lost at
disposal. These numbers vary somewhat over time based on the characteristics (e.g.
average charge size and leakage rate) of each “vintage” of A/C system, assumptions of
how new A/C systems enter the market, and the number of vehicles disposed of in any
given year.

Table 2-2 Light Duty Vehicle HFC-134a Emissions in 2005 from Vintaging Model - HFC Emissions
Multiplied by 1430 GWP to Convert to CO, Equivalent

Emission Process HFC emissions (metric Fraction of total
tons)
Leakage 18,151 0.42
Maintenance/servicing 21,176 0.49
Disposal/end-of-life 3,890 0.09
Total 43,217 1.0

B EPA reported the MVAC emissions at 56.6 Tg CO, EQ, using a GWP of 1300. This number has been
adjusted using a GWP of 1430.
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2.2.2 A/C Leakage Credit

The level to which each technology can reduce leakage can be calculated using
the SAE Surface Vehicle Standard J2727 — HFC-134a Mobile Air Conditioning System
Refrigerant Emission Chart. This industry standard was developed by SAE and the
cooperative industry and government IMAC (Improved Mobile Air Conditioning)
program using industry experience, laboratory testing of components and systems, and
field data to establish a method for calculating leakage. With refrigerant leakage rates as
low as 10 g/yr, it would be exceedingly difficult to measure such low levels in a test
chamber (or shed). Since the J2727 method has been correlated to “mini-shed” results
(where select components are tested in a small chamber, simulating real-world driving
cycles), the EPA considers this method to be an appropriate surrogate for vehicle testing
of leakage. It is also referenced by the California Air Resources Board in their
Environmental Performance Label regulation and the State of Minnesota in their GHG
reporting regula\tion.5’6

2.2.2.1 Why Is EPA Relying on a Design-Based Approach to Quantify Leakage?

As with any design-based rule, it is possible to achieve compliance by simply
selecting the minimum number of design attributes needed to meet a particular threshold
or standard. Whether a design-based approach is used for emissions compliance or
earning voluntary GHG credits, manufacturers will rightly choose the combination of
design attributes which yield the maximum benefit at the lowest cost. However, there is
a risk that some manufacturers may select poor quality, cheap parts, or implement the
changes poorly, resulting in vehicles which ostensibly meet the rule’s provisions, but in
practice, fail to achieve their stated benefits. However, EPA believes that the market-
driven incentive of assuring customer satisfaction will drive manufacturers to design A/C
systems that perform as promised, and never need to be recharged. In addition, at time of
certification, manufacturers are required to attest that the components used in these
systems are durable. Also, it should be noted that the relative leakage rates assigned to
various components, materials, and technologies in SAE J2727 are based on (and
correlated to) actual leakage rates, as measured in bench- and field-test studies of vehicles
and components.

As discussed in the preamble and Response to Comments document, in the
absence of a vehicle-level performance test to measure the how a particular A/C system
design functions (and the difficulty in creating such a test), EPA will rely on the best
available design metrics to quantify system performance. A few commenters suggested
that we allow manufacturers, as an option, to use an industry-developed “mini-shed” test
procedure (SAE J2763 — Test Procedure for Determining Refrigerant Emissions from
Mobile Air Conditioning Systems) to measure and report annual refrigerant leakage.©
However, while EPA generally prefers performance testing, for an individual vehicle A/C

€ Honeywell and Volvo supported this view; most other commenters did not.
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system or component, there is not a strong inherent correlation between a performance
test using SAE J2763 and the design-based approach we are adopting (based on SAE
J2727, as discussed below).” Establishing such a correlation would require testing of a
fairly broad range of current-technology systems in order to establish the effects of such
factors as production variability and assembly practices (which are included in J2727
scores, but not in J2763 measurements). To EPA's knowledge, such a correlation study
has not been done. At the same time, as discussed below, there are indications that much
of the industry will eventually be moving toward alternative refrigerants with very low
GWPs. EPA believes such a transition would diminish the value of any correlation
studies that might be done to confirm the appropriateness of the SAE J2763 procedure as
an option in this rule. For these reasons, EPA is therefore not adopting such an optional
direct measurement approach to addressing refrigerant leakage at this time. EPA believes
that the SAE J2727 method as an appropriate method for quantifying the expected yearly
refrigerant leakage rate from A/C systems.

2.2.2.2 How Are Credits Calculated?

The A/C credit available to manufacturers will be calculated based on how much
a particular vehicle’s annual leakage value is reduced against the average new vehicle,
and will be calculated using a method drawn directly from the SAE J2727 approach. By
scoring the minimum leakage rate possible on the J2727 components enumerated in the
rule (expressed as a measure of annual leakage), one earns the maximum A/C credit (on a
gram per mile basis).

The A/C credit available to manufacturers will be calculated based on the
reduction to a vehicle’s yearly leakage rate, using the following equation:

Equation 1 - Credit Equation

A/C Credit = (MaxCredit) * [ 1 - (§86.166-12 Score/AngmpactE) *
(GWPRefrigerant/1430)]

There are four significant terms to the credit equation. Each is briefly summarized
below, and is then explained more thoroughly in the following sections. Please note that
the values of many of these terms change depending on whether HFC-134a or an
alternative refrigerant are used. The values are shown in Table 2-3, and are documented
in the following sections.

e  “MaxCredit” is a term for the maximum amount of credit entered into the
equation before constraints are applied to terms. The maximum credits that could

D However, there is a correlation in the fleet between J2763 measurements and J2727 scores.

¥ Section 86.166-12 sets out the individual component leakage values based on the SAE value.
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be earned by a manufacturer is limited by the choice of refrigerant and by
assumptions regarding maximum achievable leakage reductions.

e “Score/Avglmpact” is the leakage score of the A/C system as measured according
to the §86.166-12 calculation in units of g/yr, where the minimum score which is
deemed feasible is fixed.

e  “Avglmpact” is the annual average impact of A/C leakage.

o “GWPRefrigerant” is the global warming potential for direct radiative forcing of
the refrigerant as defined by EPA (or IPCC).

Table 2-3 Components of the A/C Credit Calculation

Lowest-GWP
Refrigerant
HFC-134a (GWP=1)

Cars Trucks Cars Trucks

MaxCredit equation input (grams /mile CO, EQ) 12.6 15.6 13.8 17.2
A/C credit maximum (grams /mile CO, EQ)” 6.3 7.8 13.8 17.2
§86.166-12 Score Avglmpact (grams / HFC year) 8.3 10.4 8.3 104
Avg Impact (grams / HFC year) 16.6 20.7 16.6 20.7

“ IWith electric compressor, value increases to 9.5 and 11.7 for cars and trucks, respectively.

2.2.2.2.1 Max Credit Term

In order to determine the maximum possible credit on a gram per mile basis, it
was necessary to determine the projected real world HFC emissions per mile in 2016.
Because HFC is a leakage type emission, it is largely disconnected from vehicle miles
traveled (VMT)." Consequently, the total HFC inventory in 2016 was calculated, and
then calculated the relevant VMT. The quotient of these two terms is the HFC
contribution per mile.

Consistent with the methodology presented in RIA chapter 5, the HFC emission
inventories were estimated from a number of existing data sources. The per-vehicle per-
year HFC emission of the current (reference) vehicle fleet was determined using averaged
2005 and 2006 registration data from the Transportation Energy Databook (TEDB) and
2005 and 2006 mobile HFC leakage estimates from the EPA Emissions and Sinks report
described above.*” The per-vehicle per-year emission rates were then adjusted to
account for the new definitions of car and truck classes (described in preamble section I),

" In short, leakage emissions occur even while the car is parked, so the connection to a gram/mile credit is
not straightforward. However, HFC emissions must be converted to a gram/mile basis in order to create a
relevant credit.
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by increasing the car contribution proportionally by the percentage of former trucks that
are reclassified as cars. This inventory calculation assumes that the leakage rates and
charge sizes of future fleets are equivalent to the fleet present in the 2005/2006 reference
years. Preliminary EPA analysis indicates that this may increasingly overstate the future
HFC inventory, as charge sizes are decreasing.

The per-vehicle per-year average emission rate was then scaled by the projected
vehicle fleet in each future year (using the fleet predicted in the emissions analysis) to
estimate the HFC emission inventory if no controls were enacted on the fleet. After
dividing the 2016 inventory by total predicted VMT in 2016, an average per mile HFC
emission rate (“base rate”) was obtained.

The base rate is an average in-use number, which includes both old vehicles with
significant leakage, as well as newer vehicles with very little leakage. The new vehicle
leakage rate is discussed in section 2.2.2.2.2, while deterioration is discussed in section
2.2.5.

e  Max Credit with Conventional Refrigerant (HFC-134a)
Two adjustments were made to the base rate in order to calculate the Maximum
HFC credit with conventional refrigerant. First, EPA has determined that 50%
leakage prevention is the maximum potentially feasible prevention rate in the
2012-2016 timeframe (section 2.2.3). Some leaks will occur and are expected,
regardless of prevention efforts. The accuracy of the J2727 approach (as
expressed in §86.112), as a design based test, decreases as the amount of expected
leakage diminishes. 50% of the base rate is therefore set as the maximum
potential leakage credit for improvements to HFC leakage using conventional
refrigerant.

Second, EPA expects that improvements to conventional refrigerant systems will
affect both leakage and service emissions, but will not affect end of life
emissions. EPA expects that reductions in the leakage rate from A/C systems will
result in fewer visits for maintenance and recharges. This will have the side
benefit of reducing the emissions leftover from can heels (leftover in the recharge
cans) and the other releases that occur during maintenance. However, as
disposal/end of life emissions will be unaffected by the leakage improvements
(and also are subject to control under the rules implementing Title VI of the
CAA), the base rate was decreased by a further 9% (Table 2-2).

o  Max Credit with Alternative Refrigerant
Emission reductions greater than 50% are possible with alternative refrigerants.
As an example, if a refrigerant with a GWP of 0 were used, it would be possible
to eliminate all refrigerant GHG emissions. In addition, for alternative
refrigerants, the EPA believes that vehicles with reduced GWP refrigerants should
get credit for end of life emission reductions. Thus, the maximum credit with
alternative refrigerant is about 9% higher than twice the maximum leakage
reduction.
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AIAM commented that EPA should not set a lower limit on the leakage score,
even for non-electric compressors. EPA has determined not to do so. First, although
there do exist vehicles in the Minnesota data with lower scores than our proposed (and
now final) minimum scores, there are very few car models that have scores less than 8.3,
and these range from 7.0 to about 8.0 and the difference are small compared to our
minimum score.” More important, lowering the leakage limit would necessarily increase
credit opportunities for equipment design changes, and EPA believes that these changes
could discourage the environmentally optimal result of using low GWP refrigerants.
Introduction of low GWP refrigerants could be discouraged because it may be less costly
to reduce leakage than to replace many of the A/C system components. Moreover, due to
the likelihood of in-use factors, even a leak-less (according to J2727) R134a system will
have some emissions due to manufacturing variability, accidents, deterioration,
maintenance, and end of life emissions, a further reason to cap the amount of credits
available through equipment design. The only way to guarantee a near zero emission
system in-use is to use a low GWP refrigerant. The EPA has therefore decided for the
purposes of this final rule to not change the minimum score for belt driven compressors
due to the reason cited above and to the otherwise overwhelming support for the program
as proposed from commenters.

In addition, as discussed above, EPA recognizes that substituting a refrigerant
with a significantly lower GWP will be a very effective way to reduce the impact of all
forms of refrigerant emissions, including maintenance, accidents, and vehicle scrappage.
To address future GHG regulations in Europe and California, systems using alternative
refrigerants -- including HFO1234yf, with a GWP of 4 and CO, with a GWP of 1 -- are
under serious development and have been demonstrated in prototypes by A/C component
suppliers. The European Union has enacted regulations phasing in alternative refrigerants
with GWP less than 150 starting this year, and the State of California proposed providing
credits for alternative refrigerant use in its GHG rule. Within the timeframe of MY's
2012-2016, EPA is not expecting widespread use of low-GWP refrigerants. However,
EPA believes that these developments are promising, and, as proposed, has included in
the A/C Leakage Credit formula above a factor to account for the effective GHG
reductions that could be expected from refrigerant substitution. The A/C Leakage Credits
that will be available will be a function of the GWP of the alternative refrigerant, with the
largest credits being available for refrigerants with GWPs at or approaching a value of 1.
For a hypothetical alternative refrigerant with a GWP of 1 (e.g., CO; as a refrigerant),
effectively eliminating leakage as a GHG concern, our credit calculation method could
result in maximum credits equal to total average emissions, or credits of 13.8 and 17.2
g/mi CO,eq for cars and trucks, respectively, as incorporated into the A/C Leakage Credit
formula above as the "MaxCredit" term.

¢ The Minnesota refrigerant leakage data can be found at
http://www.pca.state.mn.us/climatechange/mobileair.html#leakdata
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A final adjustment was made to each credit to account for the difference between
real-world HFC emissions and test-cycle CO, emissions. It has been shown that the tests
currently used for CAFE certification represents an approximately 20% gap from real
world fuel consumption and the resulting CO emissions.® Because the credits from
direct a/c improvements are taken from a real world source, and are being traded for an
increase in fuel consumption due to increased CO, emissions, the credit was multiplied
by 0.8 to maintain environmental neutrality (Table 2-4).

Table 2-4 HFC Credit Calculation for Cars and Trucks Based on a GWP of 1430

HFC VMT Total HFC HFC Maximum | Maximum
Inventory | (Billions | EmissionsPer | Leakage and | Credit w/ | Credit w/o
(MMT of Miles) Mile Service alternative | alternative
CO, EQ) (CO,EQ EmissionsPer | refrigerant | refrigerant
Gram/mile) Mile (Adjusted (50% of
(CO,EQ for On- Adjusted
Gram/mile) | road gap & HFC &
including | excluding
end of life) | end of life)
Car 27.4 1,580 17.2 15.5 13.8 6.3
Truck 30.4 1,392 21.5 19.6 17.2 7.8
Total 57.8 2,972 18.6 16.9 14.9 6.8

2.2.2.2.2 Section 86.166-12, implementing the J2727 Score Term

The J2727 score is the SAE J2727 yearly leakage estimate of the A/C system as
calculated according to the J2727 procedure. The minimum score for cars and trucks is a
fixed value, and the section below describes the derivation of the minimum leakage
scores that can be achieved using the J2727 procedure.

In contrast to the studies discussed in section 2.2.1.1 which discussed the HFC
emission rate of the in-use fleet (which includes vehicles at all stages of life), the SAE
J2727 estimates leakage from new vehicles. In the development of J2727, two relevant
studies were assessed to quantify new vehicle emission rates. In the first study,
measurements from relatively new (properly functioning and manufactured) Japanese-
market vehicles were collected. This study was based on 78 in-use vehicles (56 single
evap, 22 dual evap) from 7 Japanese auto makers driven in Tokyo and Nagoya from
April, 2004 to December, 2005. The study also measured a higher emissions level of 16
g/yr for 26 vehicles in a hotter climate (Okinawa). This study indicated the leakage rate
to be close to 8.6 g/yr for single evaporator systems and 13.3 g/yr for dual evaporator
systerns.9 A weighted (test) average gives 9.9 g/yr. In the second study, emissions were
measured on European-market vehicles up to seven years age driven from November,
2002 to January, 2003." The European vehicle emission rates were slightly higher than
the Japanese fleet, but overall, they were consistent. The average emission rate from this
analysis is 17.0 g/yr with a standard deviation of 4.4 g/yr. European vehicles, because
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they have smaller charge sizes, likely understate the leakage rate relative to the United
States. To these emission rates, the J2727 authors added a factor to account for
occasional defective parts and/or improper assembly and to calibrate the result of the
SAE J2727 calculation with the leakage measured in the vehicle and component leakage
studies.

We adjust this rate up slightly by a factor proportional to the average European
refrigerant charge to the average United States charge (i.e. 770/747 from the Vintaging
model and Schwarz studies respectively). The newer vehicle emission rate is thus 18 g/yr
for the average newer vehicle emissions. This number is a combined car and truck
number, and although based on the limited data, it was not possible to separate them.

To derive the minimum score, the 18 gram per year rate was used as a ratio to
convert the gram per mile emission impact into a new vehicle gram per year for the test.
The car or truck direct a/c emission factor (gram per mile) was divided by the average
emission factor (gram per mile) and then multiplied by the new vehicle average leakage
rate (gram per year)

Equation 2 — J2727 Minimum Score

J2727 Minimum Score = Car or truck average pre control emissions (gram
per mile)/ Fleet average pre-control emissions (grams per mile) x New
vehicle annual leakage rate (grams per year) x Minimum Fraction

By applying this equation, the minimum J2727 score is fixed at 8.3 g/yr for cars
and 10.4 g/yr for trucks. This corresponds to a total fleet average of 18 grams per year,
with a maximum reduction fraction of 50%.

The GWP Refrigerant term in Equation 1 allows for the accounting of refrigerants
with lower GWP (so that this term can be as low as zero in the equation), which is why
the same minimum score is kept regardless of refrigerant used.

It is technically feasible for the J2727 Minimum score to be less than the values
presented in the table. But this will usually require the use of an electric compressor (see
below for technology description), which the EPA does not expect to see with high
penetrations within the 2012-2016 timeframe, as this technology is likely to accompany
hybrid vehicle and stop-start technologies, and not conventional vehicles. However,
several commenters noted that electric A/C compressors are an enabler to lower leakage
rates — beyond the minimum levels we specified - and when this technology is used in
conjunction with other leakage-reducing technologies, the resulting system leakage can
be lower than the minimum levels we proposed (8.3 g/yr for cars and 10.4 g/yr for
trucks). We agree with the commenters that it is feasible for A/C systems with electric
compressors to achieve lower leak rates than belt-driven compressors. Since compressor
leakage can be responsible for more than 50% of the refrigerant leakage from a system,
we are lowering the minimum leakage score for cars and trucks with electric compressors
by 50%, to 4.1 and 5.2 g/yr respectively. The effect of this change will be that vehicles
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with electric compressors will be able to qualify for credit, on a grams-per-mile basis,
than would have been possible with the limitations of the original minimum leakage
score. For vehicles which do use an electric compressor, the 8.3 and 10.4 g/yr minimum
leakage scores for cars and trucks are retained.

2.2.2.2.3 Avglmpact Term

Avglmpact is the average annual impact of A/C leakage, which is 16.6 and 20.7
g/yr for cars and trucks respectively. This was derived using Equation 2, but by setting
the minimum fraction to one.

2.2.2.2.4 GWPRefrigerant Term

This term is relates to the global warming potential (GWP) of the refrigerant as
documented by EPA. A full discussion of GWP and its derivation is too lengthy for this
space, but can be found in many EPA documents.*® This term is used to correct for
refrigerants with global warming potentials that differ from HFC-134a. As just
explained, this term accounts for the GWP of any refrigerant used, and can be as low as
ZEero.

2.2.3 Technologies That Reduce Refrigerant Leakage and their Effectiveness

In this section, the baseline technologies which were used in the EPA’s analysis
of refrigerant leakage are described as well as the effectiveness of the leakage-reducing
technologies that are believed will be available to manufacturers in the 2012-to-2016
timeframe of this rulemaking. An EPA analysis to determine a baseline leakage emission
rate was conducted in the 2006-to-2007 timeframe, and at that time, it was estimated that
the A/C system in new vehicles would leak refrigerant at an average rate of 18 g/yr,
which represents the types of A/C components and technologies currently in use. EPA
believes, through utilization of the leakage-reducing technologies described below, that it
will be possible for manufacturers to reduce refrigerant leakage 50%, relative to the 18
g/yr baseline level."! EPA also believes that all of these leakage-reducing technologies
are currently available, and that many manufacturers have already begun using them to
improve system reliability and in anticipation of the State of California’s Environmental
Performance Label regulations and the State of Minnesota’s reporting requirements for
High Global Warming Potential Gases.

In describing the technologies below, only the relative effectiveness figures are
presented, as the individual piece costs are not known. The EPA only has costs of
complete systems based on the literature, and the individual technologies are described
below.

2.2.3.1 Baseline Technologies

The baseline technologies assumed for A/C systems which have an average
annual leak rate of 18 g/yr are common to many mass-produced vehicles in the United
States. In these mass-produced vehicles, the need to maintain A/C system integrity (and
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the need to avoid the customer inconvenience of having their A/C system serviced due to
loss of refrigerant) is often balanced against the cost of the individual A/C components.
For manufacturers seeking improved system reliabilty, components and technologies
which reduce leakage (and possibly increase cost) are selected, whereas other
manufacturers may choose to emphasize lower system cost over reliabilty, and choose
components or technologies prone to increased leakage. In the absence of standards or
credits concerning refrigerant leakage, it is the market forces of cost and reliability which
determine the technology a manufacturer chooses. In EPA’s baseline scenario, the
following assumptions were made concerning the definition of a baseline A/C system:

— all flexible hose material is rubber, without leakage-reducing
barriers or veneers, of approximately 650 mm in length for both the
high and low pressure lines

— all system fittings and connections are sealed with a single o-rings

— the compressor shaft seal is a single-lip design

— one access port each on the high and low pressure lines

— two of the following components: pressure switch, pressure relief
valves, or pressure transducer

— one thermostatic expansion valve (TXV)

The design assumptions of EPA baseline scenario are also similar to the sample
worksheet included in SAE’s surface vehicle standard J2727 — HFC-134a Mobile Air
Conditioning System Refrigerant Emission Chart.'? In the J2727 emission chart, it is the
baseline technologies which are assigned the highest leakage rates, and the inclusion of
improved components and technologies in an A/C system will reduce this annual leakage
rate, as a function of their effectiveness relative to the baseline. EPA considers these
‘baseline’ technologies to be representative of recent model year vehicles, which, on
average, can experience a refrigerant loss of 18 g/yr. However, depending on the design
of a particular vehicle’s A/C system (e.g. materials, length of flexible hoses, number of
fittings and adaptor plates, etc.), it is possible to achieve a leakage score much higher (i.e.
worse) than 18 g/yr. According to manufacturer data submitted to the State of
Minnesota, 19% of 2009 model year vehicles have a J2727 refrigerant score greater than
18 g/yr, with the highest-scoring vehicle reporting a leakage rate of 30.1 g/yr."> The
average leakage was found to be 15.1 g/yr, though this value is not sales weighted.

2.2.3.2 Flexible Hoses

The flexible hoses on an automotive A/C system are needed to isolate the system
from engine vibration and to allow for the engine to roll within its mounts as the vehicle
accelerates and decelerates. Since the compressor is typically mounted to the engine, the
lines going to-and-from the compressor (i.e. the suction and pressure lines) must be
flexible, or unwanted vibration would be transferred to the body of the vehicle (or other
components), and excessive strain on the lines would result. It has been industry practice
for many years to manufacture these hoses from rubber, which is relatively inexpensive
and durable. However, rubber hoses are not impermeable, and refrigerant gases will
eventually migrate into the atmosphere. To reduce permeation, two alternative hose
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material can be specified. The first material, is known as a standard ‘veneer’ (or
‘barrier’) hose, where a polyamide (polymer) layer - which has lower permeability than
rubber - is encased by a rubber hose. The barrier hose is similar to a veneer hose, except
that an additional layer of rubber is added inside the polyamide layer, creating three-layer
hose (rubber-polyamide-rubber). The second material is known as ‘ultra-low
permeation’, and can be used in a veneer or barrier hose design. This ultra-low
permeation hose is the most effective at reducing permeation, followed by the standard
veneer or barrier hose. Permeation is most prevalent during high pressure conditions,
thus it is even more important that these low permeable hoses are employed on the high
pressure side, more so than on the low pressure side. EPA expects that many
manufacturers will begin using these technologies (and many have already begun doing
so) to reduce refrigerant leakage.

According to J2727, standard barrier veneer hoses have 25% the permeation rate
of rubber hose, and ultra low permeable barrier veneer hoses have 10% the permeation
rate (as compared to a standard baseline rubber hose of the same length and diameter).

2.23.3 System Fittings and Connections

Within an automotive A/C system and the various components it contains (e.g.
expansion valves, hoses, rigid lines, compressors, accumulators, heat exchangers, etc.), it
is necessary that there be an interface, or connection, between these components. These
interfaces may exists for design, manufacturing, assembly, or serviceability reasons, but
all A/C systems have them to some degree, and each interface is a potential path for
refrigerant leakage to the atmosphere. In SAE J2727 emission chart, these interfaces are
described as fittings and connections, and each type of fitting or connection type is
assigned an emission value based on its leakage potential; with a single o-ring (the
baseline technology) having the highest leak potential; and a metal gasket having the
lowest. In between these two extremes, a variety of sealing technologies, such as
multiple o-rings, seal washers, and seal washers with o-rings, are available to
manufacturers for the purpose of reducing leakage. It is expected that manufacturers will
choose from among these sealing technology options to create an A/C system which
offers the best cost-vs-leakage rate trade-off for their products.

The relative effectiveness of the fitting and connector technology is presented in
Table 2-5. For example, the relative leakage factor of 125 for the baseline single O-ring
is 125 times more “leaky” than the best technology - the metal gasket.
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Table 2-5 Effectiveness of Fitting and Connector Technology

Fitting or Connector Relative
Leakage
Single O-ring 125
Single Captured O-ring 75
Multiple O-ring 50
Seal Washer 10
Seal Washer with O-ring 5
Metal Gasket 1

2.2.3.4 Compressor Shaft Seal

A major source of refrigerant leakage in automotive A/C systems is the
compressor shaft seal. This seal is needed to prevent pressurized refrigerant gasses from
escaping the compressor housing. As the load on the A/C system increases, so does the
pressure, and the leakage past the seal increases as well. In addition, with a belt-driven
A/C compressor, a side load is placed on the compressor shaft by the belt, which can
cause the shaft to deflect slightly. The compressor shaft seal must have adequate
flexibility to compensate for this deflection, or movement, of the compressor shaft to
ensure that the high-pressure refrigerant does not leak past the seal lip and into the
atmosphere. When a compressor is static (not running), not only are the system pressures
lower, the only side load on the compressor shaft is that from tension on the belt, and
leakage past the compressor shaft is at a minimum. However, when the compressor is
running, the system pressure is higher and the side load on the compressor shaft is higher
(i.e. the side load is proportional to the power required to turn the compressor shaft) -
both of which can increase refrigerant leakage past the compressor shaft seal. It is
estimated that the rate of refrigerant leakage when a compressor is running can be 20
times that of a static condition."* Due to the higher leakage rate under running
conditions, SAE J2727 assigns a higher level of impact to the compressor shaft seal. In
the example shown in the August 2008 version of the J2727 document, the compressor is
responsible for 58% of the system refrigerant leakage, and of that 58%, over half of that
leakage is due to the shaft seal alone (the remainder comes from compressor housing and
adaptor plate seals). To address refrigerant leakage past the compressor shaft,
manufacturers can use multiple-lip seals in place of the single-lip seals.
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2.2.4 Technical Feasibility of Leakage-Reducing Technologies

EPA believes that the leakage-reducing technologies discussed in the previous
sections are available to manufacturers today, are relatively low in cost, and that their
feasibility and effectiveness have been demonstrated by the SAE IMAC teams. EPA also
believes — as has been demonstrated in the J2727 calculations submitted by
manufacturers to the State of Minnesota — that reductions in leakage from 18 g/yr to 9
g/yr are possible (e.g. the 2009 Saturn Vue has a reported leakage score of 8.5 g/yr). In
addition to earning credit for reduced refrigerant leakage, some manufacturers may,
within the timeframe of this rulemaking, choose to introduce alternative refrigerant
systems, such as HFO-1234yf.

2.2.5 Leakage Controls in A/C Systems

In order to determine the cost savings from the improvements to the leakage
system, it is necessary to project the point at which the vehicle will require servicing and
an additional refrigerant charge.

There are two mechanisms of leakage that are modeled: the “normal” leakage that
results in annual refrigerant loss, and the “avoidable” leakage which results in total
refrigerant loss due to failure of the A/C components (e.g. evaporator, condenser, or
compressor). This model is developed to help us estimate the costs of the A/C leakage
reductions. It is especially needed to determine the period over which the discounted cost
savings should be applied.”

Normal refrigerant leakage occurs throughout all components of the A/C system.
Hoses, fittings, compressors, etc all wear with age and exposure to heat (temperature
changes), vibration, and the elements. It is assumed that the system leakage rates
decrease (proportionally) as the base leakage rates are decreased with the use of
improved parts and components. The base leakage rate is modeled as a linear function,

" Air conditioning leakage controls are the only technology in this rule that have an assumed
deterioration that affects the effectiveness of the technology. This is partly because sufficient
data is not available for many of the technologies in chapter 3 of the TSD. Moreover, it is not
expected that deterioration of powertrain technologies will lead to emissions increases on the
scale of those seen when criteria pollutant technologies deteriorate. The deterioration from the
latter can increase emissions by factors of 10 or even 100 or more. Similarly, air conditioning
leakage technologies can and do deteriorate, contributing to significantly higher emissions over
time. For this reason, a deterioration model is proposed below. This model only applies for
leakage, and not for indirect CO, (tailpipe) emissions due to A/C. For the latter, a partly
functioning system may lead to somewhat higher emissions, but when it finally fails, it is one of
the few technologies where the emissions are no longer relevant, i.e. an A/C system that no
longer functions, no longer emits indirect emissions.
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such that the (new vehicle) leakage rate is 18 g/yr at age zero and 59 g/yr at the “average”
age of 5 years old. The 18 gram leakage rate for new vehicles has been documented in
section 2.2.2, while the 59 gram mid-life leakage rate is drawn from the Vintaging model
and is documented below.

The Vintaging model assumes a constant leakage + servicing emission rate of
18% per year for modern vehicles running with HFC-134a refrigerant. As the emission
rates do not change by age in vintaging, the emission rate is the average rate of loss over
the vehicle’s life.

Applying the percentages in Table 2-2, this corresponds to a leakage rate of 7.6%
(59 grams) per year and a servicing loss rate of 8.8% (68 grams) per year averaged over
the vehicle’s life. The model assumes an average refrigerant charge of 770 grams for
vehicles sold in 2002 or later and does not currently assume that these charge sizes will
change in the future; however, the model may be updated as new information becomes
available. The resulting vehicle emission rates are presented in Table 2-6.

Table 2-6 Annual In-Use Vehicle HFC-134a Emission Rate from Vintaging Model

Emission Process Leak rate (%/year) Leak rate (g/year)
Leakage 7.6% 59
Servicing/maintenance 8.8% 68

The average leakage emissions rate of 59-68 g/yr is higher with Schwarz’s
European2 study and lower than CARB’s study,3 and thus is within the range of results in
the literature.

This model is presented in Figure 2-1 with the assumption that the average
vehicle (A/C system) last about 10 years. Technically, the assumption is that the A/C
system lasts 10 years and not the vehicle per se. Inherent in this assumption is that the
vehicle owner will not repair the A/C system on an older vehicle due to the expensive
nature of most A/C repairs late in life relative to the value of the vehicle. It is also
assumed that the refrigerant requires a recharge when the state of charge reaches 50% for
the analysis in this section. This deterioration/leakage model approach will be used later
to estimate the cost of maintenance savings due to low leak technologies (from refills) as
well as the benefits of leakage controls.
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Figure 2-1 Deterioration Rate of Refrigerant Leakage

Figure 2-2 shows how the leakage rates vary with age as the initial leakage rates
are decreased to meet new standards (with improved components and parts). The
deterioration lines of the lower leakage rates were determined by applying the appropriate
ratio to the 17 g/yr base deterioration rate. Figure 2-3 shows the refrigerant remaining,
which includes a line indicating when a recharge is required (50% charge remaining out
of an initial charge of 770g). So a typical vehicle meeting a leakage score of 8.5 g/yr

(new) will not require a recharge until it is about 12 years old.
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Figure 2-3 A/C Refrigerant Remaining in a Typical System as Vehicles Age and Deteriorate

2.2.6 Other Benefits of improving A/C Leakage Performance

The EPA is assuming that a reduction in leakage emissions from new vehicles
will also improve the leakage over the lifetime of the vehicle. There is ample evidence to
show that A/C systems that leak more also have other problems that occur (especially
with the compressor) due to the lack of oil circulating in the system. Thus, it is expected
that an A/C system which utilizes leak-reducing components and technologies should, on
average, last longer than one which does not.

An European study conducted in 2001 (by Schwarz) found that the condenser is
the component most likely to fail and result in a total leak."” The study also found that
compressor component was most likely the culprit when other malfunctions were present
(other than total loss). A more recent (and larger) study found that condensers required
replacement at half the rate of a compressor (10% vs 19% of the entire part replacement
rate), and that evaporators and accumulators failed more often.'® The same study also
found that many of the repairs occurred when the vehicles were aged 5-10 years. Both
these studies indicate that the condenser and compressor are among the major causes of
failure in an A/C system. Leakage reductions in the system are expected to greatly
reduce the incidence of compressor repair, since one of the main root causes of
compressor failure is a shortage of lubricating oil, which originates from a shortage of
refrigerant flowing through the system (and it is a refrigerant-oil mixture which carries
lubricating oil to the compressor).'
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Monitoring of refrigerant volume throughout the life of the A/C system may
provide an opportunity to circumvent some previously described failures specifically
related to refrigerant loss. Similar to approaches used today by the engine on-board
diagnostic systems (OBD) to monitor engine emissions, a monitoring system that
informed the vehicle operator of a low refrigerant level could potentially result in
significant reductions in A/C refrigerant emissions due to component failure(s) by
creating an opportunity for early repair actions. While most A/C systems contain sensors
capable of detecting the low refrigerant pressures which result from significant
refrigerant loss, these systems are generally not designed to inform the vehicle operator
of the refrigerant loss, and that further operation of the system in this state can result in
additional component damage (e.g. compressor failure). Electronic monitoring of the
refrigerant may be achieved by using a combination of existing A/C system sensors and
new software designed to detect refrigerant loss before it progresses to a level where
component failure is likely to occur.

2.3 CO, Emissions due to Air Conditioners

2.3.1 Impact of Air Conditioning Use on Fuel Consumption and CO,
Emissions

Three studies have been performed in recent years which estimate the impact of
A/C use on the fuel consumption of motor vehicles. In the first study, the National
Renewable Energy Laboratory (NREL) and the Office of Atmospheric Programs (OAP)
within EPA have performed a series of A/C related fuel use studies.'”'® The energy
needed to operate the A/C compressor under a range of load and ambient conditions was
based on testing performed by Delphi, an A/C system supplier. They used a vehicle
simulation model, ADVISOR, to convert these loads to fuel use over the EPA’s FTP test
cycle. They developed a personal “thermal comfort”-based model to predict the
percentage of drivers which will turn on their A/C systems under various ambient
conditions. Overall, NREL estimated A/C use to represent 5.5% of car and light truck
fuel consumption in the U.S.

In the second study, the California Air Resources Board (ARB) estimated the
impact of A/C use on fuel consumption as part of their GHG emission rulemaking.19 The
primary technical analysis utilized by ARB is summarized in a report published by
NESCCAF for ARB. The bulk of the technical work was performed by two contractors:
AVL Powertrain Engineering and Meszler Engineering Services. This work is founded
on that performed by NREL-OAP. Meszler used the same Delphi testing to estimate the
load of the A/C compressor at typical ambient conditions. The impact of this load on
onroad fuel consumption was estimated using a vehicle simulation model developed by
AVL - the CRUISE model - which is more sophisticated than ADVISOR. These
estimates were made for both the EPA FTP and HFET test cycles. (This is the
combination of test cycle results used to determine compliance with NHTSA’s current
CAFE standards.) NREL’s thermal comfort model was used to predict A/C system use in
various states and seasons.
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The NESCAFF results were taken from Table 3-1 of their report and are
summarized in Table 2-7.%°

Table 2-7 CO, Emissions Over 55/45 FTP/HFET Tests and From A/C Use (g/mi)

Small Car | Large Car | Minivan | Small Truck | Large Truck
55/45 FTP/HFET 278 329 376 426 493
Indirect A/C
Fuel Use 16.8 19.1 23.5 23.5 23.5
Total 294.8 348.1 399.5 449.5 516.5
Indirect A/C
Fuel Use 5.7% 5.5% 5.9% 5.2% 4.6%

NESCAFF estimated that nationwide, the average impact of A/C use on vehicle
fuel consumption ranged from 4.6% for a large truck or SUV, to 5.9% for a minivan.
The total CO, emissions were determined using a 55%/45% weighting of CO, emissions
from EPA FTP and HFET tests plus A/C fuel use (hereafter referred to simply as
FTP/HFET). .For the purposes of this analysis of A/C system fuel use, the percentage of
CO, emissions and fuel use are equivalent, since the type of fuel being used is always
gasoline."

In order to compare the NESCCAF and ARB estimates to that of NREL-OAP,
weighting factors for the five vehicle classes were developed. NESCCAF presented sales
percentages for the five vehicle classes in Table 2-1 of their report.20 These are shown
below in Table 2-8. Since these sales percentages do not sum to 100% (possibly due to
round-off or because some vehicles do not fit into any of the five categories) the
percentages were normalized so that they summed to 100%. The car and truck categories
were then weighted by their lifetime VMT, normalized to that of cars.” This meant a
relative weighting factor for the three truck categories of 1.11 relative to a factor of 1.0
for cars. The percentage of lifetime VMT represented by each vehicle class were then
determined. These estimates are shown on the last line of Table 2-8.

I Because NESCCAF estimated A/C fuel use nationwide, while ARB focused on that in California, the
NESCCAF and EPA methodologies and results are coempared below.

