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Executive Summary

The Environmental Protection Agency (EPA) and the National Highway Traffic
Safety Administration (NHTSA) are issuing ajoint notice of proposed rulemaking (NPRM) to
establish standards for light-duty highway vehicles that will reduce greenhouse gas emissions
(GHG) and improve fuel economy. EPA is proposing greenhouse gas emissions standards
under the Clean Air Act, and NHTSA is proposing Corporate Average Fuel Economy
standards under the Energy Policy and Conservation Act (EPCA), as amended. These
proposed standards apply to passenger cars, light-duty trucks, and medium-duty passenger
vehicles, covering model years (MY) 2017 through 2025. The proposed standards will require
these vehicles to meet an estimated combined average emissions level of 163 grams of CO,
per milein MY 2025 under EPA’ s proposed GHG program. These proposed 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 proposed National
Program will result in approximately 1,967 million metric tons of CO, equivalent emission
reductions and approximately 3.9 billion barrels of oil savings over the lifetime of vehicles
sold in model years 2017 through 2025.

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 () of the Clean Air Act.* The health- and
environmentally-rel ated 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 NPRM 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 2017-2025. It isimportant to note that thereis
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.

A “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-2010-0799,
http://epa.gov/climatechange/endangerment.html. See also State of Massachusetts v. EPA, 549 U.S. 497, 533
("1f EPA makes afinding of endangerment, the Clean Air Act requires the agency to regulate emissions of the
deleterious pollutant from new motor vehicles').




Table 1 EPA’s Estimated 2017-2025 Model Year Lifetime Discounted Costs,
Benefits, and Net Benefits assuming the $22/ton SCC Value™™*
(Billions of 2009 dollars)

Lifetime Present Value® — 3% Discount Rate
Program Costs $140
Fuel Savings $444
Benefits $117
Net Benefits® $421
Annualized Value® — 3% Discount Rate
Annualized costs $6.43
Annualized fuel savings $20.3
Annualized benefits $5.36
Net benefits $19.3
Lifetime Present Value® - 7% Discount Rate
Program Costs $138
Fuel Savings $347
Benefits $101
Net Benefits” $311
Annualized Value® — 7% Discount Rate

Annualized costs $10.64
Annualized fuel savings $26.7
Annualized benefits $6.35
Net benefits $22.4
Notes:

2 The agencies estimated the benefits associated with four different values

of aone ton CO, reduction (model average at 2.5% discount rate, 3%, and

5%; 95" percentile at 3%), which each increase over time. For the

purposes of this overview presentation of estimated costs and benefits,

however, we are showing the benefits associated with the marginal value
deemed to be central by the interagency working group on thistopic: the

model average at 3% discount rate, in 2009 dollars. Section I11.H provides
acomplete list of values for the 4 estimates.

® Note that net present value of reduced GHG emissions s 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 I11.H for more detail

°Present value is the total, aggregated amount that a series of monetized

costs or benefits that occur over timeisworth in agiven year. For this

analysis, lifetime present values are calculated for the first year of each

model year for MY s 2017-2025 (in year 2009 dollar terms). The lifetime
present values shown here are the present values of each MY initsfirst

year summed across MYss.

9 Net benefits reflect the fuel savings plus benefits minus costs.

¢ The annualized value is the constant annual value through a given time period (the
lifetime of each MY in this analysis) whose summed present value equals the
present value from which it was derived. Annualized SCC values are calcul ated
using the same rate as that used to determine the SCC value while all other costs
and benefits are annualized at either 3% or 7%.

Vi



This draft Regulatory Impact Analysis (DRIA) contains supporting documentation to
the EPA rulemaking. NHTSA has prepared their own preliminary RIA (PRIA) in support of
their rulemaking (this can be found in NHTSA’ s docket for the rulemaking, NHTSA-2010-
0131). While the two rulemakings are similar, there are also differences in the analyses that
require separate discussion. Thisislargely 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 EISA, and each statute has somewhat different requirements and
flexibilities. Asaresult, 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 draft
joint Technical Support Document (draft joint TSD can be found in EPA’s docket EPA-HQ-
OAR-2010-0799). Therefore, this DRIA should be viewed as a companion document to the
draft Joint TSD and the two documents together provide the details of EPA’s technical
anaysisin support of its rulemaking.

This document contains the following;

Chapter 1: Technology Packages, Cost and Effectiveness. The details of the vehicle
technology costs and 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 CO, stringency established by this rule and are based
on the technology costs and effectiveness anal yses discussed in Chapter 3 of the draft Joint
TSD. This chapter also contains details on the lumped parameter model, which isamajor
part of EPA’s determination of the effectiveness of these packages. More detail on the
effectiveness of technologies and the Lumped Parameter model can be found in Chapter 3 of
the draft Joint TSD.

Chapter 2: The development and application of the EPA vehicle simulation tool are
discussed. This chapter first provides a detailed description of the simulation tool including
overall architecture, systems, and components of the vehicle simulation model. The chapter
al so describes applications and results of the vehicle simulation runs for estimating impact of
A/C usage on fuel consumption and calculating off-cycle credits particularly for active
aerodynamic technologies. For the result of the A/C study, the impact of A/C usage was
estimated at 11.9 CO, g/milefor carsand 17.2 CO, g/mile for trucks. This correspondsto an
impact of approximately 14.0 CO, g/mile for the (2012) fleet, which is comparable to the
2012-2016 final rule result. For the off-cycle credits, EPA based its analysis on manufacturer
data, where active grill shutters (one of the active aerodynamic technol ogies considered)
provide areduction of 0-5% in aerodynamic drag (C4) when deployed. EPA expects that
most other active aerodynamic technologies will provide areduction of drag in the same
range as active grill shutters. Based on thisanalysis, EPA will provide a credit for active
aerodynamic technologies that can demonstrate a reduction in aerodynamic drag of 3% or
more. The credit will be 0.6 g/mile for cars and 1.0 g/mile for trucks when the reduction in
aerodynamic drag is around 3%.
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Chapter3: This chapter provides the methodology from and results of the technical
assessment of the future vehicle scenarios presented in this proposal. Asin the analysis of
the MY 2012-2016 rulemaking, evaluating these scenarios included identifying potentially
available technologies and ng their effectiveness, cost, and impact on relevant aspects
of vehicle performance and utility. The wide number of technol ogies which are available and
likely to be used in combination required a method to account for their combined cost and
effectiveness, as well as estimates of their availability to be applied to vehicles. These topics
are discussed.

Chapter 4: This chapter documents EPA’s analysis of the emission, fuel consumption
and safety impacts of the proposed emission standards for light duty vehicles. This proposal,
if finalized, will significantly decrease the magnitude of greenhouse gas emissions from light
duty vehicles. Because of anticipated changes to driving behavior, fuel production, and
electricity generation, a number of co-pollutants would also be affected by this proposed rule.
This analysis quantifies the proposed program’ s impacts on the greenhouse gases (GHGs)
carbon dioxide (CO,), methane (CH,), nitrous oxide (N>O) and hydrofluorocarbons (HFC-
134a); program impacts on “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 (NOXx); and impacts on severa air toxics including benzene,
1,3-butadiene, formaldehyde, acetaldehyde, and acrolein.

CO; emissions from automobiles are largely the product of fuel combustion, and
consequently, reducing CO, emissions will also produce a significant reduction in projected
fuel consumption. EPA’s projections of these impacts (in terms of gallons saved) are also
shown in this chapter. DRIA Chapter 5 presents the monetized fuel savings.

In addition to the intended effects of reducing CO, emission, the agencies aso
consider the potential of the standards to affect vehicle safety. Thistopicisintroduced in
Preamble Section 11.G. EPA’sanaysis of the change in fatalities due to projected usage of
mass reduction technology is shown in this chapter.

Chapter 5: Vehicle Program Costs Including Fuel Consumption Impacts. The
program costs and fuel savings associated with EPA’ s proposed rulemaking. In Chapter 5, we
present briefly some of the outputs of the OMEGA model (costs per vehicle) and how we use
those outputs to estimate the annual program costs (and fuel savings) of the proposal through
2050 and for each of the model years 2017 through 2025 that are effected by the proposal.

We also present our cost per ton analysis showing the cost incurred for each ton of GHG
reduced by the program.

Also presented in Chapter 5 iswhat 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 costsin less than four years for people purchasing
new vehicles with cash. For those purchasing new vehicles with atypical five-year car loan,
the fuel savings will outweigh increased costs in the first month of ownership.
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Chapter 6: Environmental and Health Impacts. This Chapter provides details on both the
climate impacts associated with changes in atmospheric CO, concentrations and the non-GHG
health and environmental impacts associated with criteria pollutants and air toxics.

Based on modeling analysis performed by the EPA, reductions in CO, and other GHG
emissions associated with this proposed rule will affect future climate change. Since GHGs
are well-mixed in the atmosphere and have long atmospheric lifetimes, changes in GHG
emissions will affect atmospheric concentrations of greenhouse gases and future climate for
decades to millennia, depending on the gas. This section provides estimates of the projected
change in atmospheric CO, concentrations based on the emission reductions estimated for this
proposed rule, compared to the reference case. In addition, this section analyzes the response
to the changes in GHG concentrations of the following climate-related variables: global mean
temperature, sealevel rise, and ocean pH. See Chapter 4 in this DRIA for the estimated net
reductions in global emissions over time by GHG.

There are also health and environmental impacts associated with the non-GHG
emissions projected to change as a result of the proposed standards. To adequately assess
these impacts, full-scale photochemical air quality modeling is necessary to project changesin
atmospheric concentrations of PM, 5, 0zone and air toxics. The length of time needed to
prepare the necessary emissions inventories, in addition to the processing time associated with
the modeling itself, has precluded us from performing air quality modeling for this proposal.
However, for the fina rule, anational-scale air quality modeling analysis will be performed to
analyze the impacts of the vehicle standards on PM s, 0zone, and selected air toxics (i.e.,
benzene, formaldehyde, acetaldehyde, acrolein and 1,3-butadiene).

The atmospheric chemistry related to ambient concentrations of PM, s, 0zone and air
toxicsis very complex, and making predictions based solely on emissions changesis
extremely difficult. However, based on the magnitude of the emissions changes predicted to
result from the proposed vehicle standards (as shown in Chapter 4), we expect that there will
be an improvement in ambient air quality, pending a more comprehensive anaysis for the
final rule.

Chapter 7: Other Economic and Socia Impacts. This Chapter outlines a number of
additional impacts that contribute to the overall costs and benefits associated with the
proposed GHG standards. These impacts affect people outside the markets for vehicles and
their use; these effects are termed “external” and include the climate impacts, energy security
impacts, and the effects on traffic, accidents, and noise due to additional driving.

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 aparticular energy source. Thisreduction in risk isameasure of improved U.S. energy
Security.



SCC and GHG Benefits: EPA uses four estimates of the dollar value of marginal
reductions in CO, emissions—known as the social cost of carbon—to calculate total
monetized CO, benefits. Specifically, total monetized benefits in each year are calculated by
multiplying the SCC by the reductionsin CO; for that year. EPA uses four different SCC
values to generate different estimates of total CO, benefits and capture some of the
uncertainties involved in regulatory impact analysis. The central valueisthe 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 CO, benefits over the model year
lifetimes of the 2017 through 2025 model year vehicles.

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 tripsto the filling station to refuel and, thus, time saved. The rebound effect,
discussed in detail in Chapter 4 of the draft joint TSD, produces additional benefitsto 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
asaresult of the standards, but they are neverthel ess important to include.

Chapter 7 also presents a summary of the total costs, total benefits, and net benefits
expected under the proposed rule. Table 2 presents these economics impacts. We note that
several of the cost and benefit categories we would typically discussin an RIA are considered
joint economic assumptions shared between EPA and NHTSA and are therefore discussed in
more detail in EPA and NHTSA’ s draft Joint TSD Chapter 4.

Table 2 Monetized Benefits Associated with the Proposed Program (Millions, 20098%)

2017 2020 2030 2040 2050 NPV, 3%° NPV, 7%°
Technology Costs $2,300 $8,470 $35,700 $39,800 $44,600 $551,000 $243,000
Fuel Savings $570 $7,060 $85,800 $144,000 $187,000 | $1,510,000 | $579,000
Total Annual Benefits at each assumed SCC value®
5% (avg SCC) $101 $1,240 $15,600 $29,000 $40,700 $275,000 $124,000
3% (avg SCC) $141 $1,730 $22,000 $40,400 $55,600 $413,000 $263,000
2.5% (avg SCC) $173 $2,120 $26,700 $48,700 $65,900 $534,000 $384,000
3% (95th %ile) $250 $3,100 $40,500 $75,100 $102,000 | $764,000 $614,000
Monetized Net Benefits at each assumed SCC value®
5% (avg SCC) -$1,630 -$166 $65,600 $133,000 $183,000 | $1,230,000 | $460,000
3% (avg SCC) -$1,590 $325 $72,000 $144,000 $198,000 | $1,370,000 | $599,000
2.5% (avg SCC) -$1,560 $712 $76,800 $153,000 $208,000 | $1,490,000 | $719,000
3% (95th %ile) -$1,480 $1,690 $90,500 $179,000 $244,000 | $1,720,000 | $950,000

Notes:

 Net present value of reduced CO, 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 the SCC TSD for more detail. Annual costs shown
are undiscounted values.

® DRIA Chapter 7.2 notes that SCC increases over time. For the years 2012-2050, the SCC estimates range as
follows: for Average SCC at 5%: $5-$16; for Average SCC at 3%: $23-$46; for Average SCC at 2.5%: $38-
$67; and for 95" percentile SCC at 3%: $70-$140. DRIA Chapter 7.2 also presents these SCC estimates.

¢ Net Benefits equal Fuel Savings minus Technology Costs plus Benefits.




Chapter 8: Vehicle Sales and Employment. Chapter 8 provides background on analyses of
the impacts of this rule on vehicle sales and employment in the auto industry and closely
related sectors. We discuss how the payback period expected for the proposed standards (less
than 3 yearsin 2021, less than 4 yearsin 2025) is expected to affect vehicle sales.
Employment effects due to the rule depend in part on the state of the economy when therule
becomes effective. The auto industry (the directly regulated sector) is expected to require
additional labor due to increased production of fuel-saving technologies; employment in the
auto industry will also be affected by changesin vehicle sales and by the labor intensity of the
new technologies relative to the old technologies. Effects on other sectors vary. Employment
for auto dealers as well as auto parts manufacturing will be affected by any changesin vehicle
sales. Parts manufacturers may face increased labor demand due to production of the new
technologies. Employment is expected to be reduced in petroleum-related sectors due to
reduced fuel demand. Finally, consumer spending is expected to affect employment through
changes in expendituresin general retail sectors; net fuel savings by consumers are expected
to increase demand (and therefore employment) in other sectors. It should be noted that none
of these analyses was used in the benefit-cost analysis of the proposed standards, but they
provide afuller picture of the impacts of thisrule.

Chapter 9: Small Business Flexibility Analysis. EPA’s analysis of the small
business impacts due to EPA’s proposed rulemaking. EPA is proposing to exempt domestic
and foreign businesses that meet small business size definitions established by the Small
Business Administration.
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2017 Draft Regulatory Impact Analysis

1 Technology Packages, Cost and Effectiveness

1.1 Overview of Technology

The proposed program is based on the need to obtain significant GHG emissions
reductions from the transportation sector, and the recognition that there are technically
feasible, cost effective technologies to achieve such reductions in the 2017-2025 timeframe at
reasonabl e per vehicle cost and short consumer payback periods, with no compromise to
vehicle utility or safety. Asin 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.

It iswell known that CO; is a stable compound produced by the complete combustion
of the fuel. 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 asthe 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.

Thisfocus on efficiency involves amajor 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 thetiresto rolling
both have maor impacts on the amount of fuel that is combusted while operating the vehicle.
Braking system drag, the aerodynamic drag of the vehicle, and the efficiency of accessories
(such asthe air conditioner) al 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 awide variety of technologies that affect almost all the systems in the design
of avehicle. Asdiscussed below, there are many technologies that are currently available
which can reduce vehicle energy consumption. These technologies are aready being
commercialy utilized to alimited degree in the current light-duty fleet. These technologies
include hybrid technologies that use higher efficiency electric motors as the power sourcein
combination with or instead of internal combustion engines. While already commercialized,
hybrid technology continues to be devel oped and offers the potential for even greater
efficiency improvements. There are anumber of technologies that were described in the
2012-2016 rule (TSD and RIA) that are also common to thisrule. While we expect
significant penetration of these technologies within the 2016 timeframe, there will be some
technologies that will have continued improvement, and others that are only partially
implemented into the fleet by 2016. We describe those technologies for which we expect to
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see continued improvement—engine friction reduction, lower rolling resistance tires—in
Chapter 3 of the draft joint TSD and generally denote them as “level 27 versions of each
technology. The primary examples of those technol ogies that we expect to be only partially
implemented into the fleet by 2016 would be weight reduction greater than 5-10% and
electrification of powertrains to hybrid, plug-in el ectric and full electric which we do not
project manufacturers as needing to utilize to meet their MY 2012-2016 standards. There are
also other advanced technologies under development (that were not projected to be available
to meet 2012-2016 standards), such as turbocharged engines with increasingly high levels of
boost and lean burn gasoline engines, both of which offer the potential of improved energy
generation through enhancements to the basic combustion process. Finally, there may be
technologies not considered for this rule that, given the long lead time, can be developed and
introduced into the market. These currently unknown technologies (or enhancements of
known technologies) could be more cost effective than those included in thisanalysis. The
more cost-effective a new technology is, the moreit islikely that an auto manufacturer will
implement it.

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 amajor role in developing the standards. Vehicle manufacturerstypically
develop their many different models by basing them on alimited 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 al
of the technology and make all of the other changes needed so the vehicle model will meet the
manufacturer’s plans for the next severa years. Thisincludes meeting all of the emissions
and other requirements that would apply during the years before the next major redesign of
the vehicle.

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.
Thistypically 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 severa 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. Thisinterim processis called
arefresh of the vehicle and generally does not allow for mgor technology changes although
more minor ones can be done (e.g., aerodynamic improvements, valve timing improvements).
More major technology upgrades that affect multiple systems of the vehicle (e.g.,
hybridization) thus occur at the vehicle redesign stage and not between redesigns.

Given that the regulatory timeframe of the GHG program is nine years (2017 through
2025), 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 twice during that timeframe, we have assumed two full redesign
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cyclesin the 2017-2025 timeframe This means that the analysis assumes that each vehicle
platform in the US fleet can undergo at least two full redesigns during our regulatory
timeframe.

As discussed below, there are awide variety of emissions control technologies
involving severa different systemsin 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 callsfor 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 nine model years at issue in this rulemaking, 2017-2025, EPA projects that
almost the entire fleet of light-duty vehicles will have gone through two redesign cycles. If
the technology to control greenhouse gas emissionsis efficiently folded into this redesign
process, then by 2025 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 harmful refrigerants from the air conditioner.

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
onetime. Thisisin 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 magjority of technology we project as being utilized to
meet the GHG standards is commercially available and already being used to alimited
extent across the fleet, although far greater penetration of these technologiesinto thefleet is
projected as aresult of both the 2012-2016 final rule and this proposal. The vast majority of
the emission reductions associated with this proposal would result from the increased use of
these technologies. EPA also believes the proposal would encourage the development and
limited use of more advanced technologies, such as plug-in hybrid e ectric vehicles (PHEVS)
and full electric vehicles (EV's), and is structuring the proposal to encourage these
technologies' use.

In section 1.2 below, a summary of technology costs and effectivenessis presented. In
section 1.3, the process of combining technologies into packages is described along with
package costs and effectiveness. Sections 1.4 and 1.5 discuss the lumped parameter approach
which provides background and support for determining technology and package
effectiveness.
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1.2 Technology Cost and Effectiveness

EPA collected information on the cost and effectiveness of CO, emission reducing
technol ogies from awide range of sources. The primary sources of information were the
2012-2016 FRM, the 2010 Technical Assessment Report (TAR), tear-down analysis done by
FEV and the 2008 as well as 2010 Ricardo studies. In addition, we considered confidential
data submitted by vehicle manufacturersin response to NHTSA'’ s request for product plans,
along with confidential information shared by automotive industry component suppliersin
meetings with EPA and NHTSA staff. These confidential data sources were used primarily as
avalidation of the estimates since EPA prefersto rely on public data rather than confidential
data wherever possible.

Since publication of the 2012-2016 FRM, EPA has continued the work with FEV that
consists of complete system tear-downs to eval uate technol ogies down to the nuts and bolts—
i.e., a“bill of materials’—to arrive at very detail ed estimates of the costs associated with
manufacturing them. Also, cost and effectiveness estimates were adjusted as aresult of
further meetings between EPA and NHTSA staffs following publication of the 2010 TAR and
into the first half of 2011 where both piece costs and fuel consumption efficiencies were
discussed in detail. EPA and NHTSA also met with Department of Energy (DOE) along with
scientists and engineers from a number of national |aboratories to discuss vehicle
electrification. 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
especially the results of the FEV tear-down and Ricardo studies were used extensively in this
proposal as described in detail in Chapter 3 of the draft joint TSD.

For al of the details behind the cost and effectiveness values used in this analysis the
reader isreferred to Chapter 3 of the draft joint TSD. There we present direct manufacturing
costs, indirect costs and total costs for each technology in each MY 2017 through 2025. We
also describe the source for each direct manufacturing cost and how those costs change over
time dueto learning, and the indirect costs and how they change over time. Note that all costs
presented in the tables that follow are total costs and include both direct manufacturing and
indirect costs.

For direct manufacturing costs (DMC) related to turbocharging, downsizing, gasoline
direct injection, transmissions, as well as non-battery-related costs on hybrid, plug-in hybrid
and electric vehicles, the agencies have relied on costs derived from teardown studies. For
battery related DMC for HEV's, PHEV's and EV's, the agencies have relied on the BatPaC
model developed by Argonne National Laboratory for the Department of Energy. For mass
reduction DM C, the agencies have relied on several studies as described in detail in the draft
Joint TSD. For the mgjority of the other technologies considered in this proposal, the
agencies have relied on the 2012-2016 final rule and sources described there for estimates of
DMC.

For thisanalysis, indirect costs are estimated by applying indirect cost multipliers

(ICM) to direct cost estimates. ICMswere derived by EPA as abasis for estimating the
impact on indirect costs of individual vehicle technology changes that would result from
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regulatory actions. Separate ICMs were derived for low, medium, and high complexity
technol ogies, thus enabling estimates of indirect costs that reflect the variation in research,
overhead, and other indirect costs that can occur among different technologies. ICMswere
also applied in the MY s 2012-2016 rulemaking. We have also included an estimate of
stranded capital that could result due to introduction of technology on a more rapid pace than
the industry norm. We describe our ICMs and the method by which they are applied to direct
costs and our stranded capital estimates in the draft Joint TSD Chapter 3.2.2. Stranded capital
isalso discussed in this draft RIA at Chapter 3.8.7 and Chapter 5.1.

Regarding learning effects, we continue to apply learning effects in the same way as
we did in both the MY s 2012-2016 final rule and in the 2010 TAR. However, we have
employed some new terminology in an effort to eliminate some confusion that existed with
our old terminology. This new terminology was described in the recent heavy-duty GHG
fina rule (see 76 FR 57320). Our old terminology suggested we were accounting for two
completely different learning effects—one based on volume production and the other based
on time. Thiswas not the case since, in fact, we were actualy relying on just one learning
phenomenon, that being the learning-by-doing phenomenon that results from cumulative
production volumes.

As aresult, we have considered the impacts of manufacturer learning on the
technology cost estimates by reflecting the phenomenon of volume-based |earning curve cost
reductions in our modeling using two a gorithms depending on where in the learning cycle
(i.e., on what portion of the learning curve) we consider atechnology to be —“steep” portion
of the curve for newer technologies and “flat” portion of the curve for more mature
technologies. The observed phenomenon in the economic literature which supports
manufacturer learning cost reductions are based on reductions in costs as production volumes
increase with the highest absolute cost reduction occurring with the first doubling of
production. The agencies use the terminology “steep” and “flat” portion of the curveto
distinguish among newer technol ogies and more mature technologies, respectively, and how
learning cost reductions are applied in cost analyses.

Learning impacts have been considered on most but not all of the technologies
expected to be used because some of the expected technologies are aready used rather widely
in the industry and, presumably, quantifiable learning impacts have already occurred. We
have applied the steep learning algorithm for only a handful of technologies considered to be
new or emerging technologies such as PHEV and EV batteries which are experiencing heavy
development and, presumably, rapid cost declinesin coming years. For most technologies,
we have considered them to be more established and, hence, we have applied the lower flat
learning algorithm. For more discussion of the learning approach and the technol ogies to
which each type of learning has been applied the reader is directed to Chapter 3.2.3 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 gearsin place
of four), accessory-related (e.g., electric power steering), or vehicle-related (e.g., lower rolling
resistancetires). Table 1.2-1 through Table 1.2-14 present the costs associated with the
technologies we believe would be the enabling technol ogies for compliance with the proposed

1-5



2017 Draft Regulatory Impact Analysis

standards. Note that many of these technologies are expected to have penetrated the fleet as
much as 85 to 100 percent by the 2016 MY and, as such, would represent reference case
technologiesin thisproposal. That is, technologies such as lower rolling resistance tires and
level 1 aerodynamic treatments are expected to exceed 85 percent penetration by 2016 so they
cannot be added “again” to comply with the 2017-2025 proposed standards. However, we list
all such technologies in the tables that follow for completeness and comparison to earlier
analyses.

Onething that isimmediately clear from the cost tables that follow is that we have
updated our costing approach for some technologies in an effort to provide better granularity
inour estimates. Thisiseasily seenin Table 1.2-1 and Table 1.2-2 where we list costs for
technol ogies by engine configuration—in-line or “1” versus “V”—and/or by number of
cylinders. Inthe 2012-2016 final rule, we showed costs for asmall car, large car, large truck,
etc. Thelimitation of that approach was that different vehicle classes can have many different
sized engines. Thisis exacerbated when estimating costs for turbocharged and downsized
engines. For example, we project that many vehiclesin the large car class which, today, have
V8 engines would have highly turbocharged 14 engines under the proposal. Assuch, we
would not want to estimate the large car costs of engine friction reduction (EFR)—which
have always and continue to be based on the number of cylinders—assuming that all large
cars have V8 engines. With our new approach, the large cars that remain V8 would carry
EFR costs for a V8, one downsized to aV6 would carry EFR costs for aVV6 and one
downsized further to an 14 would carry EFR costs for an 14. Our old approach would have
applied the EFR cost for a V8 to each.

Note that Table 1.2-14 presents costs for mass reduction technology on each of the 19
vehicle types used in OMEGA. We present costs for only a 10% and a 20% applied weight
reduction. We use the term “applied” weight reduction to reflect the amount of weight
reduction technology—or weight reduction cost—applied to the package. We aso use the
term “net” weight reduction when determining costs for hybrid, plug-in hybrid, and full
electric vehicles (see Table 1.2-8 through Table 1.2-12). The net weight reduction isthe
applied weight reduction less the added weight of the hybrid and/or electric vehicle
technologies. Table 1.2-7 shows costs for P2 hybrids. For the subcompact P2 HEV with an
applied weight reduction of 10%, the net weight reduction is shown as 5%. Therefore, our
cost analysis would add the costs for 10% weight reduction for such a P2 HEV even though
the net weight reduction was only 5%. Likewise, we would add the cost of P2 HEV
technology for only a 5% weight reduction since that is the net weight reduction of the
vehicle. Note that the higher the net weight reduction the lower the cost for HEV and/or EV
technol ogies since smaller batteries and motors can be used as the vehicle gets lighter). How
we determined the necessary battery pack sizes and the resultant net weight impactsis
described in Chapter 3 of the draft joint TSD. We note that the approach described thereisa
departure from our earlier efforts where the weight increase of the electrification components
was not fully recognized. Importantly, that had little impact on the analysis used to support
the 2012-2016 rule since that rule projected very low penetration of HEVs and no PHEV or
EV penetrations.

All costs continue to be relative to a baseline vehicle powertrain system (unless
otherwise noted) consisting of amulti-point, port fuel injected, naturally aspirated gasoline
engine operating at a stoichiometric air-fuel ratio with fixed valve timing and lift paired with a
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4-speed automatic transmission. This configuration was chosen as the baseline vehicle
because it was the predominant technology package sold in the United States in the baseline
model year 2008. Costs are presented in terms of their hardware incremental compliance
cost. Thismeansthat they include all potential product development 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
technol ogies can be found in Chapter 3 of the draft joint TSD, along with a more detailed
description of the comprehensive technical evaluation underlying the estimates.

Table 1.2-1 Costs for Engine Technologies (2009%)

Technology 2017 2018 2019 2020 2021 2022 2023 2024 2025
Conversion to Atkinson $0 $0 $0 $0 $0 $0 $0 $0 $0
CCP-OHC-I $46 $45 $42 $42 $41 $40 $40 $39 $38
CCP-OHC-V $91 $90 $84 $83 $82 $80 $79 $78 $76
CCP-OHV-V $46 $45 $42 $42 $41 $40 $40 $39 $38
CVVL-OHC-14 $240 $237 $216 $212 $209 $206 $203 $200 $197
CVVL-OHC-V6 $440 $434 $396 $389 $383 $377 $372 $366 $360
CVVL-OHC-V8 $480 $473 $432 $425 $418 $412 $405 $399 $393
DCP-OHC-I $94 $92 $84 $83 $81 $80 $79 $78 $77
DCP-OHC-V $201 $198 $181 $178 $175 $173 $170 $167 $165
DCP-OHV-V $102 $101 $92 $90 $89 $87 $86 $85 $84
Deac-V6 $192 $189 $173 $170 $167 $165 $162 $160 $157
Deac-V8 $216 $213 $194 $191 $188 $185 $182 $180 $177
DVVL-OHC-14 $160 $158 $144 $142 $139 $137 $135 $133 $131
DVVL-OHC-V6 $232 $229 $209 $205 $202 $199 $196 $193 $190
DVVL-OHC-V8 $332 $327 $298 $293 $289 $284 $280 $276 $271
EFR1-I13 $44 $44 $42 $42 $42 $42 $42 $42 $42
EFR1-14 $58 $58 $56 $56 $56 $56 $56 $56 $56
EFR1-V6 $87 $87 $84 $84 $84 $84 $84 $84 $84
EFR1-V8 $116 $116 $111 $111 $111 $111 $111 $111 $111
EFR2-13 $95 $95 $95 $95 $95 $95 $95 $95 $91
EFR2-14 $124 $124 $124 $124 $124 $124 $124 $124 $119
EFR2-V6 $182 $182 $182 $182 $182 $182 $182 $182 $175
EFR2-V8 $240 $240 $240 $240 $240 $240 $240 $240 $230
EGR-I $303 $298 $294 $290 $285 $281 $277 $274 $247
EGR-V $303 $298 $294 $290 $285 $281 $277 $274 $247
LUB $4 $4 $4 $4 $4 $4 $4 $4 $4
Stoich GDI-14 $274 $270 $246 $242 $238 $234 $231 $227 $224
Stoich GDI-14>13 $274 $270 $246 $242 $238 $234 $231 $227 $224
Stoich GDI-V6 $413 $407 $370 $364 $359 $353 $348 $343 $338
Stoich GDI-V8 $497 $490 $445 $438 $431 $425 $418 $412 $406
V6 OHV to V6 DOHC $676 $661 $599 $585 $571 $558 $549 $540 $532
V6 SOHC to V6 DOHC $212 $209 $190 $187 $184 $181 $179 $176 $173
V8 OHV to V8 DOHC $740 $724 $656 $640 $625 $611 $601 $592 $583
B SORC 3V Iove $153 | $151 | $137 | $135 | $133 | $131 |$129 | $127 | $125
V8 SOHC to V8 DOHC $245 $241 $219 $216 $212 $209 $206 $203 $200
VVTI-OHC-I $46 $45 $42 $42 $41 $40 $40 $39 $38
VVTI-OHC-V $91 $90 $84 $83 $82 $80 $79 $78 $76
VVTI-OHV-V $46 $45 $42 $42 $41 $40 $40 $39 $38

CCP=coupled cam phasing; CVV L=continuous variable vave lift; DCP=dual cam phasing; Deac=cylinder deactivation;
DOHC=dual overhead cam; DVVL=discrete variable valve lift; EFR1=engine friction reduction level 1; EFR2=EFR levd 2;
EGR=exhaust gas recirculation; GDI=gasoline direct injection; I=inline engine; 13=inline 3 cylinder; 14=inline 4 cylinder;
LUB=low friction lube; OHC=overhead cam; OHV =overhead valve; SOHC=single overhead cam; Stoic=stoichiometric
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air/fuel; V=V-configuration engine; V6=V-configuration 6 cylinder; V8=V -configuration 8 cylinder; VVTl=intake variable
valvetiming; 3V=3 valves per cylinder.
All costs are incremental to the baseline case.

Table 1.2-2 Costs for Turbocharging & Downsizing (2009%)

Technology BMEP | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
141013 WT 18bar | $424 | $420 | $357 | $353 | $350 | $346 | $342 | $338 | $3%
1410 13WT 24bar | $685 | $677 | $650 | $642 | $635 | $627 | $620 | $613 | $547
1410 13WT 27bar | $1.205 | $1189 | $1.155 | $1.140 | $1.126 | $1.111 | $1.097 | $1,083 | $972
14 DOHC to 14

e Donc! 18bar | $478 | $472 | $418 | $412 | $407 | $401 | $396 | $390 | 385
14 DOHC to 14

e Donc! Jabar | $738 | $728 | $710 | $701 | $692 | $683 | $674 | $665 | $598
:;lODHOCva/:'IEO 14| 27bar | $1259 | $1.241 | $1.216 | $1,199 | $1.183 | $1,167 | $1,151 | $1,135 | $1,022
VVV$ DOHC1014 | 1opar | 048 | 8250 | $150 | $161 | $163 | $164 | $166 | $168 | $170
VODORCIOI | oabar | $500 | 8507 |$451 |$a49 |$a48 | $ad6 | 9444 | 9442 | $382
x_? DOHCt014 | 57 par | $1,020 | $1,019 | $957 | $948 | $939 | $930 |$021 | $013 | $807
VVV$ SOHC®I4 | 1apa | 9330 |$320 | $251 | $250 | $250 | $249 | %248 | $247 | $246
VVV$ SOHC®I4 | opbar | 9501 | 9586 | $544 | $530 | $535 | $530 | 526 | $522 | $459
X_? SOHCM014 | o7 har | $1111 | $1,098 | $1.049 | $1,037 | $1,026 | $1.014 | $1,003 | $992 | $884
V6OV (014

ooV« 18bar | $903 | $887 | $805 | $789 | $775 | $760 | 749 | 737 | $726
YoORV IOl | aabar | $1163 | $1143 | $1007 | $1078 | $1060 | $1042 | $1026 | $1012 | $938
\éggg\\fﬁ’ 14 27bar | $1,683 | $1.656 | $1,602 | $1.576 | $1,551 | $1.526 | $1,504 | $1.482 | $1,363
V8DOHC to V6

veboric 18bar | $741 | $733 | $631 | $624 | $616 | $609 | $602 | $595 | $588
\ég 585:2 V6 | oipar | $1180 | $1.165 | $1.124 | $1.110 | $1,007 | $1,084 | $1.071 | $1.058 | $946
V8DOHC 1014

veboric 27bar | $787 | $792 | $716 | $720 | $725 | $720 | $726 | 723 | s622
V8 SOHC 10 V6

St 18bar | $835 | $824 | $738 | $727 | $717 |07 | 697 | $687 | $677
\égHS%F\'NCTtO V6 | oabar | $1274 | $1256 | $1231 | $1214 | $1197 | $1181 | $1165 | $1,149 | $1,035
V8 SOHC 1014

v Sorc 27bar | $906 | $905 | $842 | $842 | $841 | $840 | $834 | $828 | $724
V8 SOHC 3V 10

Ve oo (® | 18bar | 3800 | $700 | $698 | 9088 | $679 | $670 | 9661 | $652 | $644
V8 SOHC 3V 10

Ve ool {0 | oabar | $1238 | $1222 | $1191 | $1475 | $1,160 | $1144 | $1130 | $1115 | $1,002
V8 SOHC 3V 10

A 27bar | $861 | $863 | $795 | $796 | $797 | $799 | $793 | 788 | $686
\éggg\v/v;o V6 | 1gbar | $1,323 | $1.301 | $1,180 | $1,159 | $1,138 | $1.118 | $1,101 | $1,084 | $1,067
\éggg\v’v;o V6 | o4par | $1,762 | $1733 | $1673 | $1.646 | $1618 | $1,502 | $1,569 | $1547 | $1,426
\égﬁg\v’&o 14 27bar | $1,155 | $1143 | $1,108 | $1,097 | $1,085 | $1,074 | $1,061 | $1,048 | $938

DOHC=dua overhead cam; I13=inline 3 cylinder; 14=inline 4 cylinder; OHV =overhead valve; SOHC=single overhead cam,;

1-8




2017 Draft Regulatory Impact Analysis

V6=V -configuration 6 cylinder; V8=V -configuration 8 cylinder; 3V=3 valves per cylinder; wT=with turbo.
All costs are incremental to the baseline case.