! Based on annual mileage per vehicle from the Volpe Model discounted at 7% per year. Discounted
lifetime mileages are 102,838 for cars and 114,350 for trucks.
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Table 2-8 Sales and VMT by Vehicle Class

Small Car | Large Car | Minivan | Small Truck | Large Truck

NESCCAF sales 22% 25% 7% 23% 21%
Normalized

NESCCAE sales 22.4% 25.5% 7.1% 23.5% 21.4%
Lifetime VMT 1.00 1.00 1.11 1.11 1.11

weighting factor

VMT 21.2% 24.1% 7.5% 24.6% 22.5%

Using the percentages of VMT represented by each vehicle class, the A/C fuel
use impacts of NESCCAF and ARB were weighted and determined that they represent
5.3% and 4.2% of fuel use over the FTP/HFET, respectively, including the A/C fuel use.

In the final study, EPA evaluated the impact of A/C use on fuel consumption as
part of its recent rulemaking which revised the onroad fuel economy labeling procedures
for new motor vehicles.”! EPA estimated the impact of the A/C compressor on fuel
consumption from vehicle emission measurements taken over its SC0O3 emissions test.
SCO03 is a 10 minute test where the vehicle is operated at city speeds, at 95 degrees F,
40% relative humidity and a solar load of 850 Watts/m>. In addition, prior to the test, the
vehicle has been pre-heated for 10 minutes under these conditions, so the interior cabin
starts the test at an elevated temperature. Testing of 500 late model vehicles over both
the FTP and SCO03 test cycles indicated that fuel consumption was 27% higher on the
SCO3 test than over a combination of Bag 2 and Bag 3 fuel consumption designed to
match the vehicle load of the SC0O3 test. EPA assumed that the A/C compressor was
engaged 100% of the time over SCO3 due to the high ambient temperature, short duration
and vehicle pre-heating test conditions.

EPA does not measure A/C emissions at highway speeds. Thus, this impact had
to be estimated based on the city-like SCO03 test. EPA tested six vehicles (four
conventional and two hybrid) over the FTP, SC03, and HFET emission tests in a standard
test cell at 60 F, 75 F, and 95 F with and without the A/C system operating in order to
assess the relative impact of A/C use at city and highway speeds. The data indicated that
it was more accurate to assume that the impact of the A/C compressor on fuel
consumption was the same at city and highway speeds when compared in terms of fuel
burned per unit time than when compared in terms of fuel use per mile. Thus, EPA
estimated the impact of A/C in terms of fuel use per mile at highway speeds by
multiplying the A/C related fuel use at city speeds by the ratio of the speed of the city test
to that of the highway test. For average driving in the U.S., this ratio was estimated to be
0.348. The result was that the impact of engaging the A/C compressor 100% of the time
at highway speeds increased fuel use by 9.7%, versus 27% at city speeds. These
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percentages are based on the assumptions that fuel is only consumed during warmed up
driving, hence ignoring cold start fuel use.

EPA’s estimate in the Fuel Economy Labeling rule of in-use A/C compressor
engagement was based on a test program covering 1004 trips made by 19 vehicles being
operated by their owners in Phoenix, Arizona.® The results of this testing were correlated
against heat index, a function of temperature and humidity, and time of day, to represent
solar load. Nationwide, EPA estimated that the A/C compressor was engaged 15.2% of
the time. However, much of this time, the ambient conditions are less severe than those
of the SCO3 test. Therefore, EPA reduced this percentage to 13.3% to normalize usage to
the load experienced during SC03 conditions. On a nationwide basis, EPA estimated that
the A/C system was turned on an average of 23.9% of the time.”* Resulting in 14.3 g/mi
per vehicle CO, -equivalent impact due to A/C use (where 30% of the vehicle fleet is
equipped I\(zvith automatic A/C controls, and 70% of the fleet is equipped with manual
controls).

This estimate does not include defroster usage, while the NREL-OAP and ARB-
NESCCAF estimates do include this. EPA considered adding the impact of defroster
usage based in large part on NREL-OAP estimates. NREL-OAP estimates that the
defroster is in—use 5.4% of the time. However, the load of the compressor under
defrosting conditions is very low. EPA estimated that including defroster usage would
increase the percentage of time that the compressor was engaged at a load equivalent to
that over SCO3 from 13.3% to 13.7%. While this defroster impact was quantified, EPA
decided not to include it in its final 5-cycle fuel economy formulae. Based on the A/C
usage factor of 13.3% and EPA’s 5-cycle formulae, A/C system use increases onroad fuel
consumption by 2.4%. Including defroster use modestly increased this value to 2.5%.

Comparing the results of the three studies, the EPA estimate gives the smallest
A/C system impact, while the NREL-OAP estimate is the highest. The NESCCAF and
NREL-OAP studies give very similar results. The overall difference between the
estimates is more than a factor of two.

It is difficult to directly compare the three estimates. The NREL-OAP and ARB-
NESCCAF methodologies are very similar. However, the EPA methodology is quite
different, as will be discussed further below. This complicates the comparison, making it
difficult to compare smaller segments of each study directly. In addition, as will be seen,
each study utilizes assumptions or estimates which contain uncertainties. These
uncertainties are not well characterized. EPA concluded that it is not possible to
determine a single best estimate of A/C fuel use from these studies. However, EPA was
able to identify a couple of aspects of the studies which could be improved for the

X Fraction of fleet equipped with automatic A/C control is based on is based on industry estimates and an
EPA analysis of the percentage of 2008 U.S. car sales — as published in the 2009 Ward’s Automotive
Yearbook - for vehicle categories likely to be equipped with automatic A/C (e.g. middle luxury car,
specialty, middle luxury SUV, large luxury SUV, et. al.)
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purpose of this analysis. Doing so, the overall difference between the studies was
reduced by roughly one half. This process is described below.

The first step in this comparison will reduce the number of studies from three to
two. The NREL-OAP and ARB-NESCCAF methodologies are very similar, since both
utilize the NREL-OAP comfort model to estimate A/C usage onroad. They also both use
essentially the same estimate of A/C compressor load from Delphi to estimate the load
which the compressor puts on the engine. ARB-NESCCAF utilized the vehicle
simulation tool, AVL’s CRUISE model, to estimate the impact of A/C load on fuel
economy, while NREL employed the ADVISOR model (both models assumed a rather
simple A/C system load). In addition, ARB-NESCCAF modeled both city and highway
driving (i.e., the 55/45 FTP/HFET), while NREL-OAP only modeled the FTP. Thus,
EPA will focus on the NESCCAF estimate over that of NREL-OAP, though as
mentioned above, their overall estimates are very similar. Also, because NESCCAF
estimated A/C fuel use nationwide, while ARB focused on that in California, EPA will
focus on comparing the NESCCAF and EPA methodologies and results below. With
respect to EPA’s estimates from the 2006 rulemaking, the estimate including defroster
use will be used, since NESCCAF considered defroster use, as well. As way of reminder,
on a nationwide average basis, the NESCAFF estimates indicate that A/C use represents
5.3% of total fuel consumption, while EPA estimates this at 2.5%.

NESCCAF and EPA break down the factors which determine the impact of A/C
use on onroad fuel consumption differently. NESCCAF breaks down the process into
three parts. The first is the frequency that drivers turn on their A/C system. The second
is the average load of the A/C compressor at various ambient conditions, including
compressor cycling. The third is the impact of this average A/C compressor load on fuel
economy over various driving conditions.

In contrast, in the fuel labeling rulemaking, EPA breaks down the process into
two parts. The first is the frequency that the A/C compressor is engaged at various
ambient conditions. This includes both the frequency that the driver turns on the A/C
unit and the frequency that the compressor is engaged when the system is turned on. The
second is the impact of the A/C compressor on fuel economy over various driving
conditions when the compressor is engaged.

The most direct comparison that can be made between the two studies is the
estimate of A/C system use. Because EPA measured both A/C system on/off condition
as well as compressor engaged/disengaged condition in the Phoenix test program, it is
possible to compare the percentage of A/C system use as measured in the Phoenix study
and extrapolated to the U.S. to that of the NREL-OAP comfort model.

In its rulemaking analysis, based on its Phoenix study and extrapolation
procedure, EPA estimated that on average, the A/C unit was turned on 23.9% of the time.
This does not include defroster use. There, EPA also determined that the NREL-OAP
thermal comfort model predicts a higher percentage of 29%, again ignoring defroster use.
Since EPA utilized NREL-OAP’s estimate of defroster use in its analysis, this estimate
does not contribute to the difference in the two estimates. Also, fuel use is very low
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during defroster use compared to air conditioning at high ambient temperatures, so the
difference between the 23.9% and 29% estimates is the most relevant factor. By itself
(ignoring fuel use during defrosting), this difference would cause the NESCCAF A/C
fuel use estimate to be 27% higher than that of EPA. The overall difference between the
5.3% and 2.5% estimates is 112%. Thus, the difference in estimated A/C system use
explains about one-fourth of the overall difference between the two studies.

NREL’s thermal comfort model for vehicle A/C use is based on a model designed
to the represent the comfort of a person walking outside and wearing one of two different
sets of clothes. A number of assumptions had to be made in order to extrapolate this
outdoor model to a person sitting in a vehicle. The predictions of NREL-OAP’s thermal
comfort model have not been confirmed with any vehicle/occupant testing and their air
conditioner settings. Therefore, its predictions, while reasonable, are of an unknown
accuracy.

EPA’s Phoenix study was performed over a relatively short period of time,
roughly seven weeks. It was conducted in only one city, Phoenix. Thus, the variation in
climate evaluated was limited. The number of vehicles tested was also fairly small,
nineteen. However, over 1000 trips were monitored by these 19 vehicles. EPA
extrapolated the measured A/C compressor engagement under these limited ambient
conditions to other conditions using a metric called the heat index, which combines
temperature and humidity into a single metric. Heat index is conceptually similar to
NREL-OAP’s comfort model. This allowed the results found in the generally dry climate
of Phoenix to be extrapolated to both cooler and more humid conditions typical of the
rest of the U.S. No testing has yet been performed to confirm the accuracy of this
extrapolation.

Given the two very different approaches to estimating vehicle A/C system use, it
is notable that the difference in the two estimates is only a relative 27%. As both the
EPA and NREL-OAP models of A/C system use involve assumptions or extrapolations
which have not been verified, it is not possible to determine which one is more accurate.
Thus, the differences in the EPA and ARB estimates of the impact of A/C use on onroad
fuel consumption due to these two different sources of A/C usage cannot be resolved at
this time.

With respect to the operation of the A/C compressor at various ambient and
driving conditions, EPA bases its estimate on the Phoenix vehicle test study. This is
subject to the same uncertainties described above, due mainly to the limited scope of the
data. NREL-OAP relies on test results published by W.O. Forrest of Delphi. Forrest
describes the factors which affect the load of the A/C system on the engine: the
percentage of time the compressor is engaged, compressor displacement, compressor
speed, air flow across the evaporator, engine operating condition and ambient conditions.
The load curves presented by Forrest apply to a 210 cc compressor and show load as a
function of compressor speed for six sets of ambient conditions. The loads include the
effect of compressor cycling. However, no mention is made of airflow rates across the
evaporator, which would vary with engine speed. It is not clear whether these curves
were based on bench testing or onroad vehicle testing. Also, only one A/C system
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appears to have been tested. It is not clear how well these curves would apply to other
manufacturers’ systems, nor even to others produced by Delphi. Forrest states that the
loads for other compressor displacements can be approximated by assuming that the load
is proportional to compressor displacement. However, this is clearly an approximation
and does not address differences inherent in particular A/C system applications. The fact
that the NESCCAF analysis is based on the testing of only a single A/C system and does
not address the effect of varying airflow rates under different driving conditions appears
to be the largest sources of uncertainty in their estimate.

It is not possible to directly compare these two estimates of compressor operation.
EPA’s Phoenix study provides an estimate of the percentage of time that the compressor
is engaged when the A/C system is on. On the other hand, compressor cycling is
implicitly included in the Delphi load curves. Since the load curves of a continuous
operating compressor were not presented, the degree of cycling cannot be determined.
Thus, the effect of any differences in the NESCCAF and EPA estimates of compressor
engagement cannot be quantified.

With respect to the impact of the A/C compressor load on fuel economy, EPA
relies on a comparison of measured fuel economy over the two warmed up bags of its
FTP test (when the A/C system is inoperative) and its SC03, A/C emissions test. The
vehicles on both tests are run at city speeds. EPA based its estimates on the testing of
over 600 recent model year vehicles. Thus, for the conditions addressed by the SC03
test, EPA’s estimate of the impact of A/C system load on fuel economy is well supported.
However, in order to combine this measurement with the Phoenix study, EPA needed an
estimate of the percentage of time that the compressor was engaged during the SCO3 test.
The SCO3 test does not include a measurement of this factor, so EPA had to estimate the
percentage of time that the compressor was engaged during the test. As noted above,
EPA assumed that the A/C compressor was engaged 100% of the time during the SC03
test given its short duration and the pre-heating of the vehicle. Thus, for a given ambient
condition, if the compressor was estimated to be engaged 25% of the time, then the
incremental amount of fuel used due to A/C system was 25% of the difference between
the fuel use over the SCO3 test and a 39%/61% weighting of the fuel use over Bags 2 and
3 of the FTP, respectively.

EPA has evidence to show that most vehicles” A/C compressors are engaged
100% of the time over SC03.> The vehicle pre-heating, short test duration and the
requirement that the driver window be rolled down, make it extremely likely that the
vehicle compartment never reaches a comfortable temperature by the end of the test.
However, it is possible that the compressor still cycled to some degree during the test.
All compressors shut down when the heat exchanger nears 32 F in order to avoid icing.
The cold heat exchanger continues to cool the refrigerant while the compressor is shut
down, but the compressor is not putting an additional load on the engine and increasing
fuel consumption. As it is impossible for the compressor to operate more than 100% of
the time, any error in EPA’s assumption can only lower the actual compressor use below
100%. If compressor engagement was lower than 100%, this would mean that fuel use at
100% compressor engagement would be higher than currently estimated. Thus, it is

2-26



Air Conditioning

possible that this assumption that the A/C compressor is engaged 100% during SC03 is
causing EPA’s estimate of A/C fuel use to be under-estimated to some degree.

There are additional uncertainties involved in EPA’s assumption that a vehicle’s
A/C fuel use is constant in terms of gallons per hour, and thus inversely proportional to
vehicle speed when presented in terms of gallons per mile. EPA testing of six vehicles as
part of the Fuel Economy Labeling rulemaking (used to estimate A/C compressor usage
in highway driving conditions, as noted above) confirmed that A/C fuel use was roughly
constant in terms of gallons per hour. However, this testing was performed in a standard
emission test cell. Air flow through the engine compartment was the same at city and
highway speeds. The city test was only 20 minutes long and the highway test was only
10 minutes long. There was also significant variability in the individual vehicle test
results. Thus, while the testing showed that EPA’s assumption was reasonable, there is
an unknown degree of uncertainty associated with extrapolating the measured A/C fuel
use at city speeds to highway speeds. One could attempt to quantify the uncertainty using
the test results of the six vehicles. However, these vehicles were not randomly selected
and two of the six vehicles were Prius hybrids. Thus, it is not clear how representative
the results of a statistical analysis of these data would be.

An A/C load adjustment factor is also applied to account for the change in
compressor load which occurs when the compressor is engaged at different temperatures.
The study which developed this data data is based on an A/C model developed by Nam
(2000).”

NESCCAF starts with A/C compressor load curves which describe the A/C
compressor load as a function of compressor speed for six ambient conditions. These
curves, along with A/C - on percentages from the thermal comfort model, were used to
interpolate between the six compressor load curves to estimate the load curves applicable
to the ambient conditions existing during driving times for a large number of cities across
the U.S. The resulting curves are averaged using the VMT estimated to occur in each
city to produce a single load curve representing the entire U.S.

NESCCAF then input this national average load curve into AVL’s CRUISE
model to estimate the effect of A/C on fuel consumption over the FTP and HFET cycles.
The CRUISE model simulates vehicle operation and fuel consumption over specified
driving conditions. The load of the A/C compressor (based on bench testing) was added
to the other loads being placed on the vehicle, such as inertia, friction, aerodynamic drag,
etc. The A/C loads included the cycling of the compressor as a function of ambient
condition. In actuality, the engine will experience the full load of the compressor at some
times and no load at other times. This could produce a slightly different fuel use impact
than applying the average load of the compressor all of the time. However, this error is
likely very small. The A/C load curves vary as a function of engine speed, but not
vehicle speed. However, as air flow by the heat exchanger will vary as a function of
vehicle speed, compressor cycling and evaporator cooling efficiency is likely to vary, as
well. However, the degree of error associated with any of these simplifications is
unknown.
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A detailed comparison of this aspect of the two analyses would require
reconstructing both models to produce A/C fuel use estimates for specific ambient
conditions. This is beyond the scope of the study. Also, once the differences were
known, it would still be difficult to decide which estimate was superior.

There is one aspect of each analysis which appears to be an improvement over the
other. In addition to A/C, EPA evaluated a number of other reasons why onroad fuel
economy differs from that measured over the FTP and HFET cycles. Among these were
higher speed and more aggressive driving, ambient temperatures below 75 F, short trips,
wind, under-inflated tires, ethanol containing fuel, etc. This does not affect the absolute
volume of fuel used by the A/C system, but it does raise the total amount of fuel
consumed onroad, effectively lowering the percentage of fuel due to A/C use.

NESCCAF estimated the impact of the A/C compressor load on fuel use during
city and highway driving using the CRUISE model. While it is not clear that this is
superior to EPA’s SCO3 data, the CRUISE model is likely more accurate for highway
driving than an extrapolation of the SCO3 data (i.e. EPA’s six vehicle study described
above). While CRUISE was not able to represent all aspects of vehicle operation, such as
airflow across the evaporator, it does simulate the difference in engine speed and load
between city and highway driving. This allows a detailed simulation of the A/C
compressor speed during this driving, which is a primary factor in estimating A/C
compressor load. EPA’s extrapolation of the impact over SC03 essentially assumes that
engine speed and airflow over the evaporator are the same during both city and highway
driving, or that any differences cancel each other. This is unlikely. Therefore,
NESCCAF’s highway estimates are likely more accurate than EPA’s.

Since the two analyses were performed so differently, the CRUISE results for
highway driving cannot be simply substituted for EPA’s estimates. However, one way to
utilize the CRUISE highway results is to determine the ratio of the impact of the A/C
load on fuel use over the HFET to that over the FTP. This ratio can then be substituted
for EPA’s assumption that the impact of A/C load is constant with time (inversely
proportional to vehicle speed in terms of gallons per mile.

Adjusting the NESCCAF estimates for the other factors reducing onroad fuel
economy relative to the FTP/HFET is straightforward. EPA found that all such factors,
including A/C, reduced onroad fuel economy to 80% of the FTP/HFET. In other words,
onroad fuel consumption is 25% higher (1/0.8) than over the FTP/HFET. Thus, the CO,
emissions over the FTP/HFET shown above in Table 2-7 are multiplied by a factor of
1.25 to represent onroad CO, emissions. A/C fuel use is unaffected. A/C fuel use as a
percentage of onroad fuel use is simply the ratio of the A/C fuel use divided by the
estimated onroad fuel use. These figures are shown in Table 2-9 below. The VMT
weighted average of these percentages is 4.4%, 0.9% lower than the estimate presented
above.
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Table 2-9 Adjusted NESCCAF CO; Emissions Over 55/45 FTP/HFET Tests and From A/C Use

(g/mi)
Small Car Large Car Minivan Small Truck Large Truck
55/45 FTP/HFET 349 413 472 535 619
Indirect A/C Fuel Use 16.8 19.1 23.5 23.5 23.5
Indirect A/C Fuel Use 4.8% 4.6% 5.0% 4.4% 3.8%

Incorporating the relative impact of A/C load on fuel consumed over the HFET
versus FTP cycles from CRUISE requires a few steps. Table 2-10 shows the incremental
CO, emissions from the A/C compressor load from the CRUISE simulations of the FTP
and HFET cycles. The top half of the table shows the incremental fuel use in terms of
grams CO; per mile. These figures were taken from Tables B-20 through B-23 of the
NESCCAF report.24 For the large car, two base vehicles were simulated. EPA selected
the vehicle with the conventional gasoline engine with variable valve timing and lift. The
large truck was not modeled using CRUISE. Further in the study, Meszler assumed that
the A/C fuel impact was proportional to compressor displacement. The large truck is
assumed to have the same compressor displacement as the minivan and small truck.
Thus, the A/C fuel impact was estimated for the large truck as the average of the impacts
for the minivan and small truck. The bottom half of the table shows the incremental fuel
use in terms of grams CO; per minute. These figures were calculated by multiplying the
A/C fuel impacts in grams per mile by the average speeds of the FTP and HFET cycles:
19.6 and 48.2 mph and converting hours to minutes. The final line of the table shows the
ratio of the incremental fuel use in terms of grams CO; per minute for the HFET cycle to
that over the FTP.

Table 2-10 Impact of A/C System on Fuel Use

| Small Car | Large Car | Minivan | Small Truck | Large Truck

A/C impact: 100% A/C System On Time (g/mi)

FTP 67.4 56.6 81.8 89.7 85.8
HFET 323 31.9 45.0 474 46.2
A/C impact: 100% A/C System On Time (g/minute (g/min))

FTP 22.02 18.49 26.7 29.3 28.0
HFET 25.95 25.63 36.2 38.1 37.1
HFET/FTP (g/min)/(g/min) 1.18 1.39 1.35 1.30 1.32

As can be seen in the last line of Table 2-10, the ratio of A/C CO, emissions over
the HFET to that over the FTP is greater than 1.0 for each of the five vehicles. VMT
weighting the CO, emissions for each of the five vehicle groups produces an average
ratio of 1.30. EPA assumed that this ratio was 1.0. Thus, EPA likely underestimated the
impact of A/C fuel use during highway driving by 30%. For the purposes of EPA’s
onroad fuel economy labeling rule, this under-estimation is small, because the impact of
A/C on highway fuel economy is small. However, when estimating the impact of A/C
fuel use, the difference is more significant. EPA’s five cycle formulae for estimating
onroad fuel economy was adjusted to reflect this 1.32 factor. The impact of A/C fuel use
on onroad fuel economy including defrosting increased from 2.5% to 2.8%. Thus,
instead of a range of 2.5-5.3% for the impact of A/C on onroad fuel consumption, the
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range is now 2.8-4.4%. The difference between the two estimates has been cut almost in
half.

There is one more adjustment that should be made to both estimates. Both EPA
and NESCCAF assume that all A/C systems are in working condition. However, A/C
systems do leak refrigerant, sometimes to the point where the system no longer works.
Since the cost of repairing a leak can be significant, some vehicle owners do not always
choose to repair the system. For its MOBILE6 emission model, EPA estimated the
percentage of vehicles on the road with inoperative A/C systems as a function of vehicle
age. Coupling these estimates with the amount of VMT typically driven by vehicles as a
function of age, EPA estimates that 8% of all the VMT in the U.S. is by vehicles with
inoperative A/C systems. These systems do not impact fuel consumption. Thus, both the
NESCCAF and EPA estimates should be multiplied by 0.92. Doing this, the impact of
A/C on onroad fuel consumption is estimated to be 2.6-to-4.1%.

2.3.2 Technologies That Improve Efficiency of Air Conditioning and Their
Effectiveness

EPA estimates that the CO, emissions from A/C related load on the engine
accounts for about 3.9% of total greenhouse gas emissions from passenger vehicles in the
United States. This is equivalent to CO, emissions of approximately 14 g/mi per vehicle.
The A/C usage is inherently higher in hotter months and states; however, vehicle owners
may use the A/C systems throughout the year in all parts of the nation. That is, people
use A/C systems to cool and dry the cabin air for passenger comfort on hot humid days,
as well as to de-humidify the air used for defogging/de-icing the front windshield to
improve visibility.

Most of the excess load on the engine comes from the compressor, which pumps
the refrigerant around the system loop. Significant additional load on the engine may
also come from electrical or hydraulic fan units used for heat exchange across the
condenser and radiator. The controls that EPA believes manufacturers would use to earn
credits for improved A/C efficiency would focus primarily, but not exclusively, on the
compressor, electric motor controls, and system controls which reduce load on the A/C
system (e.g. reduced ‘reheat’ of the cooled air and increased of use recirculated cabin
air). EPA is finalizing a program that will result in improved efficiency of the A/C
system (without sacrificing passenger comfort) while improving the fuel efficiency of the
vehicle, which has a direct impact on CO, emissions.

The cooperative IMAC program described above has demonstrated that average
A/C efficiency can be improved by 36.4% (compared to a baseline A/C system), when
utilizing “best-of-best” technologies. EPA considers a baseline A/C system contains the
following components and technologies; internally-controlled fixed displacement
compressor (in which the compressor clutch is controlled based on ‘internal’ system
parameters, such as head pressure, suction pressure, and/or evaporator outlet
temperature); blower and fan motor controls which create waste heat (energy) when
running at lower speeds; thermostatic expansion valves; standard efficiency evaporators
and condensers; and systems which circulate compressor oil throughout the A/C system.
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These baseline systems are also extraordinarily wasteful in their energy consumption
because they add heat to the cooled air out of the evaporator in order to control the
temperature inside the passenger compartment. Moreover, many systems default to a
fresh air setting, which brings hot outside air into the cabin, rather than recirculating the
already-cooled air within the cabin.

The IMAC program indicates that improvements can be accomplished by a
number of methods related only to the A/C system components and their controls
including: improved component efficiency, improved refrigerant cycle controls, and
reduced reheat of the cooled air. The program EPA is finalizing will encourage the
reduction of A/C CO, emissions from cars and trucks by up to 40% from current baseline
levels through a credit system. EPA believes that the component efficiency
improvements demonstrated in the IMAC program, combined with improvements in the
control of the supporting mechanical and electrical devices (i.e. engine speeds and
electrical heat exchanger fans), can go beyond the IMAC levels and achieve a total
efficiency improvement of 40%. The following sections describe the technologies EPA
believes manufacturers can use to attain these efficiency improvements.

2.3.2.1 Reduced Reheat Using a Externally-Controlled, Variable-Displacement
Compressor

The term ‘external control’ of a variable-displacement compressor is defined as a
mechanism or control strategy where the displacement of the compressor adjusted
electronically, based on the temperature setpoint and/or cooling demand of the A/C
system control settings inside the passenger compartment. External controls differ from
‘internal controls’ that internal controls adjust the displacement of the compressor based
on conditions within the A/C system, such has head pressure, suction pressure, or
evaporator outlet temperature. By controlling the displacement of the compressor by
external means, the compressor load can be matched to the cooling demand of the cabin.
With internal controls, the amount of cooling delivered by the system may be greater than
desired, at which point the cooled cabin air is then ‘reheated’ to achieve the desired cabin
comfort. It is this reheating of the air which results reduces the efficiency of the A/C
system — compressor power is consumed to cool air to a temperature less than what is
desired.

Reducing reheat through external control of the compressor is a very effective
strategy for improving A/C system efficiency. The SAE IMAC team determined that an
annual efficiency improvement of 24.1% was possible using this technology.” EPA
estimates that additional improvements with this technology, when fully developed,
calibrated, and optimized to particular vehicle’s cooling needs - and combined with
increased use of recirculated cabin air - can result in an efficiency improvement of 40%,
compared to the baseline system.
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2.3.2.2 Reduced Reheat Using a Externally-Controlled, Fixed-Displacement or
Pneumatic Variable-Displacement Compressor

When using a fixed-displacement or pneumatic variable-displacement compressor
(which controls the stroke, or displacement, of the compressor based on system suction
pressure), reduced reheat can be realized by disengaging the compressor clutch
momentarily to achieve the desired evaporator air temperature. This disengaging, or
cycling, of the compressor clutch must be externally-controlled in a manner similar to
that described in 2.3.2.1. EPA believes that a reduced reheat strategy for fixed-
displacement and pneumatic variable-displacement compressors can result in an
efficiency improvement of 20%. This lower efficiency improvement estimate (compared
to an externally-controlled variable displacement compressor) is due to the thermal and
kinetic energy losses resulting from cycling a compressor clutch off-and-on repeatedly.

2.3.2.3 Defaulting to Recirculated Cabin Air

In ambient conditions where air temperature outside the vehicle is much higher
that the air inside the passenger compartment, most A/C systems draw air from outside
the vehicle and cool it to the desired comfort level inside the vehicle. This approach
wastes energy because the system is continuously cooling the hotter outside air instead of
having the A/C system draw its supply air from the cooler air inside the vehicle (also
known as recirculated air, or ‘recirc’). By only cooling this inside air (i.e. air that has
been previously cooled by the A/C system), less energy is required, and A/C Idle Tests
conducted by EPA indicate that an efficiency improvement of 35-t0-40% improvement is
possible under the conditions of this test. A mechanically-controlled door on the A/C
system’s air intake typically controls whether outside air, inside air, or a mixture of both,
is drawn into the system. Since the typical ‘default’ position of this air intake door is
outside air (except in cases where maximum cooling capacity is required, in which case,
many systems automatically switch this door to the recirculated air position), EPA is
specifying that, as cabin comfort and de-fogging conditions allow, an efficiency credit be
granted if a manufacturer defaults to recirculated air whenever the outside ambient
temperature is greater than 75°F. To maintain the desired quality inside the cabin (in
terms of freshness and humidity), EPA believes some manufacturers will control the air
supply in a ‘closed-loop’ manner, equipping their A/C systems with humidity sensors or
fog sensors (which detect condensation on the inside glass), allowing them to adjust the
blend of fresh-to-recirculated air and optimize the controls for maximum efficiency. In
response to comments concerning the allowance of additional credit for humidity sensors
(i.e. closed-loop control), we are redefining the credit available for recirculated cabin air
based on how the air supply is controlled. Vehicles with closed-loop control of the air
supply (i.e. sensor feedback is used to control the interior air quality) will qualify for a
1.7 g/mi CO; credit and vehicles with open-loop control (sensor feeback is not used to
control interior air quality) will qualify for a 1.1 g/mi CO, credit. We believe that the
closed-loop control system will be inherently more efficient than the open-loop control
system because the former can maximize the amount to recirculation to achieve a desired
air quality, whereas the latter will use a fixed ‘default’ amount of recirculated air which
provides the desired air quality under worst case conditions (e.g. maximum number of
passengers in the vehicle).
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2.3.24 Improved Blower and Fan Motor Controls

In controlling the speed of the direct current (DC) electric motors in an air
conditioning system, manufacturers often utilize resistive elements to reduce the voltage
supplied to the motor, which in turn reduces its speed. In reducing the voltage however,
these resistive elements produce heat, which is typically dissipated into the air ducts of
the A/C system. Not only does this waste heat consume electrical energy, it contributes
to the heat load on the A/C system. One method for controlling DC voltage is to use a
pulsewidth modulated (PWM) controller on the motor. A PWM controller can reduce the
amount of energy wasted, and based on Delphi estimates of power consumption for these
devices, EPA believes that when more efficient speed controls are applied to either the
blower or fan motors, an overall improvement in A/C system efficiency of 15% is
possible.”® We changed the definition for this credit from requiring waste heat reducing
control on both the blower and fan motors to requiring it ‘only’ on the blower motor -
whether or not similar control is used on the fan motor. This change was made because
commenters noted the majority of the efficiency gain due to waste-heat-reducing control
technology is realized on the blower motor, and not the fan motor. Since the blower
motor is consuming energy almost 100% of the time (whether for heating, cooling, or
ventilation, the motor is usually running at some speed whenever the vehicle is being
driven), the efficiency to be gained from improved control technology is greatest on this
motor, and thus credit for waste heat reducing technology will apply only when it is used
on the blower motor.

2.3.2.5 Internal Heat Exchanger

An internal heat exchanger (IHX), which is alternatively described as a suction line heat
exchanger, transfers heat from the high pressure liquid entering the evaporator to the gas
exiting the evaporator, which reduces compressor power consumption and improves the
efficiency of the A/C system. Previously, we considered that IHX technology would be
required with the changeover to an alternative refrigerant such as HFO-1234yf, as the
different expansion characteristics of that refrigerant (compared to R-134a) would
necessitate an IHX. However, several commenters noted that an IHX can be used on R-
134a systems as well, and that a significant efficiency improvement can be realized in
doing so. It is estimated that use of an IHX can improve the coefficient of performance
(COP) for the system can be improved by 7%, resulting in a fuel consumption reduction
of 1-to-2%.>” EPA believes that a 20% improvement in efficiency relative to the baseline
configuration can be realized if the system includes an IHX, and a 1.1 g/mi credit for an
IHX will be added to the list of efficiency improving technologies.

2.3.2.6 Electronic Expansion Valve

The expansion valve in an A/C system is used to “throttle” the flow high pressure
liquid refrigerant upstream of the evaporator. By throttling the refrigerant flow, it is
possible to control the amount of expansion (superheat) that the refrigerant will undergo,
and by extension, the amount of heat removed from air passing through the evaporator.
With a conventional, or thermostatic, expansion valve (TXV), the amount of expansion is
controlled by an internal temperature reference to assure a constant temperature level for
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the expanded refrigerant gas, which is typically a few degrees Celsius above the freezing
point of water (which may be too cool for the desired cabin comfort level). In the case
where the air exiting the evaporator is too cool (or over-cooled), it will be necessary to
reheat it by directing some of the airflow through the heater core. It is this reheating of
the air which results in reduced system efficiency, as additional compressor energy is
consumed in the process of over-cooling the air. However, if the expansion of the
refrigerant is controlled externally — such as by an electronic signal from the A/C control
unit — it is possible to adjust the level of expansion, or superheat, to only to the level
necessary to meet the current cooling needs of the passenger compartment. This
electronic expansion valve (EXV) approach is similar to the reduced reheat strategy,
except that instead of controlling the mass of refrigerant flowing through the system by
controlling the compressor output, the mass flow is controlled by the EXV. By reducing
the amount of refrigerant expanding, or controlling the level of superheat in the gas-phase
refrigerant, the temperature of the evaporator can be increased and controlled to the point
where reheating of the air is not necessary, the SAE IMAC team determined that an
annual efficiency improvement of 16.5% is possible. EPA estimated that when fully
developed, calibrated, and optimized to the requirements of particular system design, use
of EXV technology could result in a 20% efficiency improvement over the baseline TXV
system. However, many commenters stated that the EPA estimate for EXV efficiency
was over-stated, that no manufacturers were developing this technology within the
timeframe of this rulemaking, and that it should not be included on the list of efficiency-
improving technologies. These commenters noted that the SAE IMAC report (from
which we referenced the expected efficiency improvement) utilized an EXV in
conjunction with a more efficient compressor — and not as a standalone technology.
Given the uncertainty in the effectiveness of EXV technology, and the statements that no
manufacturers plan on utilizing it, we are removing this technology from the list of
efficiency improving technologies and credits.

2.3.2.7 Improved-Efficiency Evaporators and Condensers

The evaporators and condensers in an A/C system are designed to transfer heat to
and from the refrigerant — the evaporator absorbs heat from the cabin air and transfers it
to the refrigerant, and the condenser transfer heat from the refrigerant to the outside
ambient air. The efficiency, or effectiveness, of this heat transfer process directly effects
the efficiency of the overall system, as more work, or energy, is required if the process is
inefficient. A method for measuring the heat transfer effectiveness of these components
is to determine the Coefficient of Performance (COP) for the system using the industry-
consensus method described in the SAE surface vehicle standard J2765 — Procedure for
Measuring System COP of a Mobile Air Conditioning System on a Test Bench.”® We
solicited comments as to how we should define the “baseline” evaporator and condenser
designs which are compared to the “improved” design. The bench test based engineering
analysis that a manufacturer will submit at time of certification. We will consider the
baseline component to be the version which a manufacturer most recently had in
production on the same vehicle or a vehicle in a similar EPA vehicle classification. The
design characteristics of the baseline component (e.g. tube
configuration/thickness/spacing and fin density) are to be documented in an engineering
analysis and compared to the improved components, along with data demonstrating the
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COP improvement. This same engineering analysis can be applied to evaporators and
condensers on other vehicles and models (even if the overall size of the heat exchanger is
different), as long as the design characteristics of the baseline and improved components
are the same. If these components can demonstrate a 10% improvement in COP versus
the baseline components, EPA estimates that a 20% improvement in overall system
efficiency is possible.

2.3.2.8 Oil Separator

The oil present in a typical A/C system circulates throughout the system for the
purpose of lubricating the compressor. Because this oil is in contact with inner surfaces
of evaporator and condenser, and a coating of oil reduces the heat transfer effectiveness
of these devices, the overall system efficiency is reduced.” Tt also adds inefficiency to
the system to be “pushing around and cooling” an extraneous fluid that results in a
dilution of the thermodynamic properties of the refrigerant. If the oil can be contained
only to that part of the system where it is needed — the compressor — the heat transfer
effectiveness of the evaporator and condenser will improve. The overall COP will also
improve due to a reduction in the flow of diluent. The SAE IMAC team estimated that
overall system COP could be improved by 8% if an oil separator was used.'" EPA
believes that if oil is prevented from prevented from circulating throughout the A/C
system, an overall system efficiency improvement of 10% can be realized. Whether the
oil separator is a standalone component or is integral to the compressor design,
manufacturers can submit an engineering analysis to demonstrate the effectiveness of the
oil separation technology.

2.3.3 Technical Feasibility of Efficiency-Improving Technologies

EPA believes that the efficiency-improving technologies discussed in the previous
sections are available to manufacturers today, are relatively low in cost, and that their
feasibility and effectiveness has been demonstrated by the SAE IMAC teams and various
industry sources. EPA also believes that when these individual components and
technologies are fully designed, developed, and integrated into A/C system designs,
manufacturers will be able to achieve the estimated reductions in CO, emissions and earn
appropriate A/C Efficiency Credits, which are discussed in the following section.