Table 1.2-3 Costs for Transmission Technologies (2009%)

Technology 2017 2018 2019 2020 2021 2022 2023 2024 2025
ASL $32 $32 $30 $29 $29 $28 $28 $27 $27
ASL2 $33 $33 $32 $31 $30 $30 $29 $29 $27
5sp AT $103 $101 $95 $94 $92 $91 $89 $88 $86
6sp AT -$9 -$9 -$9 -$9 -$9 -$9 -$8 -$8 -$8
6sp DCT-dry -$115 -$111 -$130 -$126 -$122 -$118 -$115 -$111 -$108
6sp DCT-wet -$81 -$78 -$91 -$89 -$86 -$84 -$81 -$79 -$76
6sp MT -$168 -$163 -$170 -$166 -$162 -$158 -$154 -$150 -$146
8sp AT $61 $60 $55 $54 $53 $52 $52 $51 $50
8sp DCT-dry -$16 -$15 -$14 -$14 -$13 -$13 -$12 -$12 -$15
8sp DCT-wet $47 $46 $46 $45 $44 $44 $43 $43 $38
HEG $248 $242 $236 $231 $225 $220 $216 $213 $200
TORQ $29 $29 $27 $27 $26 $26 $25 $25 $24

ASL=aggressive shift logic; ASL2=aggressive shift logic level 2 (shift optimizer); AT=automatic transmission; DCT=dual
clutch transmission; HEG=high efficiency gearbox; MT=manual transmission; sp=speed; TORQ=early torque converter

lockup.

All costs are incremental to the baseline case.

Table 1.2-4 Costs for Electrification & Improvement of Accessories (20099)

Technology 2017 2018 2019 2020 2021 2022 2023 2024 2025
EPS/EHPS $108 $106 $100 $98 $96 $95 $93 $92 $90
IACC $87 $86 $81 $80 $78 $77 $76 $75 $73
IACC2 $141 $139 $131 $129 $127 $124 $122 $120 $118
Stop-start (12V)

for Subcompact, | $394 $385 $348 $340 $332 $324 $317 $310 $303
Small car

Stop-start (12V)

for Large car,

Minivan, Small $446 $436 $395 $385 $376 $368 $359 $351 $343
truck

Sop-stat (12V) | gr00 | ga79 | $433 | $423 | $413 | $403 | $3%4 | $385 | $376

for Large truck

EPS=electric power steering; EHPS=electro-hydraulic power steering; |ACC=improved accessories level 1; IACC2=IACC
level 2; 12V=12 volts.
All costs are incremental to the baseline case.

Table 1.2-5 Costs for Vehicle Technologies (2009%)

Technology 2017 2018 2019 2020 2021 2022 2023 2024 2025
Aerol $48 $47 $45 $44 $43 $42 $42 $41 $40
Aero2 $210 $207 $201 $198 $195 $192 $190 $187 $173
LDB $73 $73 $70 $70 $70 $70 $70 $70 $70
LRRT1 $7 $7 $6 $6 $6 $6 $6 $6 $6

LRRT2 $72 $72 $60 $60 $50 $48 $47 $46 $43
SAX $96 $94 $89 $88 $86 $85 $83 $82 $81

Aerol=aerodynamic treatments level 1; Aero2=aero level 2; LDB=low drag brakes, LRRT1=lower rolling resistance tires

1-9




2017 Draft Regulatory Impact Analysis

level 1; LRRT2=LRRT level 2; SAX=secondary axle disconnect.
All costs are incremental to the baseline case.

Table 1.2-6 Costs for Advanced Diesel Technology (2009%)

Vehicle Class 2017 2018 2019 2020 2021 2022 2023 2024 2025

gunkgl:?gact/ $2,936 $2,893 $2,627 $2,587 $2,547 $2,509 $2,471 $2,433 $2,397
Large car $3,595 $3,543 $3,218 $3,168 $3,120 $3,072 $3,026 $2,980 $2,936
Minivan $2,942 $2,900 $2,633 $2,593 $2,553 $2,514 $2,476 $2,439 $2,402
Small truck $2,967 $2,924 $2,656 $2,615 $2,575 $2,536 $2,497 $2,460 $2,423
Large truck $4,114 $4,054 $3,682 $3,625 $3,570 $3,515 $3,462 $3,410 $3,359

All costs are incremental to the baseline case.

Table 1.2-7 Costs for P2-Hybird Technology (2009%)

Vehicle Class CVF:_\F,)I led \TVEI; 2017 2018 2019 2020 2021 2022 2023 2024 2025

Subcompact 10% 5% | $3,489 | $3,435 | $3,027 | $2,977 | $2,928 | $2,880 | $2,834 | $2,788 | $2,595
Subcompact 15% | 10% | $3,452 | $3,399 | $2,995 | $2,945 | $2,897 | $2,850 | $2,804 | $2,759 | $2,567
Subcompact 20% | 15% | $3,415 | $3,363 | $2,962 | $2,913 | $2,866 | $2,819 | $2,774 | $2,729 | $2,540
Small car 10% 5% | $3,665 | $3,609 | $3,180 | $3,128 | $3,076 | $3,026 | $2,977 | $2,930 | $2,725
Small car 15% | 10% | $3,625 | $3,569 | $3,145 | $3,093 | $3,042 | $2,993 | $2,944 | $2,897 | $2,696
Small car 20% | 15% | $3,585 | $3,530 | $3,110 | $3,058 | $3,008 | $2,959 | $2,912 | $2,865 | $2,666
Large car 10% 5% | $4,196 | $4,132 | $3,640 | $3,580 | $3,521 | $3,464 | $3,408 | $3,353 | $3,121
Large car 15% | 10% | $4,131 | $4,068 | $3,583 | $3,524 | $3,466 | $3,410 | $3,355 | $3,301 | $3,073
Large car 20% | 15% | $4,067 | $4,004 | $3,527 | $3,469 | $3,412 | $3,356 | $3,302 | $3,249 | $3,025
Minivan 10% 5% | $4,148 | $4,084 | $3,597 | $3,538 | $3,480 | $3,423 | $3,368 | $3,314 | $3,085
Minivan 15% | 10% | $4,092 | $4,029 | $3,548 | $3,489 | $3,432 | $3,376 | $3,322 | $3,268 | $3,044
Minivan 20% | 15% | $4,036 | $3,974 | $3,498 | $3,440 | $3,384 | $3,329 | $3,275 | $3,223 | $3,002
Small truck 10% 5% | $4,005 | $3,943 | $3,473 | $3,416 | $3,360 | $3,305 | $3,252 | $3,200 | $2,979
Small truck 15% | 10% | $3,953 | $3,892 | $3,428 | $3,371 | $3,316 | $3,262 | $3,209 | $3,158 | $2,940
Small truck 20% | 15% | $3,900 | $3,841 | $3,382 | $3,326 | $3,271 | $3,218 | $3,166 | $3,116 | $2,901
Minivan-towing 10% 4% | $4,286 | $4,219 | $3,728 | $3,666 | $3,606 | $3,547 | $3,489 | $3,433 | $3,185
Minivan-towing 15% 9% | $4,228 | $4,162 | $3,677 | $3,616 | $3,556 | $3,498 | $3,441 | $3,386 | $3,142
Minivan-towing 20% | 14% | $4,170 | $4,105 | $3,626 | $3,566 | $3,507 | $3,450 | $3,394 | $3,339 | $3,099
Large truck 10% 4% | $4,417 | $4,349 | $3,844 | $3,780 | $3,717 | $3,657 | $3,597 | $3,539 | $3,282
Large truck 15% 9% | $4,358 | $4,290 | $3,792 | $3,728 | $3,667 | $3,607 | $3548 | $3,491 | $3,238
Large truck 20% | 14% | $4,298 | $4,232 | $3,739 | $3,677 | $3,616 | $3,557 | $3,499 | $3,443 | $3,194

WR=weight reduction.
All costs are incremental to the baseline case.

Table 1.2-8 Costs for Plug-in Hybrid Technology with 20 Mile EV Range, or PHEV20

(20095)
Vehicle Class Cvﬁ)gl ied C‘Ve'; 2017 2018 2019 2020 2021 2022 2023 2024 2025

Subcompact 10% 3% | $11,325 | $10,191 | $9,521 $8,607 $8,558 $8,510 $8,463 $8,417 $6,976
Subcompact 15% 8% | $11,099 | $9,985 $9,332 $8,433 $8,386 $8,339 $8,293 $8,248 $6,832
Subcompact 20% 13% | $10,874 | $9,779 $9,143 $8,260 $8,214 $8,168 $8,124 $8,080 $6,688
Small car 10% 3% | $12,143 | $10,945 | $10,206 | $9,240 $9,186 $9,133 $9,081 $9,030 $7,509
Small car 15% 8% | $11,890 | $10,714 | $9,993 $9,045 $8,993 $8,941 $8,890 $8,841 $7,348
Small car 20% 13% | $11,637 | $10,483 | $9,781 $8,851 $8,800 $8,749 $8,700 $8,652 $7,187
Large car 10% 3% | $15,448 | $13,989 | $12,971 | $11,793 | $11,719 | $11,646 | $11,575 | $11,505 | $9,657
Large car 15% 8% | $15,020 | $13,597 | $12,613 | $11,464 | $11,392 | $11,322 | $11,253 | $11,185 | $9,382
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Large car 20% 13% | $14,593 | $13,205 | $12,255 | $11,135 | $11,065 | $10,997 | $10,931 | $10,866 | $9,107
Minivan 10% 3% | $14,951 | $13511 | $12,559 | $11,397 | $11,327 | $11,259 | $11,193 | $11,127 | $9,301
Minivan 15% 8% | $14,577 | $13,169 | $12,245 | $11,110 | $11,042 | $10,976 | $10,911 | $10,848 | $9,062
Minivan 20% 13% | $14,203 | $12,827 | $11,932 | $10,822 | $10,757 | $10,693 | $10,630 | $10,568 | $8,824
Small truck 10% 3% | $14,138 | $12,766 | $11,878 | $10,771 | $10,706 | $10,643 | $10,581 | $10,520 | $8,779
Small truck 15% 8% | $13,796 | $12,454 | $11,591 | $10,508 | $10,445 | $10,384 | $10,323 | $10,264 | $8,561
Small truck 20% 13% | $13/453 | $12,141 | $11,304 | $10,246 | $10,185 | $10,125 | $10,066 | $10,008 | $8,344

WR=weight reduction.
All costs are incremental to the baseline case.

Table 1.2-9 Costs for Plug-in Hybrid Technology with 40 Mile EV Range, or PHEV40

(20095)
Vehicle Class CVF:_\E)I ed \’>|\/e|§ 2017 2018 2019 2020 2021 2022 2023 2024 2025
Subcompact 15% 2% | $14,293 | $12,717 | $12,043 | $10,775 | $10,726 | $10,677 | $10,630 | $10,584 | $8,571
Subcompact 20% 7% | $14,067 | $12,510 | $11,854 | $10,601 | $10,553 | $10,506 | $10,460 | $10,415 | $8,427
Small car 15% 3% | $15,655 | $13,929 | $13,190 | $11,802 | $11,748 | $11,695 | $11,643 | $11,593 | $9,390
Small car 20% 8% | $15,248 | $13,568 | $12,847 | $11,495 | $11,443 | $11,391 | $11,341 | $11,291 | $9,146
Large car 15% 2% | $20,644 | $18,411 | $17,386 | $15,589 | $15514 | $15,441 | $15,369 | $15,298 | $12,450
Large car 20% 7% | $20,000 | $17,836 | $16,844 | $15,102 | $15,030 | $14,959 | $14,889 | $14,821 | $12,061
Minivan 15% 2% | $19,848 | $17,677 | $16,720 | $14,973 | $14,903 | $14,835 | $14,768 | $14,702 | $11,932
Minivan 20% 7% | $19,382 | $17,257 | $16,328 | $14,619 | $14,551 | $14,485 | $14,419 | $14,356 | $11,644
Small truck 15% 3% | $18,637 | $16,589 | $15,702 | $14,054 | $13,989 | $13,926 | $13,864 | $13,803 | $11,189
Small truck 20% 8% | $18,139 | $16,145 | $15,282 | $13,678 | $13,615 | $13,553 | $13,493 | $13,433 | $10,888

WR=weight reduction.
All costs are incremental to the baseline case.

Table 1.2-10 Costs for Full Electric Vehicle Technology with 75 Mile Range, or EV75

(20099)

Vehicle Class CVF:_\E)I ed \’>|\/e|§ 2017 2018 2019 2020 2021 2022 2023 2024 2025
Subcompact 10% 10% | $15,236 | $13,009 | $13,001 | $11,219 | $11,211 | $11,203 | $11,199 | $11,194 | $8,253
Subcompact 15% 15% | $14,914 | $12,718 | $12,712 | $10,955 | $10,949 | $10,944 | $10,941 | $10,937 | $8,055
Subcompact 20% 20% | $14,592 | $12,427 | $12,424 | $10,691 | $10,688 | $10,685 | $10,683 | $10,681 | $7,857
Small car 10% 10% | $16,886 | $14,484 | $14,466 | $12,541 | $12,525 | $12,508 | $12,498 | $12,488 | $9,245
Small car 15% 15% | $16,442 | $14,086 | $14,071 | $12,183 | $12,169 | $12,155 | $12,146 | $12,138 | $8,976
Small car 20% 20% | $15,999 | $13,688 | $13,676 | $11,825 | $11,813 | $11,802 | $11,795 | $11,788 | $8,707
Large car 10% 10% | $20,727 | $17,834 | $17,805 | $15,486 | $15458 | $15,432 | $15,414 | $15,397 | $11,430
Large car 15% 15% | $19,962 | $17,147 | $17,123 | $14,867 | $14,844 | $14,822 | $14,807 | $14,793 | $10,965
Large car 20% 20% | $19,198 | $16,460 | $16,441 | $14,248 | $14,229 | $14,212 | $14,200 | $14,189 | $10,501
Minivan 10% 10% | $20,440 | $17,543 | $17,520 | $15,198 | $15,177 | $15,156 | $15,142 | $15,129 | $11,206
Minivan 15% 15% | $19,716 | $16,896 | $16,877 | $14,618 | $14,601 | $14,584 | $14,573 | $14,562 | $10,772
Minivan 20% 20% | $18,993 | $16,249 | $16,235 | $14,038 | $14,025 | $14,012 | $14,003 | $13,995 | $10,337
Small truck 10% 10% | $19,874 | $17,112 | $17,082 | $14,868 | $14,840 | $14,813 | $14,795 | $14,778 | $10,977
Small truck 15% 15% | $19,223 | $16,530 | $16,504 | $14,347 | $14,322 | $14,299 | $14,283 | $14,268 | $10,587
Small truck 20% 20% | $18,572 | $15,949 | $15,927 | $13,826 | $13,805 | $13,785 | $13,772 | $13,759 | $10,197

WR=weight reduction.
All costs are incremental to the baseline case.

Table 1.2-11 Costs for Full Electric Vehicle Technology with 100 Mile Range, or EV100

(20098)
Vehicle Class Cvﬁ)gl ied C‘Ve'; 2017 2018 2019 2020 2021 2022 2023 2024 2025
Subcompact 10% 4% | $18,157 | $15,513 | $15,502 | $13,385 | $13,375 | $13,365 | $13,359 | $13,352 | $9,850
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Subcompact 15% 9% | $17,733 | $15,135 | $15,126 | $13,046 | $13,038 | $13,031 | $13,025 | $13,021 | $9,596

Subcompact 20% 14% | $17,309 | $14,757 | $14,750 | $12,707 | $12,702 | $12,696 | $12,692 | $12,689 | $9,343

Small car 10% 5% | $20,332 | $17,433 | $17,412 | $15,090 | $15,071 | $15,052 | $15,040 | $15,028 | $11,122
Small car 15% 10% | $19,775 | $16,939 | $16,922 | $14,650 | $14,633 | $14,617 | $14,607 | $14,596 | $10,793
Small car 20% 15% | $19,219 | $16,446 | $16,431 | $14,210 | $14,196 | $14,182 | $14,173 | $14,165 | $10,464
Large car 10% 5% | $24,009 | $20,660 | $20,626 | $17,942 | $17,910 | $17,879 | $17,858 | $17,839 | $13,244
Large car 15% 10% | $23,170 | $19,911 | $19,881 | $17,269 | $17,242 | $17,215 | $17,198 | $17,181 | $12,740
Large car 20% 15% | $22,331 | $19,161 | $19,136 | $16,597 | $16,574 | $16,552 | $16,537 | $16,523 | $12,236
Minivan 10% 4% | $24,740 | $21,235 | $21,207 | $18,398 | $18,372 | $18,346 | $18,330 | $18,314 | $13,566
Minivan 15% 9% | $24,070 | $20,634 | $20,610 | $17,857 | $17,835 | $17,813 | $17,799 | $17,785 | $13,160
Minivan 20% 14% | $23,400 | $20,032 | $20,013 | $17,316 | $17,298 | $17,280 | $17,269 | $17,257 | $12,754
Small truck 10% 2% | $24,324 | $20,938 | $20,902 | $18,189 | $18,155 | $18,123 | $18,102 | $18,081 | $13,428
Small truck 15% 7% | $23,698 | $20,378 | $20,346 | $17,686 | $17,656 | $17,627 | $17,608 | $17,590 | $13,051
Small truck 20% 12% | $23,072 | $19,818 | $19,790 | $17,183 | $17,157 | $17,131 | $17,115 | $17,098 | $12,674

WR=weight reduction.
All costs are incremental to the baseline case.

Table 1.2-12 Costs for Full Electric Vehicle Technology with 150 Mile Range, or EV150

(20098)
Vehicle Class Cvpg lied C‘Vel; 2017 2018 2019 2020 2021 2022 2023 2024 2025

Subcompact 20% 2% | $23,714 | $20,242 | $20,230 | $17,450 | $17,439 | $17,428 | $17,421 | $17,414 | $12,836
Small car 20% 3% | $26,621 | $22,785 | $22,763 | $19,691 | $19,671 | $19,651 | $19,639 | $19,626 | $14,502
Large car 20% 2% | $32,589 | $27,974 | $27,936 | $24,239 | $24,204 | $24,170 | $24,148 | $24,127 | $17,873
Minivan 20% 2% | $34,229 | $29,311 | $29,281 | $25,342 | $25,315 | $25,288 | $25,270 | $25,253 | $18,668
Small truck 20% 0% | $33,589 | $28,831 | $28,793 | $24,980 | $24,944 | $24,910 | $24,887 | $24,865 | $18,419

WR=weight reduction.
All costs are incremental to the baseline case.

Tablel.2-13 Costs for EV/PHEV In-home Chargers (2009%)

Technology \éghslé: le 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
PHEV 20
Charger All $78 $65 $65 $55 $55 $55 $55 $55 $41
Subcompact | $410 $344 $344 $291 $291 $291 $291 $291 $214
Small car $476 $399 $399 $338 $338 $338 $338 $338 $249
PHEV40
Charger Larger car
Minivan $521 $437 $437 $369 $369 $369 $369 $369 $272
Small truck
EV Charger | All $521 $437 $437 $369 $369 $369 $369 $369 $272
gg(a;ger Al $1,009 | $1,009 | $1,009 | $1,009 | $1,009 | $1,009 | $1,000 | $1,009 | $1,009
EV=electric vehicle; PHEV =plug-in electric vehicle; PHEV20=PHEV with 20 mile range; PHEV40=PHEV with 40
mile range.

All costs are incremental to the baseline case.
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Table 1.2-14 Costs for 10% and 20% Weight Reduction for the 19 Vehicle Types®

(2009$%)
Vehicle | Base Applied

Type Weight | WR 2017 2018 2019 2020 2021 2022 2023 2024 | 2025
1 2615 10% | $141 | $137 | $128 $125 | $122 | $119 | $117 | $115 | $113
20% | $628 | $614 | $600 | $587 | $574 | $561 | $553 | $545 | $495

5 2907 10% | $156 | $153 | $143 $139 | $136 | $132 | $130 | $128 | $126
20% | $698 | $683 | $667 $653 | $638 | $624 | $615 | $606 | $550

3 3316 10% | $178 | $174 | $163 $159 | $155 | $151 | $148 | $146 | $144
20% | $797 | $779 | $761 $744 | $728 | $712 | $702 | $692 | $627

4 3357 10% | $181 | $176 | $165 $161 | $157 | $153 | $150 | $148 | $145
20% | $807 | $788 | $771 $754 | $737 | $721 | $710 | $700 | $635

5 3711 10% | $200 | $195 | $182 $178 | $173 | $169 | $166 | $163 | $161
20% | $892 | $872 | $852 $833 | $815 | $797 | $785 | $774 | $702

6 4007 10% | $215 | $210 | $197 $192 | $187 | $182 | $179 | $176 | $173
20% | $963 | $941 | $920 | $899 | $880 | $860 | $848 | $836 | $758

7 3535 10% | $190 | $185 | $173 $169 | $165 | $161 | $158 | $156 | $153
20% | $849 | $830 | $812 $793 | $776 | $759 | $748 | $737 | $669

8 3845 10% | $207 | $202 | $189 $184 | $179 | $175 | $172 | $169 | $166
20% | $924 | $903 | $883 $863 | $844 | $826 | $814 | $802 | $727

9 4398 10% | $237 | $231 | $216 $210 | $205 | $200 | $197 | $194 | $190
20% | $1,057 | $1,033 | $1,010 | $987 | $965 | $944 | $931 | $917 | $832

10 4550 10% | $245 | $239 | $223 $218 | $212 | $207 | $204 | $200 | $197
20% | $1,093 | $1,069 | $1,045 | $1,021 | $999 | $977 | $963 | $949 | $861

11 4784 10% | $257 | $251 | $235 $229 | $223 | $218 | $214 | $211 | $207
20% | $1,149 | $1,123 | $1,098 | $1,074 | $1,050 | $1,027 | $1,012 | $998 | $905

12 2162 10% | $224 | $218 | $204 | $199 | $194 | $189 | $186 | $183 | $180
20% | $1,000 | $977 | $955 $934 | $914 | $894 | $881 | $868 | $787

13 5169 10% | $278 | $271 | $254 | $247 | $241 | $235 | $231 | $227 | $224
20% | $1,242 | $1,214 | $1,187 | $1,160 | $1,135 | $1,110 | $1,094 | $1,078 | $978

14 5020 10% | $270 | $263 | $246 $240 | $234 | $228 | $225 | $221 | $217
20% | $1,206 | $1,179 | $1,153 | $1,127 | $1,102 | $1,078 | $1,062 | $1,047 | $949

15 3508 10% | $193 | $189 | $177 $172 | $168 | $164 | $161 | $158 | $156
20% | $865 | $845 | $826 $808 | $790 | $773 | $761 | $750 | $680

16 4389 10% | $236 | $230 | $215 $210 | $205 | $200 | $196 | $193 | $190
20% | $1,055 | $1,031 | $1,008 | $985 | $964 | $942 | $929 | $915 | $830

17 5071 10% | $283 | $277 | $259 $252 | $246 | $240 | $236 | $232 | $228
20% | $1,267 | $1,238 | $1,210 | $1,183 | $1,157 | $1,132 | $1,115 | $1,099 | $997

18 4251 10% | $229 | $223 | $209 $203 | $198 | $193 | $190 | $187 | $184
20% | $1,021 | $998 | $976 $954 | $933 | $913 | $900 | $887 | $804

19 5069 10% | $283 | $276 | $258 $252 | $246 | $240 | $236 | $232 | $228
20% | $1,266 | $1,237 | $1,210 | $1,183 | $1,157 | $1,131 | $1,115 | $1,099 | $996

& See section 1.3 for details on the 19 vehicle types—what they are and how they are used.
WR=weight reduction.
All costs are incremental to the baseline case.

Table 1.2-15 through Table 1.2-19 summarize the CO, reduction estimates of various
technol ogies which can be applied to cars and light-duty trucks. A more detailed discussion
of effectivenessis provided in Chapter 3 of thejoint TSD.
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Table 1.2-15 Engine Technology Effectiveness

Absolute CO, Reduction (% from baseline vehicle)

Technology - Small Large
Small Car Large Car Minivan Truck Truck

Low friction lubricants 0.6 0.8 0.7 0.6 0.7
Engine friction reduction level 1 2.0 2.7 2.6 2.0 24
Engine friction reduction level 2 35 4.8 4.5 34 4.2
Cyllpder deactivation (includesimp. oil pump, if na 65 6.0 47 57
applicable)
VVT —intake cam phasing 2.1 2.7 25 2.1 24
VVT — coupled cam phasing 4.1 5.5 5.1 4.1 4.9
VVT —dual cam phasing 4.1 5.5 5.1 4.1 4.9
Discrete VVLT 4.1 5.6 5.2 4.0 4.9
Continuous VVLT 5.1 7.0 6.5 5.1 6.1
Stoichiometric Gasoline Direct Injection 15 15 15 15 15
Turbo+downsize (incremental to GDI-S) (18-27 bar)* 10.8-16.6 13.6-20.6 12.9-19.6 10.7-16.4 12.3-18.8
Cooled Exhaust Gas Recirculation (incremental to 24
bar TRBDS+SGDI) 3.6 3.6 3.6 35 3.6
Advanced diesel engine (T2B2 emissions level) 19.5 221 215 19.1 21.3

* Note: turbo downsize engine effectiveness does not include effectiveness of valvetrain improvements

Table 1.2-16 Transmission Technology Effectiveness

Absolute CO, Reduction (% from basdline vehicle)

Technolol Small Large - Small Large

» Car Ca? Miniven Truck Trugk
5-speed automatic (from 4-speed auto) 1.1 1.6 14 1.1 14
Aggressive shift logic 1 2.0 2.7 25 1.9 24
Aggressive shift logic 2 5.2 7.0 6.6 5.1 6.2
Early torque converter lockup 0.4 0.4 0.4 0.5 0.5
High Efficiency Gearbox 4.8 5.3 5.1 54 4.3
6-speed automatic (from 4-speed auto) 1.8 2.3 2.2 1.7 21
6-speed dry DCT (from 4-speed auto) 6.4 7.6 7.2 7.1 8.1

Table 1.2-17 Hybrid Technology Effectiveness

Absolute CO, Reduction (% from baseline vehicle)

Technology Small Large - Small Large

Car Cagr Minivan Truck Trugk
12V Start-Stop 1.8 2.4 2.2 1.8 2.2
HV Mild Hybrid* 7.4 7.2 6.9 6.8 8.0
P2 Hybrid drivetrain** 155 15.4 14.6 13.4 15.7
Plug-in hybrid eectric vehicle — 20 mile range*** 40 40 40 40 n.a
Plug-in hybrid el ectric vehicle — 40 mile range*** 63 63 63 63 n.a
Full electric vehicle (EV) 100 100 n.a n.a n.a

* Only includes the effectiveness related to the hybridized drivetrain (battery and electric motor) and supported

accessories.

** Only includes the effectiveness related to the hybridized drivetrain (battery and electric motor) and supported
accessories. Does not include advanced engine technologies. Will vary based on electric motor size; table values are based
on motor sizesin Ricardo vehicle simulation results (ref Joint TSD, Section 3.3.1)
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***Based on utility factors used for 20-mile (40%) and 40-mile (63%) range PHEV

Table 1.2-18 Accessory Technology Effectiveness

Absolute CO, Reduction (% from basdline vehicle)

Technology Small Large . Small Large
Car Car Minivan Truck Truck

Improved high efficiency alternator & electrification of

h 17 13 12 13 18
accessories (12 volt)
Electric power steering 15 1.1 1.0 1.2 0.8
Improved high efficiency alternator & electrification of 33 o5 24 26 35

accessories (42 volt)

Table 1.2-19 Other Vehicle Technology Effectiveness

Absolute CO, Reduction (% from basdline vehicle)
Technology Small Large Minivan Small Large
Car Car Truck Truck
Aero drag reduction (20% on cars, 10% on trucks) 4.7 4.7 4.7 4.7 2.3
Low rolling resistance tires (20% on cars, 10% on trucks) 3.9 39 3.9 3.9 1.9
Low drag brakes 0.8 0.8 0.8 0.8 0.8
Secondary axle disconnect (unibody only) 1.3 1.3 1.3 1.3 1.3

1.3 Vehicle Package Cost and Effectiveness

Individual technologies can be used by manufacturers to achieve incremental CO»
reductions. However, 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 that occur
approximately once every five years, rather than adding new technologies one at atime on an
annual or biennial basis. Thisway, manufacturers can more efficiently make use of their
redesign resources and more effectively plan for changes necessary to meet future standards.

Therefore, the approach taken by EPA isto group technologies into packages of
increasing cost and effectiveness. Costs for the packages are a sum total of the costs for the
technologiesincluded. Effectivenessis somewhat more complex, as the effectiveness of
individual technologies cannot often be ssmply summed. To quantify the CO, (or fuel
consumption) effectiveness, EPA relies on its Lumped Parameter Model, which is described
in greater detail in the following section as well as in Chapter 3 of the draft joint TSD.

Aswas done in the 2012-2016 rule and then updated in the 2010 TAR, EPA uses 19
different vehicle types to represent the entire fleet in the OMEGA model. Thiswas 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

1-15




2017 Draft Regulatory Impact Analysis

vehicle was evaluated for powertrain, specifically the engine size, 14, V6, and V8, then by
valvetrain configuration (DOHC, SOHC, OHV), and finaly by the number of valves per
cylinder. For this analysis, EPA has used the same 19 vehicle types that were used in the 2010
TAR. EPA believes (at thistime) that these 19 vehicle types broadly encompass the diversity
in the fleet asthe analysisis appropriate for “average’ vehicles. EPA believes that modeling
each and every vehicle in the fleet individually is cumbersome and can even give afalse sense
of accuracy in the analysis of afuture fleet. Each of these 19 vehicle types is mapped into one
of seven vehicle classes. Subcompact, Small car, Large car, Minivan, Minivan with towing,
Small truck, and Large truck. Note that, for the current assessment and representing an
update since the 2010 TAR, EPA has created a new vehicle class called “ minivan-towing” or
aminivan (or MPV or Multi-Purpose V ehicle) with towing capability (as defined below)
which allows for greater differentiation of costs for this popular class of vehicles (such asthe
Ford Edge, Honda Odyssey, Jeep Grand Cherokee).® Note also that our seven vehicle classes
are not meant to correl ate one-to-one with consumer-level vehicle classes. For example, we
have many sport utility and cross-over utility vehicles (SUVsand CUVs) in our “Minivan”
and “Minivan-towing” vehicle classes. We are not attempting to inappropriately mix
minivans with SUV's or equating the two in terms of features and utility, but we are grouping
them with respect to technology effectiveness and some technology costs. The seven
OMEGA vehicle classes serve primarily to determine the effectiveness levels of new

technol ogies by determining which vehicle class is chosen within the lumped parameter
model (see sections 1.4 and 1.5 below). So, any vehicle models mapped into a minivan-
towing vehicle type will get technology-specific effectiveness results for that vehicle class.
The same s true for vehicles mapped into the other vehicle classes. Similarly, any vehicle
models mapped into a minivan-towing vehicle type will get technol ogy-specific cost results
for that vehicle class. The sameistrue for vehicles mapped into the other vehicle classes.
Thisistrue only for applicable technologies, i.e., those costs developed on avehicle class
basis such as advanced diesel, hybrid and other electrified powertrains (see Table 1.2-6
through Tablel.2-13 which show costs by vehicle class). Note that most technology costs are
not developed according to vehicle classes but are instead developed according to engine size,
valvetrain configuration, etc. (see Table 1.2-1 through Table 1.2-5 which show costs by
specific technology). Lastly, note that these 19 vehicle types span the range of vehicle
footprints—smaller footprints for smaller vehicles and larger footprints for larger vehicles—
which served as the basis for the 2012-2016 GHG standards and the standardsin this
proposal. A detailed table showing the 19 vehicle types, their baseline engines, their
descriptions and some example models for each is contained in Table 1.3-1.

Table 1.3-1 List of 19 Vehicle Types used to Model the light-duty Fleet

Vehicle . Base Vehicle - .
?
Type # Base Engine Trans Cl Description Example Models Towing?
1.5L 4v Ford Focus, Chevy
1 DOHC 14 4sp AT | Subcompact Subcompact car 14 Aveo, Honda Fit No
24L 4V Chevy Cobalt,
2 |poncia | APAT | Smalca Compactcarl4 | 4o da Civic, Mazda | \°

B Note the distinction between “vehicle type” and “vehicle class.” We have the same 19 vehicle types as were
used in the 2010 TAR but have added a 7" vehicle class where the TAR used six.
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3
o Ford Fusion, Honda
24L 4V Midsize car/Small '
3 DOHC |4 4p AT Small car MPV 14 Accord, Toyota No
Camry
Dodge Caliber
3.0L 4V - Compact car/Small '
4 4Asp AT Minivan Subaru Impreza, No
DOHC V6 MPV V6 VW Jetta
33l 4V Dodge Avenger,
5 y 4Ap AT Large car Midsize/Large car V6 | Ford Fusion, Honda No
DOHC V6
Accord
I BMW 750, Ford
6 4.5L 4v 4p AT Large car Midsize car/Large car Mustang, Cadillac No
DOHC V8 V8 STS
2.6L 4V o Jeep Compass, Ford
7 | DOHC 14 4spAT | Minivan | MigszeMPVISmal | p oo Nissan No
truck 14
(15) Rogue
3.7L 2V Midsize MPV/Small | Jeep Liberty, Ford
8 SOHC V6 4sp AT | Small truck truck V6 Ranger No
- Dodge Durango
4.0L 2V Minivan- '
9 SOHC V6 4Asp AT towing Large MPV V6 Jeep Commander, Yes
Ford Explorer
Dodge Durango,
471 2V Minivan- Jeep Grand
10 SOHC V8 Ap AT towing LargeMPV V8 Cherokee, Ford Yes
F150
4.2L 2V Dodge Ram 1500,
11 SOHC V6 4sp AT | Largetruck Large truck/van V6 Ford F150 Yes
38L 2V Chrydler Town &
12 y 4sp AT | Largetruck | Largetruck/MPV V6 | Country, Chevy Yes
OHV V6 :
Silverado
5.7L 2V Dodge Ram 1500,
13 OHV V8 4sp AT | Largetruck Large truck/van V8 Chevy Silverado Yes
5.4L 3V Ford Explorer, Ford
14 SOHC V8 4sp AT | Largetruck Large truck/van V8 F150 Yes
5.7L 2V Chrysler 300, Chevy
15 OHV V8 4p AT Large car Largecar V8 Corvette No
- Ford Edge, Chevy
3.5L 4V Minivan- : '
16 DOHC V6 4Asp AT towing Large MPV V6 Equinox, Honda Yes
Odyssey
Jeep Grand
4.6L 4V Minivan- Cherokee, Nissan
7 | porcve | *PAT | towing LageMPVV8 | A rmada, VW Yes
Touareg
40L 4V Ford F150, Nissan
18 y 4sp AT | Largetruck Large truck/van V6 Frontier, Toyota Yes
DOHC V6
Tacoma
5.6L 4V Nissan Titan, Toyota
19 DOHC V8 4sp AT | Largetruck Large truck/van V8 Tundra Yes

Note that we refer throughout this discussion of package building to a“baseline”
vehicle or a“baseline’ package. This should not be confused with the baseline fleet, which is
the fleet of roughly 16 million 2008MY individua vehicles comprised of over 1,100 vehicle
models as described in Chapter 1 of the joint TSD. In this discussion, when we refer to
“baseline” vehicle we refer to the “baseling” configuration of the given vehicle type. So, we
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have 19 baseline vehicles in the context of building packages. Each of those 19 baseline
vehiclesis equipped with a port fuel injected engine and a4 speed automatic transmission.
The valvetrain configuration and the number of cylinders changes for each vehicle typein an
effort to cover the diversity in the 2008 baseline fleet as discussed above. When we apply a
package of technologiesto an individual vehicle model in the baseline fleet, we must first
determine which package-technologies are already present on the individual vehicle model.
From this information, we can determine the effectiveness and cost of the individual vehicle
model in the baseline fleet relative to the baseline vehicle that defines the vehicle type. Once
we have that, we can determine the incremental increase in effectiveness and cost for each
individual vehicle model in the baseline fleet once it has added the package of interest. This
process is known as the TEB-CEB process, which is short for Technology Effective Basis -
Cost Effective Basis. This process alows us to accurately reflect the level of technology
already in the 2008 baseline fleet as well as the level of technology expected in the 2017-2025
reference case (i.e., thefleet asit is expected to exist as aresult of the 2012-2016 final rule
which serves as the starting point for the larger analysis supporting this proposal). But again,
the discussion here is focused solely on building packages. Therefore, while the baseline
vehicle that defines the vehicle type is relevant, the baseline and reference case fleets of red
vehicles are relevant to the discussion presented later in Chapter 3 of thisdraft RIA.

Importantly, the effort in creating the packages attempts to maintain a constant utility
and acceleration performance 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. There are two possible exceptions. Thefirst is the towing capability of
vehicle types which we have designated “non-towing.” This requires abrief definition of
what we consider to be atowing vehicle versus a non-towing vehicle. Nearly all vehicles sold
today, with the exception of the smaller subcompact and compact cars, are able to tow up to
1,500 pounds provided the vehicle is equipped with atowing hitch. These vehicles require no
special OEM “towing package” of add-ons which typically include a set of more robust
brakes and some additional transmission cooling. We do not consider such vehiclesto be
towing vehicles. We reserve that term for those vehicles capable of towing significantly more
than 1,500 Ibs. For example, a base model Ford Escape can tow 1,500 pounds while the V6
equipped towing version can tow up to 3,500 pounds. The former would not be considered a
true towing vehicle while the latter would. Note that all large trucks and most minivan
vehicle classes are considered towing vehiclesin our analysis.

The importance of this distinction can be found in the types of hybrid and plug-in
hybrid technol ogies we apply to towing versus non-towing vehicle types.© For the towing
vehicle types, we apply a P2 hybrid technology with a turbocharged and downsized gasoline
direct injected engine. These packages are expected to maintain equivalent towing capacity to
the baseline engine they replace. For the non-towing vehicle types, we apply a P2 hybrid
technology with an Atkinson engine that has not been downsized relative to the baseline
engine. The Atkinson engine, more correctly called the “ Atkinson-cycle” engine, isused in

€ This towing/non towing distinction is not an issue for non-HEV's, EPA maintains whatever towing capability
existed in the baseline when adding/substituting technology.
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the current Toyota Prius and Ford Escape hybrid. We have maintained the original engine
size (i.e., no downsizing) to maintain utility as best as possible, but EPA acknowledges that
due to its lower power output, an Atkinson cycle engine cannot tow loads as well asa
standard Otto-cycle engine of the same size. However, the presence of the hybrid powertrain
would be expected to maintain towing utility for these vehicle typesin all but the most severe
operating extremes. Such extremes would include towing in the Rocky Mountains (i.e, up
very long duration grades) or towing up Pike' s Peak (i.e., up a shorter but very steep grade).
Under these extreme towing conditions, the battery on a hybrid powertrain would eventually
cease to provide sufficient supplemental power and the vehicle would be | eft with the
Atkinson engine doing all thework. A lossin utility would result (note that the lossin utility
should not result in breakdown or safety concerns, but rather loss in top speed and/or
acceleration capability). Importantly, those towing situations involving driving outside
mountainous regions would not be affected.

We do not address towing at the vehicle level. Instead, we deal with towing at the
vehicletypelevel. Asaresult of the discretization of our vehicle types, we believe that some
towing vehicle models have been mapped into non-towing vehicle types while some non-
towing vehicle models may have been mapped into towing vehicle types. One prime example
is the Ford Escape mentioned above. We have mapped all Escapes into non-towing vehicle
types. Thisisdone because the primary driver behind the vehicle type into which avehicleis
mapped is the engine technology in the base engine (number of cylinders, valvetrain
configuration, etc.). Towing capacity was not an original driver in the decision. Because of
this, our model outputs would put Atkinson-HEV s on some vehicle models that are more
properly treated as towing vehicles®, and would put turbocharged/downsized HEV's on some
vehicle models that are more properly treated as non-towing vehicles. Table 1.3-2 shows
some of these vehicle models that have been mapped into a non-towing vehicle type even
though they may be towing vehicles (the right column). The table also shows some vehicle
models that have been mapped into atowing vehicle type even though they may not be
towing vehicles (the left column). The vehiclesin the right column may experience some loss
of towing on along grade for any that have been converted to Atkinson-HEV although they
would not have alower tow rating. The vehiclesin the left column may, when converted to
HEV, be costlier and dlightly less effective (less CO2 reduction) since they would be
converted to turbocharged/downsized HEV s rather than Atkinson-HEV's. Accurate dataon
towing specification is difficult to find, we hope to have better data on towing capacity for the
final rule analysis and may create new vehicle types to more properly model towing and non-
towing vehicles.

P The Ford Escape HEV does utilize an Atkinson engine and has a tow rating of 1,500 pounds which isidentical
to the base 14 (non-HEV) Ford Escape.
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Table 1.3-2 Potential Inconsistencies in our Treatment of Towing & Non-towing

Vehicles

Non-towing vehicles mapped into towing

Towing vehicles mapped into non-towing

vehicle types vehicle types
Mercedes-Benz SLR Dodge Magnum V8

Ford Mustang Ford Escape AWD V6
Buick Lacrosse/Lucerne Jeep Liberty V6

Chevrolet Impala Mercury Mariner AWD V6
Pontiac G6/Grand Prix Saturn Vue AWD V6

Honda Ridgeline 4WD V6
Hyunda Tuscon 4WD V6

Mazda Tribute AWD V6
Mitsubishi Outlander 4WD V6
Nissan XterraV6

Subaru Forester AWD V6

Subaru Outback Wagon AWD V6
Suzuki Grand Vitara4WD V6
Land Rover LR2 V6

Toyota Rav4 4WD V6

The second possible exception to our attempt at maintaining utility isthe electric
vehiclerange. We have built electric vehicle packages with ranges of 75, 100 and 150 miles.
Clearly these vehicles would not provide the same utility as a gasoline vehicle which typically
has arange of over 300 miles. However, from an acceleration performance standpoint, the
utility would be equal if not perhaps better. We believe that buyers of electric vehiclesin the
2017-2025 timeframe will be purchasing the vehicles with afull understanding of the range
limitations and will not attempt to use their EV s for long duration towing trips. As such, we
believe that the buyers will experience no practical loss of utility.

To prepare inputs for the OMEGA model, EPA builds a“master-set” of technology
packages. The master-set of packages for each vehicle type are meant to reflect the most
likely technology packages manufacturers would consider when determining their plans for
complying with future standards. In other words, they are meant to reflect the most cost
effective groups of technol ogies—those that provide the best trade-off of costs versus fuel
consumption improvements. Thisis done by grouping reasonable technologiesin all possible
permutations and ranking those groupings based on the Technology Application Ranking
Factor (TARF). The TARF isthe factor used by the OMEGA model to rank packages and
determine which are the most cost effective to apply. The TARF is calculated as the net
incremental cost (or savings) of a package per kilogram of CO, reduced by the package
relative to the previous package. The net incremental cost is calculated as the incremental
cost of the technology package less the incremental discounted fuel savings of the package
over 5 years. Theincremental CO, reduction is calculated as the incremental CO./mile
emission level of the package relative to the prior package multiplied by the lifetime miles
travelled. More detail on the TARF can be found in the OMEGA model supporting

1-20



2017 Draft Regulatory Impact Analysis

documentation (see EPA-420-B-10-042). We also describe the TARF ranking processin
more detail below. Grouping “reasonable technologies’ simply means grouping those
technologies that are complementary (e.g., turbocharging plus downsizing) and not grouping
technologies that are not complementary (e.g., dual cam phasing and coupled cam phasing).

To generate the master-set of packages for each of the vehicle types, EPA has built
packages in a step-wise fashion looking first at “simpler” conventiona gasoline and vehicle
technol ogies, then more advanced gasoline technol ogies such as turbocharged (with very high
levels of boost) and downsized engines with gasoline direct injection and then hybrid and
other electrified vehicle technologies. Thiswas done by presuming that auto makers would
first concentrate efforts on conventional gasoline engine and transmission technologies paired
with some level of mass reduction to improve fuel consumption. Mass reduction varied from
no mass reduction up to 20 percent as the maximum considered in this analysis.F

Once the conventional gasoline engine and transmission technol ogies have been fully
implemented, we expect that auto makers would apply more complex (and costly)
technologies such as the highly boosted (i.e. 24 bar and 27 bar brake mean effective pressure,
BMEP) gasoline engines and/or converting conventional gasoline engines to advanced diesel
engines in the next redesign cycle. The projected penetrations of these more advanced
technologies are presented in Chapter 3.8 of thisdraft RIA and the OMEGA model phase-in
caps are shown in Chapter 3.5 of the joint TSD.

From there, auto makers needing further technology penetration to meet their
individual standards would most likely moveto hybridization. For thisanaysis, we have
built al of our hybrid packages using the newly emerging P2 technology. This technology
and why we believe it will be the predominant hybrid technology used in the 2017-2025
timeframe is described in Chapter 3 of the draft joint TSD. As noted above, we have built
two types of P2 hybrid packages for analysis. Thefirst typeisfor non-towing vehicle types
and uses an Atkinson-cycle engine with no downsizing relative to the baseline engine. The
second P2 hybrid typeis for towing vehicle types and uses a turbocharged and downsized
engine (rather than an Atkinson-cycle engine) to ensure no loss of towing capacity.”

E Importantly, the mass reduction associated for each of the 19 vehicle types was based on the vehicle-type sales
weighted average curb weight. Although considerations of vehicle safety are an important part of EPA’s
consideration in establishing the proposed standards, note that allowable weight reductions giving consideration
to safety is not part of the package building process so we have built packages for the full range of 0-20% weight
reduction considered in this analysis. Weight consideration for safety is handled within OMEGA as described in
Chapter 3 of thisdraft RIA.

F Thisis a departure from the 2010 TAR where we built several flavors of P2 HEV packagesin the same manner
for each of the 19 vehicle types. We built P2 HEV packages with downsized engines, some with turbocharged
and downsized engines, some with cooled EGR, etc. We then used the TARF ranking process (described below)
to determine which packages were most cost effective. We aso did not, in the 2010 TAR, consider the weight
impacts of the hybrid powertrain, which we have done in thisanalysis. The effect of the changes used in this
analysis has been to decrease the effectiveness of HEV packages and to increase their costs since heavier
batteries and motors are now part of the packages.
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Lastly, for some vehicle types (i.e., the non-towing vehicle types), we anticipate that
auto makers would move to more advanced electrification in the form of both plug-in hybrid
(PHEV, sometimes referred to as range extended electric vehicles (REEV)) and full battery
electric vehicles (EV).

Importantly, the HEV, PHEV and EV (called collectively P/H/EV) packages take into
consideration the impact of the weight of the electrified components, primarily the battery
packs. Because these battery packs can be quite heavy, if one removes 20 percent of the mass
from a gasoline vehicle then convertsit to an electric vehicle, the resultant net weight
reduction will be less than 20 percent. We discuss thisin more below where we provide
additional discussion regarding the P/H/EV packages.

Focusing first on the conventional and more advanced (higher boost, cooled EGR)
gasoline packages, the first step in creating these packages was to consider the following 14
primary categories of conventional gasoline engine technologies. These are:

1. Our “anytime technologies’ (ATT).® These consist of low friction lubes, engine
friction reduction, aggressive shift logic, early torque converter lock-up (automatic
transmission only). ATT isbroken into two levels:

- ATT, which consists of our first level of low friction lubes, engine friction
reduction, aggressive shift logic, early torque converter lock-up (automatic
transmission only) and low drag brakes.

- ATT2, which consists of our second level of low friction lubes and engine
friction reduction (collectively referred to as EFR2), aggressive shift logic,
along with the same early torque converter lock-up (automatic transmission
only) and low drag brakes that are part of ATT.

2. Our “Other” conventional technologies. These consist of improved accessories,
electric power steering (EPS) or electrohydraulic power steering (EHPS, used for
large trucks), aerodynamic improvements and lower rolling resistancetires. The
“other” technology category is broken into two levels:

S Note that the term “anytime technology,” is a carryover term from the 2012-2016 rule. At this point, we
continue to use the term, but it has become merely convenient nomenclature to denote very cost effective
technologies that are relatively easy to implement and would likely be implemented very early by auto makers
when considering compliance with CO, standards. Thisistrue also of the term “other” technologies. We group
these technologies largely because they are very cost effective so will likely be implemented early in some form
and combination. This grouping also servesto minimize the number of packages to be considered in our
modeling process. Asexplained in the text, we have built roughly 40,000 packages. Grouping the anytime and
other technologies together and treating them, essentially, as four technologies (ATT, ATT2, Otherl, Other2)
when building packages helps to keep the number of packages lower. If we considered each “anytime” and
“other” technology separately, we would have had to build well over 200,000 packages which becomes
unworkabl e given the analytical tools at our disposal.
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- Otherl, which consists of our first level of improved accessories, our first level
of aerodynamic improvements and our first level of lower rolling resistance
tires aong with EPS/EHPS. This category also includes the high efficiency
gearbox technology (HEG).

- Other2, which consists of our second levels of improved accessories,
aerodynamic improvements and lower rolling resistance tires along with the
same EPS/EHPS and HEG that are part of Otherl.

3. Variablevalvetiming (VVT) consisting of coupled cam phasing (CCP, for OHV
and SOHC engines) and dua cam phasing (DCP, for DOHC engines)

4. Variablevavelift (VVL) consisting of discrete variable valvelift (DVVL, for
DOHC engines)

5. Cylinder deactivation (Deac, considered for OHV and SOHC engines)
6. Gasolinedirect injection (GDI)

7. Turbocharging and downsizing (TDS, which always includes a conversion to GDI)
with and without cooled EGR. Note that 27 bar BMEP engines must include the
addition of cooled EGR in our anaysis.

8. Stop-start
9. Secondary axle disconnect (SAX)

10. Conversion to advance diesel, which includes removal of the gasoline engine and
gasoline fuel system and aftertreatment, and replacement by a diesel engine with
diesdl fuel system, a selective catalytic reduction (SCR) system and advanced fuel
and SCR controls.

11. Mass reduction consisting of 0%, 5%, 10%, 15% and 20%.

In thisfirst step, we also considered the 6 primary transmission technologies. These
are

12. 6 and 8 speed automatic transmissions (6sp AT/8sp AT)

13. 6 and 8 speed dual clutch transmissions with wet clutch (6sp wet-DCT/8sp wet-
DCT)

14. 6 and 8 speed dua clutch transmission with dry clutch (6sp dry-DCT/8sp wet-
DCT)

In considering the transmissions, we had to first determine how each transmission could
reasonably be applied. DCTSs, especialy dry-DCTs, cannot be applied to every vehicle type
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due to low end torque demands at launch (another example of how the proposed standards are
developed to preserve al vehicle utility). In addition, dry-DCTs tend to be more efficient
than wet-DCTSs, which are more efficient than 6sp ATs primarily due to the elimination of wet
clutches and torque converter in the dry-DCT. Further, each transmission has progressively
lower costs. Therefore, moving from wet-DCT to dry-DCT will result in lower costs and
increased effectiveness. Unlike the TAR analysis, we have limited towing vehicle typesto
use of automatic transmissions (both 6 and 8 speed). Likethe TAR, we have added dry-DCTs
to vehicle typesin baseline 14 engines and wet-DCTs to vehicle types with baseline V8
engines. Thiswas done to ensure no loss of launch performance. For the V6 baseline vehicle
types, and again as was done in the 2010 TAR, we have added dry versus wet DCTs
depending on the baseline weight of the vehicletype. If the vehicle type were below 2,800
pounds curb weight, or removed enough weight in the package such that the package weight
would be below 2,800 pounds, we added adry-DCT. Otherwise, we added awet-DCT. Inthe
end, this allowed change from wet- to dry-DCT impacted only vehicle type 4 and only in
packages with 20% weight reduction applied. Only then was this vehicle type light enough to
add the dry-DCT.
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Table 1.3-3 shows the vehicle types, baseline curb weights and transmissions added in
thisanalysis.

It isimportant to note that these heavier towing vehicles (including pickup trucks)
have no access to the more effective technol ogies such as Atkinson engine, dry-DCT
transmission, PHEV, or EV (as we describe below). Together these result in adecrease in
effectiveness potential for the heavier towing vehicle types compared to the non-towing
vehicle types. Thisdiscrepancy isone justification for the adjustment to the 2017-2025 truck
curves (in comparison to the 2012-2016 curves) as described in Chapter 2 of the draft joint
TSD and in preamble Section 111.D.6.b."

H Whileit's also offset by more mass reduction capability on these vehicles, the curve analysis did not assume an
uneven distribution of mass reduction throughout the fleet.
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Table 1.3-3 Application of Transmission Technologies in Building OMEGA Packages

Vehicle | Vehicle Base | Base | MassReduction
Type | class engine | weight | 0% | 5% | 10% | 15% | 20%
1 Subcompact 14 2615 6/8 speed dry-DCT
2 Small car 14 2907 6/8 speed dry-DCT
3 Small car 14 3316 6/8 speed dry-DCT
4 Minivan V6 3357 6/8 speed wet-DCT | 6/8 speed dry-DCT
5 Large car V6 3711 6/8 speed wet-DCT
6 Large car V8 4007 6/8 speed wet-DCT
7 Minivan 14 3535 6/8 speed dry-DCT
8 Small truck V6 3845 6/8 speed wet-DCT
9 Minivan-towing | V6 4398 6/8 speed AT
10 Minivan-towing | V8 4550 6/8 speed AT
11 Large truck V6 4784 6/8 speed AT
12 Large truck V6 4162 6/8 speed AT
13 Large truck V8 5169 6/8 speed AT
14 Large truck V8 5020 6/8 speed AT
15 Large car V8 3598 6/8 speed wet-DCT
16 Minivan-towing | V6 4389 6/8 speed AT
17 Minivan-towing | V8 5271 6/8 speed AT
18 Large truck V6 4251 6/8 speed AT
19 Large truck V8 5269 6/8 speed AT

For example, vehicle type 4 is equipped with a4 speed automatic transmission in the
baseline. In apackage consisting of a 0% to 15% mass reduction, we believe this vehicle type
could convert to awet-DCT because the lighter weight results in reduced low end torque
demand thus making the wet-DCT feasible. Upon reaching 20% mass reduction, the vehicle
type could employ adry-DCT because the even lighter weight (3357 less 20% equals 2686
pounds, which is less than our 2800 pound cutoff) results in further reduction in low end
torque demand.

We start by first building a*“ preliminary-set” of non-electrified (i.e., gasoline and
diesel) packages for each vehicle type consisting of nearly every combination of each of the
14 primary engine technologies listed above. Theinitial package for each vehicle type
represents what we expect a manufacturer will most likely implement as afirst step on all
vehicles because the technol ogies included are so attractive from a cost effectiveness
standpoint. This package consists of ATT but no weight reduction or transmission changes.
We then add Otherl (Iless HEG), again with no weight reduction or transmission changes (we
do not consider the addition of HEG without a simultaneous improvement in the transmission
itself). The next package would add HEG and a transmission improvement. The subsequent
packages would iterate on nearly all possible combinations with the result being just under
2000 packages per vehicle type. Table 1.3-4 shows a subset of packages built for vehicle type
5, amidsized/large car with a3.3L 4 vave DOHC V6 in the baseline. These are package
built for the 2025 MY/, so costs shown represent 2025 MY costs. Shown in thistable are
packages built with 5% weight reduction only, and excluded are packages with an 8 speed
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transmission. So this table represents roughly one-tenth of the non-electrified packages built
for vehicletype 5.

Table 1.3-4 A Subset of 2025 MY Non-HEV/PHEV/EV Packages Built for Vehicle Type
5 (Midsize/Large car 3.3L DOHC V6)*

Prelim | Weight .. 2025MY 0
Pkg# | rdxn Package contents Transmission | ~ CO2%

50000 base 3.3L 4V DOHC V6 4sp AT $0 0%

50001 base 4V DOHC V6 +LUB+EFR1+LDB+ASL 4sp AT $184 %

50002 base 4V DOHC V6 +LUB+EFR1+L DB+ASL+IACC+EPS+Aerol+LRRT1 4sp AT $394 13%

4V DOHC V6
b o 2 0
50395 5% | | UB+EFR1+LDB+ASL+IACC+EPS+Aerol+L RRTI+HEG 6sp DCT-wet $558 24%

2V DOHC V6
503% | 5% | || UB+EFR1+LDB+ASL+IACC+EPS+Aerol+L RRT1+HEG+ DCP 6spDCT-wet | $723 27%

4V DOHC V6
50397 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $913 29%
DCP+DVVL

4V DOHC V6
50398 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,060 28%
DCP+GDI

4V DOHC V6
50399 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,250 30%
DCP+DVVL+GDI

4V DOHC V6
50400 | 5% | || UB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ DCp+ss | OSPDCT-wet | $1066 | 28%

4V DOHC V6
50401 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,256 30%
DCP+DVVL+SS

4V DOHC V6
50402 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,404 29%
DCP+GDI+SS

4V DOHC V6
50403 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,593 31%
DCP+DVVL+GDI+SS

4V DOHC V6
50404 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $804 27%
DCP+SAX

4V DOHC V6
50405 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $993 29%
DCP+DVVL+SAX

4V DOHC V6
50406 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,141 28%
DCP+GDI+SAX

4V DOHC V6
50407 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,331 30%
DCP+DVVL+GDI+SAX

4V DOHC V6
50408 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,147 28%
DCP+SS+SAX

4V DOHC V6
50409 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,337 30%
DCP+DVVL+SS+SAX

4V DOHC V6
50410 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,484 30%
DCP+GDI+SS+SAX

4V DOHC V6
50411 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,674 31%
DCP+DVVL+GDI+SS+SAX

4V DOHC 14
50412 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $998 34%
DCP+GDI+TDS18

4V DOHC 14
50413 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,129 35%
DCP+DVVL+GDI+TDS18

50414 5% 4V DOHC 14 6sp DCT-wet $1,341 35%
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+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+SS+TDS18

50415

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI+SS+TDS18

6sp DCT-wet

$1,472

36%

50416

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+SAX+TDS18

6sp DCT-wet

$1,079

35%

50417

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI+SAX+TDS18

6sp DCT-wet

$1,210

36%

50418

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+SS+SAX+TDS18

6sp DCT-wet

$1,422

36%

50419

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI+SS+SAX+TDS18

6sp DCT-wet

$1,553

36%

50420

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+TDS24

6sp DCT-wet

$1,210

37%

50421

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI+TDS24

6sp DCT-wet

$1,341

37%

50422

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+SS+TDS24

6sp DCT-wet

$1,554

38%

50423

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI+SS+TDS24

6sp DCT-wet

$1,685

38%

50424

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+SAX+TDS24

6sp DCT-wet

$1,291

38%

50425

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI+SAX+TDS24

6sp DCT-wet

$1,422

38%

50426

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+SS+SAX+TDS24

6sp DCT-wet

$1,634

38%

50427

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI+SS+SAX+TDS24

6sp DCT-wet

$1,765

38%

50428

5%

4V DOHC V6 +EFR2+LDB+ASL 2+IACC+EPS+Aerol+LRRT1+HEG

6sp DCT-wet

$646

2%

50429

5%

4V DOHC V6 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
DCP

6sp DCT-wet

$810

30%

50430

5%

4V DOHC V6 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL

6sp DCT-wet

$1,000

32%

50431

5%

4V DOHC V6 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI

6sp DCT-wet

$1,148

31%

50432

5%

4V DOHC V6 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI

6sp DCT-wet

$1,338

33%

50433

5%

4V DOHC V6 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
DCP+SS

6sp DCT-wet

$1,153

31%

50434

5%

4\ DOHC V6 +EFR2+LDB+ASL2+IACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+SS

6sp DCT-wet

$1,343

33%

50435

5%

4V DOHC V6 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+SS

6sp DCT-wet

$1,491

32%

50436

5%

4V DOHC V6 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI+SS

6sp DCT-wet

$1,681

34%

50437

5%

4V DOHC V6 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
DCP+SAX

6sp DCT-wet

$891

31%

50438

5%

4\ DOHC V6 +EFR2+LDB+ASL2+IACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+SAX

6sp DCT-wet

$1,081

33%

50439

5%

4V DOHC V6 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+SAX

6sp DCT-wet

$1,228

32%

50440

5%

4V DOHC V6 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI+SAX

6sp DCT-wet

$1,418

34%

50441

5%

4V DOHC V6 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
DCP+SS+SAX

6sp DCT-wet

$1,234

32%
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4V DOHC V6 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
0 n 0
50442 5% DCP+DVVL+SS+SAX 6sp DCT-wet $1,424 34%

4V DOHC V6 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
0 n 0
50443 5% DCP+GDI+SS+SAX 6sp DCT-wet $1,571 33%

4V DOHC V6 +EFR2+LDB+ASL 2+IACC+EPS+Aerol+LRRT1+HEG+
9 R 9
50444 5% DCP+DVVL+GDI+SS+SAX 6sp DCT-wet $1,761 35%

4V DOHC 14 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
50445 5% DCP+GDI+TDS18 6sp DCT-wet $1,058 37%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
0 n 0
50446 5% DCP+DVVL+GDI+TDS18 6sp DCT-wet $1,189 38%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
0 n 0
50447 5% DCP+GDI+SS+TDSI8 6sp DCT-wet $1,401 38%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
9 R 0
50448 5% DCP+DVVL+GDI+SS+TDS18 6sp DCT-wet $1,532 39%

4V DOHC 14 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
50449 5% DCP+GDI+SAX+TDS18 6sp DCT-wet $1,138 38%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
0 n 0
50450 5% DCP+DVVL+GDI+SAX+TDS18 6sp DCT-wet $1,269 39%

4V DOHC 14 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
0 n 0
50451 5% DCP+GDI+SS+SAX+TDSI18 6sp DCT-wet $1,481 39%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
9 R 0
50452 5% DCP+DVVL+GDI+SS+SAX+TDS18 6sp DCT-wet $1,612 39%

4V DOHC 14 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
50453 5% DCP+GDI+TDS24 6sp DCT-wet $1,270 40%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
0 n 0
50454 5% DCP+DVVL+GDI+TDS24 6sp DCT-wet $1,401 40%

4V DOHC |4 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
50455 5% DCP+GDI+SStTDS24 6sp DCT-wet $1,613 40%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
9 R 0
50456 5% DCP+DVVL+GDI+SS+TDS24 6sp DCT-wet $1,744 41%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
0, R 0
50457 5% DCP+GDI+SAX+TDS24 6sp DCT-wet $1,351 40%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
0 n 0
50458 5% DCP+DVVL+GDI+SAX+TDSA 6sp DCT-wet $1,482 40%

4V DOHC |4 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
50459 5% DCP+GDI+SStSAX+TDS24 6sp DCT-wet $1,694 41%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
9 R 0
50460 5% DCP+DVVL+GDI+SS+SAX+TDS2A 6sp DCT-wet $1,825 41%

4V DOHC V6

50461 5% | UB+EFRL+LDB+ASL+IACC2+EPS+Aero2+L RRT2+HEG

6sp DCT-wet $772 29%

2V DOHC V6
50462 | 5% | || )B+EFR1+LDB+ASL+IACC2+EPS+AEr02+L RRT2+HEG+ DCP 6spDCT-wet | $937 31%

4V DOHC V6
50463 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,127 33%
DCP+DVVL

4V DOHC V6
50464 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,274 32%
DCP+GDI

4V DOHC V6
50465 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,464 34%
DCP+DVVL+GDI

4V DOHC V6
0, ) 0,
50466 5% | L UB+EFR1+LDB+ASL+IACC2+EPS+Aero2+L RRT2+HEG+ DCp+ss | 0P DCT-wet | $1280 | 32%

4V DOHC V6
50467 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,470 34%
DCP+DVVL+SS

4V DOHC V6
50468 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,618 33%
DCP+GDI+SS

4V DOHC V6
50469 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,807 35%
DCP+DVVL+GDI+SS

4V DOHC V6
50470 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,017 32%
DCP+SAX

4V DOHC V6
50471 5% +LUB+EFR1+LDB+ASL+IACC2+EPSt+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,207 33%
DCP+DVVL+SAX
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4V DOHC V6
50472 5% +LUB+EFR1+LDB+ASL+IACC2+EPSt+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,355 33%
DCP+GDI+SAX

4V DOHC V6
50473 5% +LUB+EFR1+LDB+ASL+IACC2+EPSt+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,545 34%
DCP+DVVL+GDI+SAX

4V DOHC V6
50474 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,361 33%
DCP+SS+SAX

4V DOHC V6
50475 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,550 34%
DCP+DVVL+SS+SAX

4V DOHC V6
50476 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,698 34%
DCP+GDI+SS+SAX

4V DOHC V6
50477 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,888 35%
DCP+DVVL+GDI+SS+SAX

4V DOHC 14
50478 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,212 38%
DCP+GDI+TDS18

4V DOHC 14
50479 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,343 39%
DCP+DVVL+GDI+TDS18

4V DOHC 14
50480 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,555 39%
DCP+GDI+SS+TDS18

4V DOHC 14
50481 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,686 39%
DCP+DVVL+GDI+SS+TDS18

4V DOHC 14
50482 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,293 38%
DCP+GDI+SAX+TDS18

4V DOHC 14
50483 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,424 39%
DCP+DVVL+GDI+SAX+TDS18

4V DOHC 14
50484 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,636 39%
DCP+GDI+SS+SAX+TDS18

4V DOHC 14
50485 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,767 40%
DCP+DVVL+GDI+SS+SAX+TDS18

4V DOHC 14
50486 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,424 40%
DCP+GDI+TDS24

4V DOHC 14
50487 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,555 40%
DCP+DVVL+GDI+TDS24

4V DOHC 14
50488 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,768 41%
DCP+GDI+SS+TDS24

4V DOHC 14
50489 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,899 41%
DCP+DVVL+GDI+SS+TDS24

4V DOHC 14
50490 5% +LUB+EFR1+LDB+ASL+IACC2+EPSt+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,505 41%
DCP+GDI+SAX+TDS24

4V DOHC 14
50491 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,636 41%
DCP+DVVL+GDI+SAX+TDS24

4V DOHC 14
50492 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,848 41%
DCP+GDI+SS+SAX+TDS24

4V DOHC 14
50493 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,979 41%
DCP+DVVL+GDI+SS+SAX+TDS24

50494 5% 4V DOHC V6 +EFR2+LDB+ASL 2+|ACC2+EPS+Aero2+L RRT2+HEG 6sp DCT-wet $860 32%

2V DOHC V6
50495 | 5% | | ErRo+ DB+ASL2+IACC2+EPSHAEro2+L RRT2+HEG+ DCP 6spDCT-wet | $1,024 | 35%

1-30




2017 Draft Regulatory Impact Analysis

50496

5%

4V DOHC V6
+EFR2+LDB+ASL 2+|ACC2+EPS+Aero2+LRRT2+HEG+ DCP+DVVL

6sp DCT-wet

$1,214

36%

50497

5%

4V DOHC V6
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+L RRT2+HEG+ DCP+GDI

6sp DCT-wet

$1,362

35%

50498

5%

4V DOHC V6
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+DVVL+GDI

6sp DCT-wet

$1,552

37%

50499

5%

4V DOHC V6
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+ DCP+SS

6sp DCT-wet

$1,367

35%

50500

5%

4V DOHC V6
+EFR2+LDB+ASL2+IACC2+EPS+Aero2+L RRT2+HEG+
DCP+DVVL+SS

6sp DCT-wet

$1,557

37%

50501

5%

4V DOHC V6
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+GDI+SS

6sp DCT-wet

$1,705

36%

50502

5%

4V DOHC V6
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+DVVL+GDI+SS

6sp DCT-wet

$1,895

38%

50503

5%

4V DOHC V6
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+L RRT2+HEG+ DCP+SAX

6sp DCT-wet

$1,105

35%

50504

5%

4V DOHC V6
+EFR2+LDB+ASL2+IACC2+EPS+Aero2+L RRT2+HEG+
DCP+DVVL+SAX

6sp DCT-wet

$1,295

37%

50505

5%

4V DOHC V6
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+GDI+SAX

6sp DCT-wet

$1,442

36%

50506

5%

4V DOHC V6
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+DVVL+GDI+SAX

6sp DCT-wet

$1,632

38%

50507

5%

4V DOHC V6
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+SS+SAX

6sp DCT-wet

$1,448

36%

50508

5%

4V DOHC V6
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+DVVL+SS+SAX

6sp DCT-wet

$1,638

37%

50509

5%

4V DOHC V6
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+GDI+SS+SAX

6sp DCT-wet

$1,785

37%

50510

5%

4V DOHC V6
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+DVVL+GDI+SS+SAX

6sp DCT-wet

$1,975

38%

50511

5%

4V DOHC |14 +EFR2+LDB+ASL2+IACC2+EPSt+Aero2+LRRT2+HEG+
DCP+GDI+TDS18

6sp DCT-wet

$1,272

41%

50512

5%

4V DOHC 14 +EFR2+LDB+ASL 2+IACC2+EPSt+Aero2+LRRT2+HEG+
DCP+DVVL+GDI+TDS18

6sp DCT-wet

$1,403

41%

50513

5%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC2+EPSt+Aero2+LRRT2+HEG+
DCP+GDI+SS+TDS18

6sp DCT-wet

$1,615

41%

50514

5%

4V DOHC |14 +EFR2+LDB+ASL2+IACC2+EPSt+Aero2+LRRT2+HEG+
DCP+DVVL+GDI+SS+TDS18

6sp DCT-wet

$1,746

42%

50515

5%

4V DOHC |14 +EFR2+LDB+ASL2+IACC2+EPSt+Aero2+LRRT2+HEG+
DCP+GDI+SAX+TDS18

6sp DCT-wet

$1,352

41%

50516

5%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC2+EPSt+Aero2+LRRT2+HEG+
DCP+DVVL+GDI+SAX+TDS18

6sp DCT-wet

$1,483

42%

50517

5%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC2+EPSt+Aero2+LRRT2+HEG+
DCP+GDI+SS+SAX+TDS18

6sp DCT-wet

$1,695

42%

50518

5%

4V DOHC |14 +EFR2+LDB+ASL2+IACC2+EPSt+Aero2+LRRT2+HEG+
DCP+DVVL+GDI+SS+SAX+TDS18

6sp DCT-wet

$1,826

42%

50519

5%

4V DOHC |14 +EFR2+LDB+ASL2+IACC2+EPSt+Aero2+LRRT2+HEG+
DCP+GDI+TDS24

6sp DCT-wet

$1,484

43%

50520

5%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC2+EPSt+Aero2+LRRT2+HEG+
DCP+DVVL+GDI+TDS24

6sp DCT-wet

$1,615

43%

50521

5%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC2+EPSt+Aero2+LRRT2+HEG+
DCP+GDI+SS+TDS24

6sp DCT-wet

$1,827

43%

50522

5%

4V DOHC |14 +EFR2+LDB+ASL2+IACC2+EPSt+Aero2+LRRT2+HEG+
DCP+DVVL+GDI+SS+TDS24

6sp DCT-wet

$1,958

44%

50523

5%

4V DOHC |14 +EFR2+LDB+ASL2+IACC2+EPSt+Aero2+LRRT2+HEG+
DCP+GDI+SAX+TDS24

6sp DCT-wet

$1,565

43%

50524

5%

4V DOHC 14 +EFR2+LDB+ASL 2+IACC2+EPS+Aero2+LRRT2+HEG+

6sp DCT-wet

$1,696

43%
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DCP+DVVL+GDI+SAX+TDS24

4V DOHC 14 +EFR2+LDB+ASL 2+IACC2+EPS+Aero2+LRRT2+HEG+
9 R 9
50525 5% DCP+GDI+SS+SAX+TDS24 6sp DCT-wet $1,908 44%

4V DOHC |14 +EFR2+LDB+ASL2+IACC2+EPSt+Aero2+LRRT2+HEG+

50526 | 5% | pCpipVVL+GDI+SSHSAX+TDS24

6sp DCT-wet $2,039 44%

4V DOHC 14
50527 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,457 39%
DCP+GDI+TDS24+EGR

4V DOHC 14
50528 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,588 39%
DCP+DVVL+GDI+TDS24+EGR

4V DOHC 14
50529 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,801 40%
DCP+GDI+SS+TDS24+EGR

4V DOHC 14
50530 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,932 40%
DCP+DVVL+GDI+SS+TDS24+EGR

4V DOHC 14
50531 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,538 40%
DCP+GDI+SAX+TDS24+EGR

4V DOHC 14
50532 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,669 40%
DCP+DVVL+GDI+SAX+TDS24+EGR

4V DOHC 14
50533 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $1,881 40%
DCP+GDI+SS+SAX+TDS24+EGR

4V DOHC 14
50534 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet $2,012 41%
DCP+DVVL+GDI+SS+SAX+TDS24+EGR

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
9 R 0
50535 5% DCP+GDI+TDS24+EGR 6sp DCT-wet $1,517 42%