2.3.4 A/C Efficiency Credits

In model years 2012 through and 2016, manufacturers would be required to
demonstrate that vehicles receiving credit for A/C efficiency improvements are equipped
with the type of components and/or controls needed to qualify for a certain level of CO,
credit. For model years 2014 and later, the design-based approach will be supplemented
with a vehicle performance test. In particular, EPA is specifying that the range of
allowable ambient temperature for a valid A/C Idle Test be limited to 75 + 2 °F (as
opposed to 68-to-86 °F for a valid FTP test) and that the humidity in the test cell be
limited to 50 + 5 grains of water per pound of dry air (where there are no such humidity
constraints on an FTP test, only a humidity correction for NOx). This narrowing of the
allowable range of ambient conditions was done to improve the accuracy and
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repeatability of the test results. Since the performance of an A/C system (and the amount
of fuel consumed by the A/C system) are directly influenced by the heat energy, or
enthalpy, of the air within the test cell — where criteria pollutants are not - it was
necessary to control the enthalpy, and limit its effect on the test results. In addition, EPA
has modified the interior fan settings for vehicles with manual A/C controls. In the
proposed reporting rule, vehicle with manual A/C controls were to be run on the ‘high’
fan setting for the duration of the A/C on portion of the test. However, EPA believes that
this fan speed setting would unduly penalize vehicles with manual controls when
compared to those with automatic control - as automatic controls adjust the fan speed to
lower setting as the target interior temperature is reached (which is similar to what a
driver does on a vehicle with manual controls). In recognition of this disparity in the
proposed test procedure, EPA has revised the test to allow vehicles with manual A/C
controls to average the result obtained on the high fan speed setting with the result
obtained on the low fan speed setting. The additional 10-minute idle sequence on the low
fan speed setting is to be run immediately following the high fan sequence (no additional
prep cycle is required). This revised performance test will assure that the A/C
components and/or system control strategies a manufacturer chooses to implement are
indeed delivering the efficiency gains projected for each. The performance test discussed
in section II of the preamble is the A/C Idle Test, but in that section, EPA also discusses
how a modified SCO3 test could also be used to measure the efficiency of A/C systems.

To establish an average A/C CO, rate for the A/C systems in todays vehicles, the
EPA conducted laboratory tests to measure the amount of additional CO, a vehicle
generated due to A/C use on the Idle Test.® The results of this test program are
summarized in Table 2-11, and represent a wide cross-section of vehicle types in the U.S.
market. The average A/C CO, result from this group of vehicles is the value against
which results from vehicle testing (beginning in 2014) will be compared. The EPA
conducted laboratory tests to tested over 60 vehicles representing a wide range of vehicle
types (e.g. compact cars, midsize cars, large cars, sport utility vehicles, small station
wagons, and standard pickup trucks).

Table 2-11 Summary of A/C Idle Test Study Conducted by EPA at the National Vehicle Fuel and
Emissions Laboratory

Vehicle Makes Tested 19

Vehicle Models Tested 29

Model Years Represented (number of vehicles in each model 1999 (2), 2006 (21), 2007 (39)
year)

EPA Size Classes Represented Minicompact, Compact, Midsize, and
Large Cars
Sport Utility Vehicles
Small Station Wagons
Standard Pickup Trucks
Total Number of A/C Idle Tests 62
Average A/C CO, (g/min) 21.3
Standard Deviation of Test Results (+ g/min) 5.8
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The majority of vehicles tested were from the 2006 and 2007 model years and
their A/C systems are representative of the ‘baseline’ technologies, in terms of efficiency
(i.e. to EPA’s knowledge, these vehicles do not utilize any of the efficiency-improving
technologies described in Table 2-13). The individual test results from this testing are
shown in Figure 2-4. EPA attempted to find a correlation between the A/C CO; results
and a vehicle’s interior volume, footprint, and engine displacement, but was unable to do
so, as there is significant “scatter” in the test results. This scatter is generally not test-to-
test variation, but scatter amongst the various vehicle models and types — there is no clear
correlation between which vehicles perform well on this test, and those which do not.
EPA did attempt to find a correlation between the idle test results and a vehicle’s interior
volume, footprint, or engine displacement, but no clear correlation could be found. What
is clear, however, is that load placed on the engine by the A/C system is not consistent,
and in certain cases, larger vehicles perform better than smaller ones, in terms of their

A/C CO, result.
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Figure 2-4 EPA A/C Idle Test Results from Various Vehicle Model Types

Part of this variation in the A/C Idle Test results may be due to the components a
manufacture chooses to use in a particular vehicle. Where components such as
compressors are shared across vehicle model types (e.g. a compressor may be ‘over-
sized’ for one application, but the use of a common part amongst multiple model types
results in a cost savings to the manufacturer). Some of the variation may also be due to
the amount of cooling capacity a vehicle has at idle. One manufacturer indicated that one
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of their vehicles which produced a below-average A/C CO; result, is also known for
having A/C performance at idle which does not meet customer expectations, but off-idle,
performs very well. Therefore, it will be necessary for manufacturers to balance the
cooling capacity of the A/C system under idle conditions against the overall A/C system
efficiency.

Some of this variation between various models may also be due to the efficiency
of the fan(s) which draw air across the condenser — since an external fan is not placed in
front of the vehicle during the A/C Idle Test, it is the vehicle’s fan which is responsible
for rejecting heat from the condenser (and some models may do this more efficiently than
others). In this case, EPA believes that an SC03-type test — run in a full environmental
chamber with a “road-speed” fan on the front of the vehicle — would be a better measure
of how a vehicle’s A/C system performs under transient conditions, and any limitations
the system may have at idle could be counter-balanced by improved performance and
efficiency elsewhere in the drive cycle. However, since idle is significant part of real-
world and FTP drive cycles (idle represents 18% of the FTP), EPA believes that the focus
in this rulemaking on A/C system efficiency under idle conditions is justified. Many
commenters questioned the ability of the A/C Idle Test to measure the effect of certain
A/C technologies (e.g. technologies which improve performance under higher cooling
load conditions), and stated that the test was not representative of real-world driving
conditions. While we acknowledge that there are limitations to the Idle Test, we have
determined that it is still a valid tool evaluating the efficiency of a vehicle’s A/C system
under conditions encountered in daily driving. Moreover, we believe that a performance
test is necessary to assure that efficiency-improving technologies are implemented
properly and that the vehicle’s A/C system operates in an efficient manner under idle
conditions. In the future, EPA will continue to work with industry groups,
manufacturers, component suppliers, and other government organizations to develop a
procedure for determining A/C system efficiency which incorporates the appropriate test-
bench, modeling, and drive cycle tools. The goal of this exercise is the development of a
reliable, accurate, and verifiable assessment and testing method which minimizes a
manufacturers testing burden. This effort could include component-level assessment of
A/C technologies, modeling of system control strategies, and development of a vehicle-
based test procedure for validating the findings of component-level and system modeling
analyses.

The average A/C CO; result for the vehicles tested was 21.3 g/min. Starting in
the year 2014, in order to qualify for A/C Efficiency Credits, it will be necessary for
manufacturers to demonstrate the efficiency of their systems by running an A/C Idle Test
on each vehicle model for which they are seeking credit. To qualify for the full credit, it
will be necessary for each model to achieve an A/C CO; result less than or equal to 14.9
g/min (which is 30% less than the average value observed in the EPA testing). EPA chose
the 30% improvement over the “average” value to drive the fleet of vehicles toward A/C
systems which approach or exceed the efficiency of current best-in-class vehicles.
Several commenters disagreed with the EPA’s threshold for full credit, arguing that the
30% improvement was too aggressive. However, EPA test results on three vehicle size
classes (large car, SUV, and pickup truck) indicate that significant reductions in fuel
consumption can be achieved by simply switching A/C control from outside air (OSA) to
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recirculated cabin air. As shown in , the percentage reduction in the CO2 due to A/C use
was greater than 30% in all three cases.

Table 2-12 Effect of Outside Air and Recirculated Cabin Air on A/C Idle Test Results (EPA Testing)

A/C CO2 Result (g/min) Change in A/C CO2
Vehicle Type wiRecirc (%)
w/Outside Air w/Recirc Cabin Air
Large Car 25.9 14.0 -45.9
SUv 17.4 11.4 -34.5
Pickup Truck 14.1 9.0 -36.2

EPA believes this approach will cause manufacturers to tailor the size A/C
components and systems to the cooling needs of a particular vehicle model and focus on
the overall efficiency of their A/C systems. EPA believes this approach strikes a
reasonable balance between avoiding granting credits for improvements which would
occur in any case, and encouraging A/C efficiency improvements which would not
otherwise occur. However, to avoid having an all-or-nothing threshold of 14.9 g/min on
the Idle Test to qualify for credits, EPA will allow amount of credit to be scaled to Idle
Test result, with vehicles achieving 14.9 g/min or better receiving full credit, and vehicles
achieving 21.3 g/min or higher receiving no credit, as shown in Figure 2-5.
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Figure 2-5 A/C Credit Adjustment Factor.

Once manufacturers begin using the technologies described in Table 2-13 — and
develop these technologies for the requirements of each vehicle, with a focus on
achieving optimum efficiency — EPA believes it will be possible to demonstrate that a
vehicle is indeed achieving the reductions in A/C CO, emissions that are estimated for
this rulemaking.

We believe that it is possible to identify the A/C efficiency-improving
components and control strategies most-likely to be utilized by manufacturers and are
assigning a CO, ‘credit’ to each. In addition, EPA recognizes that to achieve the
maximum efficiency benefit, some components can be used in conjunction with other
components or control strategies. Therefore, the system efficiency synergies resulting
from the grouping of three or more individual components are additive, and will qualify
for a credit commensurate with their overall effect on A/C efficiency. A list of these
technologies — and the credit associated with each — is shown in Table 2-13. If the more
than one technology is utilized by a manufacturer for a given vehicle model, the A/C
credits can be added, but the maximum credit possible is limited to 5.7 g/mi. This
maximum credit represents a 40% improvement over a 14.3 g/mi per vehicle CO; -
equivalent impact due to A/C use. This 14.3 g/mi impact is derived from the EPA’s 2006
estimate of fuel consumption due to A/C use of 12.11 g/mi. However, the 2006 estimate
needed to be adjusted upward to reflect the increased prevalence of “automatic” A/C
controls in modern vehicles (the Phoenix study used in the EPA’s 2006 estimate was
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from 1990s-vintage vehicles, which do not include a significant number of vehicles with
automatic climate control systems). To derive the newer estimate, a scenario was first
modeled in which 100% of vehicles used in the Phoenix study were equipped with
automatic A/C systems (which increases the amount of time the compressor is engaged in
moderate ambient conditions), which resulted in the 12.11 g/mi estimate increasing to
17.85 g/mi. Industry and supplier estimates were then used for the number of vehicles
equipped with automatic A/C systems - as well as vehicle sales data from the 2009
Ward’s Automotive Yearbook — and projected that 38% of new vehicles are equipped
with automatic A/C systems.3 ! Finally, the percentages of vehicles with and without
automatic A/C systems were multiplied by their respective impact on fuel consumption
(0.62 x 12.11 + 0.38 x 17.85) to produce our estimate of 14.3 g/mi. This credit is the
same for cars and trucks because the A/C components, cooling requirements, and system
functions are similar for both vehicle classes. Therefore, EPA believes the level of
efficiency improvement and the maximum credit possible should be similar for cars and
trucks as well.
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Table 2-13 Efficiency-Improving A/C Technologies and Credits

Technology Description

Estimated Reduction
in A/C CO,
Emissions

A/C Credit (g/mi
COy)

Reduced reheat, with externally-controlled,
variable-displacement compressor

30%

1.7

Reduced reheat, with externally-controlled,
fixed-displacement or pneumatic variable
displacement compressor

20%

1.1

Default to recirculated air with closed-loop
control of the air supply (sensor feedback to
control interior air quality) whenever the
outside ambient temperature is 75 °F or
higher (although deviations from this
temperature are allowed if accompanied by
an engineering analysis)

30%

1.7

Default to recirculated air with open-loop
control of the air supply (no sensor
feedback) whenever the outside ambient
temperature is 75 °F or higher (although
deviations from this temperature are
allowed if accompanied by an engineering
analysis)

20%

1.1

Blower motor control which limit wasted
electrical energy (e.g. pulsewidth modulated
power controller)

15%

0.9

Internal heat exchanger (or suction line heat
exchanger)

20%

1.1

Improved evaporators and condensers (with
engineering analysis on each component
indicating a COP improvement greater than
10%, when compared to previous design)

20%

1.1

Oil Separator (internal or external to
compressor)

10%

0.6
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The estimates for the percent reduction in A/C CO, for each technology are based
in part on the results of SAE IMAC Team 2 (Improved Efficiency) final report, which
both provides a baseline for calculating creditable improvements, and also provides a
level of improvement for each technology. The estimated percent reduction in A/C CO,
emissions for each was adjusted upward to reflect continuous improvement in the design,
calibration, and implementation of these technologies. These technologies, which, when
combined, can allow manufacturers to achieve the 40% reduction in CO, emissions.

2.4 Costs of A/C Reducing Technologies

This section describes the cost estimates for reductions in air conditioner related
GHG emissions as well as the cost savings that result from improved technologies.
These estimates are largely determined from literature reviews of publications and public
presentations made by parties involved in the development and manufacture of A/C
systems as well as from EPA analyses. The cost savings are estimated from the literature
as well as the supplemental deterioration models based analysis described above.

For leakage, or direct, emissions, EPA assumes that reductions can be achieved
without a change in refrigerant, though it is possible that by 2020 a new technology and
refrigerant will be a much more viable option than it is today. For example, an
alternative refrigerant with a GWP less than 150 and can be used directly in current A/C
systems will be able to meet the leakage credit requirements without significant
engineering changes or cost increases. However, in order to reduce the leakage in
conventional R134a systems by 50%, it has been estimated that the manufacturer cost
would increase by $15 per vehicle in 2002 dollars, employing existing off-the-shelf
technologies such as the ones included in the J2727 leakage charts.” Converting this to
2007 dollars using the GDP price deflator (see Appendix 3.A of the Draft Joint TSD)
results in a cost of $17. With the indirect cost markup factor of 1.11 for a low complexity
technology the compliance cost becomes $19. Using this as the 2012MY cost and
applying time based learning results in a 2016MY cost of $17 for leakage reduction
technology. Table 2-14 shows how these costs may be distributed on a year by year basis
as the program phases in over 5 years.

We expect that a reduction in leakage will lead to fewer servicing events for
refrigerant recharge. In 2006, the EPA estimated the average cost to the vehicle owner
for a recharge maintenance visit was $100. However, recent information indicates that
the industry average cost of recharging an automotive air conditioner is $147.% With the
new AC systems, such $100 or $147 maintenance charges could be moved delayed until
later in the vehicle life and, possibly, one of more events could be eliminated completely.
This provides potential savings to consumers as a result of the new technology. Note that

" Author unknown, Alternative Refrigerant Assessment Workshop, SAE Automotive Alternative
Refrigerant Symposium, Arizona, 2003.
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these potential maintenance savings are not included in the cost and benefit analysis
presented in Chapters 6 and 8 of this RIA. However, EPA intends to include an estimate
of maintenance savings in the final rule analysis and believe that this higher estimate for
the cost of recharging an A/C system would serve as the basis for those maintenance
savings in the cost analysis of the final rule.

For indirect CO, emissions due to A/C, it has been estimated that a 25-30%
reduction can be achieved at a manufacturer cost of 44€, or $51 in 2005 dollarsM The
IMAC Efficiency Improvement team of the Society of Automotive Engineers realized an
efficiency improvement of 36.4% based on existing technologies and processes.25 For
the idle test, EPA estimates that further reductions with software controls can achieve a
total reduction of 40%. Converting the $51 value to 2007 dollars results in $54 (using the
GDP price deflator as explained in Appendix 3.A of the Draft Joint TSD) and applying a
1.11 indirect cost multiplier for a low complexity technology (as described in Chapter 3
of the Draft Joint TSD) gives a total compliance cost of $60. Using this as the 2012MY
cost and applying time based learning (as described in Chapter 3 of the Draft Joint TSD)
results in a 2016MY cost of $53.

In the 2008 Advance Notice of Proposed Rule, EPA presented a quick analysis of
the potential fuel savings associated with the control of indirect emissions via new AC
technology. There EPA assumes a reference 2010 fuel economy of 30 mpg for cars and
24 for trucks. With a 20% real-world shortfall, this becomes 24 and 19 mpg respectively.
As described in appendix A of the GHG advanced notice (and above), A/C impacts
overall fuel consumption by 2.6-to-4.1%, and that an ultimate efficiency improvement of
40% is achievable. EPA used the AEO 2008 fuel price, discount values, vehicle
scrappage and VMT figures employed elsewhere in the advanced proposal to calculate a
$96 cost savings for cars and $130 for trucks for the life of the vehicle. Assuming the
same 0.23 factor to account for rebound and emissions, these savings increase to $118 for
cars and $159 for trucks. This was noted in the GHG advance notice as being a
potentially significant cost savings for the vehicle owner compared to the cost of the
efficiency improvements. EPA has not updated this analysis for this rule. For the
analysis in support of this rule, as presented in Chapter 6 of this RIA, the indirect AC fuel
savings has been included in the total fuel savings resulting from this rulemaking.

Table 2-14 presents the compliance costs associated with new AC technology
with estimates for how those costs might change as vehicles with the technology are
introduced into the fleet. Costs shown are averages per vehicle since not all vehicles
would include the new technology but would, instead, include the technology according
to the penetration estimates shown in the table.

M The 0.87 Euro-US dollar conversion is dated today but was valid in 2005. 2005 Euros are converted to
2005 US dollars then 2005 US dollars are converted to 2007 US dollars.
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Table 2-14 Estimated Costs in Each Model Year for New AC Technology, 2007 Dollars

2012 | 2013 | 2014 | 2015 | 2016
Penetration 28% | 40% | 60% | 80% | 85%
AC Leakage (Direct) | $5 $7 $11 $14 | $15
AC Indirect $15 | $21 | $32 | $42 | $45
Total $20 | $28 | $42 | $56 | $60

2.5 Air Conditioning Credit Summary

A summary table is shown with the estimated usage of the A/C credits. EPA
projected the penetration rates as a reasonable ramp to the 85% penetration cap in 2016.
The 85% penetration cap was set to maintain consistency with the technology penetration
caps used in OMEGA. The car and truck sales fractions were drawn from an adjusted
version of AEO 2009, as documented in RIA Chapter 5. As documented above, no use
of alternative refrigerant is projected in this in this analysis, although this assumption
may be revisited in the final rule (Table 2-15).

Table 2-15 Credit Summary with Estimated Penetration Rates

Model Year

2012 2013 2014 2015 2016
Estimated Penetration 28% 40% 60% 80% 85%
Car Sales Fraction 61.1% 61.9% 63.2% 64.6% 65.6%
Truck Sales Fraction 38.9% 38.1% 36.8% 35.4% 34.4%
Car Direct Credit 1.8 2.5 3.8 5.0 54
Car Indirect Credit 1.6 2.3 34 4.6 4.8
Total Car Credit 3.4 4.8 7.2 9.6 10.2
Truck Direct Credit 2.2 3.1 4.7 6.2 6.6
Truck Indirect Credit 14 2.3 34 4.6 4.8
Total Truck credit 3.8 5.4 8.1 10.8 11.5
Fleet average credits 3.5 5.0 7.5 10.0 10.6
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CHAPTER 3: Technical Basis of the Standards
3.1 Technical Basis of the Standards

3.1.1 Summary

As explained in section III.D of the preamble to the rule, in developing the standard,
EPA built on the technical work performed by the State of California during its development
of its statewide GHG program. This led EPA to evaluate a Clean Air Act national standard
which would require the same degree of technology penetration that would be required for
California vehicles under the California program. In essence, EPA evaluated the stringency
of the California Pavley 1 program but for a national standard. However, as further explained
in the preamble, before being able to do so, technical analysis was necessary in order to be
able to assess what would be an equivalent national new vehicle fleet-wide CO2 performance
standards for model year 2016 which would result in the new vehicle fleet in the State of
California having CO2 performance equal to the performance from the California Pavley 1
standards. This technical analysis is documented in this sub-chapter of the RIA.

Table 3-1 presents the calculated emission levels at which the national GHG standard
would ensure that vehicle sales in California of federally compliant vehicles would have fleet
average GHG emissions that are equal to the fleet average that would be achieved under the
California program described in Sections 1900, 1960 and 1961.1 of Title 13, California Code
of Regulations (“Pavley I"’) by model year 2016:

Table 3-1 Fleet Average National CO, Emission Levels for Model Years 2012-2016

MODEL YEAR
2012 | 2013 | 2014 | 2015 | 2016

288 281 275 263 250

Fleet Average Tailpipe Emission Level
(CO, gram / mile)

Manufacturer’s use of credits and other program flexibilities may alter the program
stringency beyond that which is shown here.

3.1.2 Overview of Equivalency Calculation.

The calculation of the fleet-wide national MY 2015 and MY 2016 CO, emission levels
which would be equivalent to California’s Pavley I program is briefly outlined here.

1. Based on the California new vehicle fleet mix (predicted sales) and the CA program
provisions, EPA calculated the fleetwide average CO, emissions achieved in CA from
the 2015 and 2016 model year fleets.

2. The estimate of fleetwide average CO, emissions was disaggregated into achieved car

and truck CO, emission levels at the national level using the new car and truck
definitions for this rule.
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3. Based on the anticipated national fleet mix, the achieved car and truck levels were
weighted together to determine the national targets which would achieve reductions
equivalent to Pavley I in California.

This calculation accounts for the compositional difference between the CA vehicle fleet
and the National fleet (i.e., CA has a higher proportion of cars than the average state), and for
various parameters in the CA program.

3.1.2.1 Calculating CO; Equivalent Emissions under the California Program

To calculate the CO, equivalent emissions in California under Pavley I, the California
Passenger Car and Light Truck standards were combined with the California fleet mix in
order to calculate the anticipated emissions under the California standards from the California
fleet.

The Passenger Car and Light Truck Standards were drawn from Sections 1900, 1960
and 1961.1 of Title 13, California Code of Regulations. Intermediate and small volume
manufacturer standards were calculated based on guidance within the regulation, as well as
EPA analysis of current manufacturer product mix. These standards, less 2 grams per mile of
CO; equivalent emissions due to methane (CHy4) and nitrous oxide (N,O), are shown in Table
3-2. CH4 and N,O were excluded because the EPA program separately addresses these
emissions (Preamble section III).

Table 3-2 California Regulatory Standards excluding CH, and N,0 (grams CO, equivalent per mile)

MY 2015 | MY 2016

Standard | Standard
California Car (PC/LDT1) Standard 211 203
Intermediate/Small Volume 314 299
Manufacturer California Car Standard
CA LDT2/MDPYV Standard 339 330
Intermediate/Small Volume 360 357
Manufacturer LDT2/MDPV Standard

The projected fleet mix, as defined under Pavley I, was then determined in California.
Significantly, the California program deviates from historic definitions of “classic” cars and
trucks. In brief, Pavley I defines “PC/LDT1” as passenger cars and light duty trucks below
3,750 pounds, while “LDT?2” include all trucks intended to convey passengers that weigh less
than 10,000 pounds. The details of this classification scheme are found in the California
regulations.

In order to estimate the emission contribution of PC/LDT1 and LDT?2 in California,
EPA estimated the respective fleet fractions. EPA estimated the national sales mix in 2015
and 2016 at 60% passenger cars and 40% light duty trucks. This estimate is supported by the
Energy Information Administrations’ Annual Energy Outlook 2009, which estimated
passenger cars at 59.4% of 2016 new vehicle sales in its published reference case." Due to the
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American Recovery and Reinvestment Act of 2009, the Annual Energy Outlook reference
case has since been updated to project 2016 sales at 57.1% passenger cars.

The projected 60% passenger cars, 40% light duty trucks sales fraction was then
applied to the California vehicle fleet mix. In such a scenario, the California Air Resource
Board (ARB) estimated that PC/LDT1s comprise approximately 66% of the new light duty
vehicle fleet in California and that LDT2s comprise the remainder (34%).

Once the PC/LDT1 and LDT?2 fractions of California new vehicle sales were
determined, EPA estimated the fraction of vehicle sales in the intermediate and small volume
manufacturer categories. These manufacturers, which sell less than 60,000 vehicles per year
in California, are subject to less stringent emission standards under Pavley I. While estimates
of future sales by manufacturer fluctuate, manufacturers such as Subaru, Porsche, Hyundai
and Volkswagen were considered beneath this threshold for the purpose of this analysis.
Based on EPA market analysis, small/intermediate volume manufacturers were estimated at
9% of total California PC/LDT]1 sales and 5% of total California LDT2 Sales. The final
product mix assumed in California in 2015 and 2016 under a 60/40 national sales scenario is
shown in Table 3-3.

Table 3-3 California Sales Mix under a 60% Classic Car 40% Classic Truck National Sales Scenario

Sales %
PC/LDT1 Sales 60%
Intermediate Volume PC/LDT1 6%
sales
California LDT2 Sales 32%
Intermediate Volume LT2 sales 2%

The product mix was multiplied by the relevant standard and summed in order to
calculate the achieved average CO, emissions for the new California fleet. As an example in
2016:

Achieved Fleetwide CO, Equivalent Emissions =

(PC/LDTI standard x PC/LDT1 Percentage) + (LT2 standard x LT2 Percentage) + (Intermediate Volume
PC/LDT]1 standard x Intermediate Volume PC/LDT1 Percentage) + Intermediate Volume LT2 standard x
Intermediate Volume LT2 Percentage)

(0.6 x 203) + (0.06 x 229) + (0.32 x 330) + (0.02 x 357) = 248 grams.
(eq.1)

Based on the projected 60% passenger car, 40% light duty truck national sales mix (Table
3-3); the achieved fleetwide CO; equivalent tailpipe emission level expected in California in
2016 is 248 grams / mile.
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This analysis was repeated for model year 2015. In order to achieve equivalency, the
national program must produce a fleetwide average emission level in California that is no
higher than 261 grams CO,/ mile in 2015 and 248 grams CO, / mile in 2016.

3.1.2.2 Translating the CA Fleetwide Average Emissions into Cars (Passenger
Automobiles) and Trucks (Non-Passenger Automobiles)

In order to describe the national fleet, the California fleet-wide average CO, emission
level was translated into car and truck achieved emissions levels. However, the regulatory
definitions in EPA’s Title II programs differ. Passenger Automobiles (PA) are defined as
two wheel drive SUVs below 6,000 Ibs. gross vehicle weight as well as classic cars. The
remaining light duty fleet is defined as Non-Passenger Automobiles (NPA) (Table 3-4).

Table 3-4 Summary of Fleet Description Methods

REGULATOR CAR DEFINITION TRUCK DEFINITION

National Highway Transit Truck — LDT1-4 and MDPV

Safety Association (CAFE

Car — Passenger Car

Through MY 2010)

California ARB Car - PC + LDT1 Light Truck — LDT2-4 and MDPV

EPA Passenger Automobile — PC Non-Passenger Automobile — Remaining
+ 2 wheel drive SUVs below | light duty fleet
6,000 GVW

To disaggregate the combined California fleet emission level into PA and NPA
vehicles, the 2015 and 2016 California achieved levels were multiplied by ratios derived from
National Highway Transit Association (NHTSA) analysis of the emissions from PA and NPA
vehicles.” Based on the NHTSA analysis, EPA estimates that PAs have an emission
contribution equivalent to 91% of the California MY 2016 fleet average, while NPA have an
emission contribution equivalent to 119% of the California achieved CO; fleet average
emissions. These ratios, and the PA/NPA achieved emission levels, are shown in Table 3-5.

Table 3-5 PA and NPA Emission Levels under Pavley I

Regulatory Class Ratio MY 2015 MY 2016
Achieved Achieved
Emission Emission
Level Level
PA 0.91 238 227
NPA 1.19 312 297

3.1.2.3 Calculating the 2015 and 2016 Fleetwide CO, Emission Targets under the EPA
Final Rule

To determine the MY 2015 and MY 2016 fleetwide targets under the EPA final rule,
the achieved emission levels from PA and NPA (Table 3-5) were reweighted into a national

fleet-wide average based upon the anticipated national fleet of 60% passenger car, 40% light
duty truck. Based on NHTSA analysis presented in the MY 2011 CAFE final rule, this fleet
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is expected to be comprised of approximately 66.4% PA and 33.6% NPA.? The PA and NPA
achieved emission levels were weighted into a national fleetwide average based upon these
percentages. The resulting 2015 fleetwide target is 263 grams CO, / mile, while the 2016
target is 250 grams CO; /mile.

3.1.2.4 Calculation of 2012-2014 ‘““California Equivalent” Targets

The methodology used to calculate the 2015 and 2016 California Equivalent levels
was repeated for the 2012-2014 model years. The most significant departure from the
previously described methodology is that sales projections differ in MY 2012-2014 as
compared to MY 2015-2016.

EPA assessment of projected vehicle sales during MY 2012-2014 supported a lower
proportion of car sales than the 60% fraction projected during MY 2015-2016. March 2009
AEO vehicle sales estimates were therefore substituted in these earlier years. Using the
methodology described in section 3.1.2.1, the AEO estimates were used to project PC/LDT1
fractions in CA, and PA and NPA sales fractions nationally (Table 3-6).

Table 3-6 National PA and NPA Sales Fractions estimated in March 2009 AEO Projections

Regulatory Class MY 2012 MY 2013 MY 2014
AEO Car fraction 55.0% 56.1% 57.4%
AEOQO Truck fraction 45.0% 43.99% 42.6%
PC/LDT1 in CA 61.0% 62.1% 63.4%
LT2in CA 39.0% 37.9% 36.6%
PA fraction Nationally 62.1% 63.0% 64.1%
NPA fraction Nationally 37.9% 37.0% 35.9%

One commenter, Yuli Chew, stated that he thought that the 6% per year alternative
was more representative of Pavley I levels. As this analysis shows, the national GHG
standard would provide that vehicle sales in California of federally compliant vehicles would
have fleet average GHG emissions that are equal to the fleet average that would be achieved
under the California program In their comments on the proposal, the California Air
Resources Board agreed that the standards presented in this rulemaking align with
California’s Pavley greenhouse gas emissions standards, and ultimately arrive at the same
stringency as California’s standards in MY 2016.
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Per the previously described methodology, the calculated CA sales fractions were then
multiplied by the Pavley I standards for MY 2012 — MY 2014 (Table 3-7). Consistent with
the 2015/16 analysis, small manufacturers were assumed to remain a constant 9% of
California PC/LDT]1 sales and 5% of California LDT2 Sales.

Table 3-7 2012-2014 California Regulatory Standards
excluding CH, and N,O (grams CO, equivalent per mile)

MY 2012 | MY 2013 | MY 2014
California Car (PC/LDT1) Standard 231 295 220
Intermediate/Small Volume
Manufacturer California Car Standard 314 314 314
CA LDT2/MDPY Standard 359 353 348
Intermediate/Small Volume
Manufacturer LDT2/MDPYV Standard 360 360 360

The resulting achieved emission levels in California are 286 grams CO; / mile in MY
2012, 279 grams CO, / mile in MY 2013 and 273 grams CO, / mile in MY 2014. In order to
derive PA and NPA achieved emission levels, these achieved emission levels were multiplied
by MY—sgecific ratios derived from National Highway Transit Association (NHTSA)
analysis.

The projected PA and NPA emission levels were then recombined into a national fleet
achieved emission level based on the national PA and NPA sales fractions shown in Table 3-6
(Table 3-8).

Table 3-8: PA and NPA Emission Levels under Pavley I

Regulatory Class MY 2012 MY 2013 MY 2014
Achieved Achieved Achieved
Emission Emission Emission
Level Level Level
PA 260 253 248
NPA 334 328 323
Fleet Average 288 281 275

3.2 Analysis of Footprint Approach for Establishing Individual Company
Standards

One of the fundamental issues associated with the vehicle fleet average CO2 emission
standard is the structure of the standard; i.e., the basis for the determination of the standard for
each vehicle manufacturer.

Vehicle CO2 emissions are closely related to fuel economy. Over 99 percent of the
carbon atoms in motor fuel are typically converted to tailpipe CO2, and therefore, for any
given fuel with a fixed hydrogen-to-carbon ratio, the amount of CO2 emitted (grams) is

3-6



Technical Basis of the Standards

directly correlated to the volume of fuel that is consumed (gallons), and therefore CO2 g/mile
is essentially inversely proportional to vehicle fuel economy, expressed as miles per gallon.
As part of the CAFE program, EPA measures vehicle CO2 emissions and converts them to
mpg and generates and maintains the federal fuel economy database. Additionally, EPA
calculates the individual manufacturers’ CAFE values each year, and submits these values to
NHTSA.

EPA is finalizing footprint-based CO2 standards for cars and light trucks. EPA
believes that this program design has the potential to promote CO2 reductions across a broad
range of vehicle manufacturers, while simultaneously accounting for other important societal
objectives cognizable under section 202 (a) such as consumer choice and vehicle safety. EPA
believes a footprint-based system will also provide a more level playing field among
manufacturers, as all models with similar size will have the same CO2 emission targets,
across all manufacturers.

In 2007, EPA evaluated several vehicle attributes on which to base CO2 standards for
both cars and light trucks: footprint, curb weight, engine displacement, interior volume, and
passenger carrying capacity. All of these attributes have varied advantages and
disadvantages. EPA’s evaluation centered on three primary criteria (all of which reflect
factors relevant under section 202 (a)). 1) Correlation with tailpipe CO2 emissions. Since
emissions of CO2 are controlled, there must be a reasonable degree of correlation from a
technical perspective between an attribute and vehicle CO2 emissions performance. 2) The
relationship between the attribute and potential CO2 reducing technologies. In order to
promote emissions reductions, choice in technology for the manufacturers, and cost-effective
solutions, it is important that an attribute not discourage the use of important CO2 control
strategies. 3) How much the attribute would encourage compliance strategies that tend to
circumvent the goal of CO2 reduction. EPA believes that it is important to choose an attribute
that minimizes the risk that manufacturers would change the magnitude of the attribute as a
method of compliance. 4) The consistency of the attribute with existing regulations. EPA
does not want to create a program that competes with others that accomplish similar goals.
The 2007 analysis examines potential attributes against these criteria and is outlined below.

3.2.1 “Footprint” as a Vehicle Attribute

EPA is basing the individual manufacturers fleetwide CO2 standards on the vehicle
footprint attribute. Footprint is defined as a vehicle’s wheelbase multiplied by average track
width. In other words, footprint is the area enclosed by the points at which the wheels meet
the ground.

In 2006, NHTSA adopted footprint as the basis for fuel economy standards in its
Reformed CAFE program for light trucks, and in 2008, the agency extended this program
structure to regulate passenger cars for MY 2011 and beyond. NHTSA used projected sales,
footprint, and mpg data from automakers’ product plans, along with information on the cost
and effectiveness of fuel economy technologies, to create a footprint versus fuel economy
curve shown below in Figure 3-1 for cars and Figure 3-2 for trucks that establishes fuel
economy targets for every model’s footprint value. Chapter V of NHTSA’s RIA for the MY
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2011 CAFE program contains more detailed information how the MY 2011 car and truck
curves were generated.
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Figure 3-1 NHTSA Reformed CAFE Curve for MY 2011 Cars
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NHTSA Final MY 2011 Standards for Cars and Trucks
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Figure 3-2 NHTSA Reformed CAFE Curve for MY 2011 Trucks

The overall fleet-wide fuel economy compliance value for an individual manufacturer
is then calculated at the end of the model year by a sales-weighted, harmonic average of the
fuel economy targets for all models sold by that manufacturer. In the rulemaking process,
NHTSA also considered weight, towing capacity, and four wheel drive capability as
alternative attributes, but rejected them in favor of footprint.’

EPA evaluated footprint as the attribute for setting vehicle CO2 standards based on the
four criteria outlined above.

3.2.1.1 Correlation to Tailpipe CO2 Emissions

Figure 3-3 and Figure 3-4 describe the relationship of tailpipe CO2 emissions and
vehicle footprint. These figures were generated using the manufacturers’ 2007 confidential
product plans, the most current projections at the time of the analysis. EPA has since received
new product plans and developed a new baseline dataset from publicly available information.
However, EPA has not redone the analysis below with this new data as the general trends do
not appear to have changed.

The first plot describes the model year 2007 car fleet and the second plot describes the
model year 2007 truck fleet. The circles represent the sales volume of a particular model,
where a larger circle corresponds to higher sales projection and a smaller circle corresponds to
a lower sales projection. In order to determine how closely footprint and CO2 emissions were
correlated, a linear least-squares regression was performed for cars and trucks separately. It
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should be noted that NHTSA used non-sales-weighted minimum absolute difference (MAD)
regressions to develop the slopes of the fuel economy and CO2 emission standards. The
preamble of this final rule discusses the reasons for use of non-sales-weighted MAD

regressions for this purpose.

y = 8.46x - 89.866

500
R? = .283

450

CO; (g/mi)

100 T T T T T T T T
40 42 44 46 48 50 52 54 56

36 38
Footprint (it?)

Figure 3-3 Model Year 2007 Cars; Sales-weighted Linear Regression of CO2 Tailpipe Emissions and
Footprint
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Figure 3-4 Model Year 2007 Trucks; Sales-weighted Linear Regression of CO2 Tailpipe Emissions and
Footprint

As illustrated in the above figures, the R? values for model year 2007 cars and trucks
are 0.283 and 0.331 respectively (both statistically significant to a confidence level greater
than 99%), indicating that there is a non-random correlation to CO2 emissions. As vehicle
size increases, its CO2 emissions tend to increase.

3.2.1.2 Relationship with CO2-Reducing Strategies

The footprint attribute would encourage all CO2 control strategies with the exception
of vehicle downsizing. All other things being equal, vehicle downsizing tends to correspond
to lower vehicle weight, which results in lower CO2 emissions. However, smaller vehicles
would have smaller footprints and would be subject to lower, more stringent, CO2 emissions
targets, discouraging downsizing as a compliance strategy. Also, absent other design
changes, decreasing vehicle size could reduce vehicle safety for that vehicle's driver,
especially for those vehicles less than 4000 pounds.6 Thus, the fact that footprint discourages
vehicle downsizing is viewed by many safety advocates as a positive aspect. This continues
to be an important factor in NHTSA’s adoption of footprint in its Reformed CAFE program.

A footprint attribute also would not discourage the use of lightweight materials, as a
lighter vehicle with no change in footprint would more easily comply with its CO2 target.
Therefore, in choosing the footprint attribute, the use of lightweight material would remain a
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viable compliance option, an important factor as lightweight materials can simultaneously
reduce mobile CO2 emissions and improve vehicle safety. NHTSA came to the same
conclusion in its Reformed CAFE rulemaking.” EPA is assuming that manufacturers can and
will lightweight their vehicles at a given footprint level as a potential compliance strategy.
EPA discusses the relationship of vehicle weight and safety in section 7.6 of this RIA .

3.2.1.3 Sensitivity of CO2 Control to Compliance-Related Vehicle Adjustments

Depending on the attribute, manufacturers may find it more economically attractive to
comply in a way that tends to compromise the expected emission reduction benefits of the
program. Specifically, a manufacturer would have the opportunity to increase its average
fleet footprint over time in order to comply with a less stringent standard, which would
circumvent the CO2 reduction goals of the program. However, major changes in a vehicle’s
footprint typically require a substantial redesign of the vehicle, which typically occurs every
5-7 years. While definitive historical footprint data is not available, EPA believes that
footprint has grown more modestly in the past than many other attributes.

3.2.14 Consistency with Other Existing Regulatory Programs

EPA and NHTSA have coordinated closely in developing parallel GHG and MPG
standards in order to avoid creating a “patchwork” of regulations. Since NHTSA has in
recent history used footprint as the basis for its CAFE program and is finalizing this metric in
today’s final rule, footprint remains the simplest, most natural option with respect to the goal
of avoiding excessive regulatory burden on the manufacturers.

Under the Clean Air Act, the State of California may petition EPA for the authority to
create more stringent mobile source emissions regulations at the state level. EPA has granted
California this privilege and the California program outlined does not utilize the footprint (or
any) attribute; instead the regulatory structure is based on a universal (or unreformed)
standard. Despite differences in the structure of the standards, the EPA federal program is
expected to have an equivalent stringency when compared to the California program, thus
making it a 50-state program. See Section 3.1. In order to account for early AC credits
offered by the California program, EPA has also chosen to adopt a very similar credit system
outlined in section III.C.1 of the preamble and Chapter 2 of the RIA, which offer an additional
layer of consistency.

3.2.2 Alternative Attributes

Curb weight is defined in EPA regulations (CFR 86.1803-01) as the actual or
estimated weight of the vehicle with all standard equipment, plus the fuel weight at nominal
tank capacity, plus the weight of optional equipment. Figure 3-5 and Figure 3-6 below show
plots of tailpipe CO2 emissions versus curb weight for 2007 car and truck models
respectively, where circle size indicates the sales volume of each model.

3-12



Technical Basis of the Standards

500
y =0.0885x + 6.764

R2 = .582

450 -

400

350

CO, (g/mi)
w
o
o

250 .

200
. @,

O

100 ; T T T T T T T T T T
2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400

Curb Weight (Ibs)

Figure 3-5 Model Year 2007 Cars; Sales-weighted Linear Regression of CO2 Tailpipe Emissions and Curb
Weight
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Figure 3-6 Model Year 2007 Trucks; Sales-weighted Linear Regression of CO2 Tailpipe Emissions and
Curb Weight

For both cars and trucks, curb weight has a relatively high correlation with tailpipe
CO2 emissions. A sales-weighted linear least squares regression determined R? values of
0.582 for cars and 0.521 for trucks, indicating a substantial relationship of the current fleet’s
curb weight and CO2 emissions.

Historically, some vehicle safety advocates have preferred weight for an attribute-
based standard since a standard with a steep relationship with weight discourages down-
weighting. However, with recent advances in strong, lightweight materials, occupant safety is
not necessarily compromised by a reduction in vehicle weight.® In fact, these studies have
shown that a vehicle’s size is a more important factor than weight in its effect on occupant
safety. Section 7.6 of this RIA discusses in greater detail EPA’s perspective on vehicle weight
and safety. In a weight-based attribute system, a lower weight would correspond to a more
stringent CO2 standard. While this would discourage downsizing as a compliance strategy,
it’s important to recognize that weight as an attribute for determining tailpipe CO2 standards
would discourage the use of lightweight materials, even though advanced lightweight
materials could simultaneously reduce CO2 emissions and improve vehicle safety.

Furthermore, since a vehicle’s weight is much easier to change than most other
attributes, it is more likely that manufacturers could add weight to their vehicles in order to be
subject to and comply with a less stringent standard. This potential is reinforced by the
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relatively high rate of growth of vehicle weight; it has grown 1.0 — 1.5% per year since the
late 1980s.” This development would have negative environmental consequences by
increasing overall CO2 emissions, contrary to the chief goal of section 202 (a) of the Act.

EPA also examined engine displacement as a potential attribute for determining
manufacturer CO2 standards. Engine displacement is defined as the volume swept as the
piston moves from top dead center to bottom dead center. Figure 3-7 and Figure 3-8 below
contain sales-weighted linear regression plot of tailpipe CO2 emissions and engine
displacement for 2007 cars and trucks, respectively.
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Figure 3-7 Model Year 2007 Cars; Sales-weighted Linear Regression of CO2 Tailpipe Emissions and
Engine Displacement.
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Figure 3-8 Model Year 2007 Trucks; Sales-weighted Linear Regression of CO2 Tailpipe Emissions and
Engine Displacement

Engine displacement correlates well to tailpipe emissions, with R* values of 0.667 for
cars and 0.619 for trucks. This is because increasing engine displacement typically increases
the amount of fuel burned per cycle.

EPA believes that a standard based on engine displacement does not guarantee any
environmental benefit because of the disincentive to add certain CO2-reducing technologies
and the potential for manufacturers to adjust the sales of higher-displacement models
regardless of whether or not it reflects market demand. Hypothetically, a model could have
three trim lines with three different displacements: A 4-cylinder 2.0L Turbo, a 4-cylinder
2.5L, and a 6-cylinder 3.0L. Since these models would have three standards ranging from
most to least stringent, correspondingly, this type of standard would be a disincentive to sell
models with smaller engines or turbochargers. These strategies can dramatically reduce CO2
emissions (See Chapter 1 of the RIA) and are increasingly prevalent in the European market.
Thus EPA believes that the use of engine displacement for establishing CO2 tailpipe
standards will undermine readily achievable and feasible reductions of CO2 emissions.
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EPA also examined interior volume and occupant capacity as potential attributes
because they characterize vehicle utility well. Increasing interior volume creates more space
for people and cargo, and increasing occupant capacity creates the potential to carry more
people, both important factors consumers consider when purchasing a new vehicle. Figure
3-9 below contains a plot of interior volume and tailpipe CO2 for model year 2007 cars.

MY 2007 Cars: Tailpipe CO, Emissions by Interior Volume
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Figure 3-9 Model Year 2007 Cars; Linear Trend of CO2 Tailpipe Emissions and Engine Displacement

EPA confirmed that interior volume is not at all correlated to vehicle CO2 emissions
with a R? value of 0.0036 for cars. The correlation of interior volume and tailpipe CO2 is
worse for light trucks by definition, since cargo space for pickup trucks is a separate exterior
bed. Thus, it does not make sense to have a CO2 standard for light trucks that is based on
interior volume, since pick-up trucks would be required to meet a stricter CO2 standard than
SUVs and minivans, which are typically regulated in the general “truck” category. For these
reasons, EPA is not finalizing interior volume for the standard.

Alternatively, occupant capacity does not share the same safety implications as
interior volume. Furthermore, since it is difficult to game and does not discourage the use of
any CO2-reducing technologies, there is significant potential for CO2 improvement. Figure
3-10 and Figure 3-11 below illustrate the breakdown of the model year 2007 fleet in terms of
occupant capacity.

3-17



Regulatory Impact Analysis

Model Year 2007 Cars: Percentage of Sales by Occupant Capacity
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Figure 3-10 Model Year 2007 Cars; Percentage of Sales by Occupant Capacity
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MY 2007 Cars: Range of Tailpipe CO, Emissions by Occupant Capacity
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Figure 3-11 Model Year 2007 Cars; Range of Tailpipe CO2 Emissions by Occupant Capacity

However, occupant capacity and CO2 emissions do not relate well. Since 84% of the
2007 car fleet has 5 seats, an occupant-based standard would essentially result in a universal
standard for a majority of vehicles. Since the car models falling into the 5-seat category have
a tailpipe CO2 range of 133 to 472 g/mi, an occupancy-based standard would negate the
benefits from relative equity of the attribute-based system to full line manufacturers.

3.2.3 EPA Selection of the Footprint Attribute

EPA has considered a range of potential vehicle attributes that could be used to set
CO2 standards. To summarize key results from the 2007 analysis, interior volume and
passenger carrying capacity have extremely poor correlation with fuel economy, and EPA is
not finalizing them for that reason. The three remaining attribute options—footprint, curb
weight, and engine displacement—are all reasonable choices in terms of correlation with CO2
emissions levels, with weight having the best correlation to CO2 emissions levels. However,
it should be noted that correlation is not the primary deciding factor for the selection of an
attribute. One could easily get an excellent correlation by choosing a function that combines
the effects of weight, displacement, N/v ratio (engine speed to vehicle speed ratio at top gear),
and frontal area (as a product with the aerodynamic coefficient). There are many other, but
these are the four variables that most define a vehicle’s fuel economy'®!!" The choice of an
attribute is not only an engineering decision, it also a policy decision. It is linked with the
outcomes that are desired in a future fleet.
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With respect to the remaining criteria, EPA believes footprint is clearly superior to
both weight and engine displacement. Footprint does not inherently discourage any key CO2
control strategies (except for vehicle downsizing), while weight would discourage the use of
lightweight materials. Engine displacement would discourage engine downsizing with
turbocharging, a strategy increasingly popular in the United States and Europe. Footprint is
somewhat less susceptible to modifications for compliance, since major changes would
generally require a significant platform redesign; in contrast, it is easier for manufacturers to
change weight and engine displacement.

EPA notes that the footprint attribute also correlates well with the "utility" or
"usefulness" of the vehicle to the consumer. Larger footprints amount to more space inside
the vehicle to carry passengers or cargo, which are important considerations for consumers.
Thus, it is an additional benefit that the footprint-based approach would not discourage
changes to vehicle designs that can provide more utility to consumers. EPA also recognizes
that if footprint is used for the vehicle CO2 standards then the form of the standards would be
compatible with NHTSA’s use of footprint in their Reformed CAFE program.

For these reasons, EPA therefore believes that the footprint attribute is the best choice
of the attributes discussed, from both an engineering and public policy standpoint and is using
footprint in the CO2 standard-setting process for this rule.

EPA is implementing the footprint attribute in this CO2 control program via a
piecewise linear function. As mentioned above, this is the equivalent to the shape finalized by
NHTSA for its CAFE standards for model years 2012-2016. The shape of this function with
respect to CO?2 is reflected in Figures 1.B.3-3 and 1.B.3-4 of the preamble. The difference is
that it moves from low CO2 values on the left to high CO2 values on the right (see Figure
3-12 and Figure 3-13 below for example) due to its inverse relation to MPG.
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Implementing the CO2 emission standards in this manner provides consistency with
NHTSA’s CAFE standards. Section II of the preamble and Chapter 2 of the joint TSD
contain more information on how EPA and NHTSA defined the piecewise linear CO2 target
function.
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CHAPTER 4: Results of Final and Alternative Standards

4.1 Introduction

There are many ways for a manufacturer to reduce CO, emissions from any given
vehicle. A manufacturer can choose from a myriad of CO, reducing technologies and can
apply one or more of these technologies to some or all of its vehicles (within the
constraints of sufficient lead time). Thus, for a variety of levels of CO, emissions
control, there are an almost infinite number of technology combinations which produce
the desired CO; reduction. As part of the process of developing the proposed rule, EPA
created a new vehicle model, the Optimization Model for Emissions of Greenhouse gases
from Automobiles (OMEGA) in order to make a reasonable estimate of how
manufacturers will add technologies to vehicles in order to meet a fleet-wide CO,
emissions level. EPA created OMEGA in 2008 and has continued to update its
algorithms through the present. OMEGA underwent a formal peer review process in the
Spring of 2009, and version 1.0 became publicly available in the NPRM docket and on
EPA’s web site shortly after publication of the NPRM. The model and a summary of the
peer review process can be found on EPA’s web site at:
http://www.epa.gov/otag/climate/models.htm. EPA continues to use the OMEGA model
here to estimate the technology and cost associated with the final CO2 emission
standards.

4.2 Model Inputs

OMEGA utilizes four basic sets of input data. The first is a description of the
vehicle fleet. The key pieces of data required for each vehicle are its manufacturer, CO,
emission level, fuel type, projected sales and footprint. The model also requires that each
vehicle be assigned to one of the 19 vehicle types, which tells the model which set of
technologies can be applied to that vehicle. Chapter 1 of the Joint TSD contains a
description of how the vehicle reference fleets were created for modeling purposes, and
includes a discussion on how EPA defined the 19 vehicle types. In addition, the degree
to which each vehicle already reflects the effectiveness and cost of each available
technology in the 2008 baseline fleet must also be input. This prevents the model from
adding technologies to vehicles already having these technologies in the baseline. It also
avoids the situation, for example, where the model might try to add a basic engine
improvement to a current hybrid vehicle. Section 4.2.1 of this Regulatory Impact
Analysis (RIA) contains a detailed discussion of how EPA accounts for technology
present in the baseline fleet in OMEGA.

The second type of input data used by the model is a description of the
technologies available to manufacturers, primarily their cost and effectiveness. Note that
the five vehicle classes which determine the individual technology cost and effectiveness
values (see chapter 1 of this RIA) are not explicitly used by the model; instead, the costs
and effectiveness used by the model are associated with each vehicle package, and are
based on their associated vehicle types (of 19). This information was described in
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Chapter 1 of this RIA and Chapter 3 of the Joint TSD. In all cases, the order of the
technologies or technology packages for a particular vehicle type is designated by the
model user in the input files prior to running the model. Several criteria can be used to
develop a reasonable ordering of technologies or packages. These are described in
Chapter 1 of the RIA.

The third type of input data describes vehicle operational data, such as annual
scrap rates and mileage accumulation rates, and economic data, such as fuel prices and
discount rates. These estimates are described in chapter 4 of the Joint TSD.

The fourth type of data describes the CO, emission standards being modeled.
These include the CO, emission equivalents of the 2011 MY CAFE standards and the
final CO; standards for 2016. As described in more detail in Chapter 2 of this RIA and
briefly in section 4.2.1 below, the application of A/C technology is evaluated in a
separate analysis from those technologies which impact CO, emissions over the 2-cycle
test procedure. For modeling purposes, EPA applies this AC credit by adjusting
manufacturers’ car and truck CO?2 targets by an amount associated with EPA’s projected
use of improved A/C systems, as discuss in Section 4.2.1, below.

4.2.1 Representation of the CO2 Control Technology Already Applied to
2008 MY Vehicles

The market data input file utilized by OMEGA, which characterizes the vehicle
fleet, is designed to account for the fact that the 2008 model year vehicles which
comprise our baseline fleet may already be equipped with one or more of the
technologies available in general to reduce CO2 emissions. As described in Chapter 1 of
this RIA, EPA decided to apply technologies in packages, as opposed to one at a time.
However, 2008 vehicles were equipped with a wide range of technology combinations,
many of which cut across the packages. Thus, EPA developed a method to account for
the presence of the combinations of applied technologies in terms of their proportion of
the EPA packages described in Chapter 1. This analysis can be broken down into four
steps. While we received no adverse comment on how this process was conducted for the
NPRM, we have improved this process and hopefully made it easier for interested parties
to perform their own analyses in the future.

The first step in the updated process is to breakdown the available GHG control
technologies into five groups: 1) engine-related, 2) transmission-related, 3) hybridization,
4) weight reduction and 5) other. Within each group we gave each individual technology
a ranking which generally followed the degree of complexity, cost and effectiveness of
the technologies within each group. More specifically, the ranking is based on the
premise that a technology on a 2008 baseline vehicle with a lower ranking would be
replaced by one with a higher ranking which was contained in one of the technology
packages which we included in our OMEGA modeling. The corollary of this premise is
that a technology on a 2008 baseline vehicle with a higher ranking would be not be
replaced by one with an equal or lower ranking which was contained in one of the
technology packages which we chose to include in our OMEGA modeling. Table 4-1
presents the technologies and the rankings which we developed for the analyses
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supporting the final rule. We do not show any rankings in Table 4-1 for the “other”
technologies, such as improved rolling resistance, electric power steering, etc. These
technologies are assumed to be added to baseline vehicles which do not already have
these technologies.

Table 4-1 Rankings of Individual Technologies

Ranking Engine Trans- Hybrid Weight
mission
1 Intake Cam Phasing CVT 3%
Cylinder Deactivation - 6 Speed
OHV Auto
2 Dual or Coupled Cam 6 Speed 42 Volt 5%
Phasing Manual Start-Stop
Dual
Clutch
3 Cylinder Deactivation - Integrated Motor 10%
OHC Assist
4 Variable valve lift
5 Diesel
6 Power-Split Power-Split Power-Split
2-Mode 2-Mode 2-Mode
7 Plug-In Electric Plug-In Plug-In Electric
Electric
8 Battery Electric Battery Battery Electric
Electric

Each baseline vehicle was assigned a ranking in each of four categories based on
the maximum ranking of any of its applicable technologies in each technology category.
For example, a vehicle with an OHC engine with both coupled cam phasing and cylinder
deactivation was assigned an engine technology ranking of “3”, the ranking applicable to
cylinder deactivation, since its ranking is higher than that for coupled cam phasing. The
same was done for the technology packages. The engine technology for this example
baseline vehicle was left alone whenever a technology package had an engine ranking of
3 or less.

It should be noted that the strong hybrid packages were assigned engine and
transmission rankings, as well as hybrid rankings. The application of strong hybrid
technology affects the type of engine used in the vehicles. For example, it is not
reasonable to add cylinder deactivation or variable valve lift to vehicles which already
have power-split or 2-model hybrid systems.

Two engine-related technologies are not shown in Table 4-1: gasoline direct
injection and turbocharging. Whenever a technology package included gasoline direct
injection, the baseline engine was converted to gasoline direct injection. If the baseline
engine was already of gasoline direct injection design, this aspect of the engine was left
unchanged.
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The possibility that a baseline engine was already turbocharged was handled
slightly differently in order to maintain the manufacturer’s established tendency to
turbocharge its engines. If the engine of a baseline vehicle was turbocharged, this
turbocharging was assumed to continue with the addition of any technology package
which did not include strong hybridization (i.e., power-split, 2-mode, plug-in or battery
electric). In addition, if a package included either cylinder deactivation or variable valve
lift, neither of these technologies was added with the addition of that package. The
turbocharger was assumed to supplant this technology.

In the second step of the process, we used these rankings to estimate the complete
list of technologies which would be present on each baseline vehicle after the application
of each technology package. We then used the EPA lumped parameter model to estimate
the total percentage CO2 emission reduction associated with the technology present on
the baseline vehicle (termed package 0), as well as the total percentage reduction after
application of each package. This process was repeated to determine the total cost of all
of the technology present on the baseline vehicle and after the application of each
applicable technology package.

The third step in this process is to determine the degree of each technology
package’s incremental effectiveness and incremental cost is affected by the technology
already present on the baseline vehicle. The degree to which a technology package’s
incremental effectiveness is reduced by technology already present on the baseline
vehicle is termed the technology effectiveness basis, or TEB, in the OMEGA model The
value of each vehicle’s TEB for each applicable technology package is determined as
follows:

] TotalEffect,,_, o I —TotalEffect ,,
1 -TotalEffect,, I —TotalEffect ,, ,

; I —TotalEffect ,;
I-TotalEffect ,,,

TEB, =

Where

TotalEffect,; = Total effectiveness of all of the technologies present on the
baseline vehicle after application of technology package i

TotalEffect,;.; = Total effectiveness of all of the technologies present on the
baseline vehicle after application of technology package i-1

TotalEffect,; = Total effectiveness of all of the technologies included in
technology package i

TotalEffect,;.; = Total effectiveness of all of the technologies included in
technology package i-1
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The degree to which a technology package’s incremental cost is reduced by
technology already present on the baseline vehicle is termed the cost effectiveness basis,
or CEB, in the OMEGA model. The value of each vehicle’s CEB for each applicable
technology package is determined as follows:

CEB; = 1 — (TotalCost, ; — TotalCosty;.1) / (TotalCost,; — TotalCosty;.1)
Where

TotalCost, = total cost of all of the technology present on the vehicle after
addition of package i or i-1 to baseline vehicle v

TotalCost, = total cost of all of the technology included in package i or i-1
i = the technology package being evaluated
i-1 = the previous technology package

The values of CEB and TEB are capped at 1.0 or less, since a vehicle cannot have
more than the entire package already present on it. In other words, the addition of a
technology package cannot increase emissions nor reduce costs. (A value of 1.0 causes
the OMEGA model to not change either the cost or CO2 emissions of a vehicle when that
technology package is added.) The value of a specific TEB or CEB can be negative,
however. This implies that the incremental effectiveness or the incremental cost of
adding a package can be greater than that when adding the packages in sequence to a
vehicle with no baseline technology.

An example of this is a baseline vehicle with a 6 speed manual transmission. All
of our technology package effectiveness and cost estimates are estimated for specified
baseline vehicles, all of which have 4 speed automatic transmissions. Our technology
packages improve this transmission, sometimes to a 6 speed automatic transmission and
then a dual clutch transmission and sometimes directly to a dual clutch transmission.
Subsequent packages may then strongly hybridize the vehicle. If a baseline vehicle has a
6 speed manual transmission, this transmission is unaffected by the technology packages
which include either a 6 speed automatic transmission or a dual clutch transmission, since
the manual transmission is both cheaper and/or more efficient than these other
transmissions. However, when the vehicle is hybridized, this manual transmission is
replaced. The incremental cost of changing this vehicle to a power-split hybrid design,
for example, is greater than that for a vehicle with a dual clutch transmission, since the
credit for removing the manual transmission is less than that for the dual clutch
transmission. The negative CEB causes the OMEGA model to apply a cost for this
power-split package which is slightly higher than that for the typical baseline vehicle.

The fourth step is to combine the fractions of the cost and effectiveness of each
technology package already present on the individual 2008 vehicles models for each
vehicle type. For cost, percentages of each package already present are combined using a
simple sales-weighting procedure, since the cost of each package is the same for each
vehicle in a vehicle type. For effectiveness, the individual percentages are combined by
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weighting them by both sales and base CO2 emission level. This appropriately weights
vehicle models with either higher sales or CO2 emissions within a vehicle type. Once
again, this process prevents the model from adding technology which is already present
on vehicles, and thus ensures that the model does not double count technology
effectiveness and cost associated with complying with the 2011 MY CAFE standards and
the final CO2 standards.

Table 4-2 and Table 4-3 show the degree to which the baseline fleet, adjusted for
sales in 2016, includes the effectiveness and cost of the various technology packages by
vehicle type.

Table 4-2 Presence of Technology on 2008 MY Vehicles In Terms of CO2 Effectiveness (Weighted
Average Across Car and Truck Sales in 2016)

Technology Package Number
Vehicle
Type
1 12.7% 16.9% 1.2% -2.3% 0.0%
2 21.2% 24.5% 12.5% 0.7% 0.0%
3 18.5% 19.6% 2.9% 0.0% 0.0%
4 17.6% 33.6% 0.0% -3.6% -0.5%
5 21.3% 33.5% 5.9% 0.1% -0.6%
6 18.2% 41.4% 6.6% 0.7% 0.0%
7 14.2% 15.6% 0.2% 2.5% -4.5%
8 0.2% 0.2% -0.9% 0.2% 0.1%
9 1.0% 0.1% -0.5% 0.1% 0.1%
10 4.1% 5.2% 0.6% 0.0% 0.0%
11 5.3% 0.8% 41% 0.9% 0.0%
12 11.2% 13.4% 0.1% 0.2% 0.0%
13 34.0% 32.0% 6.5% 0.1% 0.3%
14 8.5% 32.1% 0.0% 0.5% 0.0%
15 0% 0% 0% 0% 0%
16 15.0% 27.4% 2.8% 2.0% 0.0%
17 19.1% 40.8% 0.3% 3.5% 0.0%
18 21.7% 13.0% 1.0% 0.0% 0.0%
19 26.2% 45.0% 0.0% 0.0% 0.0%

* N/A: No such package for that vehicle type
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Table 4-3 Presence of Technology on 2008 MY Vehicles In Terms of Cost (Weighted Average Across
Car and Truck Sales in 2016)

Vehicle
Type 2 3
1 1.8% 30.4% 1.5% -0.6% 0.0%
2 37% 33.7% 19.1% 0.0% 0.0%
3 7.9% 24.5% 4.0% 0.0% 0.0%
4 4.3% 36.4% 0.0% 4.6% -3.3%
5 10.2% 25.5% 8.4% -0.2% 0.1%
6 3.1% 32.4% 6.4% 3.7% 0.0%
7 6.4% 27.9% 0.2% 1.6% 0.1%
8 0.2% 0.1% 0.0% 0.0% 0.0%
9 0.3% 0.1% 0.0% 0.0% 0.0%
10 0.6% 4.2% 0.4% 0.5% 0.0%
11 1.4% 1.0% 0.0% 0.0% 0.0%
12 1.5% 4.6% 0.0% 0.0% 0.0%
13 3.9% 14.2% 7.7% -0.5% 0.0%
14 0.0% 14.1% 0.0% 0.4% 0.0%
15 0.0% 0.0% 0.0% 0.0% 0.0%
16 2.6% 52.5% 3.7% 2.6% 0.0%
17 2.3% 48.3% 1.5% 4.3% 0.0%
18 11.9% 27.8% 0.0% 0.0% 0.0%
19 2.1% 48.3% 0.0% 0.0% 0.0%

As mentioned above, for the market data input file utilized by OMEGA
characterizing the vehicle fleet, the modeling must and does account for the fact that
many 2008 MY vehicles are already equipped with one or more of the technologies
discussed in the TSD Chapter 3. Because EPA chose to apply technologies in packages,
(a methodology endorsed by many commenters and not challenged by any) and 2008
vehicles are equipped with individual technologies in a wide variety of combinations,
accounting for the presence of specific technologies in terms of their proportion of
package cost and CO?2 effectiveness requires careful, detailed analysis. The first step in
this analysis is to develop a list of individual technologies which are either contained in
each technology package, or would supplant the addition of the relevant portion of each
technology package. An example would be a 2008 MY vehicle equipped with variable
valve timing and a 6-speed automatic transmission. The cost and effectiveness of
variable valve timing would be considered to be already present for any technology
packages which included the addition of variable valve timing or technologies which
went beyond this technology in terms of engine related CO2 control efficiency. An
example of a technology which supplants several technologies would be a 2008 MY
vehicle which was equipped with a diesel engine. The effectiveness of this technology
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would be considered to be present for technology packages which included
improvements to a gasoline engine, since the resultant gasoline engines have a lower
CO2 control efficiency than the diesel engine. However, if these packages which
included improvements also included improvements unrelated to the engine, like
transmission improvements, only the engine related portion of the package already
present on the vehicle would be considered. The transmission related portion of the
package’s cost and effectiveness would be allowed to be applied in order to comply with
future CO2 emission standards..

4.2.2 Technology Package Approach

Consistent with its streamlined redesign cycle approach, EPA designed OMEGA
to allow the user to add GHG-reducing technologies in packages that would reasonably
and likely be added by manufacturers within a redesign cycle. In addition, the user can
combine similar vehicle models into “vehicle type” groups which are likely to receive the
same list of technology packages. For each vehicle type, the user must rank the
technology packages in order of how OMEGA should add them to that specific vehicle
type. This approach puts some onus on the user to develop a reasonable sequence of
technologies. However, the model also produces information which helps the user
determine when a particular technology or bundle of technologies might be “out of
order”. The approach also simplifies the model’s calculations and enables synergistic
effects among technology packages to be included to the fullest degree possible.

When technology is sufficiently new, or the lead time available prior to the end of
the redesign cycle is such that it is not reasonable to project that the technology could be
applied to all vehicle models that are of the same specific vehicle type, the user can limit
the technology application through the use of a market penetration cap (“market cap”) of
less than 100%. This cap can vary by redesign cycle. When a technology package is
applied to fewer than 100% of the sales of a vehicle model due to the market cap, the
effectiveness of the technology group is simply reduced proportionately to reflect the
total net effectiveness of applying that technology package to that vehicle’s sales. Most
of the technologies for the analysis conducted in this rule had a market cap of 85%,
though hybrids were restricted to 15%. A small number of technologies had a 100%
phase in cap. These include: low friction lubricants, electric power steering, improved
accessories, and low rolling resistance tires. These simple to apply technologies may be
implemented outside of a vehicle’s normal redesign schedule.

OMEGA does not create a new vehicle with the technology package and
retain the previous vehicle which did not receive the technology package, splitting sales
between the old and new vehicles. If subsequent technology packages can be applied to
the vehicle, the user must consider whether in reality the new technology would likely be
applied to those vehicles which received the previous technology or those which did not,
or a combination of the two. The effectiveness of adding the subsequent technology may
depend on which vehicles are receiving it.

In OMEGA, the costs and effectiveness of technologies are assumed to be
the same for all vehicle models that belong to the sale vehicle type category. There may
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be cases when a vehicle model in the baseline may already contain some CO2-reducing
technology; OMEGA considers this when determining whether a technology can or
cannot be applied to it. In the inputs to the model, the user can limit the volume of a
specific vehicle model’s sales which can receive a technology package by indicating the
fraction of its baseline that already contains some effectiveness and cost of each specific
technology package. In addition, as described above, the volume of a given vehicle
type’s sales which can receive a specific technology package can also be limited in an
input file with a market penetration “cap”, if desired. The effectiveness and application
limits of each technology package can vary over time, if desired. The development of
these factors is described in detail in the previous sub-section.

OMEGA adds technology effectiveness according to the following
equation in which the subscripts t and t-1 represent the times before and after technology
addition, respectively. The numerator the effectiveness of the current technology
package and the denominator serves to “back out” any effectiveness that is present in the
baseline. CAP refers to the market penetration cap, AIE is the “average incremental
effectiveness” of the technology package on a vehicle type, and TEB is the “technology
effectiveness basis”, which denotes the fraction of the technology present in the baseline.

CO2,  x(1- CAPx AIE)
1- AIEXTEB

C02, =

OMEGA then adds technology cost according to the equations below,
where CEB refers to the “cost effectiveness basis”, or in other words, the technology cost
that is present in the baseline.

IncrementalCost = TechCost * (CAP — CEB)

AvgVehicleCost )y, :[ TotalFleetSales

TechCost* ModelSales}
MFR

EPA’s OMEGA model calculates the new CO2 and average vehicle cost
after each technology package has been added. To simplify the model’s algorithm, EPA
has chosen to input the package costs and effectiveness values on a step-wise basis. This
is not the same “incremental” approach implemented in the Volpe model because each
step in OMEGA has incorporated several technologies. However, for simplification in
the core model calculations, the user must enter into the technology input file the
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technology costs which are incremental to the technology package immediately preceding
it. In the case of the first technology package, this is simply the full technology package
cost, since it is going on a baseline vehicle and since any technology in the baseline is
considered in the equations, as described in the equations above.

EPA received no adverse comment on this approach and no changes in this
methodology have been made since the NPRM.

4.3 Modeling Process

In order to determine the technology costs associated with this final rule,
EPA performed two separate modeling exercises. The first was to determine the costs
associated with meeting any existing regulation of CO2 or MPG. The latest regulation
that has been promulgated is NHTSA’s CAFE program for MY 2011, pursuant to the
Energy Independence and Security Act (EISA). EPA considers the MY 2011 CAFE
regulations to constitute the “reference case” for calculating the costs and benefits of this
GHG rule. In other words, absent any further rulemaking, this is the vehicle fleet EPA
would expect to see through 2016 -- the “status quo”. In order to calculate the costs and
benefits of this final rule alone, EPA seeks to subtract out any costs associated with
meeting any existing standards related to GHG emissions. EPA consequently ran
OMEGA a second time to calculate the cost of meeting the EPA’s final standards in
2016, and then subtracted the results of the reference case model run to determine the
costs of this final GHG program.

Conceptually, OMEGA begins by determining the specific CO2 emission
standard applicable for each manufacturer and its vehicle class (i.e., car or truck). Since
the final rule allows for averaging across a manufacturer’s cars and trucks, the model
determines the CO2 emission standard applicable to each manufacturer’s car and truck
sales from the two sets of coefficients describing the piecewise linear standard functions
for cars and trucks in the inputs, and creates a combined car-truck standard. This
combined standard considers the difference in lifetime VMT of cars and trucks, as
indicated (for example) in the final regulations which governs credit trading between
these two vehicle classes. For both the 2011 CAFE and 2016 CO2 standards, these
standards are a function of each manufacturer’s sales of cars and truck and these vehicles’
footprint values. When evaluating the 2011 MY CAFE standards, the car-truck trading
was limited to 1.2 mpg. When evaluating the final CO2 standards, the OMEGA model
was run only for MY 2016. OMEGA is designed to evaluate technology addition over a
complete redesign cycle and 2016 represents the final year of a redesign cycle starting
with the first year of the final CO2 standards, 2012. Estimates of the technology and cost
for the interim model years are developed from the model projections made for 2016.
This process is discussed in Chapter 6 of EPA’s RIA to this final rule. When evaluating
the 2016 standards using OMEGA, the final CO2 standard which manufacturers would
otherwise have to meet to account for the anticipated level of A/C credits generated was
adjusted. On an industry wide basis, the projection shows that manufacturers would
generate 10.2 g/mi of A/C credit in 2016 for each car sold and 11.5 g/mi of A/C credit for
each truck sold. Thus, the sales-weighted 2016 CO2 target for the fleet evaluated using
OMEGA was 261 g/mi instead of 250 g/mi.
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The cost of the improved A/C systems required to generate this credit was
estimated separately. This is consistent with the final A/C credit procedures, which
would grant manufacturers A/C credits based on their total use of improved A/C systems,
and not on the increased use of such systems relative to some base model year fleet.
Some manufacturers may already be using improved A/C technology. However, this
represents a small fraction of current vehicle sales. To the degree that such systems are
already being used, EPA is over-estimating both the cost and benefit of the addition of
improved A/C technology relative to the true reference fleet to a small degree.

The model then works with one manufacturer at a time to add technologies until
that manufacturer meets its applicable standard. The OMEGA model can utilize several
approaches to determining the order in which vehicles receive technologies. For this
analysis, EPA used a “manufacturer-based net cost-effectiveness factor” to rank the
technology packages in the order in which a manufacturer would likely apply them.
Conceptually, this approach estimates the cost of adding the technology from the
manufacturer’s perspective and divides it by the mass of CO, the technology will reduce.
One component of the cost of adding a technology is its production cost, as discussed
above. However, it is expected that new vehicle purchasers value improved fuel
economy since it reduces the cost of operating the vehicle. Typical vehicle purchasers
are assumed to value the fuel savings accrued over the period of time which they will
own the vehicle, and is estimated to be roughly five years. It is also assumed that
consumers discount these savings at the same rate as that used in the rest of the analysis
(3 or 7 percent). Any residual value of the additional technology which might remain
when the vehicle is sold is not considered. The CO, emission reduction is the change in
CO, emissions multiplied by the percentage of vehicles surviving after each year of use
multiplied by the annual miles travelled by age, again discounted to the year of vehicle
purchase.

Given this definition, the higher priority technologies are those with the lowest
manufacturer-based net cost-effectiveness value (relatively low technology cost or high
fuel savings leads to lower values). Because the order of technology application is set for
each vehicle, the model uses the manufacturer-based net cost-effectiveness primarily to
decide which vehicle receives the next technology addition. Initially, technology
package #1 is the only one available to any particular vehicle. However, as soon as a
vehicle receives technology package #1, the model considers the manufacturer-based net
cost-effectiveness of technology package #2 for that vehicle and so on. In general terms,
the equation describing the calculation of manufacturer-based cost effectiveness is as
follows:

PP
TechCost— Z [dFSl. xXVMT, ]x*
i=1 (1-Gap)
ManufCostEff = s 7
dCO2[(XVMT, |X ——
Z[[ Jxvmr, (1= Gap)
Where
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ManufCostEff = Manufacturer-Based Cost Effectiveness (in dollars per kilogram
COy),

TechCost = Marked up cost of the technology (dollars),

PP = Payback period, or the number of years of vehicle use over which consumers
value fuel savings when evaluating the value of a new vehicle at time of purchase,

dFS; = Difference in fuel consumption due to the addition of technology times
fuel price in year 1,

dCO, = Difference in CO, emissions due to the addition of technology

VMTi = product of annual VMT for a vehicle of age i and the percentage of
vehicles of age i still on the road,

1- Gap = Ratio of onroad fuel economy to two-cycle (FTP/HFET) fuel economy

When calculating the fuel savings, the full retail price of fuel, including taxes is
used. While taxes are not generally included when calculating the cost or benefits of a
regulation, the net cost component of the manufacturer-based net cost-effectiveness
equation is not a measure of the social cost of this rule, but a measure of the private cost,
(i.e., a measure of the vehicle purchaser’s willingness to pay more for a vehicle with
higher fuel efficiency). Since vehicle operators pay the full price of fuel, including
taxes, they value fuel costs or savings at this level, and the manufacturers will consider
this when choosing among the technology options.