4V DOHC |4 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+

50536 | 5% | KopyDVVL+GDI+TDS2A+EGR

6sp DCT-wet $1,648 42%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
0 n 0
50537 5% DCP+GDI+SS+TDS24+EGR 6sp DCT-wet $1,860 43%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
0 n 0
50538 5% DCP+DVVL+GDI+SS+TDS24+EGR 6sp DCT-wet $1,991 43%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
9 R 0
50539 5% DCP+GDI+SAX+TDS24+EGR 6sp DCT-wet $1,598 42%

4V DOHC |4 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+

50540 | 5% | bopypDyVL+GDI+SAX+TDS2A+EGR

6sp DCT-wet $1,729 43%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
0 n 0
50541 5% DCP+GDI+SS+SAX +TDS24+EGR 6sp DCT-wet $1,941 43%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
0 n 0
50542 5% DCP+DVVL+GDI+SS+SAX +TDS24+EGR 6sp DCT-wet $2,072 43%

4V DOHC 14
50543 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,671 42%
DCP+GDI+TDS24+EGR

4V DOHC 14
50544 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,802 42%
DCP+DVVL+GDI+TDS24+EGR

4V DOHC 14
50545 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $2,015 43%
DCP+GDI+SS+TDS24+EGR

4V DOHC 14
50546 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $2,146 43%
DCP+DVVL+GDI+SS+TDS24+EGR

4V DOHC 14
50547 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,752 43%
DCP+GDI+SAX+TDS24+EGR

4V DOHC 14
50548 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $1,883 43%
DCP+DVVL+GDI+SAX+TDS24+EGR

4V DOHC 14
50549 5% +LUB+EFR1+LDB+ASL+IACC2+EPSt+Aero2+LRRT2+HEG+ 6sp DCT-wet $2,095 43%
DCP+GDI+SS+SAX+TDS24+EGR

4V DOHC 14
50550 5% | 4L UB+EFR1+LDB+ASL+IACC2+EPS+Aer02+L RRT2+HEG+ 6spDCT-wet | $2226 | 44%
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DCP+DVVL+GDI+SS+SAX+TDS24+EGR

50551

5%

4V DOHC 14 +EFR2+LDB+ASL2+|ACC2+EPS+Aero2+L RRT2+HEG+
DCP+GDI+TDS24+EGR

6sp DCT-wet

$1,731

45%

50552

5%

4V DOHC 14 +EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+DVVL+GDI+TDS24+EGR

6sp DCT-wet

$1,862

45%

50553

5%

4V DOHC |14 +EFR2+LDB+ASL2+IACC2+EPSt+Aero2+LRRT2+HEG+
DCP+GDI+SS+TDS24+EGR

6sp DCT-wet

$2,074

46%

50554

5%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC2+EPSt+Aero2+LRRT2+HEG+
DCP+DVVL+GDI+SS+TDS24+EGR

6sp DCT-wet

$2,205

46%

50555

5%

4V DOHC 14 +EFR2+LDB+ASL2+IACC2+EPS+Aero2+L RRT2+HEG+
DCP+GDI+SAX+TDS24+EGR

6sp DCT-wet

$1,811

45%

50556

5%

4V DOHC 14 +EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+DVVL+GDI+SAX+TDS24+EGR

6sp DCT-wet

$1,942

45%

50557

5%

4V DOHC 14 +EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+GDI+SS+SAX+TDS24+EGR

6sp DCT-wet

$2,155

46%

50558

5%

4V DOHC 14 +EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+DVVL+GDI+SS+SAX+TDS24+EGR

6sp DCT-wet

$2,286

46%

50559

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+TDS27+EGR

6sp DCT-wet

$1,882

40%

50560

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI+TDS27+EGR

6sp DCT-wet

$2,013

40%

50561

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+SS+TDS27+EGR

6sp DCT-wet

$2,225

41%

50562

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI+SS+TDS27+EGR

6sp DCT-wet

$2,356

41%

50563

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+SAX+TDS27+EGR

6sp DCT-wet

$1,963

40%

50564

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI+SAX+TDS27+EGR

6sp DCT-wet

$2,094

40%

50565

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+SS+SAX+TDS27+EGR

6sp DCT-wet

$2,306

41%

50566

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI+SS+SAX+TDS27+EGR

6sp DCT-wet

$2,437

41%

50567

5%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+TDS27+EGR

6sp DCT-wet

$1,942

43%

50568

5%

4V DOHC 14 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI+TDS27+EGR

6sp DCT-wet

$2,073

43%

50569

5%

4V DOHC |4 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+SS+TDS27+EGR

6sp DCT-wet

$2,285

43%

50570

5%

4V DOHC |4 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI+SS+TDS27+EGR

6sp DCT-wet

$2,416

43%

50571

5%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+SAX+TDS27+EGR

6sp DCT-wet

$2,022

43%

50572

5%

4V DOHC 14 +EFR2+LDB+ASL2+IACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI+SAX+TDS27+EGR

6sp DCT-wet

$2,153

43%

50573

5%

4V DOHC 14 +EFR2+LDB+ASL2+IACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+SS+SAX+TDS27+EGR

6sp DCT-wet

$2,365

44%

50574

5%

4V DOHC 14 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
DCP+DVVL+GDI+SS+SAX+TDS27+EGR

6sp DCT-wet

$2,496

44%

50575

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+
DCP+GDI+TDS27+EGR

6sp DCT-wet

$2,096

43%

50576

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+
DCP+DVVL+GDI+TDS27+EGR

6sp DCT-wet

$2,227

43%

50577

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+
DCP+GDI+SS+TDS27+EGR

6sp DCT-wet

$2,439

44%

50578

5%

4V DOHC 14
+LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+

6sp DCT-wet

$2,570

44%
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DCP+DVVL+GDI+SS+TDS27+EGR

4V DOHC 14
50579 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $2,177 43%
DCP+GDI+SAX+TDS27+EGR

4V DOHC 14
50580 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $2,308 43%
DCP+DVVL+GDI+SAX+TDS27+EGR

4V DOHC 14
50581 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $2,520 44%
DCP+GDI+SS+SAX+TDS27+EGR

4V DOHC 14
50582 5% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet $2,651 44%
DCP+DVVL+GDI+SS+SAX+TDS27+EGR

4V DOHC 14 +EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
0 n 0
50583 5% DCP+GDI+TDS27+EGR 6sp DCT-wet $2,156 45%

4V DOHC 14 +EFR2+LDB+ASL 2+IACC2+EPS+Aero2+LRRT2+HEG+
9 R 9
50584 5% DCP+DVVL+GDI+TDS27+EGR 6sp DCT-wet $2,287 45%

4V DOHC 14 +EFR2+LDB+ASL 2+IACC2+EPSt+Aero2+LRRT2+HEG+
50585 5% DCP+GDI+SS+TDS27+EGR 6sp DCT-wet $2,499 46%

4V DOHC 14 +EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
0 n 0
50586 5% DCP+DVVL+GDI+SS+TDS27+EGR 6sp DCT-wet $2,630 46%

4V DOHC 14 +EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
0 n 0
50587 5% DCP+GDI+SAX+TDS27+EGR 6sp DCT-wet $2,236 46%

4V DOHC 14 +EFR2+LDB+ASL 2+IACC2+EPS+Aero2+LRRT2+HEG+
9 R 0
50588 5% DCP+DVVL+GDI+SAX+TDS27+EGR 6sp DCT-wet $2,367 46%

4V DOHC 14 +EFR2+LDB+ASL2+|ACC2+EPSHAE02+LRRT2+HEGH
50589 | 5% | KCpiGDI+SSHSAX+TDS27+EGR 6spDCT-wet | $2579 | 46%

4V DOHC 14 +EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
0 n )
50590 5% DCP+DVVL+GD|+SS+SAX+TDS27+EGR 6sp DCT-wet $2,710 46%

4V DOHC |4 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
51963 5% DCP+DSL-Adv 6sp DCT-wet $3,602 40%

4V DOHC 14 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
51964 5% DCP+DSL-Adv+SAX 6sp DCT-wet $3,683 40%

4V DOHC |14 +EFR2+LDB+ASL2+IACC2+EPSt+Aero2+LRRT2+HEG+

P1965 | 5% | pep+DSL-Adv

6sp DCT-wet $3,816 43%

4V DOHC 14 +EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
0 n 0
51966 5% DCP+DSL-Adv+SAX 6sp DCT-wet $3,896 43%

& Excludes packages with weight reduction of 0%, 10%, 15%, 20% and 8speed DCT.
® The jump from package # 50002 to 50395 represents the packages built with 0% weight reduction
which are intentionally not included in the table.

As stated, this preliminary-set of packagesis meant to maintain utility relative to the
baseline vehicle. Having built nearly 2000 packages for each vehicle type suggests question
“how can EPA know that each has the same utility as the baseline vehicle for a given vehicle
type?” We believe that thisisinherent in the effectiveness values used, given that they are
based on the recent Ricardo work which had maintenance of baseline performance as a
constraint in estimating effectiveness values. Maintaining utility is aso included in the cost
of the technologies with proper consideration of engine sizing (number of cylinders), motor
and battery sizing, etc. Thisisdiscussed in more detail in Section 3.3.1.11 of the draft joint
TSD. Therefore, with the possible exception of the towing issue raised above—maintenance
of towing capacity over operating extremes for “non-towing” vehicles—we are confident that
the packages we have built for OMEGA modeling maintain utility relative to the baseline for
the “average” vehicles represented by our 19 vehicle types.

This preliminary-set of conventional gasoline packages (roughly 2000 packages per
vehicle type) was then ranked within vehicle type by TARF. Thisisdone by first calculating
the TARF of each package relative to the baseline package. The package with the best TARF
is selected as OMEGA package #1 (or, more accurately, #501 for vehicle type 5, #101 for
vehicletype 1, etc.). The remaining packages for vehicle type 5 are then ranked again by
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TAREF, thistime relative to OMEGA package #501. The best package is selected as OMEGA
package #502, etc. Table 1.3-6 illustrates this process, while Table 1.3-5 presents 2008
baseline data used in the TARF ranking process.

Table 1.3-5 Lifetime VMT & Baseline CO2 used for TARF Ranking in the Package
Building Process

Vehicle Vehicle Base Car/ Lifetime Base CO,
Type class engine Truck? VMT (g/mi)b
1 Subcompact 14 C 190,971 241.0
2 Small car 14 C 190,971 236.8
3 Small car 14 C 190,971 274.2
4 Minivan V6 C 190,971 310.5
5 Large car V6 C 190,971 3355
6 Large car V8 C 190,971 387.7
7 Minivan 14 T 221,199 309.9
8 Small truck V6 C 190,971 385.1
9 Minivan-towing V6 T 221,199 421.7
10 Minivan-towing V8 T 221,199 437.5
11 Large truck V6 T 221,199 422.5
12 Large truck V6 T 221,199 357.6
13 Large truck V8 T 221,199 447.7
14 Large truck V8 T 221,199 480.0
15 Large car V8 C 190,971 386.7
16 Minivan-towing V6 T 221,199 375.6
17 Minivan-towing V8 T 221,199 463.3
18 Large truck V6 T 221,199 403.0
19 Large truck V8 T 221,199 477.6

@ Designation here matters only for lifetime VMT determination in the package building and ranking process.
b Sales weighted CO, within vehicle type.

! Woldring, D., Landenfeld, T., Christie, M.J., 2007, “DI Boost: Application of aHigh
Performance Gasoline Direct Injection Concept.” SAE Technical Paper Series No. 2007-01-
1410; Kapus, P.E., Fraidl, G.K., Preveddl, K., Fuerhapter, A., 2007, “GDI Turbo — The Next
Steps.” JSAE Technica Paper No. 20075355; Hancock, D., Fraser, N., Jeremy, M., Sykes, R.,
Blaxill, H., 2008, “A New 3 Cylinder 1.2| Advanced Downsizing Technology Demonstrator
Engine.” SAE Technical Paper Series No. 2008-01-0611; Lumsden, G., OudeNijeweme, D.,
Fraser, N. Blaxill, H., 2009, “Development of a Turbocharged Direct Injection Downsizing
Demonstrator Engine.” SAE Technical Paper Series No. 2009-01-1503; Cruff, L., Kaiser, M.,
Krause, S., Harris, R., Krueger, U., Williams, M., 2010, “EBDI® - Application of a Fully
Flexible High Bmep Downsized Spark Ignited Engine.” SAE Technical Paper Series No.
2010-01-0587; Taylor, J., Fraser, N., Wieske, P., 2010, “Water Cooled Exhaust Manifold and
Full Load EGR Technology Applied to a Downsized Direct Injection Spark Ignition Engine.”
SAE Technical Paper Series No. 2010-01-0356; Roth, D.B., Keller, P, Becker, M., 2010,
“Requirements of External EGRSystems for Dual Cam Phaser Turbo GDI Engines.” SAE
Technical Paper Series No. 2010-01-0588.
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Table 1.3-6 Illustration of the TARF Ranking Process, Vehicle Type 5, 2025MY Costs

. . CO (6(0)
Prdi | Weig Fuel 2 2
m ht Package contents Tran Cost Saving Net Rdx | Raxn IARF
Prg dxn S & Cost n (gram
r @) |9
Round 1 (determine TAREF relative to baseline package #50000)
50(;)0 base | 3.3L 4V DOHC V6 is.? $0 $0 $0 0% |0 -
5000 asp N
1 base | 4V DOHC V6 +LUB+EFR1+LDB+ASL AT | $184 | $841 -$657 | 7% | 23 0.152
8
5000 4V DOHC V6 4sp < o -
5 | P& | | UB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1 AT | 8994 | SLSOT ) SLIT | 1396 | 42 g
5039 4V DOHC V6 6D 38 -
5 5% | +LUB+EFRI+LDB+ASL+IACC+EPS+Aerol+LRRT1+H | DCT | $558 | $2946 | o 24% | 79 0.158
EG -wet 5
5039 4V DOHC V6 6D - -
6 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+H DCT | $723 | $3,349 | $2,62 | 27% | 90 0.153
EG+ DCP -wet 6 3
Packages not shown for ease of presentation
5042 4V DOHC 14 6sp $1.76 - -
Z 5% | +LUB+EFRL+LDB+ASL+IACC+EPS+Aerol+LRRT1+H | DCT | . $4,808 | $3,04 | 38% | 1287 | 0.123
EG+ DCP+DVVL+GDI+SS+SAX+TDS24 -wet 3 8
6sp - -
5042 4V DOHC V6
8 | +EFR2+LDB+ASL2+HACCHEPSHAOLHLRRTIHHEG | Dol $646 | $3419 22'77 27% | 916 0158
5042 4V DOHC V6 6sp - -
A 5% | +EFR2+LDB+ASL2+IACC+EPS+Aerol+LRRTI+HEG+ | DCT | $810 | $3,795 | $2,98 | 30% | 101.6 | 0.153
DCP -wet 5 8

Etc...remaining packages have larger TARFs so are not shown; #50428 becomes the new base; all packages with lower effectiveness than 50428
are eliminated from further consideration

Round 2 (determine net cost, CO, reduction & TAREF relative to new base package #50428)

6sp
5042 4V DOHC V6
8 5% +EFR2+LDB+ASL2+IACC+EPS+Aerol+LRRT1+HEG DWC; $0 $0 $0 0% 0.0 .
5042 4V DOHC 14 6sp $1.12 -
7 5% +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+H DCT 0 ’ $1,388 | -$269 | 11% | 37.2 0.037
EG+ DCP+DVVL+GDI+SS+SAX+TDS24 -wet 9
5042 4V DOHC V6 6sp -
9 5% +EFR2+LDB+ASL2+IACC+EPS+Aerol+LRRT1+HEG+ DCT | $165 $376 -$211 | 3% 101 0.109
DCP -wet 9
Packages not shown for ease of presentation
5062 4V DOHC 8% | g123 -
3 5% 14+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1 DCT 4 ’ $1,598 | -$364 | 13% | 42.8 0.044
+HEG+DCP+DVVL+GDI+SS+SAX+TDS24 -wet 6
5062 4V DOHC 8sp -
4 5% V6+EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HE | DCT | $115 | $365 -$251 | 3% | 9.8 0.134
G -wet 3
5062 4V DOHC 8sp -
5 5% V6+EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HE | DCT | $279 | $695 -$416 | 6% | 186 0.117
G+DCP -wet 0

Etc...remaining packages have larger TARFs so are not shown; #50624 becomes the new base; all packages with lower effectiveness than 50624
are eliminated from further consideration

Round 3 (determine net cost, CO, reduction & TARF relative to new base package #50624)

5062 4V DOHC 8sp
2 5% V6+EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HE DCT | $0 $0 $0 0% 0.0 -
G -wet

Etc. Further ranking rounds not shown for ease of presentation

@ Fuel savings calculated based on the effectiveness of the package, the energy content of the fuel and AEO 2011 reference case fuel prices
(gasoline, diesdl, eectric). Fuel savings are considered for the first 5 years of life assuming VMT consistent with our car/truck VMT estimates
excluding any rebound driving and are discounted at 3%.

P TARF units are $/kg, so a multiplicative factor of 1000 isincluded to convert g/mile to kg/mile.

Asillustrated in Table 1.3-6, the TARF ranking process eliminates most packages in favor of
more cost effective packages. The packages that remain after the TARF ranking process are
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then included in the master-set of packages for each vehicle type. These packages are shown
for vehicletype 5in Table 1.3-7, along with their new OMEGA package # identifier.

Table 1.3-7 Master-set of 2025 MY Non-HEV/PHEV/EV Packages for Vehicle Type 5

(Midsize/Large car 3.3L. DOHC V6)

Prelim
Pkg#

OMEGA
Pkg#

Weight
Rdxn

Package contents

Transmission

Cost

CO2%

50000

500

base

3.3L 4V DOHC V6

4sp AT

0%

50428

501

5%

4V DOHC V6
+EFR2+LDB+ASL2+IACC+EPS+Aerol+LRRT1+HEG

6sp DCT-wet

$646

2%

50624

502

5%

4V DOHC V6
+EFR2+LDB+ASL2+IACC+EPS+Aerol+LRRT1+HEG

8sp DCT-wet

$760

30%

50445

503

5%

4V DOHC 14
+EFR2+LDB+ASL2+IACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+TDS18

6sp DCT-wet

$1,058

37%

50641

504

5%

4V DOHC 14
+EFR2+LDB+ASL2+IACC+EPS+Aerol+LRRT1+HEG+
DCP+GDI+TDS18

8sp DCT-wet

$1,172

39%

50707

505

5%

4V DOHC 14
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+GDI+TDS18

8sp DCT-wet

$1,386

43%

51099

506

10%

4V DOHC 14
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+GDI+TDS18

8sp DCT-wet

$1,507

44%

51107

507

10%

4V DOHC 14
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+GDI+TDS24

8sp DCT-wet

$1,719

46%

51139

508

10%

4V DOHC 14
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+GDI+TDS24+EGR

8sp DCT-wet

$1,966

48%

51491

509

15%

4V DOHC 14
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+L RRT2+HEG+
DCP+GDI+TDS18

8sp DCT-wet

$1,741

46%

51531

510

15%

4V DOHC 14
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+GDI+TDS24+EGR

8sp DCT-wet

$2,200

49%

51883

511

20%

4V DOHC 14
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+L RRT2+HEG+
DCP+GDI+TDS18

8sp DCT-wet

$2,048

47%

51923

512

20%

4V DOHC 14
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+L RRT2+HEG+
DCP+GDI+TDS24+EGR

8sp DCT-wet

$2,507

51%

51887

513

20%

4V DOHC 14
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+L RRT2+HEG+
DCP+GDI+SAX+TDS18

8sp DCT-wet

$2,128

48%

51927

514

20%

4V DOHC 14
+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+
DCP+GDI+SAX+TDS24+EGR

8sp DCT-wet

$2,588

51%

51888

515

20%

4V DOHC 14
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+DVVL+GDI+SAX+TDS18

8sp DCT-wet

$2,259

48%

51890

516

20%

4V DOHC 14
+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+
DCP+DVVL+GDI+SS+SAX+TDS18

8sp DCT-wet

$2,602

49%

51929

517

20%

4V DOHC 14
+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+
DCP+GDI+SS+SAX+TDS24+EGR

8sp DCT-wet

$2,931

52%

51961

518

20%

4V DOHC 14
+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+
DCP+GDI+SS+SAX+TDS27+EGR

8sp DCT-wet

$3,356

52%

51994

519

20%

4V DOHC 14
+EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
DCP+DSL-Adv+SAX

8sp DCT-wet

$4,673

49%
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The next packages after the advanced gasoline and diesel packages arethe HEVs. We
noted above that we have considered applying only the P2 HEV for thisanalysis. Asdone
with non-electrified packages, we began with a preliminary-set of HEV packages that paired
the HEV powertrain with increasing levels of engine technologies. For non-towing vehicle
types we have paired the hybrid powertrain with an Atkinson engine. With each Atkinson
engine, we include dual cam phasing, discrete variable valve lift and stoichiometric gasoline
direct injection. Since most non-towing vehicle types are DOHC engines in the baseline,
these costs were ssmply added to the baseline engine to ensure that the Atkinson engineis
consistent with those modeled by Ricardo to ensure that our effectiveness values are
consistent. But vehicle types 8 and 15 are SOHC and OHV, respectively,. Therefore, the
package by definition included costs associated with converting the valvetrain to aDOHC
configuration. For towing vehicle types, we have paired the hybrid powertrain with a
turbocharged and downsized engine. By definition, such engines include both dual cam
phasing and stoichiometric gasoline direct injection. Further, such engines might be 18/24/27
bar BMEP and the 24 bar BMEP engines may or may not include cooled EGR while the 27
bar BMEP engines must include cooled EGR as explained in Chapter 3.4.1 of the draft Joint
TSD. Asaresult, we have built more HEV packages for towing vehicle types than for non-
towing types. Lastly, we built HEV packages with a constant weight reduction across the
board in the year of interest. For example, in building packages for a2016MY OMEGA run,
we built HEV packages with 10% weight reduction as this was the maximum weight
reduction in 2016 allowed in the analysis. This maximum alowed weight reduction was 15%
for the 2021MY and 20% for 2025 based on the technology penetration caps set forth and
explained i n Chapter 3 of the joint TSD. Table 1.3-8 shows the HEV packages built for
vehicle types 5 and, for comparison, 10 which is atowing vehicle type.

Table 1.3-8 HEV Packages Built for Vehicle Types 5 (3.3L DOHC V6) and 10 (4.7L

SOHC V8)
Erkeglgm \é\g?(ght Package contents Transmission (2:%2; CO2%

500 base 3.3L 4V DOHC V6 4sp AT $0 0.0%
4V DOHC V6

501 20.0% | +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet | $4,937 | 51.9%
DCP+DVVL+GDI+ATKCS+HEV
4V DOHC V6

502 20.0% | +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 6sp DCT-wet | $5,018 | 52.3%

DCP+DVVL+GDI+ATKCS+HEV+SAX

4V DOHC V6 +EFR2+LDB+ASL2+IACC+EPS+A@0l+LRRTI+HEG .
503 200% | 5CpypVVL+GDI+ATKCSHHEV GspDCT-wet | $5024 | 54.3%

4V DOHC V6 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+

504 200% | DCPyDVVL+GDI+ATKCSHHEV+SAX Gsp DCT-wet | $5105 | 54.7%
4V DOHC V6

505 | 20.0% | +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet | $5,151 | 55.6%
DCP+DVVL+GDI+ATKCS+HEV
4V DOHC V6

506 | 20.0% | +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp DCT-wet | $5231 | 55.9%

DCP+DVVL+GDI+ATKCS+tHEV+SAX

4V DOHC V6 +EFR2+LDB+ASL2+|ACC2+EPS+Aero2+LRRT2+HEG+
507 20.0% DCP+DVVL+GDI+ATKCS+HEY 6sp DCT-wet | $5,238 | 57.7%

4V DOHC V6 +EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+

508 | 200% | pepypyVL+GDI+ATKCSHHEV+SAX 6spDCT-wet | $5319 | 58.1%
4V DOHC V6

500 | 200% | +LUB+EFRI+LDB+ASL+IACCEPS+Aerol+LRRTI+HEGH 8spDCT-wet | $5,051 | 53.7%
DCP+DVVL+GDI+ATKCS+HEV

510 | 200% | 4VDOHCVE 8spDCT-wet | $5,132 | 54.1%

+LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+
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DCP+DVVL+GDI+ATKCS+tHEV+SAX

4V DOHC V6 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+L RRT1+HEG+
511 20.0% DCP+DVVL+GDI+ATKCS+HEY 8sp DCT-wet | $5,139 | 56.0%

4V DOHC V6 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+

512 | 200% | hopipyvI +GDI+ATKCSHHEV+SAX

8sp DCT-wet | $5219 | 56.3%

4V DOHC V6
513 20.0% | +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 8sp DCT-wet | $5,265 | 57.2%
DCP+DVVL+GDI+ATKCS+HEV

4V DOHC V6
514 20.0% | +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 8sp DCT-wet | $5,346 | 57.5%
DCP+DVVL+GDI+ATKCS+HEV+SAX

4V DOHC V6 +EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+

515 200% | 5cprDVVL+GDI+ATKCSHHEV

8sp DCT-wet | $5,353 | 59.3%

4V DOHC V6 +EFR2+L DB+ASL2+IACC2+EPS+Aer02+LRRT2+HEG+ N
516 200% | DCP+DVVL+GDI+ATKCSHHEV+SAX BspDCT-wet | 35433 | 59.6%

1000 base 4.7L 2V SOHC V8 4sp AT $0 0.0%

4V DOHC V6
1001 20.0% | +LUB+EFR1+LDB+ASL+IACC+EPSt+Aerol+LRRT1+HEG+ 6sp AT $5,749 | 45.7%
DCP+GDI+TDS18+HEV

4V DOHC V6
1002 20.0% | +LUB+EFR1+LDB+ASL+IACC+EPSt+Aerol+LRRT1+HEG+ 6sp AT $5,829 | 46.3%
DCP+GDI+SAX+TDS18+HEV

4V DOHC V6
1003 20.0% | +LUB+EFR1+LDB+ASL+IACC+EPSt+Aerol+LRRT1+HEG+ 6sp AT $6,107 | 47.8%
DCP+GDI+TDS24+HEV

4V DOHC V6
1004 20.0% | +LUB+EFR1+LDB+ASL+IACC+EPSt+Aerol+LRRT1+HEG+ 6sp AT $6,187 | 48.3%
DCP+GDI+SAX+TDS24+HEV

4V DOHC V6 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+

1005 | 200% | 5opyGDI+TDSIS+HEY

6sp AT $5,836 | 48.0%

2V DOHC V6 +EFR2+LDB+ASL2+IACCTEPSFAG 0L+ LRRTLFHEG -
1006 | 200% | 5epyGpI+SAX+TDSIB+HEV bsp AT $5916 | 485%

4V DOHC V6 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
1007 20.0% DCP+GDI+TDS24+HEV 6sp AT $6,194 | 49.9%

4V DOHC V6 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+L RRT1+HEG+
1008 20.0% DCP+GDI+SAX +TDS2A+HEY 6sp AT $6,274 | 50.4%

4V DOHC V6
1009 20.0% | +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp AT $5,963 | 49.5%
DCP+GDI+TDS18+HEV

4V DOHC V6
1010 20.0% | +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp AT $6,043 | 50.0%
DCP+GDI+SAX+TDS18+HEV

4V DOHC V6
1011 20.0% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp AT $6,321 | 51.2%
DCP+GDI+TDS24+HEV

4V DOHC V6
1012 20.0% +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 6sp AT $6,401 | 51.7%
DCP+GDI+SAX+TDS24+HEV

4V DOHC V6 +EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+
1013 20.0% DCP+GDI+TDSI8+HEV 6sp AT $6,050 | 51.6%

4V DOHC V6 +EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+

1014 | 200% | 5cpLGDI+SAX+TDSIBHHEV

6sp AT $6,130 | 52.1%

4V DOHC V6 +EFR2+LDB+ASL 2+|ACC2+EPS+Aero2+LRRT2+HEG+ o
1015 20.0% DCP+GDI+TDS24+HEV 6sp AT $6,408 | 53.3%

4V DOHC V6 +EFR2+LDB+ASL 2+|ACC2+EPS+Aero2+LRRT2+HEG+ o
1016 20.0% DCP+GDI+SAX +TDS24+HEV 6sp AT $6,488 | 53.7%

4V DOHC V6 +EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+
10171 200% | 5opyGDI+TDS24+EGRAHEV 6sp AT $6,655 | 54.9%

4V DOHC V6 +EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+

1018 | 200% | opyGDI+SAX+TDS24+EGR+HEV

6sp AT $6,735 | 55.4%

4V DOHC 14 +EFR2+LDB+ASL 2+ ACC2+EPS+AEr02+L RRT 2+HEGH -
1019 | 200% | 5CpyGpI+TDS27+EGR+HEV bsp AT $6,084 | 554%

4V DOHC 14 +EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+

1020 | 200% | 5CpyGDI+SAX+TDS27+EGR+HEV 6sp AT $6,164 | 55.8%
4V DOHC V6

1021 | 200% | +LUB+EFR1+LDB+ASL+IACC+EPS+Aerol+LRRT1+HEG+ 8sp AT $5,807 | 47.7%
DCP+GDI+TDSI8+HEV

1022 | 20.0% | 4V DOHC V6 8sp AT $5,887 | 48.2%
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+LUB+EFR1+LDB+ASL+IACC+EPSt+Aerol+LRRT1+HEG+
DCP+GDI+SAX+TDS18+HEV

4V DOHC V6

1023 20.0% +LUB+EFR1+LDB+ASL+IACC+EPSt+Aerol+LRRT1+HEG+ 8sp AT $6,165 | 49.6%
DCP+GDI+TDS24+HEV
4V DOHC V6

1024 20.0% +LUB+EFR1+LDB+ASL+IACC+EPSt+Aerol+LRRT1+HEG+ 8sp AT $6,245 | 50.0%

DCP+GDI+SAX+TDS24+HEV

4V DOHC V6 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
1025 20.0% DCP+GDI+TDSI8+HEV 8sp AT $5,894 | 49.9%

4V DOHC V6 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+
1026 20.0% DCP+GDI+SAX +TDSI8+HEV 8sp AT $5,975 | 50.4%

4V DOHC V6 +EFR2+LDB+ASL 2+|ACC+EPS+Aerol+LRRT1+HEG+

1027 20.0% DCP+GDI+TDS24+HEV

8sp AT $6,252 | 51.7%

4V DOHC V6 +EFR2+LDB+ASL2+|ACC+EPS+Aerol+LRRT1+HEG+
1028 20.0% DCP+GDI+SAX +TDS24+HEV 8sp AT $6,333 | 52.1%

4V DOHC V6
1029 20.0% | +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 8sp AT $6,021 | 51.3%
DCP+GDI+TDS18+HEV

4V DOHC V6
1030 20.0% | +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 8sp AT $6,101 | 51.7%
DCP+GDI+SAX+TDS18+HEV

4V DOHC V6
1031 20.0% | +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 8sp AT $6,379 | 52.9%
DCP+GDI+TDS24+HEV

4V DOHC V6
1032 20.0% | +LUB+EFR1+LDB+ASL+IACC2+EPS+Aero2+LRRT2+HEG+ 8sp AT $6,459 | 53.3%
DCP+GDI+SAX+TDS24+HEV

4V DOHC V6 +EFR2+LDB+ASL 2+|ACC2+EPS+Aero2+LRRT2+HEG+
1033 20.0% DCP+GDI+TDS18+HEV 8sp AT $6,108 | 53.4%

4V DOHC V6 +EFR2+LDBASL2+/ACC2+ EPSHA@ 02+ LRRT2+HEGH -
1034 | 200% | 5epyGpI+SAX+TDSIB+HEV Bp AT $6,188 | 538%

4V DOHC V6 +EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+
1035 20.0% DCP+GDI+TDS24+HEV 8sp AT $6,466 | 54.9%

4V DOHC V6 +EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+

1036 | 200% | popeGDI+SAX+TDS24+HEV

8sp AT $6,547 | 55.2%

4V DOHC V6 +EFR2+LDB+ASL2+IACC2+ EPSHA@ 02+ LRRT2+HEGH
1037 | 200% | 5Cpy DI+ TDS24+EGR+HEV Bp AT $6,713 | 56.5%

4V DOHC V6 +EFR2+LDB+ASL2+IACC2+ EPSHA@ 02+ LRRT2+HEGH -
1088 | 200% | 5epiGDI+SAX+TDS24+EGR+HEV Bp AT $6,794 | 56.8%

4V DOHC |4 +EFR2+LDB+ASL2+|ACC2+EPSt+Aero2+LRRT2+HEG+
1039 20.0% DCP+GDI+TDS27+EGR+HEV 8sp AT $6,142 | 56.9%

4V DOHC |4 +EFR2+LDB+ASL2+|ACC2+EPSt+Aero2+LRRT2+HEG+

1040 20.0% DCP+GDI+SAX+TDS27+EGR+HEV

8sp AT $6,222 | 57.2%

Note: Prelim Pkg #s500-516 are for vehicle type 5, #s 1000-1040 are for vehicle type 10.

Note also that any automatic transmission that has been improved from the base 4sp AT also includes early torque converter
lockup even though that technology is not specifically listed in the package contents. Thisisthe only technology that does
not appear in the package content descriptions.

We then ranked the preliminary-set of HEV packages according to TARF as described above
to generate the most cost effective set of HEV packages for each vehicle type that would then
be included in the master-set of packages. The TARF ranking process eliminated most
packages in favor of more cost effective packages. These packages are shown for vehicle
types 5 and 10 (as examples) in

1-40




2017 Draft Regulatory Impact Analysis

Table 1.3-9, along with their new OMEGA package # identifier.

1-41



2017 Draft Regulatory Impact Analysis

Table 1.3-9 Master-set of 2025 MY HEV Packages for Vehicle Types 5 (3.3L DOHC V6)
& 10 (4.7L SOHC V8)

Prelim | OMEGA | Weight
Pkg# | Pkg# rdxn

Package contents Transmission 2025MY CO2%

Cost
4V DOHC V6
515 520 20% +EFR2+LDB+ASL2+|IACC2+EPS+Aero2+LRRT2+HEG+ 8sp DCT-wet $5,353 59.3%
DCP+DVVL+GDI+ATKCS+HEV

4V DOHC V6
516 521 20% +EFR2+LDB+ASL2+|IACC2+EPS+Aero2+LRRT2+HEG+ 8sp DCT-wet $5,433 59.6%
DCP+DVVL+GDI+ATKCS+tHEV+SAX

4V DOHC V6
1033 1018 20% +EFR2+LDB+ASL2+|IACC2+EPS+Aero2+LRRT2+HEG+ 8sp AT $6,108 53.4%
DCP+GDI+TDS18+HEV

4V DOHC V6
1037 1019 20% +EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+ 8sp AT $6,713 56.5%
DCP+GDI+TDS24+EGR+HEV

4V DOHC 14
1039 1020 20% +EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+ 8sp AT $6,142 56.9%
DCP+GDI+TDS27+EGR+HEV

4V DOHC V6
1034 1021 20% +EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+ 8sp AT $6,188 53.8%
DCP+GDI+SAX+TDS18+HEV

4V DOHC 14
1040 1022 20% +EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+ 8sp AT $6,222 57.2%
DCP+GDI+SAX+TDS27+EGR+HEV

The last step was to build the PHEV's (also known as REEVs) and EV s for vehicle
types 1 through 8 and 15. The other vehicle types were not considered for electrification
beyond HEV s for purposes of the current analysis, either because of their expected towing
demands or because of their high vehicle weight which would make the el ectrification of the
vehicle prohibitively costly. We have developed 2 primary types of PHEV packages and 3
primary types of EV packages all of which are included in the master-set of packages. The
PHEV s consist of packages with battery packs capable of 20 miles of all electric operation
(REEV 20) and packages with battery packs capable of 40 miles of all electric operation
(REEV40). For EVs, we have built packages capable of 75, 100 and 150 miles of all electric
operation, EV75, EV100 and EV 150, respectively. These ranges were selected to represent
an increasing selection of ranges (and costs) that consumers would likely require and that we
believe will be available in the 2017-2025 timeframe. For each of these packages, we have
estimated specific battery-pack costs based on the net weight reduction of the vehicle where
the net weight reduction is the difference between the weight reduction technology applied to
the “glider” (i.e., the vehicle less any powertrain elements) and the weight increase that results
from the inclusion of the electrification components (batteries, motors, etc.). The applied and
net weight reductions for HEV's, PHEV's and EVs are presented in Chapter 3 of the draft joint
TSD, and full system costs for each depending on the net weight reduction are presented there
and are also presented in Table 1.2-7 through Table 1.2-12. Table 1.3-10 shows the PHEV
and EV packages built for the 2025MY in this proposal (note that PHEV s are shown as
REEVsin thetable). Note that the PHEV and EV packages are included directly in the
master-set of packages for a2025MY OMEGA run. We have not built along preliminary-set
of PHEVs and EV's and ranked them based on TARF to determine which packages to include
in the master-set. Thisis because for each MY of interest we built the
REEV 20/REEV 40/EV 75/EV 100/EV 150 with the maximum allowed weight reduction
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(applied weight reduction) of 20% even though for MY s 2016 and 2021 the maximum
allowed weight reduction under our phase-in caps was 10% and 15% for those MY's. We
have done this for two reasons. First, some PHEV and EV packages cannot be built unless a
20% applied weight reduction is available because the weight of the electrification
components is such that the net weight reduction would be less than zero without the ability to
apply a20% reduction (i.e., the vehicle would increase in weight). We did not want to build
packages with net weight increases and we did not have the ability to properly determine their
effectiveness values even if we wanted to build them. Second, we believeit is reasonable that
auto makers would be more aggressive with respect to weight reduction on PHEVsand EVs
(so asto be able to utilize lower weight, and hence less expensive batteries) and that it is
reasonabl e to believe that PHEVs and EV's could achieve higher levels of weight reduction in
the 2016 and 2021 MY s than we have considered likely for other vehicle technologies.

Table 1.3-10 Master-set of 2025 MY PHEV (REEV) & EV Packages for all Vehicle

Types
Appli
OMEG | « 2025
A Weig | Package contents Trans Cogt CO2%
Pkgt# ht
Rdxn
4V DOHC 8sp
120 20.0% | 14+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+G | DCT- | $9,489 74.8%
DI+ATKCS+REEV20 dry
4V DOHC 8sp
121 20.0% | 14+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+G | DCT- | $11,402 84.5%
DI+ATKCS+REEV40 dry
122 20.0% | EV75 miletlACC2+Aero2+LRRT2+EPS N/A | $10,056 100.0%
123 20.0% | EV100 mile+|ACC2+Aero2+L RRT2+EPS N/A $11,542 100.0%
124 20.0% | EV150 mile+|ACC2+Aero2+L RRT2+EPS N/A $15,036 100.0%
4V DOHC 8sp
223 20.0% | 14+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+G DCT- $10,044 75.6%
DI+ATKCS+REEV20 dry
4V DOHC 8sp
224 20.0% | 14+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+G DCT- $12,211 85.0%
DI+ATKCS+REEV40 dry
225 20.0% | EV75 miletlACC2+Aero2+LRRT2+EPS N/A | $10,962 100.0%
226 20.0% | EV100 mile+|ACC2+Aero2+L RRT2+EPS N/A $12,719 100.0%
227 20.0% | EV150 miletlACC2+Aero2+LRRT2+EPS N/A | $16,757 100.0%
4V DOHC 8sp
323 20.0% | 14+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+G | DCT- | $10,121 75.6%
DI+ATKCS+REEV20 dry
4V DOHC 8sp
324 20.0% | I4+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+G | DCT- | $12,288 85.0%
DI+ATKCS+REEV40 dry
325 20.0% | EV75 mile+t|ACC2+Aero2+L RRT2+EPS N/A $11,039 100.0%
326 20.0% | EV100 miletlACC2+Aero2+LRRT2+EPS N/A | $12,796 100.0%
327 20.0% | EV150 mile+|ACC2+Aero2+L RRT2+EPS N/A $16,834 100.0%
4V DOHC 8sp
421 20.0% | V6+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+ DCT- | $12,135 74.8%
GDI+ATKCS+REEV20 wet
422 20.0% | 4V DOHC 8sp $15,186 84.5%

' Note, as noted above, the weight reduction of atechnology package has no impact on the weight reduction
allowed under our safety analysis, with the exception that it serves as an upper bound . The safety aspect to
weight reduction is not dealt with in the package building process and is instead dealt with in the TEB-CEB
process and OMEGA model itself. Thisisdescribed in Chapter 3 of thisdraft RIA.
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V6+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+ DCT-
GDI+ATKCS+REEV40 wet
423 20.0% | EV75 miletlACC2+Aero2+LRRT2+EPS N/A $12,677 100.0%
424 20.0% | EV100 mile+lACC2+Aero2+LRRT2+EPS N/A $15,094 100.0%
425 20.0% | EV150 milet|ACC2+Aero2+ RRT2+EPS N/A $21,008 100.0%
4V DOHC 8sp
522 20.0% | V6+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+ DCT- $12,485 75.2%
GDI+ATKCS+REEV20 wet
4V DOHC 8sp
523 20.0% | V6+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+ DCT- $15,670 84.7%
GDI+ATKCS+REEV40 wet
524 20.0% | EV75 miletlACC2+Aero2+LRRT2+EPS N/A $12,908 100.0%
525 20.0% | EV100 miletlACC2+Aero2+ RRT2+EPS N/A $14,643 100.0%
526 20.0% | EV150 mile+lACC2+Aero2+LRRT2+EPS N/A $20,280 100.0%
4V DOHC 8sp
621 20.0% | V8+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+ DCT- $12,747 75.2%
GDI+ATKCS+REEV20 wet
4V DOHC 8sp
622 20.0% | V8+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+ DCT- $15,931 84.7%
GDI+ATKCS+REEV40 wet
623 20.0% | EV75 miletlACC2+Aero2+LRRT2+EPS N/A $12,964 100.0%
624 20.0% | EV100 mile+lACC2+Aero2+LRRT2+EPS N/A $14,699 100.0%
625 20.0% | EV150 milet|ACC2+Aero2+ RRT2+EPS N/A $20,336 100.0%
4V DOHC 8sp
723 20.0% | 14+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+G DCT- $11,799 74.9%
DI+ATKCS+REEV 20 dry
4V DOHC 8sp
724 20.0% | 14+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+G DCT- $14,851 84.5%
DI+ATKCS+REEV40 dry
725 20.0% | EV75 miletlACC2+Aero2+LRRT2+EPS N/A $12,711 100.0%
726 20.0% | EV100 mile+t|ACC2+Aero2+ RRT2+EPS N/A $15,128 100.0%
727 20.0% | EV150 mile+tlACC2+Aero2+LRRT2+EPS N/A $21,041 100.0%
4V DOHC 8sp
822 20.0% | V6+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+ DCT- $11,747 74.0%
GDI+ATKCS+REEV20 wet
4V DOHC 8sp
823 20.0% | V6+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+ DCT- $14,522 84.0%
GDI+ATKCS+REEV40 wet
824 20.0% | EV75 miletlACC2+Aero2+L RRT2+EPS N/A $12,864 100.0%
825 20.0% | EV100 mile+lACC2+Aero2+LRRT2+EPS N/A $15,107 100.0%
826 20.0% | EV150 mile+lACC2+Aero2+LRRT2+EPS N/A $20,852 100.0%
4V DOHC 8sp
1521 20.0% | V8+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+ DCT- $12,670 75.2%
GDI+ATKCS+REEV20 Wet
4V DOHC 8sp
1522 20.0% | V8+EFR2+LDB+ASL2+IACC2+EPS+Aero2+LRRT2+HEG+DCP+DVVL+ DCT- $15,854 84.7%
GDI+ATKCS+REEV40 wet
1523 20.0% | EV75 miletlACC2+Aero2+LRRT2+EPS N/A $12,886 100.0%
1524 20.0% | EV100 mile+lACC2+Aero2+LRRT2+EPS N/A $14,622 100.0%
1525 20.0% | EV150 miletl|ACC2+Aero2+L RRT2+EPS N/A $20,259 100.0%

Note that the net weight reduction of these packages as a percent can be determined by cross-referencing the applied weight reduction shown
here with the proper cost table (PHEV 20/40, EV'75/100/150) shown in Section 1.2 and the vehicle class information shown in Table 1.3-1.

The end result is a master-set of roughly 25 packages for each vehicle type. Because
of the large number of total packages and the difficulty of presenting them all here, we have
placed in the docket (EPA-HQ-OAR-2010-0799) a memorandum that contains the master-set
of packages used for our 2016MY, 2021MY and 2025MY OMEGA runs.?

The remaining package building step in developing a set of OMEGA inputsisto rank
the master-set of packages according to TARF. The end result of thisranking is aranked-set
of OMEGA packages that includes the package progression that OMEGA must follow when
determining which package to employ next. The package progression is key because
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OMEGA evaluates each package in a one-by-one, or linear progression. The packages must
be ordered correctly so that no single package will prevent the evaluation of the other
packages. For example, if we simply listed packages according to increasing effectiveness,
there could well be a situation where an HEV with higher effectiveness and a better TARF
than a turbocharged and downsized package with a poor TARF could never be chosen
because the turbocharged and downsized package, having a poor TARF, would never get
chosen and would effectively block the HEV from consideration. For that reason, it is
important to first rank by TARF so that the proper package progression can be determined.
The docket memorandum mentioned earlier also contains a ranked-set of packages for each of
the master-sets we have created.® The ranked-set also includes the package progression
information. These ranked-sets of packages are reformatted and used as Technology Input
Files for the OMEGA model.

1.4 Use of the Lumped Parameter Approach in Determining Package Effectiveness
14.1 Background

While estimating the GHG and fuel consumption reduction effectiveness of individual
vehicle technologies can often be confirmed with existing experimental and field data, itis
more challenging to predict the combined effectiveness of multiple technologies for afuture
vehicle. In 2002 the National Research Council published “ Effectiveness and Impact of
Corporate Average Fuel Economy (CAFE) Standards®.” It was one of the first and most
authoritative analyses of potential fuel consumption-reducing technologies available to future
light-duty vehicles, and is still widely referenced to this day. However, it was criticized for
not fully accounting for system interactions (“synergies’) between combinations of multiple
engine, transmission and vehicle technologies that could reduce the overall package
effectiveness.

Comments to the 2002 NRC report recommended the use of a more sophisticated
method to account for vehicle technology package synergies —that of detailed, physics-based
vehicle ssimulation modeling. This method simulates the function of avehicle by physically
modeling and linking all of the key componentsin a vehicle (engine, transmission, accessory
drive, road loads, test cycle speed schedule, etc) and requires an intricate knowledge of the
inputs that define those components. If the inputs are well-defined and plausible, it is
generaly accepted as the most accurate method for estimating future vehicle fuel efficiency.

In one of the most thorough technical responses to the NRC report, Patton et al®
critiqued the overestimation of potential benefits of NRC’s “Path 2" and “Path 3" technol ogy
packages. They presented avehicle energy balance analysis to highlight the synergies that
arise with the combination of multiple vehicle technologies. The report then demonstrated an
alternative methodology (to vehicle simulation) to estimate these synergies, by means of a
“lumped parameter” approach. This approach served as the basis for EPA’ s lumped
parameter model. The lumped parameter model was created for the 2012-2016 light duty
vehicle GHG and CAFE standards, and has been improved to reflect updates required for the
proposed 2017-2025 light duty GHG rule.
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14.2 Role of the mode

It iswidely acknowledged that full-scale physics-based vehicle simulation modeling is
the most thorough approach for estimating future benefits of a package of new technologies.
Thisis especialy important for quantifying the efficiency of technologies and groupings (or
packages) of technologies that do not currently exist in the fleet or as prototypes. However,
developing and running detailed vehicle smulations is very time and resource-intensive, and
generally not practical to implement over alarge number of vehicle technology packages (in
our case, hundreds). As part of rulemakings EPA analyzes awide array of potential
technology options rather than attempt to pre-select the “best” solutions. For example, in
analysis for the 2012-2016 Light Duty Vehicle GHG rule®, EPA built over 140 packages for
useinits OMEGA compliance model, which spanned 19 vehicle classes and over 1100
vehicle models; for this rulemaking the number of packages has increased by another order of
magnitude over the previous rule. The lumped parameter approach was chosen as the most
practical surrogate to estimate the package effectiveness (including synergies) of many
technology combinations. However, vehicle simulation modeling was a key part of the
process to ensure that the lumped parameter model was thoroughly validated. An overview of
the vehicle ssmulation study (conducted by Ricardo, PLC) for this rulemaking is provided in
Section 3.3.1 of the Joint TSD. Additional details can be found in the project report’.

14.3 Overview of the lumped parameter model

The basis for EPA’slumped parameter analysisis afirst-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,

e Friction lossesin the engine,

e Transmission losses, associated with friction and other parasitic losses of the
gearbox, torque converter (when applicable) and driveline

e Accessory losses, related directly to the parasitics associated with the engine
accessories,

e Vehicleroad load (tire and aerodynamic) losses;

e Inertial losses (energy dissipated as heat in the brakes)
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The remaining energy is 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 grouped into
the major types of engine loss categories it reduces. In thisway, interactions between
multiple technologies that are applied to the vehicle may be determined. When atechnology is
applied, the lumped parameter model estimates its effects by modifying the appropriate loss
categories by a given percentage. Then, each subsequent technology that reduces the lossesin
an already improved category has less of a potential impact than it would if applied on its
own.

Using alumped parameter approach for cal culating package effectiveness provides
necessary grounding to physical principles. Dueto the mathematical structure of the mode, it
naturally limits the maximum effectiveness achievable for afamily of similar technologies’.
This can prove useful when computer-simulated packages are compared to a “theoretical
limit” asaplausibility check. Additionally, the reduction of certain energy loss categories
directly impacts the effects on others. For example, as massis reduced the benefits of brake
energy recovery decreases because there is not as much inertia energy to recapture.

Figure 1.4-1 is an exampl e spreadsheet used by EPA to estimate the package
effectiveness and the synergistic impacts of atechnology package for a standard-size car.

I For example, if only 4% of fuel energy islost (in a baseline engine) to pumping work, leveraging multiple
technologies to theoretically eliminate all pumping losses would yield an aggregate reduction of no more than
15% in fuel consumption.
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EPA Staff Deliberative Materials--Do Not Quote or Cite Evaluate New
. . Package
Vehicle Energy Effects Estimator -

W

Vehicle Type L Rated Power L Rated Torque L ET L 50mph RL | [Package Notes | Reset LP Model
Standard car 158  hp 161 ft-lb 3625 |b 113  hp 12V Stop-Start
0 0 0 0.0 Stoich GDI Turbo
| Gross Indicated Energ Heat
| Brake Energy Total Engine Friction Lost To | Irreversibilities,
Road Loads Gearbox, Bxhaust & etc.
Mass | Drag Tires T.C Coolant
Braking/  Aero Rolling Trans | Access Friction Pumping | Ind Eff Second
Inertia Load Load Losses | Losses Losses Losses | Losses Law Check
% of tractive energy 23% 3% 40%
Baseline % of fuel 4.0% 6.4% 6.9% 4.2% 13% 7% 5.3% 34.0% 30.0% 100.0%
Reduction 0% 8% ™% 22.3% 41.7% 15.4% 81.2% n/a OK
% of NEW fuel 4.0% 5.9% 6.5% 4.4% 0.8% 7.1% 1.0% 32.0% 30%
Road load kWh| 047 0.71 0.77
Indicated | Mech Brake |Drivetrain| Cycle Fuel Road 2008 Ricardo baseline values includes some techs
Efficiency | Efficiency | Efficiency | Eficiency | Efficiency | Efficiency | Loads Fuel Economy| 320  mpg (combined)
2008 Baseline  36.0% 59.6% 21.5% 80.6% 100.0% 17.3% 100.0% Fuel Consumption| 0.081  gal/mi
New 38.0% 76.5% 29.0% 84.9% 100.0% 24.7% 94.2% GHGemissions 284 o/mi CO2E
Regressedbaseline values assumes no techs
Tractive req'd fuel energy - 11.95 kwh
[ Current Results | 195 PMEP | Brake fuel economy| 304  mpg (unadj)
66.1% Fuel Consumption (GGE/mile)  Original friction/brake ratio Losses |Efficiency fuel consumption| 0.083  gal/m
33.9% FC Reduction vs no-techs Based on PMEP/IMEP >>>> 11% 25% GHGemissions 299  g/mi CO2E
51.2% FE Improvement (mpgge) (GM study) =71.1% mech efficiency Current package values
51.2% FE Improvement (mpg) fuel economy | 46.03 ‘npg (unadj)
GHG reduction vs 2008 Ricardo baseline fuel consumption | 0.022 “gal/mi
33.9% GHGreduction vs no-techs GHGemissions 197 ‘g/ni CO2E
Independent % or User Picklist
Technology FC Estimate* Loss Category Impl ion into estimator Level Include? (0/1) Devstatus
Vehicle mass reduction 56% per10% Braking/stopped, inertia, rolling resistance 0% 0
Aero Drag Reduction 21% per10% Aero 14.4% aero (cars), 9.5% aero (truq  10% 1
Rolling Resistance Reduction 1.5% Rolling 9.5% rolling 10% 1
Low Fric Lubes 0.5% Friction 2% friction 0
EF Reduction Friction variable% friction [ 1 1
4V on 2V Baseline 3.0% Punmping, friction 20.5% punping, -2.5% fric 0
ICP 2.0% Punmping 13.5% punping, +0.2% IE, -3.5% fric 0
DCP 4.0%  tota VWT Punping 23.5% pumping, +0.2% IE, -2.5% fric 1 Pick one max
CCP 4.0%  tota VVT Punping 23.5% punping, +0.2% |E, -2.5% fric 0
Deac 6.0% Punping, friction 30% punping, -2.5% frict 0
DVVL 4.0% Punmping 27% pumping, -3% friction | 0% 1 Pick one max
CWL 5.0% Punmping 33% pumping, -3% friction 0
Turbo/Downsize (gas engines only) Punping variable IE ratio, P, F r 35% 1
5-spd gearbox 2.5% Punping 6% pumping 0
6-spd gearbox 5.5% Punping 8% pumping, +0.1% IE 0 Pick one
8-spd gearbox Punmping 15% pumping, 13% trans, +0.5% IE 1
CVT 60% | Trans, pumping 41% punping, -5% trans 0
DCT Wet 6.7% Trans 21% trans (increment) 0 Additive to trans;
DCT Dry 10.0% Trans 25% trans (increment) 0 Included in P2
Early upshift (formerly ASL) 20% Punping 10.5% pumping 0 Pick one mex
Optimized shift strategy 5.5% Punping, IE friction 11% pumping, 11% frict, +0.1% IE 1
Agg TC Lockup 0.5% Trans 2% trans 1
High efficiency gearbox (auto) Trans variable % Trans [ ™% 1
12V SS (idle off only) 20% P,F trans 3% pumping, 3% friction, 2% trans 1 | Pick one max |
High voltage SS, with launch (BAS) 7.5% B/l, P, F, trans 11% B/1, 3% P, 3% F, 2% trans 0
Alternator regen on braking 2.0% Access 10% pump 1 included in 12V SS
EPS 2.0% Access 22% access | 100% 1 included in BAS, hybi
Hlectric access (12V) 15% Access 12% access 1 )
- - ~ ¥ Pick one max
Hectric access (high V) 3.0% Access 42% access 0
High efficiency alternator (70%) Access 15% access 1 included in BAS
GDI (stoich) 1.5% Ind Eff +0.55% |IE 1
GDI (stoich) w/ cooled EGR +1.9% |E, 41% pumping 0 Pick one max
GDI (lean) Ind. Eff, punping +1.3% |E, 41% pumping 0
Diesel - LNT (2008) 30.0% Ind Eff, P,F, trans _see comment 0
Diesel - SCR (2008) 35.0% Ind Eff, P,F, trans  see comment M otor kW 0
Hybrid drivetrain (need to select transmission style!) Inertia, trans, acc |E, F, P | 0 0
Secondary axle disconnect 1.3% Trans 6% trans 0
Low drag brakes 0.8% Braking/inertia 35% Bl 0
Atkinson cycle engine Ind. Eff, - punmping  +6% IE, -30% punping 0
Advanced Diesel (2020) Ind Eff, P,F, trans  see comment 0
Plug-In [ wEv] B | 0 |

Figure 1.4-1 Sample lumped parameter model spreadsheet
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The LP model has been updated from the MY s 2012-2016 final rule to support the
MY s 2017-2025 proposed standards. Changes were made to include new technologies for
2017 and beyond, improve fidelity for baseline attributes and technologies, and better
represent hybrids based on more comprehensive vehicle simulation modeling. Section 1.5
provides details of the methodology used to update and refine the model.

1.5 Lumped Parameter Model Methodology
151 Changesto the LP mode for the proposed rulemaking

The LP model was updated in conjunction with this rulemaking to provide more
flexibility in assessment of package effectiveness, to incorporate new technologies not
previously analyzed, and to improve the cal culation methodology in an effort to increase
calibration accuracy with respect to the supporting vehicle ssmulation data.

Flexibility was added in several ways. First, the model now provides the user with the
capability of estimating package effectiveness for multiple vehicle classes. Second, several
compound technologies in the 2012-2016 rulemaking version have been * deconstructed” into
separate components so that there is more flexibility in adding different technology
combinations. The most visible example of that isin the new model’ s treatment of hybrids.
In the last generation LP model, a hybrid vehicle package served as atechnology in and of
itself — irrespective of engine type, ancillary technologies or road load reductions. In the
latest version the LP model offers a*hybrid drivetrain” technology which can be combined
with any engine technology and subset of road load reductions (e.g., mass reduction, rolling
resistance and aerodynamic drag reductions) and other technologies. Inthisway, thereis
more resolution and effectiveness distinction between the many combinations of technologies
on hybrids.

The LP model also added new technologies, most stemming from the 2011 Ricardo
simulation project, which included multiple steps of transmission shift logic, more
mechanically efficient transmissions (“ gearboxes’), aternator technologies, an Atkinson-
cycle engine for hybrids, highly downsized and turbocharged engines including lean-burn and
cooled EGR options, and stop-start (idle-off without launch assist). The effectiveness of some
of these technologies vary based on additional required user inputs. For example,
turbocharging and downsizing effectiveness is now based on a percentage of displacement
reduction, and hybrid effectivenessistied to electric motor size.

EPA revisited the calcul ation methodology of the model with more rigor. Through
more detailed analysis of simulation data, physical trends became more apparent, such as.

e therelationship between mass reduction and rolling resistance — naturally, as
vehicle weight decreases, the normal force on the tires decreases, and should
reduce rolling resistance

e Reduced road loads (with other variables held constant) changed the required
tractive forces and usually resulted in reduced engine efficiency.
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e For hybrids, mass reduction was synergistic with the hybrid drivetrain, as there
was | ess recoverable braking energy with alighter vehicle.

All of these trends were identified through the analysis of the simulation data and
performance metrics (detailed further in the Joint TSD, Section 3.3.1), and were incorporated
during the development of the model.

152 Development of the model

The LP model must be flexible in accommodating awide variety of possible vehicle
and technology package combinations and also must reasonably reflect the physical system
effects of each technology added to avehicle. Finally, its outputs must be well calibrated to
the existing vehicle smulation results for it to serve as areliable tool for use in generating
OMEGA modé inputs. To properly build the LP model with all of these requirementsin
mind, severa steps were needed:

e Develop abaseline energy loss distribution for each vehicle class

e Calibrate baseline fuel economy for each vehicle class based on simulation and
vehicle certification data

e Add technologies to the model and identify the significant loss categories that each
applied technology affects, and

e Assign numerical loss category modifiers for each individual technology to
achieve the estimated independent effectiveness

e Calibrate LP technology package effectiveness with simulation results

153 Basdline loss categories

In 2007, EPA contracted with PQA, who subcontracted Ricardo, LLC to conduct a
vehicle simulation modeling project in support of the 2012-2016 light-duty vehicle GHG rule.
Further simulation work was conducted by Ricardo from 2010-2011 to support EPA’s
analysis for the 2017-2025 vehicle GHG rule. In both projects, Ricardo built versions of its
EASY5 and WAVE models to generate overall vehicle package GHG reduction effectiveness
results and corresponding 10-hz output files of the intermediate data. EPA’s detailed analysis
of the Ricardo 2008 and 2010 baseline® vehicle simulation outpuit files for the FTP and
HWFE test cycles helped quantify the distribution of fuel energy lossesin the baseline LP

K The 2008 baseline vehicles are those originally used in the 2008 Ricardo simulation project and represent
actua vehiclesin production. The 2010 “baseline” vehicles (from the 2011 Ricardo report) have additional
content including stop-start, improved alternator with regenerative capability, and a six-speed automatic
transmission. For more information reference the Joint TSD, Section 3.3.1.8.
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model. City/highway combined cycle average data were obtained for brake efficiency, torque
converter and driveline efficiencies, accessory losses, and wheel (tractive) energy. These
values were regressed against basic vehicle parameters (power, weight, etc) to generate curve
fits for the baseline vehicle category attributes.

The distribution of energy loss categoriesin the baseline vehicle were estimated as

follows:

Indicated efficiency was assumed at a combined test cycle average of 36% for all
vehicles-

Baseline engine brake efficiency was estimated as a function of (ETW, road load,
engine torque, and aternator regeneration or “regen”). Theseinputswere used in
alinear regression, shown in Figure 1.5-1, which fits the 2008 and 2010 Ricardo
baseline data from the output summaries.

Regression data used - net engine brake efficiency

Vehicle Power Torque ETW 50mphRL Altregen NetBE% predicted % error Coefficients

§ Camry 154 160 3625 11.33 0 21.5% 21.5% 0.1% Intercept 0.207831

D Vue 169 161 4000 15.08 0 24.0% 23.7% 1.3% |Torque -0.00028

_’§ Caravan 205 240 4500 15.84 0 21.2% 21.7% 2.3% |[ETW -6.2E-06

3 " 300 250 250 4000 14.78 0 21.3% 21.0% 1.3% 50mph RL 0.006531

Q F-150 300 365 6000 22.86 0 21.8% 21.9% 0.5% Altregen 0.019809
" Yaris 106 103 2625 10.82 1 25.0% 25.3% 1.3%
é Camry 158 161 3625 11.33 1 23.8% 23.5% 1.3%
% Vue 169 161 4000 15.08 1 25.8% 25.7% 0.5%
= Caravan 205 240 4500 15.84 i 23.1% 23.7% 2.3%
§ " 300 250 250 4000 14.78 1 23.2% 23.0% 0.9%
F-150 300 365 6000 22.86 1 24.0% 23.9% 0.8%

avgerror 1.1%

Figure 1.5-1 Regression data used to establish engine brake efficiency formula

Pumping and friction losses are scaled based on the difference between (brake
efficiency + accessory losses) and indicated efficiency. The distribution of
pumping and friction losses was based on a combination of literature (Patton,
Heywood® ) and prior success with values used in the LP model for the 2012-2016
rule. It isassumed that pumping and friction losses for fixed valve, naturally
aspirated engines, distributed over the test cycles, average roughly 60% and 40%
of total friction, respectively.

Accessory loss (as % of total fuel) is based on aregression of engine torque and
ETW, and comes directly from Ricardo output file data.

Baseline driveline losses are estimated in the following manner:

" Indicated efficiency datawas not included as an output in the Ricardo model. Very little data on indicated
efficiency existsin the literature. The value of 36% was assumed because it fits fairly well within the LP model,
and it is comparable to the few values presented in the Patton paper.
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a) Torgue converter efficiency, which isafunction of (engine torque/power
ratio, RL and ETW)

b) Transmission efficiency, which is calculated at 87% for 2008 vehicles
(based on the average gear efficiency values used by Ricardo in the
baseline models) For 4WD vehicles amultiplier of 96.2% is applied to
represent the rear axle efficiency

¢) Lossesthrough the TC and transmission are then determined and added to
represent driveline losses as the total % of fuel energy lost.

e Basdlinetractive wheel energy (the energy delivered to the wheelsto actually
move the vehicle) is asimple relationship of ETW and road |oad.

e Theremaining terms (braking losses, inertiaload, aero load, and rolling load)
make up the remainder of the losses and are proportioned similarly to the origina
LP modsl.

Reference the “input page” tab in the LP model to see the breakdown for each
predefined vehicle class”.

154 Baseline fuel efficiency by vehicle class

The new LP model estimates the basic fuel energy consumption, E;,g, for an
“unimproved” vehicle (naturally aspirated fixed valve engine with 4 speed automatic
transmission). It is calculated for each vehicle class with Equation 1.5-1:

E _ Ewheel
fuel — o .
nengine X 77D/L

Equation 1.5-1

To estimate the terms in the above equation, EPA regressed several known vehicle
parameters (rated engine power, rated engine torque, ETW, RL (chassis dyno road load at 50
mph)) against ssmulation output data. Definitions for each term and the relevant parameters
are listed below:

™ For the “custom” vehicle class, values were regressed based on the following inputs: rated engine power,
torque, vehicle weight (ETW) and road load, in hp, at 50 mph (from certification data). Note that the defined
vehicle classes were validated by simulation work, while the custom vehicle data was not validated — it is for
illustrative purposes and represents a rougher estimate
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1) Ewnea: required wheel (or tractive) energy over the city/HW test cycle =
f(ETW, RL)

2) mengine: Net engine brake efficiency = f(torque, ETW, RL, alternator regen")

3) mow: driveline efficiency is derived from the losses associated with the torque
converter, transmission, and final drive, where TC losses = f(torque, power,
RL, ETW) and transmission efficiency is based on vintage of the baseline®

Erua (KWh) was then converted to fuel economy in mpg by applying the energy
content of gasoline (assumed at 33.7 kWh/gallon —for diesel it is 37.6 kwh/gallon) and
factoring in the distance traveled (10.64 miles) over the combined FTP/HWFE test cycle.

The LP model predicted baseline fuel economy for each class was then validated to
2008 baseline vehicle simulation results. Baseline unimproved vehicle FE values were first
estimated with the regression as mentioned above. From there, all other technologies
consistent with the 2008 Ricardo model ed baseline packages were added. Similarly, the
following technol ogies were added to the 2008 vehicles for comparison to the 2010 Ricardo
“baseling” packages: 6-speed automatic transmission, higher efficiency gearbox, 12V SS,
alternator regeneration during coastdowns, and 70% efficient aternator. The predicted LP
fuel economy values of both the 2008 baseline and 2010 vehicles al fall within roughly 2% of
the modeled data, as shown in Figure 1.5-2 below.

2008 2008 2010 2010

simulated LP model simulated LP model
Vehicle comb.  comb. % FE comb.  comb. % FE
Class Trans EPS  Valvetrain mpg mpg error mpg mpg error
Small car 4 spd auto Y ICP 41.5 413 -0.5% 43.4 44.1 1.7%
Standard car 5spd auto N DCP 32.0 323 0.9% 34.9 34.7 -0.6%
Large car  5spd auto N fixed 25.5 25.2 -1.0% 27.4 27.3 -0.4%
Small MPV 4 spd auto Y DCP 28.8 29.1 1.1% 30.5 311 2.0%
Large MPV 4 spd auto N fixed 231 23.7 2.4% 25.2 259 2.6%
Truck  4spdauto N CCP 17.6 17.4 -1.1% 18.6 18.6 -0.1%

2010 packages add 6spd auto trans, higher efficiency gearbox, 12V SS, alternator regen on decel, 70% efficient alternator

Figure 1.5-2 Comparison of LP model to Ricardo simulation results for 2008 and 2010
baseline vehicles

N When the alternator regeneration technology isincluded, it changes the efficiency of the engine by moving the
average speed and load to a more efficient operating region. It was included in the definition of the 2010
baseline vehicle models.

© Two levels of baseline transmission efficiency were included in the simulation work, for 2008 baselines and
2010 baselines (“vintage®). Refer to the Input Page tab in the LP model for more detail.
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155 Identification and calibration of individual technologies

The next step was to identify the individual technologies of interest and categorize
how they affect the physical system of the vehicle. Engineering judgment was used in
identifying the major loss categories that each individual LP model technology affected. In
some cases two or even three, loss categories were defined that were deemed significant. Not
all categories were areduction in losses — some increased the amount of losses (for example,
increased frictional losses for various valvetrain technologies). A list of the technologies and
the categories they affect is shown in Figure 1.5-3 below. The technologies added for this
rule' s version of the LP model are highlighted in bold. For a more detailed description of
each technology, refer to Section 3.4 of the Joint TSD.
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Technology Braking/ Aero Rolling Trans Access  Friction Pumping Ind
Inertia Load Load Losses Losses Losses Losses ici

Vehicle mass reduction

Aero Drag Reduction

Rolling Resistance Reduction
Low Fric Lubes

EF Reduction

4V on 2V Baseline

ICP

DCP

CCP

Deac

DVVL

CVVL

Turbo/Downsize (gas engines only)
5-spd gearbox

6-spd gearbox

8-spd gearbox

CVvT

DCT Wet

DCT Dry

Early upshift (formerly ASL)
Optimized shift strategy

Agg TC Lockup

High efficiency gearbox (auto)
12V SS (idle off only)

High voltage SS, with launch (BAS) -
Alternator regen on braking
EPS

Electric access (12V)

Electric access (high V)

High efficiency alternator (70%)
GDI (stoich)

GDI (stoich) w/ cooled EGR

GDI (lean)

Diesel - LNT (2008)

Diesel - SCR (2008)

Hybrid drivetrain -
Secondary axle disconnect

Low drag brakes
Atkinson cycle engine
Advanced Diesel (2020)

Code: Major -

Minor
Negative

Figure 1.5-3 Loss categories affected by each technology

After losses were identified, EPA calibrated the loss modifiers so that each individual
technology would achieve anominal effectiveness independent of other technologies and
consistent with the values given in Section 1.2. For example, discrete variable valve lift
(DVVL) can achieve roughly a4-5% decrease in GHG emissions. It iscoded in the LP model
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as a 27% reduction in pumping losses and a 3% increase (penalty) in friction losses.
Depending on the vehicle class, it reflects an effectiveness ranging from 4.1-5.6% reduction
inthe LP model. Other technologies were coded in the LP model in similar fashion. In cases
where more than one loss category was affected, the magjority of the effectiveness was linked
to the primary loss category, with the remainder of the effectiveness coded via the other
secondary loss categories. In some cases the LP model also reflects loss categories that are
penalized with certain technologies — for example, the increased mechanical friction
associated with advanced variable valvetrains (coded as a negative reduction in the LP
model). All technologies were calibrated on an “unimproved” vehicle (without any other
technologies present ) to avoid any synergies from being accidentally incorporated. Once the
entirelist of line-item technol ogies was coded, the next step was to compare the effectiveness
of actual (Ricardo-modeled) vehicle simulation packages to the LP model results.

156 Example build-up of LP package

The following example package for a Large Car demonstrates how synergies build as
content is added to a vehicle technology package.

4V DOHC 14 +EFR2 +LDB +ASL2 +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP | 8sp DCT-

505 | \epi +TDSI8 wet

12V | 5% | $1,386 | 42.6%

e Add anytime technologies (EFR2, LDB, ASL2, IACC2, EPS)

These technologies primarily reduce accessory |oads, mechanical engine friction and
pumping losses. The sum of these technologies is reflected below in Table 1.5-17 and
provides atotal of 14.9% reduction in GHG.

Table 1.5-1
Braking/  Aero Rolling Trans | Access Friction Punping | Ind Ef Second
Inertia Load Load Losses | Losses Losses Losses | Losses Law
% of tractive energy 23% 3™% 40%
Baseline % of fuel 3.9% 6.4% 6.9% 3.9% 11% 8.3% 5.6% 34.0% 30.0%
Reduction 4% % 0% 0% 2% 22% 20% n/a
% of NEW fuel 3.8% 6.4% 6.9% 45% 0.6% 6.5% 4.5% 33.9% 30%

Indicated | Mech Brake [Drivetrain] Cycle Fuel Road

Efficiency | Efficiency | Efficiency | Efficiency | Efficiency | Efficiency| Loads

2008 Baseline  36.0% 58.4% 21.0% 8L.6% 100.0% 17.1% 100.0% 85.1% Fuel Consunption
New 36.1% 67.9% 24.5% 8L6%  100.0%  20.0% 99.2% 14.9% GHG reduction

P For this table and similar subsequent tables, the “Reduction” row refers to the percentage reduction in fuel
energy for each particular loss category. Each valuesin that row does not trandate into an absolute percentage
GHG savings, but are listed as indices between 0% (no reduction) and 100% (maximum theoretical reduction)
for each loss category. For example, in Table 1.5-1, roughly 42% of theoretical accessory |osses have been
eliminated associated with the applied anytime technol ogies.
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e Addroad load reductions (Aero2, LRRT2) and 5% mass reduction

These technol ogies reduce braking/inertia, aerodynamic and rolling resistance loads,
with aminor degradation in indicated efficiency (because the engineisrunning at lower
overal loads). Combined with the technologies previously added in 1), the sum of these
technologiesis shown below in Table 1.5-2 and provides atotal of 24.5% reduction in GHG
compared to an unimproved vehicle.