This definition of manufacturer-based net cost-effectiveness ignores any change
in the residual value of the vehicle due to the additional technology when the vehicle is
five years old. It is reasonable to estimate that the added technology to improve CO,
level and fuel economy would retain this same percentage of value when the vehicle is
five years old. However, it is less clear whether first purchasers, and thus, manufacturers
would consider this residual value when ranking technologies and making vehicle
purchases, respectively. For this rule, this factor was not included in the determination of
manufacturer-based net cost-effectiveness in the analyses performed in support of this
final rule.

The values of manufacturer-based net cost-effectiveness for specific technologies
will vary from vehicle to vehicle, often substantially. This occurs for three reasons.
First, both the cost and fuel-saving component cost, ownership fuel-savings, and lifetime
CO, effectiveness of a specific technology all vary by the type of vehicle or engine to
which it is being applied (e.g., small car versus large truck, or 4-cylinder versus 8-
cylinder engine). Second, the effectiveness of a specific technology often depends on the
presence of other technologies already being used on the vehicle (i.e., the dis-synergies.
Third, the absolute fuel savings and CO; reduction of a percentage an incremental
reduction in fuel consumption depends on the CO; level of the vehicle prior to adding the
technology. EPA believes this manufacturer-based net cost-effectiveness metric is
appropriate for ranking technology in this final program because it considers
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effectiveness values that may vary widely among technology packages when determining
the order of technology addition..

4.4 Modeling of CAA Compliance Flexibilities

EPA’s final rule incorporates several compliance flexibilities. See generally
section III.C of the preamble to the final rule. Three of these flexibilities, the credit for
air conditioning system improvements, car-truck credit trading, and FFV credits, are
expected to be used extensively by manufacturers and have been factored into our
estimates of the cost of the final CO2 standards. OMEGA was designed to be able to
address the first two types of flexibilities directly through the appropriate specification of
model inputs and scenario definition. However, for several reasons, the expected impact
of A/C credits was handled outside of OMEGA. The impact of car-truck credit trading
was accomplished in a slightly more complex fashion than will be the case with future
versions of the model. OMEGA was not originally designed to include FFV credits in
terms of miles per gallon. The methods used to account for these three flexibilities are
described below.

OMEGA is capable of including both the impact of air conditioning use on CO2
emissions from the tailpipe (indirect A/C emissions) and refrigerant emissions (direct
A/C emissions). The current approach to specifying refrigerant emissions in the Market
file and the effectiveness of refrigerant emission control in the Technology file allows for
the straightforward accounting of EPA’s current approach to estimating both of these
factors. As described in Chapter 2 of this RIA, EPA currently estimates the same base
level of direct A/C emissions from cars and a distinct level of emissions from trucks.
These levels can be input directly into Column AD of the Market file. The reduction in
direct A/C emissions associated with improved A/C systems can be input into Column U
of the Technology file.

Accounting for indirect A/C emissions, consistent with our approach to estimating
these emissions in Chapter 2, however, is more difficult. In Chapter 2, we estimate a
single level of 14 g/mi CO2 from A/C usage and a potential reduction of 40% for a high
efficiency A/C design (maximum A/C credit of 5.7 g/mi CO2). OMEGA currently
combines all sources of CO?2 tailpipe emissions (i.e., those measured over the 2-cycle
compliance test and those from A/C usage). Adding 14 g/mi CO2 from A/C usage to the
base emission level of all vehicles could be easily accomplished. However, specifying a
consistent 40% reduction of this incremental emission level would not be. The CO2
effectiveness of technologies included in the Technology file applies to all sources of
CO2 emissions. Since the base 2-cycle CO2 emission level of vehicles varies, the
additional 14 g/mi of indirect A/C emissions would represent a different percentage of
total CO2 emissions of each vehicle. A single effectiveness value for the benefit of high
efficiency A/C systems would therefore produce a slightly different CO2 emission
reduction for each vehicle.

In addition, OMEGA is currently designed to include both indirect and direct A/C
emissions in the accounting of emissions towards compliance with the specified
standards. This means that the 14 g/mi of indirect A/C emissions and 17-21 g/mi of
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direct A/C emissions are included in the base level of vehicles’ emissions. Their
remaining levels after the application of technology are considered when determining
whether a manufacturer is in compliance with the specified standards. However, this is
not consistent with the design of the final A/C credit system. Neither direct nor indirect
A/C emissions are included in the compliance determination towards the final CO2
emission standards. Compliance is determined based on CO2 emissions measured over
the 2-cycle test procedure which does not include these A/C emissions. Then, reductions
in A/C emissions are essentially subtracted from the measured 2-cycle CO2 emissions.

With the current OMEGA model design, it was more straightforward to determine
the total A/C credit applicable to each manufacturer in 2016 and adjust their final CO2
emission standards accordingly. Thus, the effective 2016 final car and truck standards
were increased by 10.2 g/mi and 11.5 g/mi, respectively. OMEGA was then run to
determine the level of non-A/C technology needed to meet the final standards after
accounting for A/C credits. After modeling, EPA then added a uniform AC cost of $60
per vehicle to each manufacturer’s per vehicle technology cost.

With respect to car-truck trading, the OMEGA model published with the NPRM
has been upgraded to directly facilitate the trading of car-truck credits on a total lifetime
CO2 emission basis, consistent with the provisions of the proposed and final CO2 rule.
For example, if a manufacturer over-complies with its applicable CO2 standard for cars
by 3 g/mi,sells 1,000,000 cars, and cars have a lifetime VMT of 195,264 miles, it
generates 585,792 metric tons of CO2 credits. If these credits are used to compensate for
under-compliance towards the truck CO2 standard and truck sales are 500,000, with a
lifetime truck VMT of 225,865 miles, the manufacturer’s truck CO2 emission level could
be as much as 5.2 g/mi CO2 above the standard.

Under the final rule, FFV credits are only available through model year 2015.
Since we use the OMEGA model directly to evaluate technical feasibility and costs only
for the 2016 model year, FFV credits are not a factor. (FFV credits use in earlier years is
accounted for in projecting the cost of technology for 2012-2015 below.) However, as
discussed above, some manufacturers’ 2008 baseline fleets (adjusted for projected sales
in 2011) do not meet the 2011 CAFE standards which comprise the reference case for
this analysis. FFV credits are available under the CAFE program and expected be used at
the maximum allowable level by Chrysler, Ford and General Motors for both their cars
and trucks and by Nissan for their trucks. Under the current CAFE program, FFV credits
are limited to 1.2 mpg in 2011. This credit decreases to 0.8 mpg in 2016. Car-truck
trading is also allowed under the CAFE program, up to 1.0 mpg in 2011. This car-truck
credit trading limitation increases to 1.5 mpg in 2016. Our reference case is a 2016
vehicle fleet complying with the 2011 CAFE standards. Thus, there is some basis for
utilizing the FFV and car-truck credit limits applicable in 2016. However, as the changes
to the FFV and car-truck credit limits over time are part of EISA itself, and the fuel
economy side of these joint NHTSA-EPA rules implements a provision of EISA, these
changes to the FFV credit and car-truck credit trading can be considered to be part of the
fuel economy regulation being promulgated and not part of the baseline or reference case
existing prior to this rule. We believe that this latter classification is the most appropriate
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for this rule analysis. Thus, in our reference case, we limit FFV credits to 1.2 mpg and
car-truck trading is limited to 1.0 mpg.

Because fuel economy is the inverse of fuel consumption, a specified change in
fuel economy (e.g., either the limit on FFV credits or car-truck trading) represents a
varying change in fuel consumption (and CO2 emissions) depending on the initial level
of fuel economy. For example, for a manufacturer whose truck standard is 22.5 mpg, its
trucks could be as low as 21.5 mpg if the manufacturer generated sufficient credits from
its car fleet. These two fuel economy levels represent CO2 emission levels of 395 and
413 g/mi, respectively, assuming all the vehicles are fueled with gasoline, a difference of
18 g/mi CO2. If the manufacturer’s truck standard is 24 mpg, its trucks could be as low
as 23 mpg if the manufacturer generated sufficient credits from its car fleet. These two
fuel economy levels represent CO2 emission levels of 370 and 386 g/mi, respectively, a
difference of 16 g/mi CO2. In both cases, the difference in terms of mpg is 1.0.
However, the difference in terms of CO2 emissions decreases as the base fuel economy
increases.

The fact that the same limit in terms of fuel economy translates into differing
limits in terms of CO2 emissions complicates the modeling of CO2 emission compliance
using the OMEGA model. The model currently only accepts a single limit on car-truck
trading in terms of g/mi CO2 emissions. However, since the limit of 1.0 mpg on car-
truck trading results in a different limit for each manufacturer, this necessitates a separate
model run for each manufacturer when the trading of credits might approach the 1.0 mpg
limit. Also, the OMEGA model is not yet set up to accept FFV credits in terms of mpg.
Thus, the CO2 standards applicable to those manufacturers expected to utilize FFV
credits must be adjusted outside of the model. (Work is underway to facilitate these
credits within the model, but was not completed in time for this final rule analysis.)

Thus, we adjusted the footprint-based standard for each manufacturer expected to
use FFV credits by the level of CO2 emissions equivalent to the maximum 1.2 mpg FFV
credit. The 2011 CAFE standards for cars and trucks were converted to CO2 emissions
assuming that all vehicles were fueled with gasoline (i.e., 8887/mpg).

In addition, for manufacturers expected to pay CAFE fines in lieu of compliance,
we substituted the achieved fuel economy levels from NHTSA’s Volpe Model
evaluations of the 2011 CAFE standards for these manufacturers’ CAFE standards. The
only manufacturer found to prefer paying fines over compliance was Porsche, and then
only for its cars.

We initially ran the OMEGA model with unlimited trading of car-truck credits to
determine the degree of trading which was likely to occur. We then determined the car-
truck trading limit in terms of g/mi CO2 for each manufacturer equivalent to 1.0 mpg and
determined if this limit had been exceeded. Only three manufacturers were found to
exceed the trading limit in the unlimited trading runs, Mitsubishi, Suzuki and Tata. The
OMEGA input and output files using the latest version of the model can be found under
“EPA OMEGA Model” in the docket to this rule.
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4.5 Manufacturer-Specific Standards and Achieved CO2 Levels

As described in RIA Section 3.2, in any attribute-based regulatory structure,
manufacturers are bound to have different overall GHG targets, since they are based on
the size and sales mix of each manufacturer. The fleet-wide targets calculated for the
final 2016 model year are presented in Error! Reference source not found.Table 4-4.

Table 4-4 2016 Projected Standards by Manufacturer

Production
Weighted VMT Weighted
Car Truck Averalge<> Average*
BMW 228.4 282.5 243.9 245.6
Chrysler 232.2 295.0 265.8 268.1
Daimler 238.3 294.3 256.1 257.9
Ford 229.2 304.7 257.1 259.7
General Motors 230.5 315.7 270.5 273.6
Honda 222.1 280.6 243.7 245.7
Hyundai 222.2 278.3 230.6 231.7
Kia 224.3 289.3 235.5 237.0
Mazda 221.2 270.8 228.4 229.4
Mitsubishi 219.4 269.1 239.3 241.1
Nissan 225.7 294.4 245.4 247.5
Porsche 206.1 286.9 233.0 235.7
Subaru 215.5 267.1 234.2 235.9
Suzuki 207.5 271.9 218.0 219.3
Tata 249.9 272.5 258.8 259.6
Toyota 221.1 294 .4 245.0 2474
Volkswagen 218.6 292.7 231.6 233.2
Overall 225.1 297.7 250.1 252.5

% Production weighted CO, levels include reductions from A/C improvements and are weighted by
production only.

*VMT weighted CO2 levels include reductions from A/C improvements and are weighted by both
production and VMT for consistency with CO2 standard levels.

The VMT weighted car and truck standards average out to an overall industry
CO2 stringency of 252.5 g/mi. This number is based on sales and lifetime VMT
weightings of the applicable car and truck standards. The 2016 industry combined CO2
level of 250 g/mi presented by President Obama in his announcement on May 19, 2009
was calculated by weighting car and truck CO2 by sales only and did not consider trading
on a lifetime VMT basis. As shown above, when the combined car and truck standards
above are calculated using a sales weighting alone, the industry combined average results
in 250.1g/mi.

The majority of manufacturers representing the vast majority of sales in 2016 are
projected to comply with the final 2016 standards with the addition of technology under
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the penetration limits described in Section 4.7 below. However, several smaller volume
manufacturers (at least with respect to U.S. sales) are projected to fall short of
compliance. For a more complete discussion of the feasibility of the standards, please see
Section III.D in the preamble. Table 4-5 below contains the projected achieved levels of
CO2 emissions for each manufacturer from the OMEGA model. Overall, these levels are
very similar to those projected in the NPRM.

Table 4-5 Projected Achieved CO2 Levels in 2016

Car Truck | Production VMT

Weighted | Weighted

Average’ | Average*
BMW 236.3 | 278.7 248.5 249.8
Chrysler 227.9 | 298.2 265.6 268.1
Ford 2334 | 298.3 257.3 259.6
Subaru 218.2 | 263.0 234.4 235.9
General Motors | 241.3 305.1 271.3 273.6
Honda 207.6 | 302.0 242.5 245.7
Hyundai 214.5 315.6 229.8 231.7
Tata 258.6 | 323.6 284.2 286.5
Kia 213.1 335.2 234.3 237.0
Mazda 218.2 | 1285.6 228.1 229.4
Daimler 246.3 | 297.8 262.6 264.3
Mitsubishi 2233 | 264.0 239.6 241.1
Nissan 2232 | 299.8 245.2 247.5
Porsche 244.1 332.0 273.4 276.3
Suzuki 197.3 317.7 216.8 219.3
Toyota 212.8 308.6 244.0 247.1
Volkswagen 223.5 326.6 241.6 243.9
Overall 223.8 302.5 250.8 253.5

% Production weighted CO, levels include reductions from A/C
improvements and are weighted by production only.

*VMT weighted CO2 levels include reductions from A/C
improvements and are weighted by both production and VMT for
consistency with CO2 standard levels.

4.6 Per Vehicle Costs 2012-2016

As described above, the per-vehicle technology costs for this program alone must
account for any cost that incurred by compliance with existing vehicle programs. EPA
first used OMEGA to calculate costs reflected in the existing CAFE program, which is
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the reference case for this analysis. OMEGA estimates that, on average, manufacturers
will need to spend $78 per vehicle to meet the current MY 2011 CAFE standards.
Reference case costs are provided in Table 4-6 below.

Table 4-6 Incremental Technology Cost of the Reference Case

Car Truck Combined

BMW $ 346 $ 423 $ 368
Chrysler $ 33 $ 116 $ 77
Ford $ 73 $ 161 $ 106
Subaru $ 68 $ 62 $ 66
General Motors | $ 31 $ 181 $ 102
Honda $ - $ - $ -

Hyundai $ - $ 69 $ 10
Tata $ ol1 $ 1,205 $ 845
Kia $ - $ 42 $ 7
Mazda $ - $ - $ -

Daimler $ 468 $ 683 $ 536
Mitsubishi $ 328 $ 246 $ 295
Nissan $ - $ 61 $ 18
Porsche $ 473 $ 706 $ 550
Suzuki $ 49 $ 232 $ 79
Toyota $ - $ - $ -

Volkswagen $ 228 $ 482 $ 272
Total $ 63 $ 138 $ 89

EPA then used OMEGA to calculate the costs of meeting the final 2016
standards, which are displayed in Table 4-7 below, and two alternative scenarios for
sensitivity. In Table 4-7 and Table 4-17, EPA presents the per-vehicle cost for these
scenarios, respectively. EPA has accounted for the cost to meet the standards in the
reference case. In other words, the following tables contain results of the OMEGA
control case runs after the reference case values have been subtracted.

A Tt should be noted that the latest version of OMEGA projects slightly different costs than those shown
here. This is usually due to an error when the model eliminates over-compliance which occurs with the last
step of technology addition. The costs presented here reflect the correction of this error. The latest version
of the model also reflects several improvements to the model’s algorithms when selecting between car and
truck control. These revisions generally only change the projected cost by a dollar or two per vehicle and
do not affect the overall conclusions of this analysis.
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Table 4-7 Incremental Technology Cost of the Final 2016 CO2 Standards

Car Truck Combined
BMW $ 1,558 |$ 1,195 | $ 1,453
Chrysler $ 1,129 |$ 1,501 | $ 1,329
Ford $ 1,108 $ 1,442 $ 1,231
Subaru $ 962 $ 790 $ 899
General Motors $ 899 $ 1,581 $ 1,219
Honda $ 635 $ 473 $ 575
Hyundai $ 802 $ 425 $ 745
Tata $ 1,181 $ 680 $ 984
Kia $ 667 $ 247 $ 594
Mazda $ 855 $ 537 $ 808
Daimler $ 1,536 $ 931 $ 1,343
Mitsubishi $ 817 $ 1,218 $ 978
Nissan $ 686 $ 1,119 $ 810
Porsche $ 1,506 $ 759 $ 1,257
Suzuki $ 1,015 $ 537 $ 937
Toyota $ 381 $ 609 $ 455
Volkswagen $ 1,848 $ 972 $ 1,694
Total $ 870 $ 1,099 $ 948

EPA estimates that the additional technology required for manufacturers to meet
the GHG standards for this final rule will cost on average $948/vehicle. This cost is
roughly $100 lower than that projected in the NPRM. This difference is due primarily to
a reduction in the estimated cost for the various technologies being added to the vehicles.

4.7 Technology Penetration

The major technologies chosen by OMEGA are described in the Table 4-8
through Table 4-12 for the reference case and in Tables 4-11 through 4-13 for the control
case for cars, trucks, and combined fleets. The values in the table containing the control
case technology are for that alone — EPA has subtracted out the impact of the reference
case.
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Table 4-8 2016 Technology Penetration in the Reference Case-Cars

Manufacturer SGDI | DEAC- Turbo | Diesel | 6 SPD | DCT | 42V S-S | IMA Power 2-Mode | % Weight
OHC Auto Split Reduction

BMW 53% 10% 43% 0% 40% | 45% 12% 0% 0% 0% 1.8%
Chrysler 0% 0% 1% 0% 5% 0% 0% 0% 0% 0% 0.0%
Daimler 23% 20% 5% 2% 47% | 32% 21% 0% 0% 0% 1.1%
Ford 0% 0% 4% 0% 32% 0% 0% 0% 0% 0% 0.0%
General Motors 6% 0% 3% 0% 14% 0% 0% 0% 0% 0% 0.0%
Honda 0% 9% 0% 0% 0% 0% 0% 3% 0% 0% 0.0%
Hyundai 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.0%
Kia 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.0%
Mazda 11% 0% 1% 0% 15% 0% 0% 0% 0% 0% 0.0%
Mitsubishi 45% 0% 3% 0% 25% | 50% 0% 0% 0% 0% 1.6%
Nissan 0% 0% 0% 0% 0% 0% 0% 0% 1% 0% 0.0%
Porsche 88% 0% 88% 0% 0% | 41% 15% 0% 0% 0% 2.8%
Subaru 0% 0% 12% 0% 0% 0% 0% 0% 0% 0% 0.0%
Suzuki 80% 0% 0% 0% 0% | 80% 80% 0% 0% 0% 4.0%
Tata 85% 64% 0% 0% 34% | 64% 64% 0% 0% 0% 3.8%
Toyota 7% 0% 0% 0% 21% 0% 0% 0% 15% 0% 0.0%
Volkswagen 87% 3% 84% 0% 13% | 77% 4% 0% 0% 0% 2.4%
Fleet 12% 2% 8% 0% 15% 8% 2% 0% 3% 0% 0.3%
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Table 4-9 2016 Technology Penetration in the Reference Case-Trucks

Manufacturer | SGDI | DEAC- Turbo | Diesel 6 SPD DCT | 42V S-S | IMA Power 2-Mode | % Weight
OHC Auto Split Reduction
BMW 20% 16% 0% 0% 84% | 16% 16% 0% 0% 0% 1.6%
Chrysler 0% 0% 0% 0% 28% 0% 0% 0% 0% 0% 0.0%
Daimler 24% 24% 16% 16% 62% | 38% 38% 0% 0% 0% 3.8%
Ford 1% 0% 0% 0% 19% 0% 0% 0% 0% 0% 0.0%
General 0% 0% 0% 0% 17% 0% 0% 0% 0% 0% 0.0%
Motors
Honda 4% 0% 4% 0% 0% 0% 0% 0% 0% 0% 0.0%
Hyundai 0% 0% 0% 0% 23% 0% 0% 0% 0% 0% 0.0%
Kia 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.0%
Mazda 26% 0% 26% 0% 48% 0% 0% 0% 0% 0% 0.0%
Mitsubishi 13% 0% 0% 0% 25% | 13% 0% 0% 0% 0% 0.4%
Nissan 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.0%
Porsche 100% 0% 50% 0% 15% | 84% 85% 0% 0% 0% 6.6%
Subaru 0% 0% 3% 0% 0% 0% 0% 0% 0% 0% 0.0%
Suzuki 18% 0% 0% 0% 18% 0% 0% 0% 0% 0% 0.5%
Tata 85% 37% 51% 0% 15% | 85% 85% 0% 0% 0% 8.5%
Toyota 7% 0% 0% 0% 16% 0% 0% 0% 6% 0% 0.0%
Volkswagen 99% 17% 69% 1% 15% | 85% 85% 0% 0% 0% 5.1%
Fleet 7% 2% 3% 0% 18% 4% 4% 0% 1% 0% 0.3%
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Table 4-10 2016 Technology Penetration in the Reference Case - Combined Cars and Trucks

Manufacturer SGDI | DEAC- Turbo | Diesel 6 SPD DCT | 42V S-S | IMA Power 2-Mode | % Weight

OHC Auto Split Reduction
BMW 44% 12% 30% 0% 53% | 37% 13% 0% 0% 0% 1.7%
CthS|e|' 0% 0% 0% 0% 18% 0% 0% 0% 0% 0% 0.0%
Daimler 23% 22% 8% 6% 52% | 34% 26% 0% 0% 0% 2.0%
Ford 0% 0% 3% 0% 27% 0% 0% 0% 0% 0% 0.0%
General Motors 3% 0% 1% 0% 15% 0% 0% 0% 0% 0% 0.0%
Honda 2% 6% 2% 0% 0% 0% 0% 2% 0% 0% 0.0%
Hyu ndai 0% 0% 0% 0% 3% 0% 0% 0% 0% 0% 0.0%
Kia 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0.0%
Mazda 13% 0% 13% 0% 20% 0% 0% 0% 0% 0% 0.0%
Mitsubishi 32% 0% 2% 0% 25% | 35% 0% 0% 0% 0% 1.1%
Nissan 0% 0% 0% 0% 0% 0% 0% 0% 1% 0% 0.0%
Porsche 92% 0% 75% 0% 5% | 55% 38% 0% 0% 0% 4.1%
Subaru 0% 0% 9% 0% 0% 0% 0% 0% 0% 0% 0.0%
Suzuki 70% 0% 0% 0% 3% | 67% 67% 0% 0% 0% 3.4%
Tata 85% 54% 20% 0% 27% | 73% 73% 0% 0% 0% 5.7%
Toyota 7% 0% 0% 0% 19% 0% 0% 0% 12% 0% 0.0%
Volkswagen 89% 5% 81% 0% 14% | 78% 18% 0% 0% 0% 2.8%
Fleet 10% 2% 7% 0.2% 16% 7% 3% | 0.2% 2.5% 0.0% 0.3%
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Table 4-11 2016 Technology Penetration in the Control Case-Cars

Manufacturer SGDI | DEAC- Turbo Diesel 6 SPD DCT 42V S-S IMA Power | 2-Mode | % Weight

OHC Auto Split Reduction
BMW 78% 19% 62% 8% 13% 61% 63% 0% 4% 10% 4.7%
Chrysler 85% 1% 7% 0% 30% 55% 56% 0% 0% 0% 6.2%
Daimler 78% 28% 54% 6% 10% 72% 65% 0% 3% 10% 4.8%
Ford 85% 12% 15% 0% 32% 56% 57% 0% 0% 0% 4.9%
General Motors 56% 3% 13% 0% 4% 53% 53% 0% 0% 0% 4.7%
Honda 59% 9% 0% 0% 0% 70% 21% 3% 0% 0% 3.6%
Hyundai 61% 0% 1% 0% 0% 61% 38% 0% 0% 0% 3.4%
Kia 39% 0% 1% 0% 0% 63% 4% 0% 0% 0% 2.2%
Mazda 59% 0% 12% 1% 11% 48% 47% 0% 0% 0% 3.9%
Mitsubishi 67% 0% 7% 1% 21% 67% 67% 0% 0% 0% 6.3%
Nissan 62% 0% 3% 0% 1% 57% 52% 0% 1% 0% 4.8%
Porsche 75% 15% 73% 12% 0% 34% 58% 0% 0% 15% 3.5%
Subaru 82% 0% 12% 0% 0% 79% 58% 0% 0% 0% 4.2%
Suzuki 80% 0% 0% 0% 0% 80% 80% 0% 0% 0% 4.0%
Tata 85% 64% 17% 0% 14% 70% 70% 0% 4% 11% 4.3%
Toyota 22% 2% 4% 0% 15% 49% 2% 0% 15% 0% 1.7%
Volkswagen 79% 16% 74% 13% 10% 67% 57% 0% 2% 13% 3.9%
Fleet 58% 6% 14% 1% 11% 58% 39% 0% 4% 2% 3.8%
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Table 4-12 2016 Technology Penetration in the Control Case-Trucks

SGDI | DEAC-OHC Turbo | Diesel 6 SPD DCT 42V S-S | IMA Power 2-Mode % Weight

Auto Split Reduction

BMW 86% 28% 57% 0% 15% 69% 70% 0% 0% 15% 4.1%
Chrysler 74% 25% 25% 0% 32% 50% 53% 0% 0% 0% 5.7%
Daimler 72% 35% 52% 2% 15% 70% 70% 0% 0% 15% 5.1%
Ford 83% 35% 25% 0% 18% 68% 68% 0% 0% 0% 6.6%
General Motors 80% 50% 16% 0% 12% 70% 70% 0% 0% 0% 6.5%
Honda 16% 0% 4% 0% 0% 12% 12% 0% 0% 0% 1.2%
Hyundai 44% 0% 0% 0% 56% 0% 0% 0% 0% 0% 1.3%
Kia 1% 0% 0% 0% 0% 1% 1% 0% 0% 0% 0.1%
Mazda 65% 0% 27% 0% 48% 39% 7% 0% 0% 0% 1.7%
Mitsubishi 85% 0% 72% 0% 4% 85% 85% 0% 0% 0% 5.9%
Nissan 76% 23% 29% 0% 3% 72% 73% 0% 0% 0% 6.4%
Porsche 100% 15% 42% 0% 15% 69% 70% 0% 0% 15% 5.4%
Subaru 21% 0% 3% 0% 0% 21% 21% 0% 0% 0% 2.1%
Suzuki 61% 0% 0% 0% 61% 0% 0% 0% 0% 0% 1.8%
Tata 85% 40% 42% 0% 15% 70% 70% 0% 6% 9% 7.0%
Toyota 34% 17% 0% 0% 9% 20% 17% 0% 6% 0% 2.0%
Volkswagen 99% 29% 56% 0% 15% 70% 70% 0% 0% 15% 4.2%
Fleet 62% 27% 18% 0% 13% 49% 48% 0% 1% 1% 4.5%
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Table 4-13 2016 Technology Penetration in the Control Case — Combined Cars and Trucks

Manufacturer SGDI | DEAC- | Turbo | Diesel | 6 SPD DCT 42V IMA Power | 2-Mode | % Weight
OHC Auto S-S Split Reduction

BMW 80% 21% 61% 6% 13% 63% 65% 0% 3% 12% 4.5%
Chrysler 79% 13% 17% 0% 31% 52% 54% 0% 0% 0% 5.9%
Daimler 76% 30% 53% 5% 12% 72% 67% 0% 2% 12% 4.9%
Ford 84% 21% 19% 0% 27% 60% 61% 0% 0% 0% 5.5%
General Motors 67% 25% 14% 0% 8% 61% 61% 0% 0% 0% 5.5%
Honda 43% 6% 2% 0% 0% 49% 18% 2% 0% 0% 2.7%
Hyundai 59% 0% 1% 0% 8% 52% 32% 0% 0% 0% 3.1%
Kia 33% 0% 1% 0% 0% 52% 4% 0% 0% 0% 1.8%
Mazda 60% 0% 14% 1% 17% 47% 41% 0% 0% 0% 3.5%
Mitsubishi 74% 0% 33% 0% 14% 74% 74% 0% 0% 0% 6.2%
Nissan 66% 7% 11% 0% 2% 62% 58% 0% 1% 0% 5.3%
Porsche 83% 15% 62% 8% 5% 45% 62% 0% 0% 15% 4.1%
Subaru 60% 0% 9% 0% 0% 58% 44% 0% 0% 0% 3.4%
Suzuki 77% 0% 0% 0% 10% 67% 67% 0% 0% 0% 3.6%
Tata 85% 55% 27% 0% 14% 70% 70% 0% 4% 11% 5.4%
Toyota 26% 7% 3% 0% 13% 40% 7% 0% 12% 0% 1.8%
Volkswagen 82% 18% 71% 1% 10% 68% 60% 0% 1% 14% 3.9%
Fleet 60% 13% 15% 0.9% 12% 55% 42% 0% 3% 1% 4.1%
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As can be seen, the overall reduction in vehicle weight is projected to be 4.3%. As there
has been a concern in the past that weight reductions are associated with increased safety risk, a
more specific breakdown of the projected weight reduction by vehicle class and weight range is
provided below. For cars below 2950 pounds curb weight, the estimated reduction is 2.3% (62
pounds), while it was estimated to be 4.4% (154 pounds) for cars above 2950 curb weight. For
trucks below 3850 pounds curb weight, the projected reduction is 3.5% (119 pounds), while it
was 4.5% (215 pounds) for trucks above 3850 curb weight. Splitting trucks at a higher weight,
for trucks below 5000 pounds curb weight, the estimated reduction is 3.3% (140 pounds), while
it was 6.7% (352 pounds) for trucks above 5000 curb weight. These results are tabulated below
in Table 4-14.

Table 4-14 Breakdown of Weight Reduction in Modeling Results

Weight Average | o \yeight
Category Weight Reduction
Reduction
<2950 Ibs 75 Ibs 2.8%
Cars
> 2950 Ibs 153 Ibs 4.3%
< 3850 Ibs 163 Ibs 4.7%
Trucks with 3850
Ib break point
> 3850 Ibs 240 lbs 5.1%
<5000 Ibs 186 Ibs 4.4%
Trucks with 5000
Ib break point
> 5000 Ibs 376 Ibs 7.0%

4.8 Alternative Program Stringencies

EPA also analyzed the technology cost of two alternative stringency scenarios: 4%/year
and 6%/year. The manufacturers’s CO2 targets and achieved levels for standards with these
alternative stringincies are presented in Table 4-15 and Table 4-16 below.
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Table 4-15 2016 Standards by Manufacturer in the 4% Sensitivity Case

Achieved CO2 Levels CO2 Standards
Car Truck Combined Car Truck Combined
BMW 236.3 278.7 249.8 232.1 287.4 249.7
Chrysler 228.7 305.2 272.5 235.9 299.9 272.5
Ford 237.3 302.7 263.7 242.0 299.3 265.1
Subaru 218.2 271.7 2394 233.0 309.6 263.3
General
Motors 245.6 308.1 277.3 234.2 320.6 278.0
Honda 211.1 305.3 249.1 225.8 285.5 249.9
Hyundai 216.2 329.3 235.5 225.9 283.3 235.7
Tata 258.6 323.6 286.5 228.0 294.3 256.4
Kia 217.7 335.7 240.7 224.9 275.7 234.8
Mazda 222.9 285.6 233.3 223.1 274.0 231.5
Daimler 246.3 297.8 264.3 2294 299.3 253.9
Mitsubishi 227.5 268.4 245.3 209.8 291.8 245.6
Nissan 229.2 299.8 251.6 219.2 272.1 236.0
Porsche 244.1 332.0 276.3 211.3 276.9 235.3
Suzuki 197.3 334.3 222.4 253.6 277.4 258.0
Toyota 217.5 311.6 251.2 224.8 299.3 251.5
Volkswagen 223.5 326.6 243.9 222.3 297.7 237.2
Overall 227.3 305.9 256.9 229.2 299.7 255.8
Table 4-16 2016 Standards by Manufacturer in the 6 % Sensitivity Case
Achieved CO2 Levels CO2 Standards
Car | Truck | Combined | Car | Truck | Combined

BMW 236.3 | 278.7 249.8 | 210.4 | 258.8 225.8

Chrysler 210.7 | 273.9 246.9 | 214.2 | 271.3 246.9

Ford 214.2 | 285.0 242.7 | 220.3 | 270.7 240.6

Subaru 207.6 | 227.8 215.6 | 211.3 | 281.0 238.9

General Motors | 213.6 | 290.9 252.7 | 212.5 | 292.1 252.8

Honda 194.7 | 270.9 225.51204.1 | 256.9 225.5

Hyundai 202.9 | 260.9 212.8 | 204.2 | 254.7 212.8

Tata 258.6 | 323.6 286.5 | 206.3 | 265.7 231.8

Kia 189.4 | 335.2 217.9 | 203.2 | 247.1 211.8

Mazda 203.9 | 243.8 210.5 | 201.4 | 2454 208.7

Daimler 246.3 | 297.8 264.3 | 207.8 | 270.7 229.8

Mitsubishi 212.2 | 260.6 233.4 | 188.1 | 263.2 220.9

Nissan 200.2 | 286.8 227.7 | 197.5 | 243.5 212.1

Porsche 244.1 | 332.0 276.3 | 189.6 | 248.3 211.1

Suzuki 186.8 | 260.6 200.3 | 231.9 | 248.8 235.0
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Toyota 192.9 | 288.3 227.1 | 203.1 | 270.7 2274
Volkswagen 223.5 | 326.6 243.9 | 200.6 | 269.1 214.2
Overall 206.6 | 284.9 236.1 | 207.5 | 271.2 231.5

With the reference case the same as that described above in Section 4.1, the costs of the
two alternative control cases are presented in Tables 4-17 and 4-18, respectively, and the
technology penetrations are presented in Table 4-17 through Table 4-24, below.