Table 1.5-2
Braking/  Aero Rolling Trans | Access Friction Punping | Ind Ef Second
Inertia Load Load Losses | Losses Losses Losses | Losses Law
% of tractive energy 23% 3% 40%
Baseline % of fuel 3% 6.4% 6.9% 3.9% 11% 8.3% 5.6% 34.0% 30.0%
Reduction 8% 17% 18% 0% 42% 22% 20% n/a
% of NEW fuel 3.6% 5.3% 5.6% 4.3% 0.6% 6.2% 4.3% 35.3% 30%
Indicated | Mech Brake [Drivetrain] Cycle Fuel Road
Efficiency | Efficiency | Efficiency | Efficiency | Efficiency | Efficiency| Loads
2008 Baseline  36.0% 58.4% 21.0% 8L6%  1000%  171%  100.0% 755%  Fuel Consumption
New 34.7% 67.9% 23.6% 8L6%  1000%  192% 84.8% 24.5% | GHG reduction

e Add high efficiency gearbox

The high efficiency gearbox reduces transmission (driveline) losses due to the
mechanical improvements as described in Section 3.4.2.4 of the Joint TSD. Combined with
the technol ogies previously added, the sum of these technologies is shown below in Table
1.5-3 and provides atotal of 28.5% reduction in GHG compared to an unimproved vehicle.

Table 1.5-3
Braking/  Aero Rolling Trans | Access Friction Punmping | Ind Ef Second
Inertia Load Load Losses | Losses Losses Losses | Losses Law
% of tractive energy 23% 3% 40%
Baseline % of fuel 3% 6.4% 6.9% 3.9% 11% 8.3% 5.6% 34.0% 30.0%
Reduction 8% 1% 18% 25% 42% 22% 2% n/a
% of NEW fuel 3.6% 5.3% 5.6% 3.3% 0.6% 6.2% 4.3% 35.3% 30%
Indicated| Mech Brake [Drivetrain] Cycle Fuel Road
Efficiency | Efficiency | Efficiency | Efficiency | Efficiency | Efficiency| Loads
2008 Baseline  36.0% 58.4% 21.0% 8L6%  1000%  171%  100.0% 715%  Fuel Consumption
New 34.7% 67.9% 23.6% 86.2%  1000%  20.3% 84.8% 28.5% | GHG reduction

e Adddua cam phasing

Dual cam phasing provides significant pumping loss reductions at the expense of
increased mechanical friction due to the more complex valvetrain demands (as aresult, the
“friction loss’ reduction value below is actually reduced). Combined with the technologies
previously added, the sum of these technologiesis shown below in Table 1.5-4 and provides a
total of 31.4% reduction in GHG compared to an unimproved vehicle.
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Table 1.5-4
Braking/  Aero Rolling Trans | Access Friction Punmping | Ind Ef Second
Inertia Load Load Losses | Losses Losses Losses | Losses Law
% of tractive energy 23% 3% 40%
Baseline % of fuel 3% 6.4% 6.9% 3.9% 11% 8.3% 5.6% 34.0% 30.0%
Reduction 8% 1% 18% 25% 42% 20% 39% n/a
% of NEW fuel 3.6% 53% 5.6% 34% 0.6% 6.4% 33% 35.1% 30%
Indicated| Mech Brake [Drivetrain] Cycle Fuel Road
Efficiency | Efficiency | Efficiency | Efficiency | Efficiency | Efficiency| Loads
2008 Baseline  36.0% 58.4% 21.0% 8L6%  1000%  17.1%  100.0% 68.6% Fuel Consumption
New 34.9% 704% 24.6% 86.2%  1000% 21.2% 84.8% 31.4% GHG reduction

e Add stoichiometric GDI, downsized, turbocharged engine (18-bar)

An 18-bar downsized and turbocharged engine, combined with stoichiometric gasoline
direct injection increases an engine' s indicated efficiency, and drastically reduces pumping
losses. Combined with the technologies previously added, the sum of these technologiesis
shown below in Table 1.5-5 and provides atotal of 38.3% reduction in GHG compared to an
unimproved vehicle.

Table 1.5-5
Braking/  Aero Rolling Trans | Access Friction Punping | Ind Ef Second
Inertia Load Load Losses | Losses Losses Losses | Losses Law
% of tractive energy 23% 3™% 40%
Baseline % of fuel 3.9% 6.4% 6.9% 3.9% 11% 8.3% 5.6% 34.0% 30.0%
Reduction 8% 17% 18% 25% 42% 20% 67% n/a
% of NEW fuel 3.6% 53% 5.6% 3.8% 0.6% 6.7% 1.9% 33.4% 30%

Indicated | Mech Brake [Drivetrain] Cycle Fuel Road

Efficiency | Efficiency | Efficiency | Efficiency | Efficiency | Efficiency| Loads

2008 Baseline  36.0% 58.4% 21.0% 8L.6% 100.0% 17.1% 100.0% 61.7% Fuel Consunption
New 36.6% TA.T% 27.3% 86.2%  1000%  23.6% 84.8% 38.3% GHG reduction

e Add 8-speed wet clutch DCT

An 8-speed wet clutch DCT reduces |osses in several ways. The elimination of the
planetary gearset and torque converter increases the reduction in transmission losses, while
engine pumping losses are further reduced with the addition of more fixed gears (allowing for
more efficient engine operation). Combined with the technologies previously added, the sum
of these technologiesis shown below in Table 1.5-6 and provides atota of 42.6% reduction
in GHG compared to an unimproved vehicle.
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Table 1.5-6
Braking/  Aero Rolling Trans | Access Friction Punmping | Ind Ef Second
Inertia Load Load Losses | Losses Losses Losses | Losses Law
% of tractive energy 23% 3% 40%
Baseline % of fuel 3% 6.4% 6.9% 3.9% 11% 8.3% 5.6% 34.0% 30.0%
Reduction 8% 1% 18% 48% 42% 20% 72% n/a
% of NEW fuel 3.6% 5.3% 5.6% 27% 0.6% 6.8% 1.6% 3R.9% 30%
Indicated| Mech Brake [Drivetrain] Cycle Fuel Road
Efficiency | Efficiency | Efficiency | Efficiency | Efficiency | Efficiency| Loads
2008 Baseline  36.0% 58.4% 21.0% 8lL6%  1000%  171%  100.0% 57.4%  Fuel Consumption

New 37.1% 755% 28.0% 90.5% 100.0% 25.3% 84.8% 42.6% GHG reduction

In summary, for this technology package, the mathematical combination of individual
effectiveness values (added without synergies) would yield a GHG reduction value of about
50%. Based on the lumped parameter model —which is calibrated to vehicle ssimulation
results that include synergies — this technology package would provide a GHG reduction of
42.6%. In most cases negative synergies develop between technol ogies addressing the same
losses, and with increasing magnitude as the level of applied technology grows. This
increasing disparity is shown below in Table 1.5-7.

Table 1.5-7: Comparison of LP-predicted to gross aggregate effectiveness

Technologies Individual Combined Gross
Added Effectiveness |Effectiveness |Effectiveness
(for step) LP total total

EFR2, LDB, ASL2, IACC2, EPS 16.4% 14.9% 16.4%
Aero2, LRRT2, MR5 10.8% 24.5% 25.5%
HEG 5.3% 28.5% 29.4%
DCP 5.5% 31.4% 33.3%
GDI, TDS18 14.9% 38.3% 43.2%
8spDCT-wet 11.9% 42.6% 50.0%
157 Cdlibration of LP resultsto vehicle smulation results

The LP model includes a mgjority of the new technologies being considered as part of
this proposed rulemaking. The results from the 2011 Ricardo vehicle simulation project
(Joint TSD, Section 3.3-1) were used to successfully calibrate the predictive accuracy and the
synergy calculations that occur within the LP model. When the vehicle packages Ricardo
modeled are estimated in the lumped parameter model, the results are comparable. All of the
baselines for each vehicle class, as predicted by the LP model, fall within 3% of the Ricardo-
modeled baseline results. With afew exceptions (discussed in 1.5.8), the lumped parameter
results for the 2020-2025 “nominal” technology packages are within 5% of the vehicle
simulation results. Shown below in Figure 1.5-4 through Figure 1.5-9 are Ricardo’ s vehicle
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simulation package results (for

conventional stop-start and P2 hybrid packages®) compared to

the lumped parameter estimates.
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Figure 1.5-4 Comparison of LP to simulation results for Small Car class

Q Refer to Joint TSD, Section 3.3-1 for definitions of the baselines, “conventional stop-start” and “P2 hybrid”

vehicle architectures.
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Figure 1.5-5 Comparison of LP to simulation results for Standard Car class
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Figure 1.5-6 Comparison of LP to simulation results for Large Car class
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Small MPV Nominal Results
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Figure 1.5-7 Comparison of LP to simulation results for Small MPV class
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Figure 1.5-8 Comparison of LP to simulation results for Large MPV class
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Truck Nominal Results
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Figure 1.5-9 Comparison of LP to simulation results for Truck class

158 Notable differences between LP model and Ricardo results
1.5.8.1 Small car

At first glance, it would appear that the results for small cars predicted by the
lumped parameter model- (especially hybrids) are too high when compared to the
Ricardo vehicle ssmulation results. However, further investigation of the ssmulation
results showed that the applied road load coefficients for the small car, as modeled by
Ricardo, may have been higher than they should have been. Figure 1.5-10, below,
shows road load power (in units of horsepower, or RLHP) plotted as a function of
vehicle speed for the simulated vehicles. As expected, road load curves decrease as
the vehicle class (weight and size) decreases. The road load coefficients used by
Ricardo were all taken from certification test data. As shown, the modeled Yaris
(small car) road load curve, in purple, is actually comparable to that for a Camry (the
standard car exemplar vehicle), shown in green. By investigating the certification test
data, EPA identified a second (alternate) road load curve for an alternative Y aris
vehicle configuration, shown as a dashed line. Applying the mathematical equivaent
of this alternate road load curve to the small car in the vehicle simulation Complex
Systemstool (described in the Joint TSD, Section 3.3.1) achieved results much closer
to those predicted by the LP model. While both Yarisroad load curves are based on
actua certification coefficients, it would make sense that the small car class should
exhibit lower road |loads than a standard car class.
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Figure 1.5-10 Road load power for modeled vehicles

The LP results for the small car P2 hybrids appear to deviate further.
However, the deviation can be explained due to two main factors. Aside from the
higher road load curve employed by Ricardo, the small car P2 hybrid effectiveness
was understated due to arelatively undersized nomina motor/generator (30% smaller
than the optimal motor size of 21 kW). The percentage of available braking energy
did not match levels seen with the other vehicle classes, and fuel economy suffered
dightly as aresult.

For these reasons, EPA finds the LP model estimate for the small car classto
be more appropriate for package effectiveness estimates.

1.5.8.2 Diesals

Detailed analysis of the diesel vehicle simulation results showed that the
vehicles did not operate in the most efficient operating region, either due to a potential
inconsistency in the application of the optimized shift strategy and/or dueto the
apparent oversizing of the nominal diesel engines. Diesel engines appeared to have
been initialy sized for rated power, not torque, which led to oversized displacement.
This conversaly reduced the average transmission efficiency realized in the model test
runs. Plotting the average engine speed and load operating points for the diesel
simulation data on top of the diesel engine maps showed that there was room for
improvement in choice of selected gear, for example. EPA’s LP estimate for the
Ricardo diesel packages compare well with the simulation results when optimized
shifting and early torque converter lockup (for automatic transmissions) are excluded
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from the LP model. Based on this comparison which is more consistent with the
technology that appeared to be modeled, EPA is more comfortable with the LP diesel
estimates which have slightly higher effectiveness estimates than the diesel package
vehicle simulation results.

159 Comparison of resultsto real-world examples

To validate the lumped parameter model, representations of actual late-model
production vehicles exhibiting advanced technologies were created. Shown below in Table
1.5-8 are a set of select vehicle models containing a diverse array of technologies:. included
are the pertinent technol ogies and vehicle specifications, along with actual vehicle
certification fuel economy test data compared to the lumped parameter fuel economy
estimates. For the vehicles and technologies shown, the predicted fuel economy iswithin
about 3% of the actual data.

Table 1.5-8 Production vehicle certification data compared to lumped parameter predictions

Vehicle 2011 Chevy Cruze ECO 2011 Sonata Hybrid 2011 Escape Hybrid 2011 F-150 Ecoboost
Vehicle class Small Car Standard Car Small MPV Truck

X 14L14 24L14 2.5L14 3.5LV6
Engine turbo GDI Atkinson Atkinson turbo GDI
Transmission 6 speed auto 6 speed DCT CVT 6 speed auto
HEV motor (kW) n/a 30 67 n/a
ETW (lbs) 3375 3750 4000 6000
City/HW FE (mpg) 40.3 52.2 43.9 22.6
LP estimate (mpg) 40.2 51.7 44.0 21.9

GDI (stoich.) P2 hybrid Powersplit hybrid GDI (stoich)
Key technologies applied | turbo (30% downsize) aero improvements turbo (37% downsize)
in LP model ultra low R tires
active grill shutters
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2 EPA’s Vehicle Simulation Tool

2.1 Introduction
2.1.1 Background

It iswell known that full-scale physics-based vehicle simulation modeling is the most
sophisticated method for estimating fuel saving benefits by a package of advanced new
technologies (short of actually building an actual prototype). For this reason, EPA has used
full vehicle ssimulation results generated by Ricardo, Inc. to calibrate and validate the lumped
parameter model to estimate technology effectiveness of many combinations of different
technologies. However, EPA only has limited access to the Ricardo’s model and proprietary
data, so there has been a growing need for developing and running detailed vehicle
simulations in-house for GHG regulatory and compliance purposes (notwithstanding that it
thisisa very time-consuming and resource-intensive task). As aresult, over the past year,
EPA has begun to develop full vehicle simulation capabilities in order to support regulations
and vehicle compliance by quantifying the effectiveness of different technologies with
scientific rigor over awide range of engine and vehicle operating conditions. Thisin-house
vehicle ssmulation tool has been developed for modeling awide variety of light, medium, and
heavy-duty vehicle applications over various driving cycles. The first application of this
vehicle simulation tool was intended for medium and heavy-duty vehicle compliance and
certification. This simulation tool, the “ Greenhouse gas Emissions Model” (GEM ), has been
peer-reviewed® and has also recently been published.” For the model years 2014 to 2017
final rule for medium and heavy-duty trucks, ) GEM is used both to assess Class 2b-8
vocational vehicle and Class 7/8 combination tractor GHG emissions and to demonstrate
compliance with the vocational vehicle and combination tractor standards. See 40 CFR
sections 1037.520 and 1037.810 (c)(1).Objective and Scope

Unlike in the heavy-duty program , where the vehicle smulation tool is used for GHG
certification since chassis-based certifications are not yet practical or feasible for most HD
vehicles, we intend to use the light duty simulation tool to develop the light duty regulatory
program but not for certification sinceit isnot only feasible but common practice to certify
light duty vehicles based on chassis-based vehicle testing. For light-duty vehicles, EPA has
been devel oping this ssmulation tool for non-hybrid, hybrid, and electric vehicles, which is
capable of simulating a wide range of conventional and advanced engines, transmissions, and
vehicle technologies over various driving cycles. Thetool evaluates technology package
effectiveness while taking into account synergy effects among vehicle components and
estimates GHG emissions for various combinations of future technologies. ThisLD vehicle
simulation tool is capable of providing reasonably (though not absolutely) certain predictions
of the fuel economy and GHG emissions of specific vehiclesto be produced in the future, It
is also capable of simulating non-hybrid vehicles with a Dual-Clutch Transmission (DCT),
under warmed-up conditions only. Additional simulation capabilities such as automatic
transmissions, cold-start conditions, engine start-stops, and hybrid/electric vehicles are being
developed by EPA for the final rule. In this proposal, we are using the current simulation tool
in amore limited manner: to determine the maximum credit potential for A/C efficiency and
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to determine the default credit value for the pre-defined active aerodynamic and electrical
load off-cycle technologies. See section 2.3 below.

The simulation tool isafull vehicle ssimulator that uses the same physical principles as
commercialy available vehicle simulation tools (such as Autonomie, AVL-CRUISE, GT-
Drive, Ricardo-EASY5, etc.). In order to ensure transparency of the models and free public
access, EPA has developed thistool in MATLAB/Simulink environment with a completely
open source code. For the 2017 to 2025 GHG proposal, EPA used the simulation tool to
guantify the amount of GHG emissions reduced by improvementsin A/C systems and off-
cycle technologies, as explained in Chapter 5 of the Joint TSD and Section I11.C of the
Preamble.

2.2 Descriptions of EPA’s Vehicle Simulation Tool
2.2.1 Overdl Architecture

Table 2.2-1 provides a high-level architecture of the light-duty (LD) vehicle
simulation model, which consists of six systems. Ambient, Driver, Electric, Engine,
Transmission, and Vehicle. With the exception of “Ambient” and “Driver” systems, each
system consists of one or more component models which represent physical elements within
the corresponding system. The definition and function of each system and their respective
component models are discussed in the next section.

Table 2.2-1 High-Level Structure of Vehicle Simulator

System Component Models
Ambient n/a
Driver n/a
Electric Accessory (electrical)
Engine Accessory (mechanical), Cylinder
Transmission Clutch, Gear
Vehicle Final Drive, Differential, Axle, Tire, Chassis

Figure 2.2-1 illustrates the overall streamline process of the vehicle simulation and
how the current tool is designed for a user to run desired vehicle simulations. Upon execution
of themain MATLAB script, it prompts the user to enter desired inputs such as vehicle type,
engine technology type, driving cycle, etc. Then, it initializes al necessary vehicle model
parameters including engine maps, transmission gear ratios, and vehicle road load parameters.
After the initialization, the script runs the Simulink vehicle model over the desired driving
cycles. Upon completing the simulation, it automatically displays the simulation outputsin
terms of fuel economy and GHG emissions. It also displays aplot of the ssmulated vehicle
speed trace, showing how closely the simulation vehicle followed the desired speed trace.

Although this version of the vehicle smulation tool is till in an early development
stage and provides only a handful of simulation capabilitiesin terms of vehicle types, engine
and transmission technologies, and driving cycles, it is undergoing constant upgrades and
improvements to include more technology choices and simulation flexibilities. In fact, the
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first official version of the tool will have a Graphical User Interface (GUI) which will alow
the user to choose from different technologies and other simulation options while making the
use of the tool much easier and straightforward. The Section 2.4.2 will discuss and address
these additional choices and simulation capabilities that are being planned for the improved
version of the tool.

® “Peer Review of the Greenhouse gas Emissions Model (GEM) and EPA's Response to
Comments,” Docket EPA-HQ-OAR-2010-0162-3418, Publication Number: EPA-420-R-11-
007, July 2011.

9| eg, S, Lee, B., Zheng, H., Sze, C., Quinones, L., and Sanchez, J., “Development of
Greenhouse Gas Emissions Model for 2014-2017 Heavy- and Medium-Duty Vehicle
Compliance,” SAE 2011 Commercial V ehicle Engineering Congress, Chicago, September
2011, SAE Paper 2011-01-2188.
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2.2.2 System Models

In this section, detailed descriptions of the system models (Ambient, Driver, Electric,
Engine, Transmission, and Vehicle) are provided. For Electric, Engine, Transmission, and
V ehicle systems, the components within each of the systems will be described aswell. These
system models remain consistent regardless of vehicle types, engine or transmission
technologies, and driving cycles.

2.2.2.1 Ambient System

This system defines surrounding environment conditions, such as pressure,
temperature, and road gradient, where vehicle operations are simulated. By default, the
environmental conditions defined in this system are in accordance with the standard SAE
practices — air temperature of 25°C, air pressure of 101.325 kPa, and air density based on the
|deal Gas law which resultsin adensity of 1.20 kg/m®. The road gradient is set to 0 %,
indicating a vehicle moving on aflat surface. However, these conditions are easily
reconfigurable by the user.

2.2.2.2 Driver System

The driver model utilizes two control schemes to keep the ssmulated vehicle speed at
the desired values: feedforward and feedback. It uses the targeted vehicle speed defined by a
desired driving cycle to first estimate vehicle s torque requirement at the wheel at any given
time. The engine power demand is then calcul ated based on the required wheel torque. And,
the required accelerator and braking pedal positions are determined to deliver the demanded
engine power which will drive the vehicle at the desired speed. |If the simulated vehicle speed
deviates the desired target, a speed correction logic is applied viaaclassical proportional-
integral-derivative (PID) controller to adjust the accelerator and braking pedal positions by
necessary amount in order to maintain the targeted vehicle speed at every ssmulation time

step.
2.2.2.3 Electric System

The electric system was originally modeled as a system which consists of four
individual electrical components — starter, electrical energy storage such as battery, aternator,
and electrical accessory. However, for the purpose of calculating A/C credits as well as off-
cycle credits, the simulation tool has modeled the electrical system as a constant power
consumption devise as afunction of the vehicle category. It basically represents the power
loss associated with the starter, alternator, and other electrical accessories. Thistype of
simplification was made since the purpose of the simulation was A-B comparisons only, i.e.
relative difference between case A and case B on GHG emissions.

2.2.2.4 Engine System

The engine system mainly consists of two components. Mechanical Accessory and
Cylinder, which represent torque loss and torque production by an engine, respectively.
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2.2.2.4.1 Mechanical Accessory

This component is modeled as a simple power consumption source. Most vehicles run
anumber of accessories that are driven by mechanical power generated from the engine
crankshaft rotation. Some of these accessories are necessary for the vehicle to run, like the
coolant pump, while others are only used occasionally at the operator’ s discretion, such asthe
air conditioning compressor. For estimating the impact of A/C usage on fuel consumption,
the mechanical accessory is modeled as a power consumption devise which varies with engine
speed. More detailed description of the A/C compressor model is provided in the next
section.

2.2.2.4.2 Cylinder

The cylinder component is modeled based on engine torque curves at wide open
throttle (maximum torque) and closed throttle (minimum torque) as well as a steady-state fuel
map covering a wide range of engine speed and torque conditions. The engine fuel map is
represented as fueling rates pre-defined in engine speed and load conditions. This part of the
model is not physics-based, therefore does not attempt to model the in-cylinder combustion
and the corresponding torque production process. During the vehicle simulation, the
instantaneous engine torque and speed are monitored and used to select an appropriate fueling
rate based on the fuel map. This map is adjusted automatically by taking into account three
different driving modes. acceleration, brake, and coast. The fuel map, torque curves, and the
different driving modes are pre-programmed into the model for several different engine
technologies.

2.2.2.5 Transmission System

The transmission system consists of two components: Clutch and Gear. The current
version of the transmission system only modelsa DCT.

2.2.2.5.1 Clutch

This component represents a mechanical clutch in either amanual transmission or a
DCT. For an automatic transmission, it can be replaced by atorque converter component. It
ismodeled as an ideal clutch, where no dynamics during clutch slip is considered during
clutch engaging and disengaging process.

2.2.25.2 Gear

This component is modeled as a simple gearbox. The number of gears and
corresponding gear ratios are predefined during the preprocessing of simulation runs. Also,
torque transmitting efficiency is defined for each gear to represent the losses that occur in the
physical system. Like the clutch component, the gear is modeled as an ideal gear, where no
dynamicsis considered during gear engaging and disengaging process.
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2.2.2.6 Vehicle System

The vehicle system consists of five components: Final Drive, Differential, Axle, Tire,
Chassis. It basicaly models all components after transmission in avehicle.

2.2.2.6.1 Fina Drive and Differential

Both final drive and differential components are modeled as mechanical systems
which transmit inertia and toque from an upstream component to a downstream component
with a certain gear ratio and efficiency. The gear ratios for both components can be specified
by the user according to the ssimulated vehicle. The torque transmitting efficiencies are
defined by maps based on input speed and torque to the model ed component.

2.2.2.6.2 Axle

Typicaly, al axles are lumped together, and one axle model represents the overall
behavior of vehicle axles during vehicle simulations. Inthe LD vehicle simulation tool,
however, the axle component is modeled to simulate the behavior of each individual axle used
by the ssimulated vehicle. The axleistreated individually in order to properly ssmulate all
wheel drive vehicle types.

2.2.2.6.3 Tireand Chassis

This part of the vehicle system models the body of the vehicle including tires. For the
chassis component, the coefficient of aerodynamic drag, mass of vehicle, and vehicle frontal
area are the key model parameters. For tire component, the user specifies the configuration of
each axle on the vehicle, including the tire diameter and its rolling resistance coefficient.
However, these components will have a capability to use typical coast-down coefficients to
calculate road load, instead of tire rolling resistance and aerodynamic drag.

2.3 Applications of Simulation Tool for the Proposed Rule

As mentioned previously, EPA used the vehicle simulation tool for the proposed rule
to quantify the amount of GHG emissions reduced by improvementsin A/C system efficiency
(thus fixing the maximum credit potential) and to determine the default credit value for active
aerodynamics -- one of the listed off-cycle technologies (off-cycle technologies for which a
credit of pre-determined amount may be obtained). . In this section, we discuss the specifics
of these applications of the simulation tool. Impact of A/C on Fuel Consumption

Among the simulation model systems described in the previous section, there are four
key system elementsin the light-duty vehicle simulation tool which describe the overall
vehicle dynamics behavior and the corresponding fuel efficiency: electric, engine,
transmission, and vehicle. The electric system model consists of parasitic electrical load and
A/C blower fan, both of which were assumed to be constant. The engine system model is
comprised of engine torque and fueling maps. For estimating indirect A/C impact on fuel
consumption increase, two engine maps were used: baseline and EGR boost engines. These
engine maps were obtained by reverse-engineering the vehicle simulation results provided by
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Ricardo Inc. For the transmission system, a Dual-Clutch Transmission (DCT) model was
used along with the gear ratios and shifting schedules used for the earlier Ricardo simulation
work. For the vehicle system, four vehicles were modeled: small, medium, large size
passenger vehicles, and alight-duty pick-up truck. The transient behavior and
thermodynamic properties of the A/C system was not explicitly smulated, in favor of a
simpler approach of capturing the compressor |oad based on national average ambient
conditions. We believe thissimplification isjustified sincethe goal isto capture the behavior
on the average of afleet of vehicles (not an individual make or model).

In order to properly represent average load values to the engine caused by various A/C
compressors in various vehicle types, EPA has adopted the power consumption curves of A/C
systems, published by an A/C equipment supplier, Delphi.***? Also, in an effort to
characterize an average A/C compressor load in the presence of widely varying environmental
conditions in the United States, EPA has adopted data from the National Renewable Energy
Laboratory (NREL) to estimate environmental conditions associated with typical vehicle A/C
usage.”****> Based on the NREL data, EPA selected an A/C power consumption curve as a
function of engine speed that was acquired by Delphi at 27°C and 60% relative humidity as a
representative average condition. This power consumption data was taken from a fixed
displacement compressor with a displacement volume of 210 cc. The curve includes the
effect of compressor cycling as well as non-summer defrost/defog usage. In order to associate
each vehicle type with appropriate A/C compressor displacement, EPA scaled the curve based
on the displacement volumeratio. For determining indirect A/C impact on fuel consumption
increase for various vehicle types, EPA estimated A/C compressor sizes of 120 cc, 140 cc,
160 cc, and 190 cc for small, medium, large passenger cars, and light-duty pick-up truck,
respectively. By applying these ratios to the 210 cc power consumption curve, EPA created
A/C load curvesfor four vehicle types, as shown in Figure 2.3-1.

A/C Load Demand
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Figure 2.3-1 Representative A/C Compressor Load Curves
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With these A/C compressor load curves, EPA ran full vehicle simulations based on the
following matrix shown below. In this matrix, the baseline engine represents atypical Spark-
Ignition (SI), Port-Fuel Injection (PFl), Naturaly-Aspirated (NA) engine equipped with a
Variable Vaue Actuation (VVA) technology. In thistechnology, the valve timing (both
intake and exhaust) is continuously varied over a wide range of engine operating conditionsin
order to result in optimal engine breathing efficiency. On the other hand, the EGR boost
engine uses turbocharging and cooled EGR to increase engine’' s Brake Mean Effective
Pressure (BMEP) level while managing combustion and exhaust temperatures. This engine
usually has a peak BMEP of 25 to 30 bars, which supports significant downsizing (e.g. about
50%) compared to the baseline engines. Table 2.3-1 provides simulation results over SC03
driving cycle with an EGR boost engine for various vehicle classes.

e Small, medium, large cars, and pick-up truck
e FTP, Highway, and SCO3 cycles

e Baseline and EGR boost engines

e A/Coff and A/Con

Table 2.3-1 Vehicle Simulation Results on CO; Emissions over SC03 Cycle with EGR Boost

Engine
SCO03 Cycle Small Car Medium Car | Large Car Truck
CO, with A/C off [g/mi] 196.4 235.7 293.7 472.4
CO; Increase with A/C on | [g/mi] 117 12.0 13.8 17.2
Total CO, with A/C [g/mi] 208.1 247.7 307.5 489.6
Indirect A/C Fuel Use [%0] 5.6 4.8 45 35

EPA ran the SC03 cycle ssmulations instead of the FTP/Highway combined cycle
simulations so that the simulation results would represent the actual A/C cycletest. EPA also
assumed the EGR boost engine during vehicle simulations because the EGR boost engine
better represents an engine technology more likely to be implemented in model years 2017 to
2025 and because the A/C impact on CO, increase in the EGR boost engineis similar to that
in the baseline engine as shown in Table 2.3-1 and Table 2.3-2. Details of this analysis which
showed impact of A/C usage on fuel consumption is relatively independent of engine
technology are provided in the next section. Moreover, EPA assumed 62% and 38% of
market penetrations for manual and automatic climate control systems, respectively. EPA
also assumed 23.9% and 35.0% of A/C on-time for manual and automatic climate control
systems, respectively. These are the same assumptions made for the 2012-2016 rule.’® In
order to come up with the overall impact of A/C usage on CO, emissions for passenger cars,
the simulation results for cars shown in Table 2.3-1 were sales-weighted for each year from
2017 to 2025. For the end result, the impact of A/C usage was estimated at 11.9 CO, g/mile
for carsand 17.2 CO, g/milefor trucks. This corresponds to an impact of approximately 14.0
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CO, g/milefor the (2012) fleet, which is comparable to the 2012-2016 final rule result, but
still lower than the two studies by NREL'* and NESCCAF™ cited above.

2.3.1.1 Effect of Engine Technology on Fuel Consumption by A/C System

In order to continue to maintain the credit levels from the 2012-2016 rule, EPA had to
first demonstrate that the fuel economy and CO, emissions dueto A/C was relatively
insensitive to the engine technol ogies that may be expected to be used in 2012-2016 light duty
vehicles. If, for example, more efficient engines are able to run the A/C system more
efficiently such that the incremental increase in emissions due to A/C decreased compared to
the base engines, then credits for the same A/C technol ogies must decrease over time as
engines become more efficient. Thiswould correspond to a decrease in credits proportional
(or multiplicative) to the increase in efficiency of the engine. Conversely, if theincremental
increase in emissions due to A/C remained relatively constant, then the credits available for
A/C efficiency should also remain stable. Thiswould correspond to the credits (A/C impact)
being additive to the base emissions rate, thus being independent of engine efficiency. The
EPA based the hypothesis on the latter assumption.

In order to prove out this hypothesis, EPA carried out vehicle simulations for severa
cases, including two engine technologies: baseline and EGR boost engines (a surrogate for a
future advanced efficient engine). Table 2.3-2 shows the vehicle simulation results of CO,
emissions over the SCO3 driving cycle when baseline engines are used, as opposed to the
advanced EGR boost engines. By comparing the values of CO, increase with A/C onin Table
2.3-1 and Table 2.3-2, it is evident that the impact of A/C usage on fuel consumption is not
very dependent on the engine technologies. In fact, the difference in the CO; increase with
A/C on (2™ row in table) between the emissions from the baseline and EGR boost engines is
less than 10% for all vehicle classes.

Table 2.3-2 Vehicle Simulation Results on CO2 Emissions over SC03 Cycle with Baseline Engine

SCO03 Cycle Small Car Medium Car | Large Car Truck
CO, with A/C off [g/mi] 259.3 348.0 425.4 628.1
CO; Increase with A/C on | [g/mi] 11.3 111 125 16.2
Total CO, with A/C [g/mi] 270.6 359.1 437.9 644.3
Indirect A/C Fuel Use [%0] 4.2 31 29 25

Figure 2.3-2 depicts zoomed-in BSFC maps for baseline and EGR boost engines. The
circles on these maps represent average operating conditions of the engines over the FTP
(city) drive cycle. The blue circle represents a simulated average operating condition without
A/C while the red circle represents an average operating condition with A/C. Ascan be seen
in the figure, the engines operate at higher load levels when the A/C is on.

For the baseline engine case, the engine efficiency improves significantly (375 g/lkW-h
to amost 330 g/kW-h) as it moves along the BSFC surface, whereas the improvement is
much less for the EGR boost engine as it moves from approximately 250 g/kW-h to 240
o/kW-h. However, the large improvement in engine efficiency for the baseline engineis
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offset by the fact that the engine itself is less efficient than the EGR boost engine.
Conversely, the small efficiency improvement for the EGR boost engine is compensated by
the fact that the engine is much more efficient than the baseline engine. Asaresult, the CO,
increase seen by both engines due to A/C usage becomes similar in two different
technologies. Thisresult alows us to approximate the A/C impact on vehicle fuel
consumption as an additive effect rather than a multiplicative effect sinceit isindependent of
engine technologies. For the same reason, it also meansthat A/C credits for agiven
technology can remain constant over time, which will greatly simplify the progression of
future credits.?

Tt

100

Figure 2.3-2 Average Engine Operating Conditions with A/C Off and A/C On over
Fueling Maps for Baseline and EGR Boost Engines

2.3.2 Off-Cycle Credit Calculation

The aerodynamics of avehicle plays an important role in determining fuel economy.
Improving the aerodynamics of a vehicle reduces drag forces that the engine must overcome
to propel the vehicle, resulting in lower fuel consumption. The aerodynamic efficiency of a
vehicleisusually captured in a coast-down test that is used to determine the dynamometer
parameters used during both the two-cycle and five-cycle tests. This section discusses active
aerodynamic technologies that are activated only at certain speeds to improve aerodynamic
efficiency while preserving other vehicle attributes or functions. Two examples of active
aerodynamic technologies are active grill shutters and active ride height control. Active

R It also means that the last row in the above two tables are somewhat misleading as A/C impact should not be
quantified as a fraction of the total emissions, but rather an additive increment. The numbers are |eft onto the
tables only for comparison purposes to studies in the literature that use this convention.
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aerodynamic features can change the aerodynamics of the vehicle according to how the
vehicleis operating, and the benefit of these vehicle attributes may not be fully captured
during the EPA test cycles.

EPA is proposing to limit credits to active aerodynamic systems only (not passive).
The aerodynamic drag on the vehicle is highly dependent on the vehicle shape, and the
vehicle shapeis (in turn) highly dependent on the design characteristics for that brand and
model. EPA feelsthat it would be inappropriate to grant off-cycle credits for vehicle aesthetic
and design qualities that are passive and fundamentally inherent to the vehicle.

2.3.2.1 Performance-Based Metrics

To evaluate technologies that reduce aerodynamic drag, the EPA conducted an
analysis of the reduction in emissions corresponding to a general reduction of aerodynamic
drag on avehicle. Using the EPA’sfull vehicle simulation tool described in the previous
section, the agency evaluated the change in fuel consumption for increasing reductionsin
aerodynamic drag for atypically configured vehicle. The results of thisanalysis form the
basis for a consistent methodology that the EPA applied to technologies that provide active
aerodynamic improvements.

V ehicle aerodynamic properties impact both the combined FTP/Highway and 5-cycle
tests. However, these impacts are larger at higher speeds and have alarger impact on the 5-
cycletests. By their nature of being “active’ technologies, EPA understands that active
aerodynamic technologies will not bein use at all times. While deployment strategies for
different active aerodynamic technologies will undoubtedly vary by individual technology,
the impact of these technologies will mostly be realized at high speeds. EPA expects that the
5-cycle tests will capture the additional real-world benefits not quantifiable with the
FTP/Highway test cycles due to the higher speed in the US06 cycle. Active aero may also
depend on weather conditions. For example, active aerodynamics may operate lessin hot
weather when air cooling is required to exchange heat at the condenser. Also, active grill
shutters may need to stay open during snowy conditions in order to prevent them from
freezing shut (potentially causing component failure).

Using the EPA’ s full vehicle simulation tool, the impact of reducing aerodynamic drag
was simulated on both the combined FTP/Highway cycle and the 5-cycle drive tests. In order
to determine the fuel savings per amount of aerodynamic drag reduction, the fuel savings on
the FTP/Highway test cycle was subtracted from the fuel savings on the 5-cycletest. Thisis
consistent with the approach taken for other technologies. Table 2.3-3 shows the results of the
vehicle ssimulation. Also, Figure 2.3-3 represents this GHG reduction metricsin agraphical
form. These results assume that the active aerodynamics affects the coefficient of drag only,
which is currently assumed to be constant over awide range of vehicle operating speed.
However, if the coefficient of aerodynamic drag is assumed to be vehicle speed dependent,
then adifferent relationship could result.
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Table 2.3-3 Simulated GHG Reduction Benefits of Active Aerodynamic Improvements

Reduction in Aerodynamic Drag | GHG Reduction in Cars GHG Reduction in Trucks
(Ca) [g/mile] [g/mile]
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Figure 2.3-3 Simulated GHG Reduction Benefits of Active Aerodynamic Improvements
2.3.2.2 Active Aerodynamics

One of the active aerodynamic technologies is active grill shutters. Thistechnology is
anew innovation that is beginning to be installed on vehicles to improve aerodynamics at
higher speeds. Nearly all vehicles allow air to pass through the front grill of the vehicleto
flow over the radiator and into the engine compartment. Thisflow of air isimportant to
prevent overheating of the engine (and for proper functioning of the A/C system), but it
creates a significant drag on the vehicle and is not aways necessary. Active grill shutters
close off the area behind the front grill so that air does not pass into the engine compartment
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when additional cooling is not required by the engine. This reduces the drag of the vehicle,
reduces CO, emissions, and increases fuel economy. When additional cooling is needed by
the engine, the shutters open until the engine is sufficiency cooled.