Table 4-17 2016 Technology Cost in the 4% sensitivity case

Car Truck Combined
BMW $ 1,558 $ 1,195 $ 1,453
Chrysler $ 1,111 $ 1,236 $ 1,178
Ford $ 1,013 $ 1,358 $ 1,140
Subaru $ 962 $ 616 $ 836
General Motors $ 834 $ 1,501 $ 1,148
Honda $ 598 $ 411 $ 529
Hyundai $ 769 $ 202 $ 684
Tata $ 1,181 $ 680 $ 984
Kia $ 588 $ 238 $ 527
Mazda $ 766 $ 537 $ 733
Daimler $ 1,536 $ 931 $ 1,343
Mitsubishi $ 733 $ 1,164 $ 906
Nissan $ 572 $ 1,119 $ 729
Porsche $ 1,506 $ 759 $ 1,257
Suzuki $ 1,015 $ 179 $ 879
Toyota $ 323 $ 560 $ 400
Volkswagen $ 1,848 $ 972 $ 1,694
Total $ 811 $ 1,020 $ 883
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Table 4-18 2016 Technology Cost in the 6% sensitivity case

Car Truck Combined
BMW $ 1,558 $ 1,195 $ 1,453
Chrysler $ 1,447 $ 2,156 $ 1,827
Ford $ 1,839 $ 2,090 $ 1,932
Subaru $ 1,173 $ 1,316 $ 1,225
General Motors $ 1,728 $ 2,030 $ 1,870
Honda $ 894 $ 891 $ 893
Hyundai $ 1,052 $ 1,251 $ 1,082
Tata $ 1,181 $ 680 $ 984
Kia $ 1,132 $ 247 $ 979
Mazda $ 1,093 $ 1,083 $ 1,092
Daimler $ 1,536 $ 931 $ 1,343
Mitsubishi $ 1,224 $ 1,840 $ 1,471
Nissan $ 1,151 $ 1,693 $ 1,306
Porsche $ 1,506 $ 759 $ 1,257
Suzuki $ 1,426 $ 1,352 $ 1,414
Toyota $ 747 $ 906 | $ 799
Volkswagen $ 1,848 $ 972 | $ 1,694
Total $ 1,296 $ 1,538 $ 1,379
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Table 4-19 2016 Technology Penetration in the 4% sensitivity case- Cars

Manufacturer SGDI | DEAC- Turbo | Diesel 6 SPD DCT | 42V S-S | IMA Power 2-Mode | % Weight
OHC Auto Split Reduction

BMW 78% 19% 62% 8% 13% | 61% 63% 0% 4% 10% 4.7%
Chrysler 85% 0% 7% 0% 30% | 55% 55% 0% 0% 0% 6.1%
Daimler 78% 28% 54% 6% 10% | 72% 65% 0% 3% 10% 4.8%
Ford 73% 8% 15% 0% 26% | 56% 57% 0% 0% 0% 4.6%
General Motors 57% 3% 6% 0% 11% | 46% 46% 0% 0% 0% 4.2%
Honda 48% 9% 0% 0% 0% | 59% 21% 3% 0% 0% 3.2%
Hyundai 61% 0% 1% 0% 0% | 61% 33% 0% 0% 0% 3.2%
Kia 45% 0% 1% 0% 0% | 68% 0% 0% 0% 0% 2.4%
Mazda 82% 0% 12% 1% 1% | 71% 69% 0% 0% 0% 6.1%
Mitsubishi 85% 0% 3% 0% 25% | 63% 64% 0% 0% 0% 6.6%
Nissan 65% 0% 3% 0% 1% | 60% 56% 0% 1% 0% 5.2%
Porsche 75% 15% 73% 12% 0% | 34% 58% 0% 0% 15% 3.5%
Subaru 82% 0% 12% 0% 0% | 79% 58% 0% 0% 0% 4.2%
Suzuki 80% 0% 0% 0% 0% | 80% 80% 0% 0% 0% 4.0%
Tata 85% 64% 17% 0% 14% | 70% 70% 0% 4% 11% 4.3%
Toyota 9% 2% 0% 0% 18% | 35% 2% 0% 15% 0% 1.1%
Volkswagen 79% 16% 74% 13% 10% | 67% 57% 0% 2% 13% 3.9%
Fleet 55% 5% 12% 1% 12% | 54% 38% 0% 4% 2% 3.6%
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Table 4-20 2016 Technology Penetration in the 4% sensitivity case- Trucks

SGDI | DEAC- Turbo | Diesel 6 SPD DCT | 42V S-S | IMA | Power | 2-Mode | % Weight

OHC Auto Split Reduction

BMW 86% 28% | 57% 0% 15% | 69% 70% | 0% 0% 15% 4.1%
Chrysler 52% 24% | 25% 0% 24% | 50% 52% | 0% 0% 0% 5.0%
Daimler 72% 35% | 52% 2% 15% | 70% 70% | 0% 0% 15% 51%
Ford 83% 35% 19% 0% 24% | 62% 62% | 0% 0% 0% 6.2%
General Motors 69% 49% 16% 0% 4% | 69% 69% | 0% 0% 0% 6.1%
Honda 37% 0% 4% 0% 0% 32% 4% 0% 0% 0% 1.2%
Hyundai 0% 0% 0% 0% 23% 0% 0% | 0% 0% 0% 0.0%
Kia 1% 0% 0% 0% 0% 1% 0% | 0% 0% 0% 0.0%
Mazda 65% 0% | 27% 0% 48% | 39% 7% | 0% 0% 0% 1.7%
Mitsubishi 85% 0% | 72% 0% 4% | 85% 85% | 0% 0% 0% 5.9%
Nissan 76% 23% | 29% 0% 3% | 72% 73% | 0% 0% 0% 6.4%
Porsche 100% 15% | 42% 0% 15% | 69% 70% | 0% 0% 15% 5.4%
Subaru 54% 0% 3% 0% 0% | 54% 0% | 0% 0% 0% 1.6%
Suzuki 18% 0% 0% 0% 18% 0% 0% 0% 0% 0% 0.5%
Tata 85% 40% | 42% 0% 15% | 70% 70% | 0% 6% 9% 7.0%
Toyota 27% 17% 0% 0% 2% | 20% 17% | 0% 6% 0% 1.8%
Volkswagen 99% 29% | 56% 0% 15% | 70% 70% | 0% 0% 15% 4.2%
Fleet 58% 27% 17% 0% 10% | 50% 46% | 0% 1% 1% 4.2%
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Table 4-21 2016 Technology Penetration in the 4% sensitivity case — Cars and Trucks Combined

6

DEAC- SPD Power 2- % Weight

SGDI | OHC Turbo | Diesel | Auto | DCT | 42V S-S | IMA | Split | Mode | PHEV/EV | MS1 | MS2 | MS3 | Reduction

BMW 80% 21% | 61% 6% | 13% | 63% 65% | 0% 3% 12% 0.1% 0% | 51% | 20% 4.5%
Chrysler 67% 13% | 17% 0% | 26% | 52% 54% | 0% 0% 0% 0.0% | 14% 6% | 48% 5.5%
Daimler 76% 30% | 53% 5% | 12% | 72% 67% | 0% 2% 12% 0.0% 0% | 45% | 26% 4.9%
Ford 77% 18% | 16% 0% | 25% | 58% 59% | 0% 0% 0% 0.0% | 18% | 25% | 34% 5.2%
General Motors 62% 24% | 11% 0% 7% | 57% 57% | 0% 0% 0% 0.0% 5% | 14% | 42% 5.1%
Honda 44% 6% 2% 0% 0% | 49% 15% | 2% 0% 0% 0.0% | 34% 0% | 15% 2.5%
Hyundai 52% 0% 1% 0% 3% | 52% 28% | 0% 0% 0% 0.0% | 24% | 17% | 11% 2.7%
Kia 37% 0% 1% 0% 0% | 57% 0% | 0% 0% 0% 0.0% | 43% | 14% 0% 2.0%
Mazda 79% 0% | 14% 1% | 17% | 66% 60% | 0% 0% 0% 0.0% 9% | 17% | 44% 5.5%
Mitsubishi 85% 0% | 31% 0% | 16% | 72% 72% | 0% 0% 0% 0.0% | 13% | 26% | 46% 6.3%
Nissan 69% 7% | 11% 0% 2% | 64% 61% | 0% 1% 0% 0.0% 7% | 16% | 45% 5.5%
Porsche 83% 15% | 62% 8% 5% | 45% 62% | 0% 0% 15% 0.0% 0% | 57% | 13% 4.1%
Subaru 72% 0% 9% 0% 0% | 70% 37% | 0% 0% 0% 0.0% | 35% | 29% 8% 3.3%
Suzuki 70% 0% 0% 0% 3% | 67% 67% | 0% 0% 0% 0.0% 3% | 67% 0% 3.4%
Tata 85% 55% | 27% 0% | 14% | 70% 70% | 0% 4% 11% 0.0% 0% | 32% | 38% 5.4%
Toyota 15% 7% 0% 0% | 13% | 30% 7% | 0% 12% 0% 0.0% | 23% 2% 6% 1.3%
Volkswagen 82% 18% | 71% | 11% | 10% | 68% 60% | 0% 1% 14% 0.0% 0% | 61% 9% 3.9%
Fleet 56% 13% | 14% | 0.8% | 11% | 53% 41% | 0% 3% 1% 0.0% | 16% | 17% | 25% 3.9%
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Table 4-22 2016 Technology Penetration in the 6% Sensitivity Case - Cars

Y%
6 Weight
DEAC | Turb | Diese | SPD 42V Powe 2- PHEV/E Reductio
SGDI | -OHC 0 I Auto | DCT | S-S IMA | r Split | Mode \ MSH MS2 | MS3 n

BMW 78% 19% | 62% 8% | 13% | 61% | 63% 0% 4% | 10% 0.2% 0% | 48% | 23% 4.7%
ChrySIer 85% 4% 37% 0% 1% 84% 85% 0% 0% 0% 0.0% 0% 2% 83% 8.4%
Daimler 78% 28% | 54% 6% | 10% | 72% | 65% 0% 3% | 10% 0.0% 0% | 47% | 24% 4.8%
Ford 85% 11% | 55% 0% 5% | 74% | 75% 0% 5% 5% 0.0% 0% | 12% | 63% 6.9%
General
Motors 85% 6% 50% 0% 2% 83% 84% 0% 0% 1% 0.0% 0% 5% 79% 8.2%
Honda 72% 9% 0% 0% 0% | 70% | 70% 3% 0% 0% 0.0% 0% | 13% | 57% 6.3%
Hyundai 70% 0% 1% 0% 9% | 61% | 61% 0% 0% 0% 0.0% 9% | 21% | 40% 5.3%
Kia 75% 0% 1% 0% 0% | 75% | 74% 0% 0% 0% 0.0% 1% | 24% | 51% 6.3%
Mazda 85% 0% | 14% 1% 3% | 80% | 83% 0% 0% 0% 0.0% 0% | 29% | 55% 6.9%
Mitsubishi 84% 1% | 28% 1% 4% | 78% | 78% 0% 6% 1% 0.0% 0% 3% | 76% 7.7%
Nissan 84% 0% 37% 1% 0% 80% 83% 0% 1% 0% 0.0% 0% 4% 80% 8.2%
Porsche 75% 15% | 73% | 12% 0% | 34% | 58% 0% 0% | 15% 0.0% 0% | 70% 0% 3.5%
Subaru 83% 0% | 12% 1% 2% | 79% | 80% 0% 0% 0% 0.0% 2% | 46% | 36% 5.9%
Suzuki 85% 0% 85% 0% 0% 85% 85% 0% 0% 0% 0.0% 0% 0% 85% 8.5%
Tata 85% 64% | 17% 0% | 14% | 70% | 70% 0% 4% | 11% 0.0% 0% | 53% | 17% 4.3%
Toyota 1% 2% 4% 0% | 15% | 56% | 53% 0% | 15% 0% 0.0% 3% | 39% | 14% 3.4%
Volkswagen 79% 16% | 74% | 13% | 10% | 67% | 57% 0% 2% | 13% 0.0% 0% | 63% 7% 3.9%
Fleet 79% 7% | 30% 1% 6% | 71% | 70% 0% 4% 2% 0.0% 1% | 23% | 49% 6.0%
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Table 4-23 2016 Technology Penetration in the 6% Sensitivity Case-Trucks

6
SP
D 42 % Weight
DEAC Diese | Aut V S- Powe 2- PHEV/E MS Reductio
SGDI | -OHC | Turbo I 0 DCT S IMA | r Split | Mode Vv MS1 2 MS3 n

BMW 86% 28% 57% 0% | 15% 69% | 70% 0% 0% 15% 0.0% 0% | 57% 13% 41%
Chrysler 85% 21% 61% 0% | 4% 79% | 82% 0% 0% 3% 0.0% 0% | 5% 77% 7.9%
Daimler 72% 35% 52% 2% | 15% 70% | 70% 0% 0% 15% 0.0% 0% | 38% 32% 51%
Ford 85% 16% 60% 0% | 3% 76% | 76% 0% 4% 5% 0.0% 0% | 11% 65% 7.0%
General
Motors 85% 46% 34% 0% | 2% 82% | 82% 0% 0% 3% 0.0% 0% | 12% 70% 7.6%
Honda 61% 0% 28% 0% | 4% 56% | 56% 0% 0% 0% 0.0% 4% | 24% 32% 4.5%
Hyundai 85% 9% 76% 0% | 12% 76% | 76% 0% 0% 0% 0.0% 0% | 85% 0% 4.3%
Kia 1% 0% 0% 0% | 0% 1% | 1% 0% 0% 0% 0.0% 0% | 0% 1% 0.1%
Mazda 89% 0% 45% 0% | 13% 80% | 80% 0% 0% 0% 0.0% 5% | 41% 39% 6.1%
Mitsubishi 85% 9% 62% 0% | 4% 70% | 70% 0% 6% 9% 0.0% 0% | 42% 28% 4.9%
Nissan 85% 29% 39% 0% | 0% 74% | 74% 0% 4% 6% 0.0% 0% | 24% 50% 6.2%
Porsche 100% 15% 42% 0% | 15% 69% | 70% 0% 0% 15% 0.0% 0% | 31% 39% 5.4%
Subaru 85% 0% 28% 0% | 6% 79% | 79% 0% 0% 0% 0.0% 6% | 25% 54% 6.8%
Suzuki 85% 0% 85% 0% | 0% 85% | 85% 0% 0% 0% 0.0% 0% | 67% 18% 5.1%
Tata 85% 40% 42% 0% | 15% 70% | 70% 0% 6% 9% 0.0% 0% | 0% 70% 7.0%
Toyota 70% 17% 7% 0% | 32% 34% | 34% 0% 6% 0% 0.0% 29% | 0% 34% 4.3%
Volkswage
n 99% 29% 56% 0% | 15% 70% | 70% 0% 0% 15% 0.0% 0% | 56% 14% 4.2%
Fleet 78% 23% 37% 0% | 10% 66% | 66% 0% 2% 4% 0.0% 6% | 16% 50% 6.0%
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Table 4-24 2016 Technology Penetration in the 6 % Sensitivity Case — Cars and Trucks combined

6 42

DEAC- SPD V S- Power 2- % Weight

SGDI | OHC Turbo | Diesel | Auto | DCT S IMA | Split | Mode | PHEV/EV | MS1 | MS2 | MS3 | Reduction

BMW 80% 21% | 61% 6% | 13% | 63% | 65% | 0% 3% 12% 0.1% 0% | 51% | 20% 4.5%
Chrysler 85% 13% | 50% | 0.05% 3% | 82% | 83% | 0% 0% 2% 0.0% 0% 4% | 80% 8.2%
Daimler 76% 30% | 53% 5% | 12% | 72% | 67% | 0% 2% 12% 0.0% 0% | 45% | 26% 4.9%
Ford 85% 13% | 57% 0% 4% | 74% | 75% | 0% 5% 5% 0.0% 0% | 12% | 64% 6.9%
General Motors 85% 25% | 43% 0% 2% | 83% | 83% | 0% 0% 2% 0.0% 0% 8% | 75% 7.9%
Honda 68% 6% | 10% 0% 1% | 65% | 65% | 2% 0% 0% 0.0% 1% | 17% | 48% 5.7%
Hyundai 73% 1% | 12% 0% 9% | 64% | 64% | 0% 0% 0% 0.0% 8% | 31% | 34% 5.2%
Kia 62% 0% 1% 0% 0% | 62% | 61% | 0% 0% 0% 0.0% 1% | 20% | 42% 5.2%
Mazda 85% 0% | 19% 1% 4% | 80% | 82% | 0% 0% 0% 0.0% 1% | 31% | 52% 6.8%
Mitsubishi 85% 4% | 42% 0% 4% | 75% | 75% | 0% 6% 4% 0.0% 0% | 18% | 57% 6.6%
Nissan 85% 8% | 38% 0% 0% | 78% | 81% | 0% 2% 2% 0.0% 0% | 10% | 71% 7.6%
Porsche 83% 15% | 62% 8% 5% | 45% | 62% | 0% 0% 15% 0.0% 0% | 57% | 13% 4.1%
Subaru 84% 0% | 18% 1% 3% | 79% | 80% | 0% 0% 0% 0.0% 4% | 38% | 42% 6.3%
Suzuki 85% 0% | 85% 0% 0% | 85% | 85% | 0% 0% 0% 0.0% 0% | 11% | 74% 8.0%
Tata 85% 55% | 27% 0% | 14% | 70% | 70% | 0% 4% 11% 0.0% 0% | 32% | 38% 5.4%
Toyota 1% 7% 5% 0% | 20% | 49% | 47% | 0% 12% 0% 0.0% | 12% | 26% | 21% 3.7%
Volkswagen 82% 18% | 71% 11% | 10% | 68% | 60% | 0% 1% 14% 0.0% 0% | 61% 9% 3.9%
Fleet 79% 12% | 33% | 0.9% 7% | 69% | 69% | 0% 4% 3% 0.0% 3% | 21% | 49% 6.0%
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4.9 Assessment of Manufacturer Differences

The levels of requisite technologies shown above differ significantly across the various
manufacturers. This is to be expected for universal, or flat fuel economy or CO2 standards, since
manufacturers’ sales mixes differ dramatically in average size. However, use of footprint-based
standards should eliminate the effect of vehicle size, and thus, market mix, on the relative
stringency of a standard across manufacturers. Yet, large differences remain in the level of
technology projected to be required for various manufacturers to meet the final standards.
Therefore, several analyses were performed to ascertain the cause of these differences. Because
the baseline case fleet consists of 2008 MY vehicle designs, these analyses were focused on
these vehicles, their technology and their CO, emission levels.

Manufacturers’ average CO, emissions vary for a wide range of reasons. In addition to
widely varying vehicle styles, designs, and sizes, manufacturers have implemented fuel efficient
technologies to varying degrees, as indicated in Table 4-25 below.

Table 4-25 Penetration of Technology in 2008 Vehicles with 2008 Sales: Cars and Trucks

6
Speed
DEAC- Auto 42V

SGDI OHC Turbo Diesel Trans DCT S-S Hybrid | PHEV/EV
BMW 7.50% 0.00% 6.10% 0.00% | 86.00% 0.90% | 0.00% | 0.00% 0.10%
Chrysler 0.00% 0.00% 0.50% 0.10% | 14.00% 0.00% | 0.00% | 0.00% 0.00%
Daimler 0.00% 0.00% 6.50% 5.60% | 76.00% 7.50% | 0.00% | 0.00% 0.00%
Ford 0.40% 0.00% 2.20% 0.00% | 29.00% 0.00% | 0.00% | 0.00% 0.00%
General Motors 3.10% 0.00% 1.40% 0.00% | 15.00% 0.00% | 0.00% | 0.30% 0.00%
Honda 1.40% 7.10% 1.40% 0.00% 0.00% 0.00% | 0.00% | 2.10% 0.00%
Hyundai 0.00% 0.00% 0.00% 0.00% 3.00% 0.00% | 0.00% | 0.00% 0.00%
Kia 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 0.00% | 0.00% 0.00%
Mazda 13.60% 0.00% | 13.60% 0.00% | 26.00% 0.00% | 0.00% | 0.00% 0.00%
Mitsubishi 0.00% 0.00% 0.00% 0.00% | 10.00% 0.00% | 0.00% | 0.00% 0.00%
Nissan 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 0.00% | 0.80% 0.00%
Porsche 58.60% 0.00% | 14.90% 0.00% | 49.00% 0.00% | 0.00% | 0.00% 0.00%
Subaru 0.00% 0.00% 9.80% 0.00% 0.00% 0.00% | 0.00% | 0.00% 0.00%
Suzuki 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% | 0.00% | 0.00% 0.00%
Tata 0.00% 0.00% | 17.30% 0.00% | 99.00% 0.00% | 0.00% | 0.00% 0.00%
Toyota 6.80% 0.00% 0.00% 0.00% | 21.00% 0.00% | 0.00% | 11.60% 0.00%
Volkswagen 50.60% 0.00% | 39.50% 0.00% | 69.00% | 13.10% | 0.00% | 0.00% 0.00%
Overall 3.80% 0.80% 2.60% 0.10% | 19.10% 0.50% | 0.00% | 2.20% 0.00%

Once significant levels of technology are added to these vehicles in order to comply with

future standards, the impact of existing technology diminishes dramatically. Manufacturers
which did not utilize much technology in 2008 essentially catch up to those which did. The
exception is the use of hybrid technology in 2008, since hybrids are not projected to be needed
by most manufacturers to meet the final standards. This primarily affects Toyota, and to a lesser
extent, Honda. Their use of hybrid technology in their 2008 fleet will continue to provide
relatively greater CO2 reductions even in the 2016 projections. As long as the vehicle designs of
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various manufacturers would produce the same level of CO2 emissions if their CO2 reducing
technology was removed, for the most part, difference in the application of technology in 2008
will not affect the level of technology needed in 2016.

In addition, as mentioned above, differences in CO2 emissions due to differences the
distribution of sales by vehicle size should be largely eliminated by the use of a footprint-based
standard. Thus, just because a manufacturer produces larger vehicles than another manufacturer
does not explain the differences in required technology seen above.

In order to focus this analysis on the 2008 MY fleet, it would be helpful to remove the
effect of differences in vehicle size and the use of CO2 reducing technology, so that the other
causes of differences can be highlighted. EPA used the EPA lumped parameter model described
in Chapter 1 to estimate the degree to which technology present on each 2008 MY vehicle was
improving fuel efficiency. The effect of this technology was then removed from each vehicle to
produce CO, emissions which did not reflect any differences due to the use of CO2 reducing
technology. This set of adjusted CO2 emission levels is referred to as “no technology”
emissions.

The differences in the relative sizes of vehicles sold by each manufacturer were
accounted for by determining the difference between the sales-weighted average of each
manufacturer’s “no technology” CO; levels and their required CO, emission level under the final
2016 standards. This difference is the total reduction in CO2 emissions required for each
manufacturer relative to a “no technology” baseline. The same difference for the industry as a
whole is 71 g/mi CO2 for cars and 1.7 g/mi CO2 for trucks. This industry-wide difference was
subtracted from each manufacturer’s difference to highlight which manufacturers had lower and
higher CO2 emission reduction requirements. The results are shown in Figure 4-1.
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Figure 4-1 CO2 Emissions Relative to Fleet Adjusted for Technology and Footprint

The manufacturers projected in Table 4-25 to require the greatest levels of technology
also show the highest offsets relative to the industry. The greatest offset shown in Figure 4-1 is
for Tata’s trucks (Land Rover). These vehicles are estimated to have 100 g/mi greater CO,
emissions than the average 2008 MY truck after accounting for differences in the use of fuel
saving technology and footprint. The lowest adjustment is for Subaru’s trucks, which have 50
g/mi CO; lower emissions than the average truck.

While this comparison confirms the differences in the technology penetrations shown in
Table 4-25, it does not yet explain why these differences exist. Two well known factors
affecting vehicle fuel efficiency are vehicle weight and performance. The footprint-based form
of the final CO,; standard accounts for most of the difference in vehicle weight seen in the 2008
MY fleet. However, even at the same footprint, vehicles can have varying weights. Also, higher
performing vehicles also tend to have higher CO, emissions over the two-cycle test procedure.
So manufacturers with higher average performance levels will tend to have higher average CO,
emissions for any given footprint. Table 4-26 shows each manufacturer’s average ratios of
weight to footprint and horsepower to weight.
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Table 4-26 Vehicle Weight to Footprint and Performance

Car Truck
Weight/ | Horsepower/ | Weight/ | Horsepower/
Footprint | Weight Footprint | Weight (hp/Ib)

Manufacturer (Ib/sq ft) | (hp/lb) (Ib/sq ft)

BMW 78 0.073 94 0.059
Chrysler 74 0.054 85 0.053
Daimler 73 0.068 97 0.057
Ford 77 0.057 84 0.052
General Motors 76 0.057 83 0.059
Honda 67 0.051 83 0.055
Hyundai 70 0.052 84 0.056
Kia 67 0.05 79 0.057
Mazda 73 0.05 80 0.055
Mitsubishi 74 0.052 83 0.056
Nissan 72 0.059 80 0.058
Porsche 82 0.106 96 0.073
Subaru 73 0.057 79 0.054
Suzuki 70 0.049 81 0.062
Tata 78 0.077 110 0.057
Toyota 71 0.054 80 0.062
Volkswagen 80 0.059 108 0.052
Overall 73 0.056 83 0.058

The impact of these two factors on each manufacturer’s “no technology” CO, emissions
was estimated. First, the “no technology” CO, emissions levels were statistically analyzed to
determine the average impact of weight and the ratio of horsepower to weight on CO, emissions.
Both factors were found to be statistically significant at the 95 percent confidence level. The
results of the statistical analysis are summarized in Table 4-27.
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Table 4-27 Effect of Weight and Performance on “No Technology” Vehicle CO2

Intercept Effect of | Effect of R-Square
(g/mi CO2) | weight Horsepower /
(g/mi Weight (g/mi
CO2/1b) CO2*1Ib/hp)
Car -45.8 0.0819 1590 0.82
Truck -21 0.0782 1838 0.71

Together, these two factors explain over 80 percent of the variability in vehicles’ CO,
emissions for cars and over 70 percent for trucks. These relationships were then used to adjust
each vehicle’s “no technology” CO, emissions to the average weight for its footprint value and
to the average horsepower to weight ratio of either the car or truck fleet, as follows:

For Cars:

CO2 Emissions adjusted for weight and performance = “No Technology” CO2 -
(Vehicle Weight - Vehicle Footprint * 73) * 0.0819 —
(Vehicle hp/wt — 0.056 ) * 1590

For Truck:

CO2 Emissions adjusted for weight and performance = “No Technology” CO2 -
(Vehicle Weight - Vehicle Footprint * 83) * 0.0782 —
(Vehicle hp/wt — 0.058 ) * 1838

We then recomputed the difference between the sales-weighted average of each
manufacturer’s adjusted “no technology” CO, levels and their required CO, emission level under
the final 2016 standards and subtracted the difference for the industry as a whole. The results are
shown in Figure 4-2.
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Figure 4-2 CO2 Emissions Relative to Fleet Adjusted for Technology, Footprint, Weight at Footprint, and
Performance

First, note that the scale in Figure 4-2 is much smaller by a factor of 3 than that in Figure
4-1. In other words, accounting for differences in vehicle weight (at constant footprint) and
performance dramatically reduces the differences in various manufacturers’ CO, emissions.
Most of the manufacturers with high offsets in Figure 4-1 now show low or negative offsets. For
example, BMW’s and VW’s trucks show very low CO, emissions. Tata’s emissions are very
close to the industry average. Daimler’s vehicles are no more than 10 g/mi above the average for
the industry. This analysis indicates that the primary reasons for the differences in technology
penetrations shown for the various manufacturers in Table 4-27 are weight and performance.
EPA has not determined why some manufacturer’s vehicle weight is relatively high for its
footprint value, nor whether this weight provides additional utility for the consumer.
Performance is more straightforward. Some consumers desire high performance and some
manufacturers orient their sales towards these consumers. However, the cost in terms of CO,
emissions is clear. Producing relatively heavy or high performance vehicles increases CO,
emissions and will require greater levels of technology in order to meet the final CO, standards.
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CHAPTER 5: Emissions Impacts

5.1 Overview

Climate change is widely viewed as the most significant long-term threat to the global
environment. According to the Intergovernmental Panel on Climate Change, anthropogenic
emissions of greenhouse gases are very likely (90 to 99 percent probability) the cause of most
of the observed global warming over the last 50 years. The primary GHGs of concern are
carbon dioxide (CO,), methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons, and
sulfur hexafluoride.' Mobile sources emitted 31 percent of all U.S. GHG in 2007
(transportation sources, which do not include certain off-highway sources, account for 28
percent) and have been the fastest-growing source of U.S. GHG since 1990.> Mobile sources
addressed in the recent endangerment finding under CAA section 202(a)--light-duty vehicles,
heavy-duty trucks, buses, and motorcycles--accounted for 23 percent of all U.S. GHG in
2007} Light-duty vehicles emit four GHGs--CO, , methane, nitrous oxide, and
hydrofluorocarbons--and are responsible for nearly 60 percent of all mobile source GHGs and
over 70 percent of Section 202(a) mobile source GHG. For light-duty vehicles in 2007, CO,
emissions represent about 94 percent of all greenhouse emissions (including HFCs), and the
CO, emissions measured over the EPA tests used for fuel economy compliance represent
about 90 percent of total light-duty vehicle greenhouse gas emissions.*’

Today’s rule quantifies anticipated impacts from the EPA vehicle CO, emission
standards. The emissions from the GHGs carbon dioxide (CO,), methane (CH,4), nitrous
oxide (N,0) and hydrofluorocarbons (HFCs) were quantified. In addition to reducing the
emissions of greenhouse gases, today’s rule would also influence the emissions of “criteria”
air pollutants, including carbon monoxide (CO), fine particulate matter (PM; 5) and sulfur
dioxide (SOx) and the ozone precursors hydrocarbons (VOC) and oxides of nitrogen (NOx);
and several air toxics (including benzene, 1,3-butadiene, formaldehyde, acetaldehyde, and
acrolein).

Most analyses in this chapter of the RIA were updated between proposal and final
rulemaking. Most significantly, as a result of public comments and updated economic data,
the attribute based CO, curves have been revised, as discussed in detail in Section II.B of this
preamble and Chapter 2 of the Joint TSD. This update in turn affects costs, benefits, and
other impacts of the final standards. Thus EPA's overall projection of the impacts of the final
rule standards have been updated and the results are different than for the NPRM, though in
general not by a large degree.

Beyond updated CO; curves, other new inputs includes revised sales projections of the
MY 2012-2016 fleet, and updated economic input data. All changes to inputs are documented
in the TSD, and are further described in this document.

Downstream (tailpipe) emission impacts were developed using two EPA models.
Computation algorithms and achieved CO; levels were derived from EPA’s Optimization
Model for reducing Emissions of Greenhouse gases from Automobiles (OMEGA). Non-CO,
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emissions were calculated using data from EPA’s Motor Vehicle Emission Simulator
(MOVES2010).

Upstream (fuel production and distribution) emission changes resulting from the
decreased fuel consumption predicted by the downstream models were calculated using a
spreadsheet model based on emission factors from GREET.® Based on these analyses, the
control programs set forth in this chapter would account for 307 MMT CO,EQ of annual
GHG reduction in the year 2030 and 506 MMT per year in 2050. Fuel savings resulting from
the GHG standards are projected at 41.5 billion gallons of fuel savings in Calendar Year 2050
(Table 5-1).

Table 5-1 Impacts of Program on GHG Emissions and Fuel Savings

ANNUAL GHG FUEL SAVINGS ANNUAL FUEL
CALENDAR REDUCTION (CO, (MILLION BARRELS SAVINGS
YEAR EQ MMT) PER DAY OF (BILLION GALLONS
GASOLINE OF GASOLINE
EQUIVALENT) EQUIVALENT)
2020 156.3 0.8 12.6
2030 307.4 1.6 24.7
2040 401.5 2.1 32.6
2050 505.9 2.7 41.5

The emissions of non-GHG air pollutants due to light duty vehicles are also expected
to be affected by today’s final rule. These effects are due to changes in driver behavior (the
“rebound effect”’)" and also reflect ethanol volume assumptions that are not due to the new
GHG vehicle standards. The delta values shown here include both upstream and downstream
contributions.

A A rebound effect of 10% is used in this analysis. See section 5.3.3.1.1 for a brief definition of rebound, and
chapter IV of the joint Technical Support Document for a more complete discussion.
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Table 5-2 Impacts of Program on Non-GHG Emissions (Short Tons per year)

% Y%
CALENDAR | CHANGE | CALEND | CHANGE
YEAR VS.2020 [ AR YEAR | VS. 2030
2020 REFEREN 2030 REFEREN
POLLUTANT CE CE
A 1,3-Butadiene -95.1 -0.38% -21.1 -0.10%
A Acetaldehyde 760.0 2.26% 668.1 2.18%
A Acrolein 0.8 0.01% 4.7 0.07%
A Benzene -889.9 -0.48% -523.1 -0.29%
A Carbon Monoxide 3,980.3 0.01% 170,648.6 0.56%
A Formaldehyde -49.4 -0.06% 15.1 0.02%
A Oxides of Nitrogen -5,916.1 -0.02% -21,845.0 -0.07%
A Particulate Matter
(below 2.5 micrometers) -2,402.9 -0.03% -4,574.8 -0.05%
A Oxides of Sulfur -13,853.4 -0.42% -27,492.8 -0.82%
A Volatile Organic Compounds -60,305.4 0.51% | -115,816.5 -1.02%

We also analyzed the emission reductions over the full model year lifetime of the 2012-
2016 model year cars and trucks affected by today’s final rule. These results, including both
upstream and downstream GHG contributions, are presented below (Table 5-3).

Table 5-3 Model Year Lifetime Fuel Savings and GHG Reductions

Model Year Lifetime GHG Lifetime Fuel Savings Lifetime Fuel Savings
Reduction (Billion Gallons Of (Million Barrels of
(MMT CO2 EQ) Gasoline Equivalent) Gasoline Equivalent)
2012 88.8 7.3 173.1
2013 130.2 10.5 250.35
2014 174.2 13.9 330.5
2015 244.2 19.5 464.7
2016 324.7 26.5 630.7
Total
Program
Benefit 962.0 77.6 1,849.3
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5.2 Introduction

5.2.1 Scope of Analysis

Today’s program finalizes new standards for the greenhouse gas (GHG) emissions of
light duty vehicles from model year 2012 through model year 2016. The program affects
light duty gasoline and diesel fueled vehicles. Most passenger vehicles such as cars, sport
utility vehicles, vans, and pickup trucks are light duty vehicles. Such vehicles are used for
both commercial and personal uses and are significant contributors to the total United States
(U.S.) GHG emission inventory. Today’s final rule will significantly decrease the magnitude
of these emissions. Because of anticipated changes to driving behavior and fuel production, a
number of co-pollutants would also be affected by today’s final rule.

This chapter describes the development of inventories for emissions of the gaseous
pollutants impacted by the rule. These pollutants are divided into greenhouse gases, or gases
that in an atmosphere absorb and emit radiation within the thermal infrared range, and non-
greenhouse gases. Such impacts may occur "upstream" in the fuel production and distribution
processes, or "downstream" in direct emissions from the transportation sector. Table 5-4
presents the processes considered in each domain. This analysis presents the projected
impacts of today’s final rule on greenhouse gases in calendar years 2020, 2030, 2040 and
2050. Non-greenhouse gas inventories are shown in 2020 and 2030. The program was
quantified as the difference in mass emissions between the standards and a reference case as
described in Section 5.3.2.2.

Table 5-4 Processes Considered

PROCESS UPSTREAM / DOWNSTREAM
Crude Oil Extraction Upstream
Crude Oil Transport Upstream
Oil Refining Upstream
Fuel Transport and Distribution Upstream
Fuel Tailpipe Emissions Downstream
Air Conditioning System Leakage Downstream

Inventories for the four greenhouse gases carbon dioxide (CO,), methane (CHy), nitrous
oxide (N,0) and hydrofluorocarbons (HFC) are presented herein. The sole HFC discussed in
this inventory is R-134a, which is the refrigerant in most current vehicle air conditioning
systems. Inventories for the non-GHG pollutants 1,3-butadiene, acetaldehyde, acrolein,
benzene, carbon monoxide (CO), formaldehyde, oxides of nitrogen (NOx), particulate matter
below 2.5 micrometers, oxides of sulfur (SOy), and volatile organic compounds (VOC) are
also presented.

5.2.2 Downstream Contributions

The largest source of GHG reductions from today’s final rule is new standards for
tailpipe emissions produced during vehicle operation. Absolute reductions from tailpipe
GHG standards are projected to grow over time as the fleet turns over to vehicles affected by
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the standards, meaning the benefit of the program will continue to grow as long as the older
vehicles in the fleet are replaced by newer, lower CO, emitting vehicles.

As described herein, the downstream reductions in greenhouse gases due to the program
are anticipated to be achieved through improvements to both fuel economy and air
conditioning system operation. Improvements to air conditioning systems can be further
separated into reducing leakage of HFCs (direct improvement) and reducing fuel consumption
by increasing the efficiency of the air conditioning system (indirect).

Due to the rebound effect,® improving fuel economy is anticipated to increase total
vehicle miles traveled, which has impacts on both GHG and non-GHG emissions. These
impacts are detailed in Section 5.3.3.1.1. The implications for non-GHG emissions of
changes in fuel supply were analyzed for the final rulemaking and are discussed in Section
5.3.3.5.

5.2.3 Upstream Contributions

In addition to downstream emission reductions, reductions are expected in the
emissions associated with the processes involved in getting petroleum to the pump, including
the extraction and transportation of crude oil, and the production and distribution of finished
gasoline. Changes are anticipated in upstream emissions due to the expected reduction in the
volume of fuel consumed. Less gasoline consumed means less gasoline transported, less
gasoline refined, and less crude oil extracted and transported to refineries. Thus, there should
be reductions in the emissions associated with each of these steps in the gasoline production
and distribution process.

HFC manufacture is not considered a significant source of upstream emissions and is not
considered in this analysis.’

5.2.4 Global Warming Potentials

Throughout this document, in order to refer to the four inventoried greenhouse gases on
an equivalent basis, Global Warming Potentials (GWPs) are used. In simple terms, GWPs
provide a common basis with which to combine several gases with different heat trapping
abilities into a single inventory (Table 5-5). When expressed in CO, equivalent (CO, EQ)
terms, each gas is weighted by its heat trapping ability relative to that of carbon dioxide. The
GWPs used in this chapter are drawn from publications by the Intergovernmental Panel on
Climate Change (IPCC).}

The global warming potentials (GWP) used in this analysis are consistent with the 2007
Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report (AR4). At
this time, the 1996 IPCC Second Assessment Report (SAR) global warming potential values

® Described in Joint TSD Chapter 4
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have been agreed upon as the official U.S. framework for addressing climate change and are
used in the official U.S. greenhouse gas inventory submission to the United Nations climate
change framework. This is consistent with the use of the SAR global warming potential
values in current international agreements.

Table 5-5 Global Warming Potentials for the Inventory GHGs

Gas Global Warming potential
(CO; Equivalent)
CO, 1
CH4 25
N,O 298
HFC (R134a) 1430

5.3 Program Analysis and Modeling Methods

5.3.1 Models Used

The inventories presented in this document were developed from established EPA
models.

Downstream inventories were generated using algorithms from EPA’s Optimization
Model for reducing Emissions of Greenhouse gases from Automobiles (OMEGA) in
conjunction with EPA’s Motor Vehicle Emission Simulator (MOVES2010). Broadly
speaking, OMEGA is used to predict the most likely paths by which manufacturers would
meet tailpipe CO, emission standards. OMEGA applies technologies with varying degrees of
cost and effectiveness to a defined vehicle fleet in order to meet a specified GHG emission
target and calculates the costs and benefits of doing so. The benefits analyses in OMEGA are
conducted in a Microsoft Excel Workbook (the benefits post-processor). The OMEGA
benefits post-processor produces a national scale analysis of the impacts (emission reductions,
monetized co-benefits) of the analyzed program.

The OMEGA post-processor was updated with emission rates MOVES2010.”'° CO,
emission and fuel consumption rates are drawn from OMEGA results, with all co-pollutant
emission rates derived from the MOVES2010 emission rate database. Air conditioning
inventories (including HFC and CO; contributions) were separately calculated in spreadsheet
analyses, and are based on previous EPA research.'’ Both MOVES and OMEGA are
published, publicly available models and continue to be actively developed. '*'* No public
comments were received on the selection of either MOVES or the OMEGA post-processor for
calculating the impacts of this rule.

Upstream emissions were calculated using the same tools as were used for the
Renewable Fuel Standard 2 (RFS2) rule analysis,'* but for the current analysis it was assumed
that all impacts are related to changes in volume of gasoline produced and consumed, with no

5-6



Emissions Impacts

changes in volumes of other petroleum-based fuels, ethanol, or other renewable fuels. The
estimate of emissions associated with production of gasoline from crude oil is based on
emission factors in the GREET model developed by DOE's Argonne National Lab.'>'® The
actual calculation of the emission inventory impacts of the decreased gasoline production is
done in EPA's spreadsheet model for upstream emission impacts. This model uses the
decreased volumes of the crude based fuels and the various crude production and transport
emission factors from GREET to estimate the net emissions impact. As just noted, the
analysis for today's rulemaking assumes that all changes in volumes of fuel used affect only
gasoline, with no effects on use of other petroleum-based fuels, ethanol, or other renewable
fuels. No public comments were received on EPA’s use of the modified version of GREET in
this analysis.

The following sections provide an in-depth description of the inputs and methodology
used in each analysis.

5.3.2 Description of Scenarios

One reference and one control scenario are modeled in this analysis, and each is
described below.'” The two scenarios shown are differentiated by their regulatory CO,
emission standards. The reference scenario CO, emissions are based upon the National
Highway Traffic Safety Administration (NHTSA) Model Year 2011 Corporate Average Fuel
Economy (CAFE) standards,18 while the control scenario CO, emissions are based upon the
program set forth herein. Otherwise, the scenarios share fleet composition, sales, base vehicle
miles traveled (VMT), and all other relevant aspects. Vehicles are modeled as compliant with
Tier 2 criteria emission standards.

As in the proposal, for this analysis we attribute decreased fuel consumption from this
program to gasoline only, while assuming no effect on volumes of ethanol and other
renewable fuels because they are mandated under the Renewable Fuel Standard (RFS2).
However, because this rule does not assume RFS2 volumes of ethanol in the baseline, the
result is a greater projected market share of E10 in the control case.' In fact, the GHG
standards will not be affecting the market share of E10, because EPA’s analysis for the RFS2
rule predicts 100% E10 penetration by 2014.%

In the proposal, EPA stated these same fuel assumptions and qualitatively noted that
there were likely unquantified impacts on non-GHG emissions between the two cases. In RIA
Chapter 5, EPA indicated its plans to quantify these impacts in the air quality modeling and in
the final rule inventories. Upstream emission impacts depend only on fuel volumes, so the
impacts presented here reflect only the reduced gasoline consumption.

The inventories presented in this rulemaking include an analysis of these fuel effects
which was conducted using EPA’s Motor Vehicle Emission Simulator (MOVES2010). The
most notable impact, although still relatively slight, is a 2.2 percent increase in 2030 in
national acetaldehyde emissions over the baseline scenario. It should be noted that these
emission impacts are not due to the new GHG vehicle standards. These impacts are instead a
consequence of the assumed ethanol volumes. This program does not mandate an increase in
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E10, nor any particular fuel blend. The emission impact of this shift was also modeled in the
RFS2 rule.

Ethanol use was modeled at the volumes projected in AEO2007 for the reference
and control case; thus no changes are projected in upstream emissions related to ethanol
production and distribution. Due to the lower energy content of ethanol blended gasoline, the
increase in ethanol market share is also projected to decrease the fuel savings predicted by this
analysis by less than 1% (Section 5.3.3.5).

The relationship between fuel composition and emission impacts used in
MOVES2010 and applied in this analysis match those developed for the recent Renewable
Fuels Standard (RFS2) requirement, and are extensively documented in the RFS2 RIA and
supporting documents.”!

5.3.2.1 Sales and Fleet Composition

Fleet composition has a significant effect upon the impacts of the program.
Consequently, it is significant that the cars and trucks in this analysis are defined differently
than their historic EPA classifications. Passenger Automobiles (PA), as used herein, are
defined as classic cars and two-wheel drive SUVs below 6,000 lbs. gross vehicle weight. The
remaining light duty fleet is defined as Non-Passenger Automobiles (NPA). The NPA
classification includes most classic light duty trucks such as four-wheel drive SUVs, pickup
trucks, and similar vehicles.

As shown in Table 5-6, the vehicle classifications used herein are consistent with the
definitions used by the National Highway Safety Transit Association in the MY 2011 CAFE
standards.”” While the formal definitions are lengthy, brief summaries of the classifications
are shown here.

Table 5-6 Definitions of Vehicle Classes

REGULATOR CAR DEFINITION TRUCK DEFINITION
National Highway Traffic Classic Car — Passenger Car Classic Truck — Light Duty Trucks 1-4 and
Safety Administration CAFE Medium Duty Passenger Vehicles.
Program (pre-MY 2011)

EPA Program Passenger Automobile — PC Non-Passenger Automobile — Remaining
MY 2012+) + 2 wheel drive SUVs below | light duty fleet
6,000 GVW

As explained in section II.B of the preamble to the final rule and chapter 1 of the Joint
TSD, EPA updated its fleet projection for the final rulemaking analysis.>> As a result of this
change, all calculations which depend upon fleet composition (ie, emission inventories,
impacts of flexibilities, and fuel savings) were updated from those in chapter 5 of the RIA.

Total volumes of projected sales of classic cars and trucks for calendar years 2012-
2035 were drawn from the Energy Information Administration Annual Energy Outlook
(AEO) 2010 Early Release projection (December 2010).>* The AEO 2010 Early Release is an
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update of the April 2009 AEO projections used in the proposal analysis.25 Based on EPA
analysis of the projected MY 2012-2016 fleet,”® approximately 20% of the classic truck fleet

is anticipated to be reclassified as Passenger Automobiles under the new standards.

The

AEO 2010 sales projections, which are based on the classic fleet, were then reclassified using
PA and NPA definitions by shifting 19.91% of AEO’s truck sales projection to car sales. For
calendar years 2035-2050, which are beyond the scope of AEO’s projections, 0.88% annual
growth in the sales of cars and trucks was assumed. The annual growth rate of 0.88% is the
average year-on-year sales growth projected by AEO from years 2017-2035.

A more complete discussion of the process for developing the MY 2012-2016 fleet is
available in TSD chapter 1.

Table 5-7 Projected Total Vehicle Sales and Car Fractions

Model Year Model Year | Model Year | Model Year Model Year

2012 2013 2014 2015 2016
Total Light
Duty Sales 14,921,031 15,835,190 16,178,725 16,452,676 16,501,102
Classic Car 51.8% 52.9% 54.3% 55.8% 57.1%
Fraction
PA Fraction 59.2% 61.1% 61.9% 63.2% 64.6%
PAs Sold

7,922,992 9,123,197 9,797,738 10,231,974 10,627,055

5.3.2.2 Fleet Average CO, Targets

In this section, the term “target” is used to refer to the output of the footprint equations
described in Preamble Section II. The term “achieved emission level” is similar, but includes
the impacts of program flexibilities.

As documented in Preamble Section II, under both reference and control scenarios,
each manufacturer has a unique fleet average target based on their vehicle footprints and

production.

Fleet average targets are calculated by weighting the individual PA and NPA targets
by the respective proportions of anticipated production (Section 5.3.2.1). These CO, emission
values are unadjusted values (i.e. in CAFE space), so they are lower than the anticipated on-
road emissions. In all scenarios, post- 2016 vehicles are assumed to maintain model year
2016 emissions. Because the fleet composition continues to change post-MY 2016, the fleet
average emission level continues to vary. No public comments were received on this

methodology.

Below, PA and NPA tailpipe CO, fleet average emission targets and achieved
emission levels during MY 2012-2016 are shown for reference and control scenarios.
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5.3.2.2.1 Reference Case
5.3.2.2.1.1 CO; Emission Targets

The reference scenario targets were derived from the NHTSA model year 2011
Corporate Average Fuel Economy (CAFE) standards applied to the MY 2012-2016 reference
fleet (see chapter 1 of the joint TSD and chapter 4 of the RIA).” Average car and truck fuel
economy targets were calculated from the coefficients in the MY 2011 rule and the projected
MY 2012-2016 fleet.”** Average fuel economy targets were calculated for each
manufacturer’s fleet, and then combined based on projected sales.

A ratio of 8,887 grams of CO, emitted per gallon of gasoline was used to convert to
the calculated fuel economy standards to CO, (gram/mile) emission factors. The basic
derivation of the 8,887 factor can be seen in previous EPA publications.30

Minor changes in the emission targets are due to projected changes in the average new
vehicle footprint between 2012 and 2016 (Table 5-8).

Table 5-8 Reference Case Average Emission Targets (grams/mile CO,)

MODEL PA NPA EMISSION | MY EMISSION
YEAR EMISSION LEVEL LEVEL
LEVEL
2012 292 365 320
2013 291 365 319
2014 291 364 318
2015 292 364 317
2016 292 364 316

5.3.2.2.1.2 Achieved CO, Emission Levels

The emission targets shown in Table 5-8 do not reflect the impact of several program
flexibilities in CAFE program, nor do they account for manufacturer overcompliance.
Projected achieved emission levels include the effects of manufacturers who pay fines rather
than comply with the emission standards, as well as a number of credit programs under
EPCA/EISA that allow manufacturers to emit more than the standard otherwise allows.
Additionally, some manufacturers overcomply with the standards, and this overcompliance is
not reflected in the CAFE targets.

While the CAFE program is complex, the most significant portions of the program
flexibilities were accounted for. In this analysis, manufacturer overcompliance, credit trading,
FFV credits, and fine paying manufacturers were included. Credit banking was excluded.

In general, achieved emission levels were estimated by beginning with the more
stringent of either (A) a manufacturer’s CAFE target (in CO; space) or (B) estimated actual
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MY 2008 CO;emission levels based on the EPA fleet data file. Using that starting point,
each manufacturer’s emissions was increased by the impact of the credits of which it is
anticipated that they will take advantage. Consistent with the use of the MY 2011 standards,
the credits and trading limits available for MY 2011 were assumed available in all years of the
reference case. Manufacturers were always assumed to perform at least as well as they did in
2008.

Overcompliance and Credit Transfers

Using the EPA fleet file, the fleet mix was estimated by manufacturer for model year
2012 through model year 2016. For each model year, the CAFE target (in CO, space) was
calculated by manufacturer for PA and NPA separately. To estimate the effects of
overcompliance, each manufacturer’s achieved 2008 PA/NPA emissions were compared
against the PA/NPA emissions required by CAFE in 2011.

The overcompliance on either PA or NPA could be “transfered” within a manufacturer
in order to make up a shortfall in the remaining vehicle class. Credits are generated on a sales
and VMT weighted basis, and transfered between vehicle classes. The MY 2011 CAFE cap
on credit trading of 1.0 mpg was used. This trading of the overcompliance credit negates
some, but not all of the overcompliance anticipated. Certain manufacturers, such as Toyota
and Honda, overcomply by a great deal more than they are able to transfer between vehicle
classes.

Flex Fueled Vehicle Credits

The 2007 Energy Independence and Security Act allows for CAFE credits due to
production of “flex-fueled” vehicles. Under the model year 2011 standards, such credits can
be used to meet up to 1.2 MPG of the CAFE standard. The manufacturers General Motors,
Chrysler and Ford were assumed to take advantage of this credit for both cars and trucks,
while Nissan was assumed to utilize this credit solely for trucks.

Fines

In this analysis, EPA used estimates of fine paying manufacturers from NHTSA’s
Volpe model. That model supplied projected maximum stringencies that a manufacturer
would meet before it was more cost effective to pay a non-compliance fine. The
manufacturers who are projected to pay fines are Tata, Daimler, BMW, Porsche, and
Volkswagen.

The projected achieved levels based on program flexibilities and manufacturer
overcompliance are shown in
Table 5-10.
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Table 5-9 Impacts of credits (grams/mile CO2 EQ)

MODEL | OVERCOMPLIANCE, | FFV | FINES | NET
YEAR CREDITS AND
TRANSFERS

2012 -5.1 7.5 1.0 3.5
2013 -6.1 7.1 0.6 1.5
2014 -6.4 6.6 0.2 0.3
2015 -6.7 6.4 0.1 -0.2
2016 -7.0 6.3 0.1 -0.6

Table 5-10 Reference Case Achieved Emissions (grams/mile CO,)

MODEL | ANTICIPATED | ANTICIPATED | ANTICIPATED
YEAR | PA EMISSION | NPA EMISSION | MY EMISSION
LEVEL LEVEL LEVEL
2012 286 383 324
2013 284 381 321
2014 283 379 318
2015 283 378 317
2016 283 378 316

5.3.2.2.2 Control Case

5.3.2.2.2.1 CO, Emission Standards

Similar to the reformed CAFE program, EPA is establishing a footprint attribute based
function in order to determine the CO, (gram/mile) emission standard for a given vehicle.
The piecewise linear function used by EPA is documented in Section II.B of the preamble to
the final rule. Based on this function, and the same vehicle fleet as was used in the reference
scenario, EPA calculated projected PA and NPA fleet average emission targets for the

MY?2012-2016 vehicles

(Table 5-11).%!

Table 5-11 Control Case Average Emission Targets (grams/mile CO2)

MODEL PA NPA EMISSION PROJECTED
YEAR EMISSION LEVEL MY EMISSION
LEVEL TARGET
2012 263 346 295
2013 256 337 286
2014 247 327 276
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2015 236 312 263
2016 225 298 250

5.3.2.2.2.2 Achieved CO, Emission Levels

Just as with the reference scenario, the control case emission targets (Table 5-11) do
not include the effect of several flexibilities built into the EPA program.

The same basic methodology was used to calculate achieved fleet emission levels for
the control case as in the reference case. In general, achieved emission levels were estimated
by beginning with the more stringent of either (A) a manufacturer’s calculated footprint-based
emission target or (B) the estimated achieved CO, level based on the EPA fleet data file.
Using that starting point, each manufacturer’s emissions were increased by the impact of the
credits which we anticipate manufacturers will utilize. Manufacturers were always assumed to
perform at least as well as they did in 2008.

Overcompliance and Credit Transfers

Using the EPA fleet file, the fleet mix was estimated by manufacturer for model year
2012 through model year 2016. For each model year, the GHG standard was calculated by
manufacturer for PA and NPA separately. To estimate the effects of overcompliance, each
manufacturer’s achieved PA/NPA emissions was compared against the PA/NPA emissions
required by their target.

The achieved overcompliance on either PA or NPA could be “transfered” within a
manufacturer in order to make up a shortfall in the remaining vehicle class. Credits are
generated on a sales and VMT weighted basis, and traded between vehicle classes. Under the
EPA program, there are no limits within the light duty fleet on such trading.C This
transferance of the overcompliance credit negates nearly all of the overcompliance anticipated
in the early years.

Under the unlimited within-fleet trading allowed under the EPA program,
manufacturers can potentially invest in their fleet differently than the precise achieved levels
described here. Because the credit transfers are VMT weighted, the resulting changes will be
essentially environmentally neutral on both GHG and criteria pollutants.

Flex Fueled Vehicles

The flex fueled vehicle credit,consistent with the final rule is set at 1.2 MPG for MY
2012-2014, 1.0 MPG for MY 2015, and 0 MPG for MY 2016+. See also preamble section

€ Preamble section III.B and IIL.C discusses credit transfers in more detail, including limits on credit life and
various other restrictions.
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IITI.C.2 As in the reference case, it was assumed that the manufacturers General Motors,
Chrysler and Ford would utilize this credit for both cars and trucks, while Nissan would
utilize this credit solely for trucks.

A/C

Indirect A/C credits were set at 5.7 grams CO; per mile for the fleet, while direct A/C
credits were set at 6.3 grams CO, per mile for PA and 7.8 grams CO, per mile for NPA). In
the proposal, we noted the inconsistent values between the direct A/C credit presented here,
and the direct A/C credit discussed in RIA Chapter 2. We corrected this minor inconsistency
for this FRM analysis. EPA assumed market penetration of the technology according to Table
5-17. A more complete discussion of the A/C credit program and inventories is provided in
section 5.3.3.2, as well as RIA chapter 2.

Temporary Lead Time Allowance Alternative Standards (TLAAS)

In response to public comment, the TLAAS program includes certain additional
features which expand its range. See preamble section III.B.5 and Appendix A to this RIA
chapter. Specifically, the TLAAS program has been expanded into two distinct tiers, which
are manufacturers with fewer than 400,000 sales and manufacturers with fewer than 50,000
sales. Manufacturers with less than 5,000 vehicles in sales were also temporarily exempted
from this rulemaking. A brief summaryof the inputs used in this analysis appear below. For
more on the TLAAS program, please see Appendix A to this RIA chapter.

For the larger manufacturers, we assumed that every potentially eligible manufacturer
utilized the TLAAS program. Each qualifying manufacturer was assumed to use the full
vehicle allocation according to the default production schedule shown in Section I11.B.5 of the
proposal preamble and reproduced in Table 5-12.

Table 5-12 — TLAAS default production schedule

MODEL 2012 2013 2014 2015
YEAR
Sales Volume 40,000 30,000 20,000 10,000
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The allocation was split evenly between cars and trucks for each manufacturer. For
these companies, this vehicle allocation was assumed to emit as much CO, per mile as the
highest emitting car or truck in each manufacturer’s fleet.

For the smaller manufacturers, the program was expanded to allow 50,000 vehicles in
2016, and 200,000 vehicles though 2015. These fleets were assumed to gradually phase into
compliance. These TLAAS fleets are assumed to emit 1.25x more emissions than the
manufacturer’s sales weighted target in 2012, and by 2016, they were assumed to emit 1.05x
more emissions.

In each case, the TLAAS vehicles were then proportionally averaged into the
manufacturer’s achieved emission level.
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The aggregate impacts of these program flexibilities are listed in Table 5-13.

Table 5-13 Estimated Impacts of Program Flexibilities (grams/mile CO2 EQ)

MODEL | OVERCOMPLIANCE, | FFV | DIRECT | INDIRECT | TLAAS | NET
YEAR CREDITS AND A/C A/C
TRANSFERS
2012 -0.1 6.5 1.7 1.4 1.2 10.7
2013 0.0 5.8 2.7 2.3 0.9 11.7
2014 0.0 5.0 4.1 3.4 0.6 13.1
2015 0.0 3.7 5.5 4.6 0.3 14.0
2016 0.0 0.0 5.8 4.8 0.1 10.7

Based on these impacts, the achieved emission level by PA, NPA and fleet are
displayed in Table 5-14. Please note that the achieved emission levels include the increase in
test procedure emissions due to the use of the A/C credit. The impacts of A/C improvements
are discussed in section 5.3.3.2.

Table 5-14 Federal GHG Program Anticipated Emission Levels (grams/mile CO2)

MODEL | ANTICIPATED | ANTICIPATED | ANTICIPATED
YEAR | PA EMISSION | NPA EMISSION | MY EMISSION
LEVEL LEVEL LEVEL
2012 270 365 307
2013 264 354 298
2014 258 344 290
2015 248 330 277
2016 236 309 261

Table 5-14 differs slightly from the OMEGA cost-side model results in 2016.
OMEGA assumes environmentally neutral trading between PA and NPA within a
manufacturer’s fleet in order to minimize technology costs. Consequently, the distribution of
fleet emission reductions differs slightly between cars and trucks from that which is shown
here. However, because the trading is VMT weighted, it is environmentally neutral and has
no GHG emissions impacts.

As in the proposal, the OMEGA also predicts slight undercompliance in 2016 for
several manufacturers, while the results presented here assume full compliance. The net
undercompliance is approximately 0.8 grams in 2016. A more complete discussion of the
OMEGA cost modeling is available in RIA chapter 4.

5.3.3 Calculation of Downstream Emissions

As stated in Section 5.1, the downstream analysis conducted in the proposal has been
updated in the analysis shown here. To reiterate, the 2012-2016 CO; standards (i.e., the
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attribute-based curves for cars and light trucks) were revised slightly,” and several tools were
updated; Draft MOVES2009 was updated to MOVES2010 and minor changes were made to
the OMEGA post-processor. Beyond these changes, the analysis of GHG emissions was
similarly conducted between NPRM and FRM. While public comments were received on
several of the economic inputs used in the modeling (see TSD chapter 4), no substantive
comments were received concerning the methodology or resulting inventories.

As mentioned in Section 5.2.2, the analysis of non-GHG emissions was updated to
include fuel effects. The FRM upstream analysis was updated with the new fuel savings
volumes, but is otherwise unchanged.

A model year lifetime analysis, considering only the five model years
specifically regulated by the program, is shown in Section 5.6. In contrast to the
calendar year analysis, the model year lifetime analysis shows the lifetime impacts of
the program on each MY fleet over the course of that fleet’s existence.

5.3.3.1 Calculation of Tailpipe CO, Emissions

The fleet inputs (achieved CO, emission levels by model year and vehicle
sales) were incorporated into a spreadsheet along with emission rates derived from
MOVES2010 and benefits calculations from the OMEGA post-processor. The
resulting spreadsheet projects emission impacts in each calendar year. The effects of
the program grow over time as the fleet turns over to vehicles subject to the more
stringent new standards.

Two basic elements feed into OMEGA’s calculation of vehicle tailpipe
emissions. These elements are VMT and emission rates.

Total Emissions = VMT e * Emission rate grams/mile
Equation 1 - Emissions

This equation is adjusted in calculations for various emissions, but provides the basic
form used throughout this analysis. As an example, in an analysis of a single calendar year,
the emission equation is repeatedly applied to determine the contribution of each model year
in the calendar year’s particular fleet. Appropriate VMT and emission factors are applied to
each model year within the calendar year. Emissions are then summed across all model years.

The following sections describe the VMT and emission factor components of this
analysis.

D' See Preamble Section I1.B
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5.3.3.1.1 Base VMT

The downstream analysis is based upon a “bottom-up” estimate of total VMT
and vehicle population. The VMT inputs are documented more fully in joint TSD
chapter 4, but a description of their use in the emissions calculations are provided
below.

The analysis spreadsheet contains MY -specific estimates of per-vehicle VMT
by vehicle age, as well as the fractions of new vehicles still on the road as a function
of age. The total VMT for vehicles in a specific model year during a specific calendar
year is determined by multiplying 1) new vehicle sales for that model year, 2) the
fraction of new vehicles remaining on the road according to the age of those vehicles
in that calendar year and 3) the annual VMT accumulation schedule for that vehicle
class, model year, and age.

Future vehicle sales were drawn from AEO 2010 Early Release (as discussed
in Section 5.3.2.1), while historic vehicle sales are drawn from the Transportation
Energy Data Book,”* Post MY 2011 vehicles were reclassified in order to correspond
to the PA/NPA definitions.

As described in the TSD, mileage accumulation by age was calculated using
inputs from the NHTSA “Vehicle Survivability and Travel Mileage Schedules” and
additional inputs unique to this analysis.33’34 In brief, a 1.15% per vehicle annual
VMT growth rate was assumed, but additional factors such as achieved fuel
consumption and the price of gasoline also contributed to the precise schedule for each
MY.

The vehicle survival schedule was taken without emendation from “Vehicle
Survivability and Travel Mileage Schedules.” While adjustments may be necessary to
this schedule to accommodate the change between classic cars/trucks and PA/NPA,
EPA is unaware of any extant data supporting specific adjustments. Because of the
lack of data, the survival rates from “Vehicle Survivability and Travel Mileage
Schedules” were used without further adjustment (Table 5—15).35
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Table 5-15 Survival Fraction by Age

AGE PA SURVIVAL NPA
FRACTION SURVIVAL
FRACTION

0 0.9950 0.9950
1 0.9900 0.9741
2 0.9831 0.9603
3 0.9731 0.9420
4 0.9593 0.9190
5 0.9413 0.8913
6 0.9188 0.8590
7 0.8918 0.8226
8 0.8604 0.7827
9 0.8252 0.7401
10 0.7866 0.6956
11 0.7170 0.6501
12 0.6125 0.6042
13 0.5094 0.5517
14 0.4142 0.5009
15 0.3308 0.4522
16 0.2604 0.4062
17 0.2028 0.3633
18 0.1565 0.3236
19 0.1200 0.2873
20 0.0916 0.2542
21 0.0696 0.2244
22 0.0527 0.1975
23 0.0399 0.1735
24 0.0301 0.1522
25 0.0227 0.1332
26 0.0000 0.1165
27 0.0000 0.1017
28 0.0000 0.0887
29 0.0000 0.0773
30 0.0000 0.0673
31 0.0000 0.0586
32 0.0000 0.0509
33 0.0000 0.0443
34 0.0000 0.0385
35 0.0000 0.0334
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A complete discussion of the derivation of the MY specific VMT schedules is
provided in joint TSD chapter 4.

5.3.3.1.2 Rebound

The tailpipe CO, standards are expected to result in greater fuel efficiency. Per
the discussion of the rebound effect in the joint TSD chapter 4, improved fuel
efficiency is expected to lead to a proportional increase in VMT. Consequently, the
VMT differs between the reference and control cases.

The rebound effect is formally defined as the ratio of the percentage change in
VMT to the percentage change in incremental driving cost, which is typically assumed
to be the incremental cost of fuel consumed per mile. Since VMT increases with a
reduction in fuel consumption, the sign of the rebound effect is negative. The
percentage increase in VMT for a given change in fuel consumption per mile is
calculated as follows:

(F leetF'C ,, — FleetFC,,, )
FleetFC

A%VMT,,, = —REB *

Equation 2 - VMT Rebound

As fuel consumption changes by model year, each model year’s vehicles
reflect a different change in VMT. In OMEGA, this change in VMT is assumed to
continue throughout the life of the vehicle, which is consistent with the assumption
that fuel economy is constant throughout vehicle life.

This analysis assumes a 10% rebound effect; the analysis supporting that figure
is explored in greater depth in chapter 4 of the joint TSD.

5.3.3.1.3 Emission Factors

The derivation of the emission factors used in this analysis is documented in chapter 4
of the technical support document. Briefly, CO, emission rates are derived from the achieved
vehicle emission levels in

Table 5-10 & Table 5-14, SO, emission rates are derived from fuel sulfur levels, and
the emission rates for the remaining pollutants are derived from the MOVES2010 database.
For a more complete discussion of these emission rates, please refer to joint TSD chapter 4.%°

EPA is not projecting any reductions in tailpipe CH4 or N>,O emissions as a result of
these emission caps.Similar to other pollutants, there are downstream emission impacts due to
changes in fuel supply and increased driving (rebound), as well as upstream impacts due to
decreases in fuel production, transport, and distribution.
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5.3.3.1.4 Tailpipe CO2 Emissions from Vehicles
CO, emission rates were derived from the achieved CO, emission levels in

Table 5-10 & Table 5-14. Previous EPA analysis has shown that an
approximately 20% gap exists between CAFE space fuel economy and on-road fuel
economy.”’ The on-road gap is more fully documented in the joint TSD chapter 4.

The 20% gap, while approximate, includes average effects of energy
consumption contributors such as road roughness, wind, and high acceleration events.
The gap also reflects the different energy content between certification fuel and real
world fuel (which frequently contains some oxygenate or ethanol.), as well as the CO,
emission impacts of running a mobile vehicle air conditioning system. In this
analysis, CO, emissions are assumed to remain unchanged throughout the vehicle’s
lifetime.

By dividing a CAFE-space CO, emission rate by one minus the on-road gap,
one can approximate the actual on-road CO, emission rate experienced by drivers, and
this analysis used this means of reflecting the on-road gap. By including VMT, we
estimate the on-road tailpipe CO, emissions.

On road tailpipe CO, emissions =
Achieved CO, Emission Level / (1-on-road gap) x VMT including rebound
Equation 3 - Tailpipe CO2 Emissions Excluding A/C

Based on Equation 3, the baseline CO, emissions and change in tailpipe
emissions due to the new control program were calculated. Emissions due to rebound
were also calculated. The contributions of the A/C control program are excluded from
this table.

Table 5-16 Tailpipe CO, Emissions including Baseline A/C Usage (MMT)

2020 2030 2040 2050
Tailpipe CO, Emissions
(Reference) 1,173 1,313 1,609 2,030
A Tailpipe CO;, Emissions
(Control) including 10%
rebound -101.2 -199.6 -263.4 -335.3
A Tailpipe CO, Emissions
due to 10% rebound 10.3 19.9 26.1 33.2

5.3.3.2 Air Conditioning Emissions

Outside of the tailpipe CO, emissions directly attributable to driving, EPA has
analyzed how new control measures might be developed for air conditioning (‘“A/C”) related
emissions of HFCs and CO,. With regard to air conditioning-related emissions, significant
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opportunity exists to reduce HFC emissions from refrigerant leakage (direct emissions) and
CO, from A/C induced engine loads (indirect emissions).

Over 95% of the new cars and light trucks in the U.S. are equipped with A/C systems.
There are two mechanisms by which A/C systems contribute to the emissions of GHGs. The
first is through direct leakage of refrigerant (currently the HFC compound R134a) into the air.
Based on the high GWP of HFCs (Table 5-5), a small leakage of the refrigerant has a greater
global warming impact than a similar amount of emissions from other mobile source GHGs.
Leakage can occur slowly through seals, gaskets, hose permeation and even small failures in
the containment of the refrigerant, or more quickly through rapid component deterioration,
vehicle accidents or during maintenance and end of-life vehicle scrappage (especially when
refrigerant capture and recycling programs are less efficient). The leakage emissions can be
reduced through the choice of leak-tight, durable components, or the global warming impact
of leakage emissions can be addressed by using an alternative refrigerant with lower GWP.
These options are described more fully in RIA Chapter 2.

EPA’s analysis, shown in RIA chapter 2, indicates that A/C- related emissions
accounted for approximately 8% of the GHG emissions from in-use cars and light trucks in
2005. EPA is finalizing credit provisions which we expect all manufacturers to utilize which
are expected to reduce direct leakage emissions by 50% and to reduce indirect A/C emissions
(A/C related COz2 tailpipe emissions) by 40% in model year 2016 vehicles, with a gradual
phase-in starting in model year 2012. It is appropriate to separate the discussion of these two
categories of A/C-related emissions because of the fundamental differences in the emission
mechanisms and the methods of emission control. Refrigerant leakage control is akin in many
respects to past EPA fuel evaporation control programs in that containment of a fluid is the
key control feature, while efficiency improvements are more similar to the vehicle-based
control of CO, in that they would be achieved through specific hardware and controls.

The anticipated phase-in of air conditioning controls is shown in Table 5-17. The 85%
cap is roughly linearized across the five year period (Table 5-17). Because HFC leakage is
somewhat independent of vehicle miles traveled, the HFC fraction is based upon the
proportion of new vehicles that have HFC leakage containment technology. By contrast, the
indirect A/C reduction fraction is dependent upon the travel fraction, and is proportional to the
VMT traveled by vehicles with the control technology.

5-22



Emissions Impacts

Table 5-17 — AC Control by Model Year (Reduction from Base Emissions)

MY MY MY MY MY
2012 | 2013 | 2014 | 2015 | 2016+
Market Penetration of technology | 25%" | 40% 60% 80% 85%
HFC Reduction % -13% | -21% | -30% -40% -43%
Indirect Reduction % -10% | -16% | -24% -32% -34%

5.3.3.2.1 Direct A/C (HFC) Emissions

The projected HEC baseline inventories are derived from previous EPA analyses.™

The methodology used in the proposal was updated with the new estimates of vehicle sales
and miles traveled.

As noted, HFC emissions are a leakage type emission, similar to other evaporative
emissions from a vehicle.” Consequently, HFC emissions are tied more closely to vehicle
stock than to VMT.

To calculate HFC emissions, the per-vehicle per-year emission contribution of the
current vehicle fleet was determined using averaged 2005 and 2006 registration data from the
Transportation Energy Databook (TEDB)* and 2005 and 2006 mobile HFC leakage estimates
from the EPA Emissions and Sinks report. This per-vehicle per-year contribution was then
scaled to the projected vehicle fleet in each future year using data from the emission modeling
analysis. This analysis assumes that the leakage rates of the current fleet remain constant into
the future. As noted in the proposal and reiterated here, preliminary EPA analysis indicates
that air conditioner charge size is decreasing, which implies that the analysis presented here
may overstate the HFC emission inventory.

The resulting HFC inventory is a combination top-down/bottom up inventory and
includes leakage, maintenance/servicing, and disposal/end of life phases of HFC. The EPA
program is expected to impact only two of these phases of the HFC inventory by reducing
leakage and reducing need for servicing.

The vehicle population model from the emission analysis was used to calculate the
penetration of the technology into the market by calendar year. The equation used for
calculating the reductions in HFC is shown below ( Equation 4).

* In Preamble Section III, the expected penetration of A/C control technology is shown to be 28% in MY 2012.
The slightly lower penetration number used in the emission modeling indicates a slight underestimation of the
emission reductions from MY 2012, and consequently the benefits from this rule.
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Emissions Reductions = Reduction % by Calendar Year x Total CY inventory
Reduction % by CY = Y calendar vear (Reduction % by MY x Vehicle Population by MY)/Total Vehicle Population
Equation 4 - HFC Inventory Calculation
Table 5-18 shows baseline HFC inventory and control scenario reductions.

Table 5-18 HFC (Direct A/C) Emissions

Calendar Baseline HFC Reduction From Reduction from

Year (MMT CO2EQ) Baseline Baseline
(%) (MMT CO2EQ)

2010 56.9 0% 0.0
2020 61.3 -22% -13.3
2030 67.8 -38% -26.0
2040 73.7 -42% -30.9
2050 80.4 -42% -34.2

5.3.3.2.2 Indirect A/C (CO,) Emissions

By adding an additional load to the powertrain, A/C indirectly causes an increase in
tailpipe CO2 emissions. Thus, where HFC inventory is proportional to vehicle population, the
indirect A/C emission inventory is proportional to VMT of those vehicles. Because newer
vehicles are assumed to be driven more, indirect A/C control technology benefits the fleet
more quickly than HFC control technology.

The emission rates for indirect A/C usage were taken from the EPA analysis
documented in RIA chapter 2. There, indirect A/C usage is calculated to add 14.25 grams of
CO, emissions to the certification emissions of either cars or trucks. The indirect A/C
controls put forth in the rule are estimated to remove up to 40% of the emission impact of air
conditioning systems, or 5.7 grams per mile.

The methodology used in the proposal was updated with the new estimates of vehicle
sales and mileage traveled. The OMEGA post processor was used to calculate the
contribution of the indirect A/C program to the overall inventory. Reference and control
scenario emissions attributable to indirect A/C systems are shown in Table 5-19.

Table 5-19 —Indirect A/C Emissions

Calendar | Baseline Indirect A/C Reduction From Reduction from
Year (MMT CO2EQ) Baseline Baseline
(%) (MMT CO2EQ)
2010 53.1 -0% 0
2020 53.6 -20% -10.6
2030 63.1 -32% -20.2
2040 78.5 -34% -26.5
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2050

99.3

-34%

-33.8

It should be noted that the baseline indirect A/C emissions are included within the on-
road adjustment factor. The baseline inventory is not double counted when aggregating the
components of this program.

5.3.3.3 Tailpipe Methane (CHy4) and Nitrous Oxide (N,O) Emissions from Vehicles

MOVES2010 does not include fuel effects for either nitrous oxide or methane emissions.
Therefore, the only modeled difference in N,O and CH4 between control and reference cases

are emissions which occur during rebound driving. These emissions, like all rebound

emissions, were calculated in the modified OMEGA post-processor.

The reference inventories shown in Table 5-20 were calculate using MOVES2010 as
described in Section 5.3.3.5.1.

Table 5-20 Downstream CH,4 and N,O Emissions (Metric Tons)

Reference Emissions Control Emissions Delta Emissions
(including rebound)
2020 2030 2020 2030 2020 2030

Gasoline Vehicles
CH,4 41,828 44,464 42,130 45,096 302 632
N,O 29,898 21,620 29,898 21,904 135 284
Diesel Vehicles
CH, 661.6 810.3 661.7 810.6 0.1 0.3
N,O 829.8 999.3 830.0 999.7 0.2 04

5.3.3.4 Fuel Savings

The EPA program is anticipated to create significant fuel savings as compared to the
reference case. Projected fuel savings are shown in Table 5-21. Fuel savings can be
calculated from total tailpipe CO2 avoided (including CO2 due to driving and indirect A/C
use) using a conversion factor of 8887 grams of CO2 per gallon of gasoline. All fuel saved is
considered 100% gasoline without any oxygenate™*!

Fuel savings were calculated from total tailpipe CO, avoided (including CO, due to
driving and indirect A/C) using a conversion factor of 8887 grams of CO, per gallon of
4
gasoline.

" Based on the documentation of the on-road gap, it would be justifiable to assume an ethanol percentage of
approximately 2.3%. This volume of ethanol would result in a total energy difference of less than 1%. See the
fuel labeling rule technical support document, EPA420-R-06-017, for further details.
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Table 5-21 - Fuel Consumption Changes by Calendar Year
(Billions of Gallons of Gasoline Equivalent)

2020 2030 2040 2050
Fuel Consumption (Reference) 137.9 154.8 190 239.6
A Total Fuel Consumption due
to EPA Program -12.6 -24.7 -32.6 -41.6
A Fuel Consumption due to 10% 12 29 29 3.7
rebound
A Fuel Consumption due to A/C 12 93 3.0 33
controls

5.3.3.5 Downstream Criteria and Air Toxic Emissions

This rule affects tailpipe co-pollutant emissions in two significant ways. The first,
modeled in the proposal, is an increase in emissions due to the rebound effect. The second
effect, newly analyzed here, is an increase in the market share of ethanol blended gasoline.

As modeled, this rule will reduce the consumption and production of gasoline (E0), while the
production of ethanol is held constant due to the Renewable Fuel Standards. Consequently,
the fraction of fuel which is blended to 10% ethanol (E10) is assumed to increase. However,
the increased E10 market share is projected to occur regardless of this rule; in the RFS2
analysis we project 100% E10 by 2014. These fuel effects were not quantified in the proposal;
as a result the proposal emission inventories differ from those shown here.

For today’s analysis, MOVES2010 was used to generate base inventories for both
reference and control fuel supplies using a single base VMT. Using the control scenario fuel
supply, the OMEGA post-processor provided rebound emission quantities.

5.3.3.5.1 Base Criteria and Air Toxic Emission Inventories

MOVES2010 was run in the following manner in order to provide base inventories for
both reference and control cases.