Based on manufacturer data, active grill shutters provide a reduction in aerodynamic
drag (Cy) from 0 to 5% when deployed. EPA expects that most other active aerodynamic
technologies, such as active suspension lowering will provide areduction of drag in the same
range as active grill shutters. EPA also expects that active aerodynamic technol ogies may not
always be available during all operating conditions. Active grill shutters, for example, may
not be usable in very cold temperatures due to concerns that they could freeze in place and
cause overheating. Control and calibration issues, temperature limitations, air conditioning
usage, and other factors may limit the usage of grill shutters and other active aerodynamic
technologies. Therefore, EPA isproposing to provide acredit for active aerodynamic
technol ogies assuming that any of these technologies will achieve an aerodynamic drag of at
least 3% improvement. The proposed default value for the credit will be 0.6 g/milefor cars
and 1.0 g/milefor trucks, in accordance with the simulation resultsin

Table 2.3-3. It is conceivable that some systems can achieve better performance.
Manufacturers may apply for greater credit for better performing systems through the normal
application process described in Section 111.C.5.b of the preamble to the proposed rule..

2.4 On-Going and Future Work
24.1 Simulation Tool Validation

Since the EPA’sfull vehicle simulation tool is still in the development phase, it has
not been fully validated against actual vehicle test datayet. However, EPA has attempted to
compare the EPA’ s simulation results to those of Ricardo’s. Unfortunately, none of the
Ricardo’ s vehicle simulation metrics exactly matched with the simulation runs performed by
the EPA’s simulation tool. For thisreason, EPA used the lumped parameter model which had
been calibrated and tuned with Ricardo’ s simulation results for a comparison.

Table 2.4-1 Comparison between EPA’s Full Vehicle Simulation Tool and Lumped Parameter

Model Runs
Simulation Tool Smal_l -SizeCar | M id-'Si ze Car Larg_e-Si zeCar | Pi ck-'up Truck
[g/milg] [g/mil€g] [g/milg] [g/mil€g]
Vehicle Simulation 211.7 273.8 350.2 532.7
Lumped Parameter M odel 220 280 359 520
Percent Difference 3.8% 2.2% 2.5% 2.4%

Using the same simulation metrics (e.g. baseline engine, DCT transmission, vehicle
types) for both the EPA’s full vehicle ssmulation tool and the lumped parameter model, the
results were obtained as shown in Table 2.4-1. Asshown in Table 2.4-1, it is evident that the
EPA vehicle simulation tool provides GHG estimations which are very comparable with
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lumped parameter model results, and therefore with Ricardo’ s simulation results for various
vehicletypes. The differences are al within £5% between the two simulations. Although this
benchmarking result against the Ricardo’s simulation does provide a certain level of
confidence in the EPA’s simulation tool, afull validation of the tool will be performed using
actual vehicletest data before the final rule.

2.4.2 Simulation Tool Upgrade

As mentioned previously, the EPA’ s full light-duty vehicle smulation tool is till in
the development phase. There are anumber of improvements and new additions being
planned for the simulation tool so that it will be capable of performing various different types
of simulations for a number of vehicle technologies. EPA expects that the upgraded vehicle
simulation tool can provide assistance in further analysis for the final rule.

First, an automatic transmission model will be added for the conventional (non-
hybrid) vehicle smulation tool. Although EPA expectsthat DCT will be a dominant
technology in transmissionsin 2017 to 2025, EPA must be able to simulate vehicles with
automatic transmissions which give baseline vehicle performances. Also, 8-speed automatic
transmissions with lock up will also require this model as abasis. Along with the automatic
transmission, a transmission shifting algorithm will be developed, which will help us avoid
requiring transmission shifting maps. This agorithm will automatically optimize the shifting
strategy based on torque required by the vehicle and torque produced by the engine during
simulation. Therefore, it will eliminate the need for having shifting maps for different
combinations of powertrains and vehicles.

In addition to upgrading the non-hybrid vehicle simulation tool, EPA is planning to
add hybrid electric vehicle (HEV) simulation capabilities. The HEV simulation tool is being
currently devel oped within the EPA for power-split and P2 configurations. For both non-
hybrid and hybrid simulation tools, EPA is aso planning to design a Graphical User Interface
(GUI) and integrate it with the vehicle smulation tool. This GUI will alow the user to
choose from different technologies and simulation options while making the use of the tool
much easier and straightforward. These tools are expected to assist in further analysis for the
fina rule as necessary.
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3 Results of Proposed and Alternative Standards
3.1 Introduction

This chapter provides the methodology from and results of the technical assessment of
the future vehicle scenarios presented in this proposal. Asinthe anaysisof the MY 2012-
2016 rulemaking, evaluating these scenarios included identifying potentially available
technol ogies and assessing their effectiveness, cost, and impact on relevant aspects of vehicle
performance and utility. The wide number of technologies which are available and likely to be
used in combination required a method to account for their combined cost and effectiveness,
aswell as estimates of their availability to be applied to vehicles.

Applying these technol ogies efficiently to the wide range of vehicles produced by
various manufacturersis achallenging task. In order to assist in this task, EPA isagain using
a computerized program called the Optimization Model for reducing Emissions of
Greenhouse gases from Automobiles (OMEGA). Broadly, OMEGA starts with a description
of the future vehicle fleet, including manufacturer, sales, base CO, emissions, footprint and
the extent to which emission control technologies are aready employed. For the purpose of
thisanalysis, EPA uses OMEGA to analyze over 200 vehicle platforms which encompass
approximately 1300 vehicle modelsin order to capture the important differencesin vehicle
and engine design and utility of future vehicle sales of roughly 16-18 million units annualy in
the 2017-2025 timeframe. The model is then provided with alist of technologies which are
applicable to various types of vehicles, along with the technologies’ cost and effectiveness
and the percentage of vehicle sales which can receive each technology during the redesign
cycle of interest. The model combines thisinformation with economic parameters, such as
fuel prices and a discount rate, to project how various manufacturers would apply the
available technology in order to meet increasing levels of emission control. Theresultisa
description of which technologies are added to each vehicle platform, along with the resulting
cost. The model can also be set to account for various types of compliance flexibilities.®

EPA has described OMEGA'’ s specific methodol ogies and algorithms previously in
the model documentation,*’ the model is publically available on the EPA website,'® and it has
recently been peer reviewed.™

3.2 OMEGA model overview

The OMEGA model evaluates the relative cost and effectiveness of available
technol ogies and applies them to a defined vehicle fleet in order to meet a specified
GHG emission target. Once the target has been met, OMEGA reports out the cost and
societal benefits of doing so. OMEGA is capable of modeling two GHGs; carbon
dioxide (CO,) from fuel use and HFC refrigerant emissions from the air conditioning

S While OMEGA can apply technologies which reduce CO, efficiency related emissions and refrigerant leakage
emissions associated with air conditioner use, thistask is currently handled outside of the OMEGA model. A/C
improvements are relatively cost-effective, and would always be added to vehicles by the model, thus they are
simply added into the results at the projected penetration levels.
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(A/C) system. The model iswritten in the C# programming language, however both
inputs to and outputs from the model are provided using spreadsheet and text files.
The spreadsheet output files also facilitate additional manipulation of the results, as
discussed in the next section.

OMEGA is primarily an accounting model. It isnot avehicle simulation
model, where basic information about a vehicle, such as its mass, aerodynamic drag,
an engine map, etc. are used to predict fuel consumption or CO, emissions over a
defined driving cycle.” While OMEGA incorporates functions which generally
minimize the cost of meeting a specified CO, target, it is not an economic simulation
model which adjusts vehicle sales in response to the cost of the technology added to
each vehicle.”

OMEGA can be used to model either a single vehicle model or any number
vehicle models. Vehicles can be those of specific manufacturers asin this analysis or
generic fleet-average vehicles asin the 2010 Technica Assessment Report supporting
the MY 2017-2025 NOI. Because OMEGA is an accounting model, the vehicles can
be described using only arelatively few number of terms. The most important of
these terms are the vehicle' s baseline emission level, the level of CO, reducing
technology already present, and the vehicle' s “type,” which indicates the technology
available for addition to that vehicle. Information required determining the applicable
CO; emission target for the vehicle must also be provided. This may simply be
vehicle class (car or truck) or it may also include other vehicle attributes, such as
footprint.” In the case of this rulemaking, footprint and vehicle class are the relevant
attributes.

Emission control technology can be applied individually or in groups, often
called technology “packages.” The user specifies the cost and effectiveness of each
technology or package for a specific “vehicle type,” such as midsize cars with V6
engines or minivans. The user can limit the application of a specific technology to a
specified percentage of each vehicle' ssales (i.e., a“cap”). The effectiveness, cost,
application limits of each technology package can also vary over time.V A list of
technologies or packages is provided for each vehicle type, providing the connection
to the specific vehicles being modeled and a description of these packages can be
found in Chapter 1 of this draft RIA (DRIA)

T Vehicle simulation models may be used in creating the inputs to OMEGA as discussed in Draft Joint TSD
Chapter 3 aswell as Chapter 1 of the Draft RIA.

Y While OMEGA does not model changesin vehicle sales, Draft RIA Chapter 8 discusses this topic.

VA vehicle's footprint is the product of its track width and wheelbase, usually specified in terms of square feet.
W | earning” isthe process whereby the cost of manufacturing a certain item tends to decrease with increased
production volumes or over time due to experience. While OMEGA does not explicitly incorporate “learning”
into the technology cost estimation procedure, the user can currently simulate learning by inputting lower
technology costs in each subsequent redesign cycle based on anticipated production volumes or on the elapsed
time.
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OMEGA is designed to apply technology in a manner similar to the way that a
vehicle manufacturer might make such decisions. In general, the model considers
three factors which EPA believes are important to the manufacturer: 1) the cost of the
technology, 2) the value which the consumer is likely to place on improved fuel
economy and 3) the degree to which the technology moves the manufacturer towards
its fleetwide CO, emission target.

Technology can be added to individual vehicles using one of three distinct
ranking approaches. Within avehicle type, the order of technology packagesis set by
the user. The model then applies technology to the vehicle with the lowest
Technology Application Ranking Factor (hereafter referred to asthe TARF).
OMEGA offers severa different options for calculating TARF values. One TARF
equation considers only the cost of the technology and the value of any reduced fuel
consumption considered by the vehicle purchaser. The other two TARF equations
consider these two factors in addition to the mass of GHG emissions reduced over the
life of the vehicle. Fuel prices by calendar year, vehicle survival rates and annual
vehicle miles travelled with age are provided by the user to facilitate these
calculations.

For each manufacturer, OMEGA applies technology (subject to constraints, as
discussed in Draft Joint TSD 3) to vehicles until the sales-weighted emission average
complies with the specified standard or until al the available technol ogies have been
applied. The standard can be aflat standard applicable to all vehicles within avehicle
class (e.g., cars, trucks or both cars and trucks). Alternatively the GHG standard can
also bein the form of alinear or constrained logistic function, which sets each
vehicle starget as a function of vehicle footprint (vehicle track width times
wheelbase). When the linear form of footprint-based standard is used, the “line” can
be converted to aflat standard for footprints either above or below specified levels.
Thisisreferred to as a piece-wise linear standard, and was used in modeling the
standardsin this analysis.

The emission target can vary over time, but not on an individual model year
basis. One of the fundamental features of the OMEGA mode isthat it applies
technology to a manufacturer’s fleet over a specified vehicle redesign cycle. OMEGA
assumes that a manufacturer has the capability to redesign any or all of its vehicles
within this redesign cycle. OMEGA does not attempt to determine exactly which
vehicles will be redesigned by each manufacturer in any given model year. Instead, it
focuses on a GHG emission goa several model yearsin the future, reflecting the
manufacturers capability to plan several model years in advance when determining
the technical designs of their vehicles. Any need to further restrict the application of
technology can be effected through the caps on the application of technology to each
vehicle type mentioned above.

Once technology has been added so that every manufacturer meets the
specified targets (or exhausts al of the available technologies), the model produces a
variety of output files. These filesinclude specific information about the technology
added to each vehicle and the resulting costs and emissions. Average costs and
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emissions per vehicle by manufacturer and industry-wide are also determined for each
vehicle class.

3.3 OMEGA Model Structure

OMEGA includes several components, including a number of pre-processors that
assist users in preparing a baseline vehicle forecast,” creating and ranking technology
packages,” and calculating the degree to which technology is present on baseline vehicles.
The OMEGA core model collates this information and produces estimates of increases in
vehicle cost and CO, reduction. Based on the OMEGA core model output, the technology
penetration of the new vehicle mix and the scenario impacts (fuel savings, emission impacts,
and other monetized benefits) are calculated by post-processors. The pre- and post-
processors are Microsoft Excel spreadsheets and visual basic programs, while the OMEGA
core model is an executable program written in the C# language.

OMEGA isdesigned to be flexible in a number of ways. Very few numerical values
are hard-coded in the model, and consequently, the model relies heavily on itsinput files. The
model utilizesfive input files: Market, Technology, Fuels, Scenario, and Reference. Figure
3.3-1 shows the (ssimplified) information flow through OMEGA, and how these files interact.

Figure 3.3-1 Information Flow in the OMEGA Model
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OMEGA utilizes four basic sets of input data. Thefirst, the market file, isa
description of the vehicle fleet. The key pieces of datarequired for each vehicle are its
manufacturer, CO, emission level, fuel type, projected sales and footprint. The model aso
requires that each vehicle be assigned to one of the 19 vehicle types, which tells the model
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which set of technologies can be applied to that vehicle. Chapter 1 of the Joint TSD contains
adescription of how the vehicle reference fleets were created for modeling purposes, and
includes adiscussion on how EPA defined the 19 vehicle types. In addition, the degree to
which each vehicle aready reflects the effectiveness and cost of each available technology in
the 2008 baseline fleet must be input. This prevents the model from adding technologies to
vehicles already having these technologies in the baseline. It aso avoids the situation, for
example, where the model might try to add a basic engine improvement to a current hybrid
vehicle. Section 3.4.1.2 of this Draft 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, the technology file is a description of the technologies
available to manufacturers, primarily their cost, effectiveness, and electricity consumption.
This information was described in Chapter 1 of this Draft RIA and Chapter 3 of the Draft
Joint TSD. In all cases, the order of the technologies or technology packages for a particular
vehicle typeis designated by the model user in the input files prior to running the model. The
ranking of the packages is described in Chapter 1 of the DRIA.

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 Draft Joint TSD.

The fourth type of data describes the CO, emission standards being modeled. These
include the MY 2016 standards and the proposed standards. As described in more detail in
Chapter 5 of the Draft Joint TSD and briefly in section 3.8.5 below, the application of A/C
technology is evaluated in a separate analysis from those technol ogies which impact CO,
emissions over the 2-cycletest procedure. For modeling purposes, EPA appliesthisAC
credit by adjusting manufacturers' car and truck CO2 targets by an amount associated with
EPA'’ s projected use of improved A/C systems, as discussed in Section 3.8.5, below.

Theinput filesused in this analysis, as well as the current version of the OMEGA core
model, are available in the docket (EPA-HQ-OAR-2010-0799). The following sections
describe creation of each of the input files from the data and parameters discussed in the Draft
Joint. TSD and in thisRIA.

3.4 Model Inputs
34.1 Market Data
3.4.1.1 Vehicle platforms

Asdiscussed in Draft Joint TSD Chapter 3 and in Chapter 1 of the DRIA, vehicle
manufacturers typically develop many different models by basing them on a smaller number
of vehicle platforms. The platform typically consists of acommon set of vehicle architecture
and structural components. This alows for efficient use of design and manufacturing
resources. Inthisanaysis, EPA created over 200 vehicle platforms which were used to
capture the important differences in vehicle and engine design and utility of future vehicle
sales. The approximately sixty vehicle platforms are aresult of mapping the vehicle fleet into
the 19 engine based vehicle types (Table 3.4.1) and the 10 body size and structure based
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utility classes (Table 3.4-2) by manufacturer. Asnot all vehicle types match to al utility
types, and not all manufacturers make all vehicle and utility types, the number of vehiclesis
less than the multiplicative maximum of the two tables.

Table 3.4-1 Vehicle Types in the MY 2017-2025 Analysis

Vehicle Type # Name Cam Engine
1 Subcompact Car DOHC 14
2 Compact Car 14 DOHC 14
3 Midsize Car/Small MPV (unibody) DOHC 14
4 Compact Car/Small MPV (unibody) DOHC V6
5 Midsize/Large Car DOHC V6
6 Midsize Car/Large Car DOHC V8
7 Mid-sized MPV (unibody)/Small Truck | DOHC 14
8 Midsize MPV (unibody)/Small Truck SOHC V6
9 Large MPV (unibody) SOHC V8
10 Large MPV (unibody) SOHC V8
11 Large Truck (+ Van) SOHC V6
12 Large Truck + Large MPV OHV V6
13 Large Truck (+ Van) OHV V8
14 Large Truck (+Van) SOHC3V | V8
15 Large Car OHV V8
16 Large MPV (unibody) DOHC V6
17 Large MPV (unibody) DOHC V8
18 Large Truck (+ Van) DOHC V6
19 Large Truck (+ Van) DOHC V8

Table 3.4-2 Vehicle Types in the Technical Assessment Analysis

3-6

Utility Utility Class VehicleUse® | Footprint Criteria | Structure Criteria
Class#

1 Subcompact Auto Car Footprint <43 --

2 Compact Auto Car 43<=Footprint<46 --

3 Mid Size Auto Car 46<=Footprint<53 --

4 Large Auto Car 56<=Footprint --

5 Small SUV SUV 43<=Footprint<46 --

6 Large SUV SUV 46<=Footprint --

7 Small Pickup Pickup Footprint < 50 --

8 Large Pickup Pickup 50<=Footprint --

9 Cargo Van Van -- Ladder Frame

10 Minivan Van -- Unibody

1. Vehicle use typeisbased upon analysis of EPA certification data
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3.4.1.2 Accounting for technology aready on vehicles

As mentioned above for the market datainput file utilized by OMEGA, which
characterizes the vehicle fleet, our modeling accounts for the fact that many 2008 MY
vehicles are already equipped with one or more of the technologies discussed in Draft Joint
TSD 3. Because of the choice to apply technologies in packages, and because 2008 vehicles
are equipped with individual technologiesin awide variety of combinations, accounting for
the presence of specific technologiesin terms of their proportion of package cost and CO,
effectiveness requires careful, detailed analysis.

Thus, EPA developed a method to account for the presence of the combinations of
applied technologies in terms of their proportion of the technology packages. Thisanaysis
can be broken down into four steps

Thefirst step in the process is to break down 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 aranking
which generally followed the degree of complexity, cost and effectiveness of the technologies
within each group. More specificaly, the ranking is based on the premise that a technology
on a 2008 baseline vehicle with alower 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 premiseis that atechnology 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. This ranking scheme can be seen in an OMEGA pre-processor (the
TEB/CEB calculation macro), available in the docket (EPA-HQ-OAR-2010-0799).

In the second step of the process, we used these rankings to estimate the complete list
of technologies which would be present on each vehicle after the application of atechnology
package. In other words, this step indicates the specific technology on each vehicle after a
package has been applied to it. 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. We used asimilar approach to determine the total cost of al of the
technology present on the baseline vehicle and after the application of each applicable
technology package.

Thethird step in this processis to account for the degree of each technology
package’ sincremental effectiveness and incremental cost is affected by the technology
already present on the baseline vehicle. In thisstep, we calculate the degree to which a
technology package's effectiveness is already present on the baseline vehicle, and produces a
value for each package termed the technology effectiveness basis, or TEB. The degreeto
which atechnology 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 TEB for each applicable technology packageis
determined as follows:
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TotalEffed, ;_; 1-TotalEffed
— X
1-Total Effed, 1-TotalEffed ; ,
TEB = : :

| ( 1-TotalEffed ]

" 1—Total Effedt

p,i-1

Where

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

Total Effect, ., = Total effectiveness of all of the technologies present on the baseline vehicle after
application of technology packagei-1

TotalEffect,; = Tota effectiveness of al of the technologiesincluded in technology package i

TotalEffect,;., = Total effectiveness of all of the technologies included in technology package i-1

Equation 3.4-1 — TEB calculation

The degree to which atechnology package’ s incremental cost is reduced by
technology already present on the baseline vehicle is termed the cost effectiveness basis, or
CEB, inthe OMEGA model. The value of each vehicle’'s CEB for each applicable
technology package is determined as follows:

CEB; = 1 —(TotalCost,; — Total Costy,i.1) / (Total Cost,; — Total Costy;.1)

Where

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

TotalCost, = total cost of all of the technology included in packagei or i-1

i = the technology package being eval uated
i-1 = the previous technology package

Equation 3.4-2 — CEB calculation

As described above, technology packages are applied to groups of vehicles which
generally represent a single vehicle platform and which are equipped with asingle engine size
(e.g., compact cars with four cylinder engine produced by Ford). Thus, the fourth step isto
combine the fractions of the CEB and TEB of each technology package already present on the
individual MY 2008 vehicle models for each vehicle grouping. 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 agrouping. For effectiveness, the
individual percentages are combined by weighting them by both sales and base CO, emission
level. This appropriately weights vehicle models with either higher sales or CO, emissions
within agrouping. Once again, this process prevents the model from adding technology
which is aready present on vehicles, and thus ensures that the model does not double count
technology effectiveness and cost associated with complying with the modeled standards.”

“ The OMEGA TEB/CEB calculator used in the analysis of the proposal did not properly calculate CEBs for
vehicles where a more efficient and less expensive engine was placed in avehicle. We estimate that thisissue
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3.4.1.3 Accounting for Net Mass Reduction and Safety related Mass reduction

For thisanalysis, EPA modified its application of mass reduction to be similar to that
used by NHTSA in the CAFE model analysis. In this methodology, and in contrast to the
approach taken in the MY 2012-2016 rule, more mass is taken out of heavier vehicles, and
less mass is taken out of lighter vehicles. This approach allows the agency to provide costs
for atechnology assessment that includes no net additional fatalities to the fleet.
Manufacturers may not necessarily apply mass reduction in this manner, but EPA
demonstrates that atechnically feasible and economically practicable path exists for
manufacturers to meet their fleet standards without compromising safety. The limits on mass
reduction, as applied in the OMEGA model, are dependent upon both the technology inputs
discussed in TSD Chapter 3, as well as on the fatality coefficients from the 2011 Kahane
report and the related adjustments for improvements in federal motor vehicle safety standards
(FMVSS) as discussed in Section I1.G of the Preamble to the proposed rule, and are subject to
the same caveats.™* Changes to these coefficients would change the projected amount of
mass reduction projected for the fleet.

Using a spreadsheet scoping tool, EPA projected the maximum amount of mass
reduction on a vehicle by vehicle basis that would result in anet fatality neutral result. Based
on the coefficients used in the analysis, reducing weight from trucks above 4,594 pounds and
from minivans, reduces fatalities. By contrast, this analysis implies that removing weight
from the other vehicle categoriesincreases fatalities. Theinputs used in the OMEGA analysis
are shown below (Table 3.4-3 Fatality coefficients used in OMEGA analysis

).

Table 3.4-3 Fatality coefficients used in OMEGA analysis

Vehicle Category | Kahane Base adjustment for | Change in Fatalities
by class and Coefficients® | fatalities new FMVSS per pound per mile?
weight per billion
miles

PC below 3106 1.44% 12.38 0.884 1.58E-12
PC above 3106 0.47% 10.33 0.884 4.29E-13
LT below 4594 0.52% 14.77 0.884 6.79E-13
LT above 4594 -0.39% 14.43 0.884 -4.97E-13
Minivan -0.46% 8.30 0.884 -3.38E-13

TExpressed as percent change in base fatalities per 100 pound change in vehicle weight
“Calculated as coefficients x base fatalities x adjustment x one billion miles/ 100

causes an overestimate of compliance costs by approximately $25 across the fleet in MY 2025, and will update
the model appropriately in the final rulemaking.

AA Please note that the OMEGA safety assessment was performed with a draft version of the FMV SS adjustment
, that raises the impact of the coefficients by approximately 1% relative to the analysis conducted by NHTSA,
which uses an FMV SS adjustment of 0.874
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The mass reduction scoping tool contains the entire fleet discussed in TSD 1, along
with their curb weight, and their passenger car, light truck, minivan classification according to
the criteriain the 2011 Kahane report. Using thistool, EPA determined that a simulation of
fatality neutrality could result by assuming that no passenger car was light-wei ghted below
3,000 pounds, and no light trucks were reduced below 4,594 pounds. These values were
determined iteratively, with the end product afatality neutral analysis. Vehicles above these
weight could have their weight reduced through mass reduction technology in the OMEGA
model. The per vehicle limit on weight reduction for these vehicles was therefore determined
by these specific weight cut points, or by the maximum phase-in caps for mass reduction. of
15% in 2021, 20% in 2025.. Vehicles below these weights had no net mass reduction applied.

The term “net mass reduction” is used because EPA explicitly accounted for the mass
impacts (generally increases) from converting a vehicle into a hybrid-electric, plug-in hybrid
electric, or battery electric vehicle. Thiswas not doneinthe MYs 2012-2016 analysisor in
the technical assessment report. A table of these weight impacts is presented in Draft Joint
TSD Chapter 3. EPA did not include aweight penalty for dieselization, but will consider
including such impactsin the final rulemaking. The per-vehicle limit on weight reduction
determined above is for net mass reduction, not for the application of total mass reduction
technology.

Because the limits on net mass reduction are at the individual vehiclelevel, they are
reflected through modifications to the individual TEB and CEB values rather than the “ caps’
in the technology file (which are discussed in the next section). EPA assumed that there was
no mass reduction technology being utilized in the 2008 fleet.

To implement this schema, each vehicle in the 2008 baseline was assigned the
following parameters:

e Amount of mass reduction already present in baseline vehicle (assumed to be zero in
this analysis)

e Maximum amount of mass reduction allowed

e Mass penalty for adding various technologies to that vehicle

Some examples:

e A baseline vehicle is defined with a 10 percent maximum mass reduction. A vehicle
package is applied containing a 15 percent mass reduction. The package mass
reduction will be overridden resulting in a 10 percent cost and effectiveness applied
to the vehicle.

e A baseline vehicle has a 5 percent penalty for P2HEV conversion. A vehicle package
is applied containing a 10 percent mass reduction and a conversion to P2 hybrid.
Due to the 5 percent penalty for conversion, the baseline vehicle will incur a cost of
15 percent mass reduction to result in an overall 10 percent reduction. The resulting
effectiveness due to the mass reduction will be 10 percent.
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Under this system, any amount of mass reduction aready in the baseline vehicle will
be subtracted from the maximum amount of mass reduction allowed. All vehiclesin the
baseline fleet are assumed to have no mass reduction technology applied.

34.2 Technology Data

Consistent with OMEGA’ s redesign cycle approach, the technology input file defines
the technology packages which the model can add to the vehicle fleet. In brief, each of the 19
vehicle types have an associated list of technology packages, costs and effectivenesses.?®
Each of the 19 lists was then ordered by how OMEGA should add them to that specific
vehicletype. The order of thislist isinfluenced by the relative cost and effectiveness of
technologies as well as their market penetration cap (or maximum penetration rate). Market
penetration caps of less than 100% restrict the model to that fraction of avehicle platform.“©
The processes to build and rank technology packages for the technology file are described in
detail in Chapter 1 of the DRIA.

For this analysis, a separate technology file was developed for each model year (2021
and 2025) for which OMEGA wasrun. The MY 2021 and MY 2025 costs differ due to the
learning effects discussed in the Draft Joint TSD Chapter 3, and also differ due to the different
[imits on maximum penetrations of technologies.

OMEGA adds technology effectiveness according to the following equation in which
the subscriptst and t-1 represent the times before and after technology addition, respectively.
The numerator is the effectiveness of the current technology package and the denominator
servesto “back out” any effectivenessthat is present in the baseline. AIE isthe “average
incremental effectiveness” of the technology package on avehicletype, and TEB isthe
“technology effectiveness basis’, which denotes the fraction of the technology present in the
baseline.

Equation 3.4-3 — Calculation of New CO,

_ CO2,,x(1- AIE)

Cco2
! 1- AIExTEB

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

BB Given that effectiveness is expressed in percentage terms, the absolute effectiveness differs even among
vehicles of the same vehicle type, but the relative effectivenessis the same.

€ Penetration caps may reflect technical judgments about technology feasibility and availability, consumer
acceptance, lead time, and other reasons as detailed in Chapter 3 of the Draft Joint TSD.
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the baseline. Cost can be calculated for the application of the a package, or eventually, for the
average cost of a manufacturers fleet (Equation 3.4-4,Equation 3.4-5).

Equation 3.4-4 — Calculation of New Cost after applying a package

Cost =Cost , +TechCost (1-CEB

Equation 3.4-5 — Calculation of Average Cost for a manufacturer

AvgVehicleCost,, . = [TeChCOSt MOdelSaleﬂ
MFR

TotalFleetSales

EPA’s OMEGA model calculates the new CO, and average vehicle cost after each
technology package has been added.

In light of the complex set of technology caps used in this analysis, EPA modified the
methodology used to generate the OMEGA technology input file relative to previous
analyses. As background, for both the MY 2012-2016 rulemaking analysis and the Technical
Assessment Report supporting the 2017-2025 NOI, the technology caps generally fell into a
few broad numeric categories. Asan example, in the analysis supporting the 2012-2016 final
rulemaking, most technologies were capped at one of three levels (15%, 85%, 100%). The
small number of technology caps made it relatively simple to build packages around
technologies which had a shared cap. By contrast, and as discussed in chapter 3 of the joint
draft TSD, there are both more technol ogies and more technology cap levels considered in
this proposal. Thus, it was more difficult to construct packages with uniform sets of caps. As
ameans of doing so in this proposal, these caps were incorporated into the OMEGA modeling
in one of two ways. Major engine technologies such as turbo-charging and downsizing,
hybridization, electrification and dieselization were directly controlled through capsin the
technology file. Maximum penetration rates of other technology were managed through
multiple runs of the TEB-CEB computation a gorithm and modifications to the cost,
effectiveness, and electric conversion values in the technology file.

For reference case runs, EPA used three sets of TEB/CEB filesin order to model the
input caps.

- Set A isanormally Ranked Master-set (30%)
- Set B removes 8sp trans, IACC2, Aero2 from Set A (55%)
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- Set C removes CCP, DCP, Deac, DVVL, CCC, GDI, TDS18, TDS24, 6sp trans,
EPS, Stop-start, SAX, Aerol, DSL-Adv from Set B (15%)

For proposal and aternative runsin MY 2021, EPA used four sets of TEB/CEB files
in order to model the input caps.

- Set A isanormally Ranked Master-set (60%)

- Set B removes HEG & EFR2 from Set A (15%)

- Set C removes LRRT2 from Set B (5%)

- Set D removes 8sp trans, Aero2, IACC2 from Set C (20%)

In creating the OMEGA input market file and technology file, these sets were then
weighted together according to the fractions listed next to each set above. Asan example,
eight speed transmissions are capped at 80% in 2021 (see TSD 3). When weighted together,
set D, which removes eight speed transmissions only gets 20% of the weighting in the cost,
effectiveness and electric conversion fraction. Using this method, in the OMEGA input file,
the cost, effectiveness and electricity consumption of each package was cal culated to reflect
the weighted cost and effectiveness of each package after accounting for the weighting of the
sets.°° The technology penetrations are also calculated using the weighting of each set.
Using the combination of the set weighting, and the technology cap feature in the technology
input file, EPA reflects the analytic constraints. For the final rulemaking, EPA intends to
simplify this process. When atechnology package is applied to fewer than 100% of the sales
of avehicle model due to the market penetration cap, OMEGA tracks the sales volume of
vehicles with each technology package applied.

OMEGA dso tracks electrical consumption in kwWh per mile. Each technology
package is associated with an “electricity conversion percentage” which refersto the increase
in the energy consumed by the electric drivetrain relative to reduction in the consumption of
energy from liquid fuel. Electricity isahighly refined form of energy which can be used
quite efficiently to create kinetic energy. Thus, e ectric motors are much more efficient than
liquid fuel engines. Consequently, the electric consumption percentage input in the
Technology File for plug-in vehiclesis generally well below than 100%. It may be possible
that this percentage could exceed 100% under certain circumstances, for example when one
type of plug-in vehicleis being converted into another plug-in vehicle and electricity
consumption per mileisincreasing dueto larger and heavier batteries, etc. However, that was
not the case for any of the technologies evaluated in this analysis.

The electric consumption for each vehicle as entered into the OMEGA technology file
(inthisanalysis) in the on-road energy consumption, calculated as

Equation 3.4-6 — Electricity Consumption considered in OMEGA

PP please note that incremental  effectiveness values were not simply weighted together, as the resulting rates
would not be correct. Therefore, EPA calculated the accurate CO, and backcal culated the appropriate
incremental effectiveness values.
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Electricity Consumption =
2 cycle energy consumption from the battery / (1-on road gap)/ (1-charging losses)

Where:

2 cycle energy consumption
On road gap for electricity
Charging losses

Based on vehicle type as documented in TSD 3
30%
10%

The actual input to the model isthe “electric conversion percentage,” whichis
computed as asingle fraction for each vehicletype. Thus, in OMEGA'’s calculations, the
resulting el ectricity consumption differs based on the starting CO; of the vehicle.

Equation 3.4-7 — Electrical Conversion Percentage

Electric Conversion Percentage =

Electricity consumption
12 gram C 1 gallon fuel 3409 btu per kwh
44 Grams CO2 Carbon contentoffuel Energy content of gasoline (btu)

(g CO2reduction * )

Where:

Electricity consumption = values from TSD 3 or RIA 1
Carbon content of fuel = 2433 for gasoline

Energy content of fuel = 115,000 btu/gallon

3.5 The Scenario File
35.1 Reference Scenario

In order to determine the technology costs associated with this NPRM, EPA
performed three separate modeling exercises. The first was to determine the costs associated
with meeting the MY 2016 CO,regulations. EPA considersthe MY 2016 CO, regulations
to constitute the “reference case” for calculating the costs and benefits of this GHG rule. In
other words, absent any further rulemaking, thisis the vehicle fleet EPA would expect to see
through 2016 -- the “status quo”. In order to calculate the costs and benefits of this NPRM
alone, EPA seeksto subtract out any costs associated with meeting any existing standards
related to GHG emissions.

EPA assumes that in the absence of the proposed GHG and CAFE standards, the
reference case fleet in MY 2017-2025 would have fleetwide GHG emissions performance no
better than that projected to be necessary to meet the MY 2016 standards. Whileit is not
possible to know with certainty the future fleetwide GHG emissions performance in the
absence of more stringent standards, EPA believes that this approach is the most reasonable
assumption for devel oping the reference case fleet for MY 2017-2025. A discussion of this
topic is presented in section 111.D of the preamble, and is presented below with additional
figures and tables.
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Whileit is not possible to know with certainty the future fleetwide GHG emissions
performance in the absence of more stringent standards, EPA believes that this approach is the
most reasonable assumption for devel oping the reference case fleet for MY 2017-2025. One
important element supporting the proposed approach isthat AEO2011 projects relatively
stable gasoline prices over the next 15 years. The average actual gasoline pricein the U.S. for
the first nine months of 2011 of $3.57 per gallon ($3.38 in 2009 dollars)™. However, the
AEO2011 reference case projects a 2011 price of $2.80 per gallon (in 2009 dollars), well
below actual prices. AEO2011 projects pricesto be $3.25in 2017, rising slightly to $3.54 per
galonin 2025 (which is less than a4 cent/year increase on average). Based on these fuel
price projections, the reference fleet for MY s 2017-2025 should correspond to atime period
where there is a stable, unchanging GHG standard, and essentially stable gasoline prices.