The fuel supplies in each case were calculated by sequentially:

A) estimating the light duty energy demand in 2020 and 2030 based on the
energy consumption projections from this rule.

B) determining the total energy demand from light duty, heavy duty, motorcycle
and non-road sources from AEO and other reference sources

O determining the total ethanol volume from AEO 2007, which does not include
increased renewable fuel volumes due to EISA.C

Y Due to the long lead times required for this analysis, it was completed before the second Renewable Fuel
Standard (RFS2) was signed. The increased renewable fuel volume attributable to this regulation is therefore not
assumed in this analysis.
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D) calculating E10 market share

The resulting 2020 and 2030 E10 market shares are shown in Table 5-22.

Table 5-22 E10 market shares

Calendar | Reference Case Control Case | Delta
Year E10 fraction E10 Fraction
2020 85% 92% 7%
2030 82% 97% 15%"

For simplicity, we used the same MOVES fuel supply table as used in the Renewable
Fuel Standard 2 analysis as our reference case fuel supply. This table is approximately 90%
E10. For the control case, we created a table where 100% of the fuel supply was E10. These
tables were used in both of the modeled years (2020 and 2030). This slightly overstates the
delta in E10 usage in 2020 and slightly understates the delta in 2030. The simplified analysis
still captures the approximate deltas shown in Table 5-22.

To maintain consistency with the MOVES runs conducted for the Air Quality analysis,
temperatures from 2005 were also input to MOVES, and used in both years of analysis.

Four separate MOVES runs were conducted. All valid sourcetype/fuel type
combinations in the MOVES2010 database were included in the MOVES runs. For each of
the control case and reference case, one run was used to calculate evaporative emissions, and
one run was set for all other processes (running exhaust, start exhaust, brakewear, tirewear,
crankcase, refueling, and extended idle). Diesel toxic emissions were not produced by the
MOVES model, but were post-processed from VOC emissions using published ratios

H As the production of petroleum based fuels decreases, the market share of E10 is projected to
gradually increase. E10 has slightly less energy than EO, a consequence of which may be a slight
reduction in the quantity of retail gasoline gallons saved by this rule. The total energy savings would
remain as predicted by this rule.

Assuming that a gallon of ethanol contains approximately 77,000 BTU of energy and that a gallon of
gasoline contains approximately 115,000, a gallon of E10 contains 3.3% less energy than a gallon of
gasoline. A 15% increase in E10 market share in 2030, as described in table 5-22, would indicate that
the average gallon of gasoline sold in the control case in 2030 would contain 0.5% less energy than in
the reference case. This difference in energy content would be less in the near term, before the
program is fully phased in.

All else being equal, the difference in energy content would result in additional gallons of fuel being
purchased to meet the energy demands of the control case. Assuming that gasoline prices would not
be affected by ethanol or energy content, this would result in a very slight overestimate of the
monetized fuel savings predicted by this rule and discussed in RIA Chapter 6.
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identical to those in MOVES.* All emission results except for evaporative emissions were
post-processed and scaled based on the ratios of VMT between the MOVES output and the
VMT used for air quality modeling. Evaporative emissions, which are largely dependent on
vehicle population, were not scaled. As the air quality modeling was only conducted in 2030,
2020 VMT was created by scaling the air quality modeling VMT by the ratio of 2020 to 2030
VMT in MOVES. The resulting factor (82%) was universally applied to the 2030 VMT to
produce 2020 VMT for each sourcetype.

The VMT developed for air quality modeling is more completely documented in
Section 5.8.

5.3.3.5.2 Criteria and Air Toxic Emissions due to the Rebound Effect

As a result of the additional rebound VMT, the downstream emissions of several co-
pollutants increase in the control case. The emissions due to rebound were calculated in the
OMEGA post-processor in a similar manner to the CO, emissions. Rebound VMT was
broken into distribution by vehicle age and was then multiplied by the appropriate emission
factor. These emissions by age were then summed by calendar year (Equation 5).

Emissionscyiendar Year = O Calendar Year (Rebound VMT by Age * Emission Factor by Age )
Equation 5 - Emissions by Calendar Year

The EPA reference fleet assumes a small number of diesel vehicles are sold in each
year (approximately 20 thousand vehicles out of approximately13-16 million). For the
analysis of criteria emissions due to the rebound effect, it was assumed that 0.5% of new light
duty vehicles sold were diesels. Because diesel fueled vehicles are subject to the same Tier 2
emissioln standards as gasoline fueled vehicles, the emission rates of criteria pollutants are
similar.

5.3.3.5.3 Tabulation of Downstream Criteria and Air Toxic Impacts

This section contains a table of the downstream criteria and air toxic emissions.

" Emissions rates between tier 2 gasoline and diesel vehicles are similar but not identical due to the particulars of
operations of the engine types. Diesel and gasoline engines emit differently during start, as well as during the
various modes of operation.
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Table 5-23 - Downstream non-GHG Emissions (Short Tons)

Reference Emissions

Control Emissions
(including rebound)

Delta Emissions

CY 2020 | CY 2030 CY 2020 | CY 2030 | CY 2020 | CY 2030
Gasoline Vehicles
1,3-Butadiene 4,777 3,448 4,683 3,429 -93.7 -18.5
Acetaldehyde 10,805 7,909 11,571 8,590 766.6 681.0
Acrolein 569 419 571 426 1.7 6.4
Benzene 30,633 22,048 29,882 21,799 -750.4 -249.2
CO 20,764,531 | 20,615,741 20,774,455 | 20,797,866 9,924.0 | 182,125.6
Formaldehyde 11,268 8,196 11,270 8,311 1.4 114.6
NOy 1,493,306 1,059,567 1,506,643 1,075,547 13,336.7 15,9794
PM 55 40,685 42,855 40,915 43,455 229.8 599.7
SO, 22,130 25,700 20,103 21,451 -2,027.7 -4,248.5
VOC 1,290,008 1,006,387 1,294,309 1,017,550 4,301.6 11,163.3
Diesel Vehicles
1,3-Butadiene 1,397 1,434 1,397 1,434 0.2 0.4
Acetaldehyde 5,562 5,709 5,562 5,709 0.2 0.5
Acrolein 741 761 741 761 0.1 0.2
Benzene 2,620 2,689 2,620 2,690 0.3 0.9
CO 612,037 567,933 612,270 568,595 232.2 662.2
Formaldehyde 15,279 15,684 15,280 15,686 0.7 1.7
NO, 1,502,844 1,192,334 1,502,917 1,192,498 73.7 163.2
PM ;5 41,483 15,678 41,484 15,680 1.2 2.6
SO, 4,565 5,538 4,565 5,538 Attributed to gasoline
VOC 203,977 209,384 203,994 209,428 17.1 | 44.1

In summary, the downstream emissions of the criteria pollutants CO, NOx, PM, s, and
VOC increase due to the additional rebound VMT. SO, emissions decrease because the CO,
standards lead to a decreased volume of fuel consumption and less resulting emissions of

sulfur compounds.

Air toxic emissions, which are sensitive to fuel effects, vary more between cases.
Acetaldehyde emissions increase roughly proportionally to the increase in ethanol penetration.
Similarly, benzene and 1,3 butadiene decrease proportionally to the decrease in gasoline
emissions. These changes are the result of our ethanol volume assumptions and are not due to
the new GHG vehicle standards. For a more complete discussions of ethanol effects on air
toxic emissions, please refer to the EPA RFS2 analysis.**

As will be shown in section 5.3.4, the increases in non-GHG pollutants are generally
less than the projected decreases on the upstream side. The exceptions are those pollutants
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such as carbon monoxide (CO), acetaldehyde, and formaldehyde, where a relatively small of
US emissions comes from upstream sources.

5.3.4 Calculation of Upstream Emissions

The term "upstream emissions" refers to air pollutant emissions generated from all
crude oil extraction, transport, refining, and finished fuel transport, storage, and distribution.
As shown above in Table 5-4 this includes all the stages prior to the final filling of vehicle
fuel tanks at retail service stations. The details of the assumptions, data sources, and
calculations that were used to estimate the emission impacts presented here can be found in
the Technical Support Document and the docket memo, "Calculation of Upstream Emissions
for the GHG Vehicle Rule."*® The results of this analysis are shown in Table 5-30. No public
comments were received on the methodologies used in the calculation of upstream

inventories.

5.4 Greenhouse Gas Emission Inventory

This section presents total program calendar year impacts by sector (Table 5-24, Table

5-25,Table 5-26). Upstream, downstream, and total program impact are presented.

Table 5-24 Downstream GHG and Fuel Consumption Changes vs. Reference Case

2020 2030 2040 2050
A CO2 (Metric Tons) -111,867,639 -219,811,320 -289,887,109 -368,990,880
A CH4 (Metric tons) 302.0 631.8 853.1 1,087.4
A N20 (Metric tons) 134.9 284.1 383.9 489.6
A HFC (Metric tons) -9,324 -18,189 -21,642 -23,899
A GHG (MMT CO2 EQ) 12522 2457 -320.7 -403.0
A Fuel Consumption (billion -12.6 -24.7 -32.6 -41.5
gallons per year)
Table 5-25 Upstream GHG Change vs. Reference Case
2020 2030 2040 2050
A CO2 (Metric Tons)
-27,200,175.2 -53,446,255.6 -70,484,907.4 -89,718,677.3

A CH4 (Metric tons) -154,246.0 -303,081.5 -399,703.8 -508,774.1

A N20O (Metric tons) -437.2 -859.1 -1,133.0 -1,442.2

A GHG (MMT CO2 EQ) 312 613 -80.8 -102.9
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Table 5-26 Total GHG and Fuel Consumption Changes vs. Reference Case

2020 2030 2040 2050

A CO2 (Metric Tons) -139,067,814.2 -273,257,576.1 -360,372,016.8 -458,709,557.6
A CH4 (Metric tons) -153,944.0 -302,449.7 -398,850.7 -507,686.7
A N20 (Metric tons) -302.3 -575.0 -749.1 -952.6
A HFC (Metric tons) -9,324.1 -18,189.3 -21,641.7 -23,899.2
A GHG (MMT CO2 EQ) -156.3 -307.0 -401.5 -505.9
A Fuel Consumption (billion -12.6 -24.7 -32.6 -41.5
gallons per year)

5.5 Non-Greenhouse Gas Emission Inventory

The reference case emission inventories used for this rule are obtained from different

sources depending on sector.

For stationary/area sources and aircraft, 2020 projections were used from the 2002
National Emissions Inventory (NEI), Version 3. The development of these inventories is
documented in the November 27, 2007, memo titled, "Approach for Developing 2002 and
Future Year National Emission Summaries," from Madeleine Strum to Docket EPA-HQ-
OAR-2007-0491. That memo summarizes the methodologies and additional reference
documents for criteria air pollutants (CAP) and mobile source air toxics (MSATSs). The
effects of the Clean Air Interstate rule are not included here.

The onroad mobile source numbers have been updated from the NPRM with the
MOVES data produced for this final rule analysis. For onroad mobile sources, the MOVES
2010 model was used as described in Section 5.3.3.5. This model estimates emissions from
light-duty and heavy-duty gasoline and diesel vehicles. These inventories have previously
been shown in Section 5.3.3.5.1. In some cases, particularly VOC, CO and NOXx, the change
from the MOBILE model to a MOVES based inventory has led to large changes in reference
inventories from the proposal. These changes are due to model updates rather than program

changes.

Most nonroad equipment was modeled with NONROAD2005d, which is a version of
the NONROAD that includes the benefits of the two nonroad regulations published in 2008
(the locomotive and marine diesel rule and the small spark-ignition and recreational marine
engine rule).*>*’ This version of NONROAD does not include the county specific detail that
is provided when NONROAD is run using NMIM. Some precision is lost using this method.

Inventories for locomotives and commercial marine vessels are not covered by the
NONROAD model, and they have been updated since the 2002 NEI and its future year
projections were completed. Thus the more recent inventory projections published in the

regulatory impact analyses of their respective recent rulemakings were used.*® **

Locomotives and C1/C2 commercial marine vessel inventories come from the spring 2008
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final rule, and the C3 commercial marine emission inventory is from the base case inventories
in the June 2009 proposed rule.

Table 5-27 and Table 5-28 show the total 2020 and 2030 mobile and non-mobile source
inventory projections that were used as the reference case against which impacts of the rule

were applied. The impacts, expressed as percentages, are presented below in Sections 5.5.1
through 5.5.3.

Table 5-27 2020 Reference Case Emissions by Sector (annual short tons)

VOC CcO NOX S0O2 PM2.5
Onroad
Gasoline 1,290,008 20,764,531 1,493,306 22,130 40,685
Onroad Diesel 203,977 612,037 1,502,844 4,565 41,483
Nonroad SI* 1,289,918 14,286,250 242828 49,019 15,413
Other b 234,870 1,424,643 3,389,761 210,509 943,226
Nonroad
Stationary/Area 8,740,057 11,049,239 5,773,927 3,047,714 7,864,681
Total 11,758,830 29,756,282 30,783,084 3,333,937 8,905,488
* Nonroad gasoline, LPG, and CNG engines plus portable fuel containers
® Nonroad diesel engines and all locomotive, aircraft, and commercial marine
TABLE 5-27 | BENZENE 1,3- ACETAL- | FORMAL- | ACROLEIN
CONTINUED BUTADIENE | DEHYDE | DEHYDE
Onroad
Gasoline 30,633 4,777 10,805 11,268 569
Onroad Diesel 2,620 1,397 5,562 15,279 741
Nonroad ST? 36,862 5,895 4,768 10,240 584
Other 3,760 929 9,542 22,324 1,013
Nonroad®
Stationary/Area 111,337 1,847 13,118 23,846 3,412
Total
185,212 25,038 33,602 82,957 6,319

* Nonroad gasoline, LPG, and CNG engines plus portable fuel containers
® Nonroad diesel engines and all locomotive, aircraft, and commercial marine
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Table 5-28 2030 Reference Case Emissions by Sector (annual short tons)

vYOC CO NOX SO2 PM2.5
Onroad
Gasoline 1,006,387 20,615,741 1,059,567 25,700 42,855
Onroad Diesel 209,384 567.933 1,192,334 5.538 15.680
Nonroad SI* 1,198,679 15,815,805 243,515 50,816 17.270
Other b 238,652 1,411,393 3.427.832 229,183 1,426,994
Nonroad
Stationary/Area 8,740,057 11,049,239 5,773,927 3,047,714 7,864,681
Total
11,393,159 30,528,338 30,628,948 3,358,951 9,367,480
Table 5-28 B 1,3- Acetal- Formal- | , .
continued CNZENC | Butadiene | dehyde dehyde crofem
Onroad Gasoline 22,048 3,448 7.909 8.196 419
Onroad Diesel 2,689 1,434 5,709 15,684 761
Nonroad SI? 39,871 6,279 5118 11,229 629
Other Nonroad” 3,764 979 9,579 22,487 1,055
Stationary/Area 111,337 1,847 13.118 23,846 3412
Total 179,709 20,523 30,683 81,442 6,276

* Nonroad gasoline, LPG, and CNG engines plus portable fuel containers

® Nonroad diesel engines and all locomotive, aircraft, and commercial marine

5.5.1 Downstream Impacts of Program on Non-GHG Emissions

The non-GHG emission results shown here (Table 5-29) are a summary of the
previous analysis, and are combination of output from MOVES2010 and the OMEGA post-

processor.
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Table 5-29 Downstream Emission Changes of Program

CALENDAR YEAR CALENDAR YEAR
2020 2030
Percent Percent
Short Tons | Change in | Short Tons | Change in
POLLUTANT US Total US Total
A 1,3-Butadiene -93.6 -0.37% -18.1 -0.09%
A Acetaldehyde 766.9 2.28% 681.5 2.22%
A Acrolein 1.7 0.03% 6.5 0.10%
A Benzene -750.0 -0.40% -248.3 -0.14%
A Carbon Monoxide 10,156.3 0.03% 182,787.8 0.60%
A Formaldehyde 2.1 0.00% 116.3 0.14%
A Oxides of Nitrogen 13,410.3 0.04% 16,142.6 0.05%
A Particulate Matter
(below 2.5 micrometers) 231.0 0.00% 602.3 0.01%
A Oxides of Sulfur -2,027.7 -0.06% -4,248.5 -0.13%
A Volatile Organic Compounds 4,318.7 0.04% 11,207.4 0.10%

5.5.2 Upstream Impacts of Program on Non-GHG Emissions

Non-GHG fuel production and distribution emission impacts of the program were
estimated in conjunction with the development of life cycle GHG emission impacts, and the
GHG emission inventories discussed above. The basic calculation is a function of fuel
volumes in the analysis year and the emission factors associated with each process or

subprocess.

In general this life cycle analysis uses the same methodology as the Renewable Fuel
Standard (RFS2) rule. It relies partially on the “Greenhouse Gases, Regulated Emissions, and
Energy Use in Transportation” (GREET) model, developed by the Department of Energy’s
Argonne National Laboratory (ANL), but takes advantage of additional information and

models to significantly strengthen and expand on the GREET analysis.

Updates and enhancements to the GREET model assumptions include updated crude
oil and gasoline transport emission factors that account for recent EPA emission standards and
modeling, such as the Tier 4 diesel truck standards published in 2001 and the locomotive and
commercial marine standards finalized in 2008. In addition, GREET does not include air
toxics. Thus emission factors for the following air toxics were added: benzene, 1,3-
butadiene, formaldehyde, acetaldehyde, and acrolein. These upstream toxics emission factors
were calculated from the 2002 National Emissions Inventory (NEI), a risk and technology
review for petroleum refineries, speciated emission profiles in EPA's SPECIATE database, or
the Mobile Source Air Toxics rule (MSAT) inventory for benzene; these pollutant tons were
divided by refinery energy use or gasoline distribution quantities published by the DOE
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Energy Information Administration (EIA) to get emission factors in terms of grams per
million BTU of finished gasoline. The resulting emission factors are presented in Chapter 4
of the joint TSD for today's rule.

Results of these emission inventory impact calculations relative to the reference case
for 2020 and 2030 are shown in Table 5-30 for the criteria pollutants and individual air toxic
pollutants.

The program is projected to provide reductions in all pollutants associated with
gasoline production and distribution as the projected fuel savings reduce the quantity of
gasoline needed.

Table 5-30 Upstream Emission Changes of Program

CALENDAR YEAR CALENDAR YEAR
2020 2030
Percent Short Percent
Short Tons | Change in Tons Change in
POLLUTANT US Total US Total
A 1,3-Butadiene -1.5 -0.01% -3.0 -0.01%
A Acetaldehyde -6.8 -0.02% -13.4 -0.04%
A Acrolein -0.9 -0.01% -1.8 -0.03%
A Benzene -139.6 -0.08% -274.3 -0.15%
A Carbon Monoxide -6,164.6 -0.02% -12,113.0 -0.04%
A Formaldehyde -51.4 -0.06% -101.0 -0.12%
A Oxides of Nitrogen -19,291.0 -0.06% -37,905.4 -0.12%
A Particulate Matter
(below 2.5 micrometers) -2,629.1 -0.03% -5,165.9 -0.06%
A Oxides of Sulfur -11,804.1 -0.35% -23,194.1 -0.69%
A Volatile Organic Compounds -64,505.9 -0.55% | -126,749.1 -1.11%

5.5.3 Total non-GHG Program Impact

Table 5-31 shows the combined impacts of downstream and upstream aspects of the
program. The net impacts of the program on VOC, NOx, and PM2.5, are mainly due to
reductions in emissions associated with gasoline production and distribution as the projected
fuel savings of the program reduce the quantity of gasoline needed. Increases in CO
emissions are driven by the rebound effect on VMT, which are only partially offset by
upstream reductions.

Net emissions depend on the relative impacts of the reductions from upstream
emissions versus increases due to the rebound effect and ethanol volume assumptions (that are
not due to the GHG vehicle standards) on the downstream emissions. All changes in non-
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GHG emissions are less than 2.5% of the national inventory, with the net impact on most non-
GHG emissions at less than a single percent.

Table 5-31 Total Non-GHG Emission Changes of Program

CALENDAR YEAR CALENDAR YEAR
2020 2030
Percent Short Percent
Short Tons | Change in Tons Change in
POLLUTANT US Total US Total
A 1,3-Butadiene -95.1 -0.38% 21.1 -0.10%
A Acetaldehyde 760.0 2.26% 668.1 2.18%
A Acrolein 0.8 0.01% 4.7 0.07%
A Benzene -889.6 -0.48% -522.5 -0.29%
A Carbon Monoxide 3,991.6 0.01% | 170,674.8 0.56%
A Formaldehyde -49.3 -0.06% 15.3 0.02%
A Oxides of Nitrogen -5,880.7 0.02% | -21,762.8 -0.07%
A Particulate Matter
(below 2.5 micrometers) -2,398.1 -0.03% -4,563.6 -0.05%
A Oxides of Sulfur -13,831.8 -0.42% -27,442.5 -0.82%
A Volatile Organic Compounds -60,187.1 -0.51% | -115,541.7 -1.01%

5.6 Model Year Lifetime Analyses

5.6.1 Methodology

EPA also conducted a separate analysis of the total benefits over the model year
lifetime of 2012 through 2016 model year vehicles. In contrast to the calendar year analysis,
the model year lifetime analysis shows the lifetime impacts of the program on each MY fleet
over the course of its existence.

In this analysis, a simplified VMT schedule is used. Rather than using a MY specific
VMT schedule for each MY, a single VMT schedule is used for all five model years. This
VMT schedule is more fully described in the joint TSD chapter 4. In brief, it was derived
using the same methodology as the MY-specific VMT schedules and is the average of the
VMT schedules from 2012-2030 (Table 5-32).

The ethanol volumes used in this analysis are from AEO 2007. As there are
proportionally few vehicles subject to the new GHG standards in the first few years of these
vehicle’s lifetimes, which is when the majority of driving occurs, little change is anticipated
in the fuel supply which these vehicles use. Therefore, no fuel effects are calculated in the
MY lifetime analysis.
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All other inputs, including sales and achieved emission levels are the same between
the two analyses.

Table 5-32 Updated Survival Fraction and Mileage Accumulation by Age

AGE PA PA NPA NPA
SURVIVAL MILEAGE SURVIVAL MILEAGE
FRACTION FRACTION
0 0.9950 17,270 0.9950 19,219
1 0.9900 16,943 0.9741 18,782
2 0.9831 16,599 0.9603 18,419
3 0.9731 16,163 0.9420 17,946
4 0.9593 15,761 0.9190 17,502
5 0.9413 15,337 0.8913 16,952
6 0.9188 14,881 0.8590 16,439
7 0.8918 14,429 0.8226 15,829
8 0.8604 13,940 0.7827 15,218
9 0.8252 13,495 0.7401 14,648
10 0.7866 12,964 0.6956 13,992
11 0.7170 12,510 0.6501 13,450
12 0.6125 11,990 0.6042 12,832
13 0.5094 11,470 0.5517 12,212
14 0.4142 10,997 0.5009 11,600
15 0.3308 10,543 0.4522 11,069
16 0.2604 10,125 0.4062 10,617
17 0.2028 9,714 0.3633 10,125
18 0.1565 9,307 0.3236 9,650
19 0.1200 8,891 0.2873 9,238
20 0.0916 8,546 0.2542 8,882
21 0.0696 8,285 0.2244 8,667
22 0.0527 8,136 0.1975 8,400
23 0.0399 7,896 0.1735 8,395
24 0.0301 7,699 0.1522 8,197
25 0.0227 7,530 0.1332 8,188
26 0.0000 7,432 0.1165 8,218
27 0.0000 7,297 0.1017 8,216
28 0.0000 7,198 0.0887 8,213
29 0.0000 7,138 0.0773 8,211
30 0.0000 7,136 0.0673 8,210
31 0.0000 7,133 0.0586 8,208
32 0.0000 7,128 0.0509 8,203
33 0.0000 7,117 0.0443 8,196
34 0.0000 7,103 0.0385 8,182
35 0.0000 7,086 0.0334 8,167

5-37




Regulatory Impact Analysis

5.6.2 Results

The GHG emission reductions are shown for each model year, as are the co-pollutant
impacts (Table 5-33, Table 5-34).

Table 5-33 Lifetime GHG Emissions vs. Reference Case (MMT CO2 EQ)

MY 2012 | MY 2013 | MY 2014 | MY 2015 | MY 2016 | Program Total
A Downstream Tailpipe
Emission -59.1 -84.0 -108.9 -153.9 -214.5 -620.4
A Downstream Indirect A/C 5.5 9.4 -14.4 -19.6 -20.9 -69.9
A Downstream
Direct A/C -6.6 -11.2 -17.2 -23.4 -25.0 -83.4
A Downstream CH4 0.0 0.0 0.0 0.0 0.0 0.1
A Downstream N20 0.0 0.0 0.1 0.1 0.1 0.3
Total A Downstream -71.2 -104.6 -140.5 -196.8 -260.3 -773.4
A Upstream CO, -15.7 -22.7 -30.0 -42.2 -57.2 -167.8
A Upstream CH4 -1.9 -2.7 -3.6 -5.0 -6.8 -20.0
AUpstream N20 -0.1 0.1 -0.1 0.2 -0.3 -0.8
Total A Upstream -17.7 -25.5 -33.7 -47 .4 -64.3 -188.7
Total Program A GHG
Emissions -88.8 -130.2 -174.2 -244.2 -324.6 -962.0
A Fuel Consumption
(Billion Barrels) -0.17 -0.25 -0.33 -0.46 -0.63 -1.85
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Table 5-34 Lifetime non-GHG Emissions vs.

Reference Case (Short Tons)

MY 2012 MY 2013 MY 2014 MY 2015 MY 2016 Total
Downstream
AVOC 2,246.9 3,281.5 4,336.4 6,055.7 8,181.5 24,102.0
A NOx 4.334.4 6,414.4 8,465.9 11,745.4 15,872.5 46,832.5
APM ;5 202.8 296.7 392.0 547.0 739.1 2,177.6
A CO 86,963.0 127,079.2 167,922.1 234,434.9 316,325.0 932,724.2
A SO, -1,362.3 -1,970.4 -2,601.0 -3,657.6 -4,964.0 -14,555.2
A Benzene 76.1 111.2 146.9 205.1 276.7 816.0
A 1,3 Butdiene 12.8 18.7 24.7 34.5 46.5 137.2
A Formaldehyde 30.7 44.8 59.2 82.7 111.5 328.9
A Acetaldehyde 29.2 42.6 56.3 78.7 106.2 313.1
A Acrolein 1.4 2.1 2.7 3.8 5.2 15.3
Upstream
AVOC -41,066.1 -59,394.3 -78,404.6 -110,253.7 -149,633.5 -438,752.1
A NOx -12,281.2 -17,762.4 -23.447.5 -32,972.3 -44.749.1 -131,212.5
APM ;5 -1,673.7 -2,420.7 -3,195.5 -4,493.6 -6,098.6 -17,882.2
A CO -3,924.6 -5,676.1 -7,492.9 -10,536.6 -14,300.0 -41,930.1
A SO, -7,514.8 -10,868.7 -14,347.4 -20,175.5 -27,381.7 -80,288.1
A Benzene -88.9 -128.5 -169.7 -238.6 -323.8 -949 4
A 1,3 Butdiene -1.0 -1.4 -1.8 -2.6 -3.5 -10.3
A Formaldehyde -32.7 -47.3 -62.5 -87.9 -119.3 -349.8
A Acetaldehyde -4.4 -6.3 -8.3 -11.7 -15.9 -46.5
A Acrolein -0.6 -0.9 -1.1 -1.6 -2.2 -6.4
Total
AVOC -38,819.2 -56,112.8 -74,068.1 -104,197.9 -141,452.0 -414,650.1
A NOx -7,946.8 -11,348.0 -14,981.6 -21,226.9 -28,876.7 -84,379.9
APM ;5 -1,470.9 -2,124.1 -2,803.5 -3,946.6 -5,359.6 -15,704.6
A CO 83,038.4 121,403.1 160,429.2 223,898.3 302,025.0 890,794.0
A SO, -8,877.1 -12,839.0 -16,948.4 -23,833.1 -32,345.7 -94,843.3
A Benzene -12.7 -17.4 -22.8 -334 -47.1 -133.4
A 1,3 Butdiene 11.8 17.3 22.9 31.9 43.0 126.9
A Formaldehyde -2.1 -2.6 -3.3 -5.2 -7.8 -20.9
A Acetaldehyde 24.9 36.3 48.0 67.0 90.3 266.6
A Acrolein 0.8 1.2 1.6 2.2 3.0 8.9
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5.7 Alternative 4% and 6% Scenarios

For this final rule, two alternative control scenarios were evaluated characterized by
4% and 6% annual growth in the GHG standards from the MY 2011 standard. Like the
previous analyses, this analysis has been updated from the proposal using the new economic
inputs. Other than the standards, these scenarios share all inputs with the EPA program. Only
GHG reductions and fuel savings are shown for these programs.

5.7.1 4% Scenario

5.7.1.1

The program standards are shown in Table 5-35 and the achieved levels are shown in Table

5-36.

Table 5-35 4% Scenario Standards

Standards and Achieved Levels

MODEL PA NPA EMISSION | ANTICIPATED
YEAR EMISSION LEVEL MY EMISSION
LEVEL LEVEL
2012 277 365 311
2013 267 352 299
2014 257 329 287
2015 248 327 276
2016 239 315 265
Table 5-36 4% Scenario Achieved Levels
MODEL | ANTICIPATED | ANTICIPATED | ANTICIPATED
YEAR PA EMISSION | NPA EMISSION | MY EMISSION
LEVEL LEVEL LEVEL
2012 277 380 317
2013 269 367 306
2014 261 349 293
2015 251 335 281
2016 239 315 265

5.7.1.2 Results

Results are shown relative to the same reference scenario as the EPA program. Both

calendar year and model year lifetime results are shown.
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Table 5-37 Downstream CY GHG Reductions and Fuel Savings vs. Reference Case

CY CY CY CY

2020 2030 | 2040 | 2050
Downstream
A CO, excluding indirect A/C controls (MMT CO, EQ) | -89.8 | -183.4 | -243.0 | -309.5
Alndirect A/C CO,(MMT CO, EQ) -10.6 -20.1 | -26.5 | -33.7
A Direct A/C HFC (MMT CO; EQ) -13.3 -26.0 | -309 | -34.2
A CHy; (MMT CO, EQ) 0.0 0.0 0.0 0.0
A N,O (MMT CO, EQ) 0.0 0.0 0.1 0.1
A Total GHG (MMT CO; EQ) -113.9 | -229.5 | -300.3 | -377.2
Upstream
A CO, (MMT CO, EQ) -24.5 -49.5 | -65.5 | -83.5
A CHy (MMT CO, EQ) -3.5 -7.0 -9.3 -11.8
A N,O (MMT CO; EQ) -0.1 -0.2 -0.3 -0.3
A Total GHG -28.0 -56.7 | -75.1 | -95.7
Total
A Total GHG -141.9 | -286.2 | -375.4 | -472.9
A Fuel Consumption (Annual, Billion gallons) -11.3 -22.9 | -30.3 | -38.6
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Table 5-38 Total Model Year Lifetime GHG Reductions vs. Baseline

MY MY MY MY MY Program
2012 2013 2014 2015 2016 Total
Downstream
A CO; excluding indirect A/C controls
(MMT CO, EQ) 20.7 -53.3 94.2 -140.0 -198.0 -506.2
Alndirect A/C CO,(MMT CO, EQ) 5.5 94 -14.4 -19.6 -20.9 -69.8
A Direct A/C HFC (MMT CO, EQ) 6.6 -11.2 -17.2 23.4 -25.0 -83.3
A CH; (MMT CO, EQ) 0.0 0.0 0.0 0.0 0.0 0.0
A N,O (MMT CO, EQ) 0.0 0.0 0.0 0.1 0.1 0.2
A Total GHG (MMT CO» EQ) 32.8 73.9 -125.7 -182.9 -243.8 -659.0
Upstream
A CO, (MMT CO» EQ) 6.4 -15.2 26.4 -38.8 -53.2 -140.1
A CHy MMT CO, EQ) 0.8 -1.8 3.1 4.6 -6.3 -16.7
A N,O (MMT CO, EQ) 0.0 0.1 0.1 0.2 0.3 0.7
A Total GHG -7.2 -17.1 -29.7 -43.6 -59.8 -157.4
Total
A Total GHG -39.9 -100.0 -155.4 -226.5 -303.6 -816.4
A Fuel Consumption (Billion gallons) 2.9 7.1 -12.2 -18.0 -24.6 -64.8

5.7.2 6% Scenario

5.7.2.1 Standards and Achieved Levels

The program standards are shown in Table 5-35 and the achieved levels are shown in

Table 5-36.

Table 5-39 6 % Scenario Standards

MODEL | ANTICIPATED | ANTICIPATED | ANTICIPATED
YEAR | PA EMISSION | NPA EMISSION | MY EMISSION
LEVEL LEVEL LEVEL
2012 272 358 305
2013 257 339 288
2014 243 320 272
2015 230 303 256
2016 217 286 241
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Table 5-40 6% Scenario Achieved Levels

MODEL | ANTICIPATED | ANTICIPATED | ANTICIPATED
YEAR | PA EMISSION | NPA EMISSION | MY EMISSION
LEVEL LEVEL LEVEL
2012 274 374 313
2013 261 350 295
2014 247 329 277
2015 232 310 260
2016 217 286 241

5.7.2.2 Results

Results are shown relative to the same reference scenario as the EPA program. Both
calendar year and model year lifetime results are shown.
Table 5-41 CY GHG Emissions and Fuel Consumption vs. Reference Case
CY CYy CYy CYy

2020 2030 | 2040 | 2050
Downstream
A CO; excluding indirect A/C controls (MMT CO, EQ) | -1374 | -2749 | -363.2 | -462.4
Alndirect A/C CO,(MMT CO, EQ) -10.7 -20.3 -26.7 -34.0
A Direct A/C HFC (MMT CO,; EQ) -13.3 -26.0 -30.9 -34.2
A CHy (MMT CO, EQ) 0.0 0.0 0.0 0.0
A N,O (MMT CO, EQ) 0.0 0.1 0.1 0.2
A Total GHG (MMT CO; EQ) -161.4 | -321.1 | -420.7 | -5304
Upstream
A CO, (MMT CO, EQ) -36.0 -71.8 948 | -120.7
A CHs MMT CO, EQ) -5.1 -10.2 | -13.4 | -17.1
A N,O (MMT CO, EQ) -0.2 -0.3 -0.5 -0.6
A Total GHG -41.3 -82.3 -108.7 | -138.4
Total
A Total GHG -202.7 | -403.4 | -529.4 | -668.8
A Fuel Consumption (Annual, Billion gallons) -16.7 -33.2 -43.9 -55.9
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Table 5-42 MY Lifetime GHG Emissions and Fuel Consumption vs. Reference Case

MY MY MY MY MY Program

2012 2013 2014 2015 2016 Total
Downstream
A CO; excluding indirect A/C controls
(MMT CO, EQ) -37.7 -96.9 -158.1 -222.8 -295.1 -810.6
Alndirect A/C CO,(MMT CO, EQ) -5.5 9.4 -14.5 -19.7 21.1 -70.2
A Direct A/C HFC (MMT CO, EQ) 6.6 -11.2 -17.3 23.5 -25.1 -83.8
A CH4; (MMT CO, EQ) 0.0 0.0 0.0 0.0 0.0 0.1
A N,O (MMT CO,; EQ) 0.0 0.0 0.1 0.1 0.1 0.4
A Total GHG (MMT CO» EQ) 498 | -1175 -189.8 -265.9 3412 964.2
Upstream
A CO, (MMT CO, EQ) -10.5 25.8 -42.0 -59.0 -76.9 2142
A CHy (MMT CO, EQ) -1.3 3.1 -5.0 -7.0 9.2 -25.5
A N,O (MMT CO, EQ) 0.1 0.1 0.2 0.3 0.4 1.1
A Total GHG -11.8 -29.0 -47.2 -66.3 -86.4 -240.7
Total
A Total GHG -61.7 -146.5 -237.0 -332.2 -427.6 -1,204.9
A Fuel Consumption (Billion gallons)

-4.9 -12.0 -19.4 -27.3 -35.6 -99.1

5.8 Inventories Used for Air Quality Analyses

This section describes the processes used in calculating the inventories for the air quality
(AQ) modeling analysis. Air quality modeling requires significant lead time, and
consequently the air quality inventories were completed significantly before the inventories

presented in this final rule.

5.8.1 Upstream Emissions

5.8.1.1 Petroleum Production and Refining Emissions

Petroleum production includes crude oil extraction and transport to refineries. As in
the nationwide analysis presented in the proposed rule as well as this final rule, we assumed

that (a) 50% of the change in gasoline supply was projected to come from domestic refineries,
and (b) 10% of the change in crude being used by domestic refineries would be domestic
crude. Thus, using our assumption that 1.0 gallon less of gasoline equates to approximately
1.0 gallon less crude throughput, the reduction in crude extraction and transport would equal
about 5% of the change in gasoline volume. To generate the emission inventory adjustment
factors for air quality modeling these reductions were applied to the projected crude supply to
US refineries, per AEO 2009 (stimulus version).*’ The resulting estimates are shown in Table
5-43. Only the 2030 values were used in the air quality modeling. The percent reductions
were applied to the NEI projected inventories for 2030. The 0.61% reduction was applied to
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all SCCs associated with petroleum extraction, and the 6.09% reduction was applied to all
SCCs associated with gasoline refining.”

Table 5-43 Crude Oil and Gasoline Volume Reductions Associated with LD GHG Rule

PARAMETER 2020 2030
Crude Supply to US Refineries (bgal/yr) 211.96 214.94
Reduction in Gasoline Consumption (bgal/yr) 13.35 2