EPA reviewed the historical record for similar periods when we had stable fuel
economy standards and stable gasoline prices. EPA maintains, and publishes every year, the
seminal reference on new light-duty vehicle CO, emissions and fuel economy.™ This report
contains very detailed datafrom MY s 1975-2010. There was an extended 18-year period
from 1986 through 2003 during which CAFE standards were essentially unchanged,®® and
gasoline prices were relatively stable and remained below $1.50 per gallon for amost the
entire period. The 1975-1985 and 2004-2010 timeframes are not relevant in this regard due to
either rising gasoline prices, rising CAFE standards, or both. Thus, the 1986-2003 time frame
is an excellent analogue to the period out to MY 2025 during which AEO projectsrelatively
stable gasoline prices. EPA analyzed the Fuel Economy Trends data from the 1986-2003
timeframe (during which CAFE standards were universal rather than attribute-based ) and
have drawn three conclusions. 1) there was a small, industry-wide, average over-compliance
with CAFE on the order of 1-2 mpg or 3-4%, 2) amost al of thisindustry-wide over-
compliance was from 3 companies (Toyota, Honda, and Nissan) that routinely over-complied
with the universal CAFE standards simply because they produced smaller and lighter vehicles
relative to the industry average, and 3) full line car and truck manufacturers, such as General
Motors, Ford, and Chrysler, which produced larger and heavier vehicles relative to the
industry average and which were constrained by the universal CAFE standards, rarely over-
complied during the entire 18-year period.

7 Previous OMEGA documentation for versions used in MY s 2012-2016 Final Rule (EPA-
420-B-09-035), Interim Joint TAR (EPA-420-B-10-042)

18 http://www.epa.gov/oms/climate/model s.htm

19 EPA-420-R-09-016, September 2009.

EE The Energy Information Administration estimated the average regular unleaded gasoline pricein the U.S. for
the first nine months of 2011 was $3.57 per gallon.

F¥ Light-Duty Automotive Technology, Carbon Dioxide Emissions, and Fuel Economy Trends: 1975 through
2010, November 2010, available at www.epa.gov/otag/fetrends.htm.

G There are no EPA LD GHG emissions regulations prior to MY 2012.
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Table 3.5-1

Fuel Economy Data for Selected Manufacturers, 1986-2003—Cars

Sales Vehicle . Sales Vehide | | Vehice
Year Standard GM Ford Chryder Weighted Ddta Weight Toyota | Honda | Nissan | Weighted Delta Weight Weight
average average ddta

1986 275 270 26.7 28.6 271 -0.4 3145 323 336 29.9 320 45 2706 439
1987 275 27.2 26.5 277 27.1 -0.4 3149 329 328 29.3 315 4.0 2782 368
1988 275 281 270 285 27.8 0.3 3157 32.7 318 30.6 31.8 4.3 2779 378
1989 275 274 26.9 28.0 27.3 -0.2 3207 318 313 30.2 31.2 3.7 2822 385
1990 275 27.3 26.3 27.4 27.0 -0.5 3298 304 304 28.4 29.9 24 2943 355
1991 275 272 272 275 27.2 -0.3 3252 30.6 30.3 29.0 30.1 26 2950 303
1992 275 26.7 26.7 277 26.8 -0.7 3329 289 309 29.9 29.9 24 3051 279
1993 275 273 27.8 27.9 27.6 01 3269 29.0 322 291 30.1 26 3071 198
1994 275 275 27.1 26.2 27.2 -0.3 3334 29.1 321 29.8 30.3 2.8 3084 250
1995 275 273 27.6 28.2 27.6 01 3330 30.0 328 29.2 30.8 33 3102 228
1996 275 279 26.3 27.2 27.3 -0.2 3388 295 318 30.2 30.5 30 3126 262
1997 275 28.2 26.9 27.2 27.6 0.1 3353 29.8 321 29.6 30.6 31 3122 230
1998 275 27.6 27.3 28.3 27.6 01 3347 30.2 32.0 30.2 30.9 34 3249 98

1999 275 274 27.2 27.0 27.3 -0.2 3429 304 309 29.6 30.4 29 3280 148
2000 275 27.6 271 27.6 274 -0.1 3448 305 31.0 28.0 30.2 27 3258 190
2001 275 28.1 26.8 27.6 27.6 0.1 3463 313 322 28.3 310 35 3233 230
2002 275 285 27.1 27.0 27.8 0.3 3442 30.7 320 289 30.8 33 3303 140
2003 275 28.6 26.7 285 27.9 04 3506 324 32.7 279 315 4.0 3276 230
Average 1986-2003 -0.1 33 262
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Table 3.5-2
Fuel Economy Data for Selected Manufacturers, 1986-2003—Trucks
Sales Vehicle . Sales Venicle | | venide
Y ear Standard GM Ford Chryser Weighted | Delta Weight Toyota | Honda Nissan Weighted | Delta Weight Weight
average average ddta
1986 20.0 20.2 20.3 20.7 20.3 0.3 3917 26.1 24.7 255 55 3240 677
1987 20.5 205 | 205 213 20.7 0.2 3876 259 235 24.9 44 3259 617
1988 20.5 20.2 20.6 214 20.6 0.1 3961 24.4 22.7 23.8 33 3352 609
1989 20.5 204 | 201 210 20.5 0.0 4016 23.2 23.7 233 238 3420 596
1990 20.0 198 | 20.2 214 20.3 0.3 4102 218 253 232 32 3528 574
1991 20.2 21.2 20.5 211 20.9 0.7 4026 224 24.8 23.1 29 3628 397
1992 20.2 203 | 202 213 20.5 0.3 4132 219 240 225 23 3620 512
1993 20.4 20.3 20.8 21.2 20.7 0.3 4141 221 23.7 227 23 3637 505
1994 20.5 202 | 208 20.5 20.5 0.0 4204 22.0 20.2 229 22.3 18 3711 494
1995 20.6 20.1 20.6 20.1 20.3 -0.3 4248 21.2 255 224 220 14 3797 452
1996 20.7 20.8 20.8 20.2 20.6 -0.1 4295 23.1 22.2 229 23.0 23 3678 617
1997 20.7 204 | 202 20.2 20.3 -04 4445 22.6 24.7 223 22.8 21 3734 711
1998 20.7 21.2 20.2 20.0 20.5 -0.2 4376 234 255 22.3 235 2.8 3762 614
1999 20.7 203 | 198 19.9 20.0 -0.7 4508 23.0 25.2 21.2 231 24 3943 564
2000 20.7 20.7 20.0 20.4 20.4 -0.3 4456 220 25.0 20.8 22.2 15 4098 359
2001 20.7 204 | 201 195 20.0 -0.7 4591 22.3 24.7 20.7 22.3 16 4125 465
2002 20.7 198 | 20.2 20.0 20.0 -0.7 4686 222 253 20.7 225 18 4149 537
2003 20.7 20.2 20.0 20.9 20.3 -0.4 4738 220 24.8 219 229 22 4195 544
Average 1986-2003 -0.1 26 547
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Sincethe MY 2012-2016 standards are footprint-based, every major manufacturer is
expected to be constrained by the new standards in 2016 and manufacturers of small vehicles
will not routinely over-comply as they had with the past universal standards." Thus, the
historical evidence and the footprint-based design of the 2016 GHG emissions and CAFE
standards strongly support the use of areference case fleet where there are no further fuel
economy improvements beyond those required by the MY 2016 standards. There are
additional factors that reinforce the historical evidence. Whileit is possible that one or two
companies may over-comply, any voluntary over-compliance by one company would
generate credits that could be sold to other companies to substitute for their more expensive
compliance technologies; this ability to buy and sell credits could eliminate any over-
compliance for the overall fleet.”

Figure 3.5-2 showsthat, over the 1986-2003 period discussed above, overall average
fleetwide fuel economy decreased by about 3 mpg, even with stable car CAFE standards and
very dightly increasing truck CAFE standards, as the market shifted from a market dominated
by carsin the 1980s to one split between cars and trucks in 2003." All projections of actua
GHG emissions and fuel economy performance in 2016 or any other future year are
projections, of course, and it is plausible that actual GHG emissions and fuel economy
performance in 2017-2025, absent more stringent standards, could be lower than projected if
there are shifts from car market share to truck market share, or to higher footprint levels.

Figure 3.5-2 Average Fleetwide Light-Duty Vehicle Fuel Economy, Horsepower, and
Weight, 1975-2010

(fuel economy data is consumer label values, about 20% lower than compliance values)
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HH With the notable exception of manufacturers who only market electric vehicles or other limited product lines.
"' Note that the mpg values in this one figure are consumer label values, not the CAFE/compliance val ues shown
throughout this preamble. Consumer label values are typically about 20% lower than compliance values. The
trends are the same.
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Consistent with this discussion, for the reference case, EPA configured the OMEGA
model to determine the cost to comply with the MY 2016 standards and did not allow access
to the post-MY 2016 technology caps. Thisreflects the belief that manufacturers will (a)
need to comply in MY 2016, and so will not add additional technology to their vehicles
afterwards to comply with GHG standards (b) will use that new technology for attributes
other than fuel economy, since their vehicles are already compliant, (c) in the absence of
additional regulation beyond the MY s 2012-2016 rule would not develop many of the
technol ogies become available under the control caseruns. Similarly, the air conditioning
technology usage was capped at the MY 2016 projections, as manufacturers that were aready
compliant would have no need to add additional air conditioning technology (especially asthe
alternative refrigerant cost is significantly higher than the present refrigerant).

EPA ran the OMEGA model three times with the same MY 2016 technology input but
with the market data file configured to MY 2016, MY 2021, and MY 2025 sales. The model
was run three times because car/truck sales mix shifts between 2016 and 2025 require some
manufacturers to add minimal additional technology to their vehiclesin order to remainin
compliance. While slight additional amounts of technology are added or removed, the
compliance cost for the MY 2016 rule decline over time as aresult of the learning effects
discussed in the RIA Chapter 1. To reflect this learning progression, but also that the
technology choices were made during MY 2016, OMEGA was run with MY 2016 costs,
which were then post-processed to the proper cost-year.

Consistent with the MY s 2012-2016 rule analysis, EPA did not allow EVsand PHEV's
(maximum penetration caps of zero) in the reference case. While the penetration of EVsand
PHEVsin MY 2016 will like be non-zero, asthey are being sold in MY 2011, EPA chose not
to include these technol ogies in the reference case assessment due to their cost-distorting
effects on the smallest companies (Table 3.5-3). Inthe OMEGA projections, the vast
majority of companies do not use EVs or PHEV s to comply with the MY 2016 standards.
Five smaller companies under the technology restrictions set forth in this analysis, cannot
comply with the MY 2016 standards. Thisfinding is consistent with the MY 2012-2016 rule
anaysis, and are Daimler, Geely-Volvo, Volkswagen, Porsche and Tata (which is comprised
of Jaguar and Land Rover vehiclesin the U.S. fleet).

As shown below, these manufacturers (other than Porsche) could comply with the MY
2016 standards by including electric vehicles and plug-in hybridsin their fleet. Asreflected
inthe MY 2012-2016 rule, EPA believesthat it is unlikely that these manufacturers will make
8%-10% of their fleet EVsand PHEVsby MY 2016. Asan aternative to this choice, these

Y While OMEGA model results are presented assuming that all manufacturers must comply with the program as
proposed (to the extent that they can), some manufacturers, such as small volume manufacturers may be eligible
for additional options (and alternative standards) which have not been considered here. Asdescribed in the
preamble, small volume manufacturers with U.S. sales of less than 5,000 vehicles would be able to petition EPA
for an alternative standard for MY 2017 and later. Manufacturers currently meeting the 5,000 vehicle cut point
include Lotus, Aston Martin, and McLaren.
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companies could exceed the technology caps on other technol ogies (such as mass reduction),
make use of carry-forward credits, carry-back credits, or purchase credits from another
manufacturer. Alternatively, they could use a vehicle compliance strategy not considered
here, as discussed in section [11.D of the MY 2012-2016 rule. Thus the compliance cost for
these vehicles for the 2016 rule could potentially be greater than presented in this analysis,
which would decrease the incremental cost of the proposed later MY standards.

For these manufacturers, the MY 2016 reference case results presented are those with
the fully allowable application of technology available in EPA’s OMEGA modeling analysis
and not for the technology projected to enable compliance with the final MY 2016 standards.
KK Again, this analytic choice increases the incremental costs of the MY 2017-MY 2025
program for these companies.

Table 3.5-3 — MY 2016 EV+PHEY Penetrations

Manufacturer MY 2016 | MY 2016 | Reference | EV+PHEV
Shortfall | Shortfall | Cost (% of MY
without with Delta 2016 Sales
EV/PHEV | EV/PHEV | added by | if added)
(g/mile) (g/mile) including

EVs

€
Daimler 17 - $1,506 8%
Gedly-Volvo 18 - $1,869 9%
Porsche 46 23 $2,570 11%
Tata 20 - $1,826 10%
Volkswagen 10 - $645 5%

The MY 2016 coefficients are found in 75 FR at 25409. When input to OMEGA,
these coefficients were adjusted vertically upward by 10.2 grams (cars) and 11.4 grams
(trucks) to account for external calculations relating to air conditioning costs.

No additional compliance flexibilities were explicitly modeled for the MY 2016
standards. The EPA flexible fueled vehicle credit expires before MY 2016."" The Temporary
Leadtime Allowance Alternative Standards (TLAAS), as analyzed in RIA chapter 5 of the

KK |nthe OMEGA analysis, only BMW’s MY 2016 compliance costs increase (by ~$350) because EV and
PHEV technology was made unavailable.

' The credit available for producing FFVs will have expired, athough the real world usage credits will be
available.
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MY 2012-2016 rule, is projected have an impact of approximately 0.1 g/milein MY 2016,
and expire afterwards. Therefore, no incentive credits are projected to be available to the
reference case. Off-cycle credits, which are designed to be environmentally neutral, would
only lower costs. These credits are not modeled here due to the difficult in predicting
manufacturers use of these credits under the MY 2016 program.

With respect to car-truck trading, the OMEGA model facilitates the trading of car-
truck credits on atotal lifetime CO, emission basis, consistent with the provisions of the
proposal and the MY 2016 rule. For example, if a manufacturer over-complies with its
applicable CO, standard for cars by 10 g/mi, sells 1,000,000 cars, and cars have alifetime
VMT of 195,264 miles, it generates 1,952,640 metric tons of CO, credits. If these credits are
used to compensate for under-compliance towards the truck CO, standard and truck sales are
500,000, with alifetime truck VMT of 225,865 miles, the manufacturer’s truck CO, emission
level could be as much as 17.3 g/mi CO, above the standard. Car truck trading was allowed
in the OMEGA runs without limit consistent with the trading provisions of the MY 2012-
2016 and proposed MY 2017-2025 GHG rules.

3.5.2 Control Scenarios

Similar to the reference scenario, OMEGA runs were conducted in 2021 and 2025 for
the proposal and alternative scenarios. The standards for these scenarios were derived from
the coefficients discussed in Section 111.B of the preamble. The joint EPA/NHTSA
development of these target curve coefficientsis discussed in Draft Joint TSD Chapter 2. As
in MY's 2012-2016, the curves from that joint fitting process were adjusted for air
conditioning through a negative additive offset based on the estimated year over year
penetrations of air conditioning shown in preamble I11.C and below. For the OMEGA cost
analysis, aswe analyzed air conditioning costs outside of the model, we re-adjusted the model
input curves to remove this projected penetration of air conditioning technology. For the MY
2021 and MY 2025 OMEGA runs, air conditioning credits were projected at 18.8 for cars and
24.4 for light trucks..

EPA’s NPRM incorporates several additional compliance flexibilities. See generaly
Preamble section I11.C for an extended discussion of these credits. EVsand PHEVswere
modeled with zero g/milein all cases. Asdiscussed in Section I11.B of the preamble, the cap
for EVsand PHEVs at zero g/mileisrelated to the standard level proposed. For purposes of
this cost modeling, we assume that this cap is never reached. This does not imply that EPA
has proposed a cap based on this criteria. The proposed PH/EV multipliers were not model ed
in thisanalysis, but may be considered in thefinal rule analysis. A discussion of the potential
impacts of these credits can be found in preamble section I11.B and DRIA chapter 4. Costs
beyond MY 2025 assume no technology changes on the vehicles, and implicitly assume that
the compliance values for EV's remains at zero gram/mileM™

MM The costs for PHEVs and EVsin this rule reflect those costs discussed in Draft Joint TSD Chapter 3, and do
not reflect any tax incentives, as the availability of those tax incentivesin this time frame is uncertain.

3-21



Chapter 3

The proposed credit for HEV and performance based pickups was aso not modeled in
this proposal analysis of costs. Off-cycle credits, which are not modeled here, could only
reduce costs. A discussion of the potential impacts on a g/mile and total tons basis can be
found in DRIA chapter 4.

Like the reference case, car truck trading was allowed without limit. Depending on
comment and other new input, these proposed flexibilities may be modeled differently for the
final rule.

3.6 Fuels and reference data

Fuels data was based on AEO fuel prices, as documented in Chapter 4 of the Draft
Joint TSD. Estimates of carbon and energy content per gallon of liquid fuel are consistent
withthe MY 2012-2016 rule analysis.

VMT used in the payback analysis, which is used for calculating TARFs, was
determined using the EPA benefits post-processor. Asthe genera VMT formulaused in this
proposal is dependent on avehicle' s fuel cost per mile (see Draft Joint TSD Chapter 4), this
was determined in an iterative process.

3.7 OMEGA model calculations

Using the data and equations discussed above, the OMEGA model begins by
determining the specific CO, emission standard applicable for each manufacturer and its
vehicleclass (i.e., car or truck). Asthe reference case, the proposal, and all alternatives allow
for averaging across a manufacturer’s cars and trucks, the model determines the CO, 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 (i.e. the
respective car and truck curves) in the inputs, and creates a combined car-truck standard. This
combined standard considers the differencein lifetime VMT of cars and trucks, as indicated
in the proposed regul ations which govern credit trading between these two vehicle classes.™

The model then works with one manufacturer at atime to add technologies until that
manufacturer meets its applicable proposed standard. The OMEGA model can utilize severa
approaches to determining the order in which vehicles receive technologies. For thisanalysis,
EPA used a“manufacturer-based net cost-effectiveness factor” to rank the technol ogy
packages in the order in which a manufacturer is likely to apply them. Conceptualy, this
approach estimates the cost of adding the technology from the manufacturer’ s perspective and
dividesit by the mass of CO, the technology will reduce. One component of the cost of
adding atechnology isits 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, which is estimated to be approximately

NN The analysis for the control cases in this proposal was run with slightly different lifetime VMT estimates than
those proposed in the regulation. The impact is on the cost estimates is small and varies by manufacturer.
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five years.%° It isalso 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 for this analysis.
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.

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 effectivenessis as follows:

Equation 3.7-1 — Calculation of Manufacturer-Based Cost Effectiveness

ATechCost — AFS

CostEffM =
ostEf fManuf, ACO,x VMTyeguiatory

Where:

CostEffManuf,= Manufacturer-Based Cost Effectiveness (in dollars per kilogram CO,),

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

FS = Difference in fuel consumption due to the addition of technology times fuel price and discounted
over the payback period, or the number of years of vehicle use over which consumers value fuel savings
when eval uating the value of a new vehicle at time of purchase

dCO, = Difference in CO, emissions (g/mil€) due to the addition of technology

VMT equaory = the statutorily defined VMT

EPA describes the technol ogy ranking methodology and manufacturer-based cost
effectiveness metric in greater detail in the OMEGA documentation.”? Please note that the
TARF equation does not consider attributes other than cost effectiveness and relative fuel
savings. Thisdistinction is significant when considering the technology penetrations
presented later in this chapter. An electric vehicle, which is approximately the same cost as a
plug-hybrid but is significantly more effective over the certification cycles, will generally be
chosen before the plug-in hybrid. The current TARF does not reflect potential consumer
concerns with the range limits of the electric vehicle, athough it could be modified to do so.
Asaresult of EVs greater cost-effectiveness, relatively more (although still few in an absolute
sense) are shown in the projected technology penetrations. When calculating the fuel savings

90 For afuller discussion of this topic see Section I11.H

PP While our costs and benefits are discounted at 3% or 7%, the decision algorithm (TARF) used in OMEGA
was run at a discount rate of 3%. Given that manufacturers must comply with the standard regardless of the
discount rate used in the TARF, this has little impact on the technology projections shown here. Further, the fuel
savings aspect of the TARF are only directly relevant when two different fuels are being compared, because the
fuel saving/delta CO, ratio is a constant for any given vehicle on asingle fuel in asingle model year.
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in the TARF equation, the full retail price of fuel, including taxesis used. While taxes are not
generally included when calculating the cost or benefits of aregulation, the net cost
component of the manufacturer-based net cost-effectiveness equation is not a measure of the
socia cost of this proposed rule, but a measure of the private cost, (i.e., ameasure 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
thislevel, and the manufacturers will consider this when choosing among the technology
options, €

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 al 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
aready 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. Chapter 1 of EPA’s draft RIA
contains further detail on the values of manufacturer-based net cost-effectiveness for the
various technology packages.

3.8 Analysis Results
3.8.1 Targetsand Achieved Values

3.8.1.1 Reference Case

QR 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 isfive years old. Based on historic used car pricing,
applicable salestaxes, and insurance, vehicles are worth roughly 23% of their original cost after five years,
discounted to year of vehicle purchase at 7% per annum. It is reasonable to estimate that the added technology
to improve CO2 level and fuel economy will retain this same percentage of value when the vehicleisfive years
old. However, it isless clear whether first purchasers, and thus, manufacturers consider this residual value when
ranking technologies and making vehicle purchases, respectively. For this proposal, this factor was not included
in our determination of manufacturer-based net cost-effectivenessin the analyses.
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Table 3.8-1 Reference Case Targets and Projected Shortfall in MY 2021

Fleet Target Car Truck
Manufacturer Car Target | Truck Target | (VMT an% \'I:ngthl—;?et (Sdles Achieved | Achieved | Shortfall

Sales Weighted)
Aston Martin 222 - 222 222 342 - 119
BMW 228 285 245 243 234 284 3
Chrysler/Fiat 230 295 261 259 224 300 -
Daimler 239 301 256 254 251 329 17
Ferrari 235 - 235 235 386 - 152
Ford 230 306 259 256 232 304 -
Geely 232 280 248 247 246 302 17
General Motors | 229 308 271 268 227 310 -
Honda 222 283 243 241 214 297 -
Hyundai 223 280 236 235 224 277 -
Kia 225 291 241 239 222 299 -
Lotus 206 - 206 206 241 - 35
Mazda 223 276 233 232 228 253 -
Mitsubishi 219 270 238 237 222 265 -
Nissan 227 294 249 247 222 303 -
Porsche 206 287 227 225 251 333 46
Spyker 222 280 231 230 249 325 30
Subaru 216 267 229 228 229 230 0
Suzuki 208 272 221 219 209 268 -
Tata 250 273 262 261 244 322 24
Teda 206 - 206 206 - - -
Toyota 221 293 251 249 209 309 -
Volkswagen 219 296 236 234 222 326 9
Fleet 225 297 253 250 222 304 1
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Table 3.8-2 Reference Case Targets and Projected Shortfall in MY 2025

Fleet Target Car Truck
Manufacturer Car Target | Truck Target | (VMT an%l \',:Vl;zth-lt—;;?a (Sdles Achieved | Achieved | Shortfall
Sales Weighted)

Aston Martin 222 - 222 222 342 - 119
BMW 228 286 245 243 234 287 4
Chryder/Fiat 229 294 259 257 225 299 -
Daimler 239 302 255 253 253 329 17
Ferrari 235 - 235 235 386 - 152
Ford 230 304 255 253 232 301 -
Geely 232 280 248 246 245 302 16
Genera Motors | 229 307 269 266 226 307 -
Honda 222 282 242 240 214 299 -
Hyundai 223 280 236 234 224 277 -
Kia 224 292 240 239 221 303 -
Lotus 206 - 206 206 241 - 35
Mazda 223 277 233 232 228 255 -

M itsubishi 219 270 238 236 222 265 -
Nissan 227 292 248 246 222 302 -
Porsche 206 287 226 224 251 333 46
Spyker 222 280 230 229 249 325 30
Subaru 216 267 229 227 228 231 0
Suzuki 208 272 220 219 209 268 -
Tata 250 273 261 260 244 322 22
Teda 206 - 206 206 - - -
Toyota 221 292 249 247 209 309 -
Volkswagen 219 296 236 234 222 326 9
Fleet 225 295 251 248 222 303 1
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3.8.1.1 Proposal and Alternatives

Table 3.8-3 Proposal Targets and Projected Shortfall in MY 2021

Fleet Target Car Truck
Manufacturer Car Target | Truck Target | (VMT an% \'I:ngthl—;?et (Sdles Achieved | Achieved | Shortfall
Sales Weighted)

Aston Martin 171 - 171 171 193 - 22
BMW 175 236 193 191 181 222 -
Chrydler/Fiat 176 246 211 208 182 239 -
Daimler 184 252 203 201 180 263 -
Ferrari 181 - 181 181 220 - 39
Ford 177 261 209 205 188 243 -
Geely 178 230 196 194 176 234 -
General Motors | 176 261 222 218 188 250 -
Honda 170 233 192 190 174 225 -
Hyundai 171 230 185 183 177 210 -
Kia 172 242 190 188 180 218 -
Lotus 157 - 157 157 157 - -
Mazda 171 226 182 181 178 197 -
Mitsubishi 168 220 188 186 178 204 -
Nissan 174 247 199 197 175 243 -
Porsche 157 237 179 176 149 260 -
Spyker 170 230 180 179 164 258 -
Subaru 165 217 179 177 180 177 -
Suzuki 158 222 171 170 162 207 -
Tata 193 223 209 208 169 243 -
Teda 157 - 157 157 - - -
Toyota 169 245 202 199 175 238 -

V olkswagen 167 247 186 184 163 258 -
Fleet 173 249 203 1997R 178 239 -

RR While OMEGA does not model changesin vehicle sales, Draft RIA Chapter 8 discusses this topic.
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Table 3.8-4 Proposal Targets and Projected Shortfall in MY 2025

Fleet Target Car Truck
Manufacturer Car Target | Truck Target | (VMT an%l \',:Vl;zth-lt—;;?a (Sdles Achieved | Achieved | Shortfall
Sales Weighted)
Aston Martin 142 - 142 142 142 - -
BMW 146 194 160 159 145 196 -
Chryder/Fiat 146 201 172 170 148 199 -
Daimler 153 208 167 166 146 230 -
Ferrari 150 - 150 150 159 - 9
Ford 147 213 170 167 153 200 -
Geely 148 189 162 160 141 204 -
General Motors | 146 213 181 178 146 212 -
Honda 142 191 158 156 143 186 -
Hyundai 142 188 153 151 145 178 -
Kia 143 199 157 155 146 189 -
Lotus 131 - 131 131 131 - -
Mazda 142 186 150 149 145 172 -
Mitsubishi 139 180 154 153 144 171 -
Nissan 145 202 164 162 143 204 -
Porsche 131 195 146 144 119 231 -
Spyker 141 188 149 148 133 231 -
Subaru 137 177 147 146 147 149 -
Suzuki 132 181 141 140 132 179 -
Tata 161 182 172 171 134 208 -
Teda 131 - 131 131 - - -
Toyota 141 200 165 163 140 201 -
Volkswagen 139 203 154 152 133 225 -
Fleet 144 203 166 163 144 202 -
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Table 3.8-5 Alternative 1- (Trucks +20) Targets and Projected Shortfall in MY

2021
Manufacturer Car Target | Truck Target I(:\I/el\jtgzrn%et H eet Target (Sdles girhi eved I\rcuhciléved Shortfall
Sales Weighted) | VE'9Nted)

Aston Martin 171 - 171 171 193 0 22
BMW 175 256 199 197 186 230 -
Chryder/Fiat 176 267 221 217 195 248 -
Daimler 184 273 209 206 188 263 -
Ferrari 181 - 181 181 220 0 39
Ford 177 284 217 213 196 253 -
Geely 178 250 203 201 186 235 -
Genera Motors | 176 283 234 229 200 262 -
Honda 170 253 199 196 182 229 -
Hyundai 171 250 189 187 180 216 -
Kia 172 263 195 193 185 224 -
Lotus 157 - 157 157 157 0 -
Mazda 171 245 186 184 181 204 -
M itsubishi 168 238 195 192 184 212 -
Nissan 174 267 206 203 185 245 -
Porsche 157 258 184 181 154 264 -
Spyker 170 249 183 181 168 259 -
Subaru 165 235 184 182 184 182 -
Suzuki 158 241 175 173 167 207 -
Tata 193 242 219 217 190 244 -
Teda 157 - 157 157 0 0 -
Toyota 169 266 211 207 180 251 -

V olkswagen 167 268 191 188 170 258 -
Fleet 173 270 211 207 186 248 -
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Table 3.8-6 Alternative 2- (Trucks -20) Targets and Projected Shortfall in MY

2021
Manufacturer Car Target | Truck Target I(:\I/el\?lt'l-'rzrn%et H eet Target (Sales girhi eved ;rcuh?;/ed Shortfall
Sales Weighted) | “Weionted)

Aston Martin 171 0 171 171 193 0 22
BMW 175 217 188 186 173 222 -
Chrysler/Fiat 176 227 201 199 176 227 -
Daimler 184 232 198 196 172 263 -
Ferrari 181 0 181 181 220 0 39
Ford 177 241 201 199 181 234 -
Geely 178 212 190 189 167 234 -
General Motors | 176 241 211 208 175 242 -
Honda 170 215 186 184 169 216 -
Hyundai 171 212 181 179 171 210 -
Kia 172 223 185 184 174 217 -
Lotus 157 0 157 157 157 0 -
Mazda 171 208 178 177 174 195 -
Mitsubishi 168 202 181 180 170 198 -
Nissan 174 228 193 191 167 240 -
Porsche 157 219 174 172 143 259 -
Spyker 170 212 177 176 161 258 -
Subaru 165 199 174 173 173 177 -
Suzuki 158 204 168 167 159 204 -
Tata 193 205 199 199 162 231 -
Teda 157 0 157 157 0 0 -
Toyota 169 226 194 192 167 228 -
Volkswagen 167 228 181 180 158 257 -
Fleet 173 230 195 193 171 232 -
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Table 3.8-7 Alternative 3- (Cars +20) Targets and Projected Shortfall in MY 2021

Fleet Target
Fleet Target (Sales Ca Truck
Manufacturer | Car Target | Truck Target (VMT and : : . Shortfall
Sales Weighted) weighted) Achieved | Achieved
Aston Martin 190 0 190 190 193 0 2
BMW 196 236 208 206 197 233
Chrysler/Fiat 197 247 221 219 195 249 -
Daimler 205 253 218 217 198 267 -
Ferrari 202 0 202 202 220 0 18
Ford 197 262 222 219 199 259 -
Geely 199 231 210 209 191 244 -
General Motors 196 262 231 229 199 259 -
Honda 190 233 205 203 187 239 -
Hyundai 191 231 200 199 191 231 -
Kia 192 243 205 204 195 235 -
Lotus 176 0 176 176 176 0 -
Mazda 191 226 198 197 195 210 -
Mitsubishi 187 220 200 199 189 215 -
Nissan 194 248 213 211 188 259 -
Porsche 176 238 192 190 166 264 -
Spyker 190 230 196 196 184 260 -
Subaru 184 217 193 192 191 196 -
Suzuki 177 222 186 185 177 217 -
Tata 215 223 219 219 190 244 -
Teda 176 0 176 176 0 0 -
Toyota 189 246 214 211 184 252 -
Volkswagen 187 248 201 199 184 258 -
Fleet 193 250 215 213 191 251 -
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Table 3.8-8 Alternative 4- (Cars -20) Targets and Projected Shortfall in MY 2021

Fleet Target Car Achieved | Truck Achieved
Manufacturer | Car Target | Truck Target (VMT and F eawgag%?eé?al & Shortfall
Sales Weighted)

Aston Martin 151 0 151 151 0 193 42
BMW 155 236 179 177 222 178 -
Chrysler/Fiat 156 247 201 197 227 201 -
Daimler 163 253 188 185 262 188 -

Ferrari 160 0 160 160 0 220 60
Ford 157 262 196 192 228 196 -
Geely 158 231 183 180 234 183 -
Genera Motors 156 262 213 208 243 212 -
Honda 150 233 179 176 212 179 -
Hyundai 151 231 170 167 201 170 -
Kia 152 243 175 173 213 175 -
Lotus 139 0 139 139 0 139 -
Mazda 151 226 166 164 190 166 -
Mitsubi shi 148 220 176 173 197 175 -
Nissan 154 248 186 183 232 186 -
Porsche 139 238 165 162 257 172 7
Spyker 150 230 164 162 258 164 -
Subaru 146 217 165 163 167 165 -
Suzuki 140 222 157 155 201 157 -
Tata 171 223 199 197 231 199 -
Tesla 139 0 139 139 0 0 -
Toyota 150 246 191 187 225 191 -
Volkswagen 148 248 171 168 254 171 -
Fleet 153 250 191 187 229 190 -
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Table 3.8-9 Alternative 1- (Trucks +20) Targets and Projected Shortfall in MY 2025

Manufacturer Car Target | Truck Target (Vllz\l/ﬁ_et;grget H eet Target (Sdles Acrclzi?erved AIr::Jg\i(ed Shortfall
Sales Weighted) | VE'9Nted)

Aston Martin 142 0 142 142 0 142 -
BMW 146 213 166 164 202 165 -
Chryder/Fiat 146 221 182 178 207 182 -
Daimler 153 228 173 170 230 173 -
Ferrari 150 0 150 150 0 159 9
Ford 147 234 177 174 204 177 -
Geely 148 207 168 166 204 167 -
Genera Motors | 146 234 192 188 219 192 -
Honda 142 210 164 162 194 163 -
Hyundai 142 207 157 155 184 157 -
Kia 143 218 161 159 194 161 -
Lotus 131 0 131 131 0 131 -
Mazda 142 204 154 152 172 154 -
M itsubishi 139 198 161 159 176 161 -
Nissan 145 221 170 168 213 170 -
Porsche 131 214 151 149 231 151 -
Spyker 141 207 151 150 232 151 -
Subaru 137 195 152 150 157 152 -
Suzuki 132 200 145 143 183 144 -
Tata 161 200 181 179 215 181 -
Teda 131 0 131 131 0 0 -
Toyota 141 220 173 170 206 173 -
V olkswagen 139 223 158 156 225 158 -
Fleet 144 223 173 170 208 173 -
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Table 3.8-10 Alternative 2- (Trucks -20) Targets and Projected Shortfall in MY 2025

Manufacturer Car Target | Truck Target I(:\I/el\jtgzrn%et H eet Target (Sdles Acrclzi?erved AIr::Jg\i(ed Shortfall
Sales Weighted) | VE'9Nted)

Aston Martin 142 0 142 142 142 0 -
BMW 146 174 154 153 136 196 -
Chryder/Fiat 146 182 163 161 136 191 -
Daimler 153 187 162 161 138 230 -
Ferrari 150 0 150 150 159 0 9
Ford 147 192 163 161 146 194 -
Geely 148 170 156 155 130 204 -
Genera Motors | 146 192 170 168 138 200 -
Honda 142 172 152 150 137 180 -
Hyundai 142 170 148 148 140 178 -
Kia 143 179 152 151 142 183 -
Lotus 131 0 131 131 131 0 -
Mazda 142 167 147 146 141 170 -
M itsubishi 139 162 148 147 134 171 -
Nissan 145 182 157 156 134 203 -
Porsche 131 175 142 140 113 231 -
Spyker 141 170 146 145 130 231 -
Subaru 137 159 143 142 141 149 -
Suzuki 132 163 138 137 128 179 -
Tata 161 164 162 162 126 198 -
Teda 131 0 131 131 0 0 -
Toyota 141 181 157 155 130 196 -
V olkswagen 139 183 149 148 127 225 -
Fleet 144 183 158 157 136 195 -
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Table 3.8-11 Alternative 3- (Cars +20) Targets and Projected Shortfall in MY 2025

Manufacturer Car Target | Truck Target I(:\I/el\jtgzrn%et H eet Target (Sdles girhi eved I\rcuhciléved Shortfall
Sales Weighted) | VE'9Nted)
Aston Martin 162 0 162 162 162 0 -
BMW 166 194 174 173 162 202 -
Chryder/Fiat 166 201 183 181 159 208 -
Daimler 174 208 183 182 165 233 -
Ferrari 171 0 171 171 171 0 -
Ford 168 213 183 182 165 217 -
Geely 169 189 175 175 158 210 -
General Motors | 167 213 191 189 161 218 -
Honda 161 191 171 170 157 196 -
Hyundai 162 188 168 167 160 193 -
Kia 163 199 172 171 164 195 -
Lotus 149 0 149 149 149 0 -
Mazda 162 186 166 166 162 183 -
M itsubishi 159 180 167 166 158 182 -
Nissan 165 202 177 176 155 221 -
Porsche 149 195 160 159 137 231 -
Spyker 161 188 165 165 153 232 -
Subaru 156 177 162 161 163 157 -
Suzuki 150 181 156 155 150 183 -
Tata 183 182 182 182 149 215 -
Teda 149 0 149 149 0 0 -
Toyota 160 200 177 175 155 207 -
Volkswagen 159 203 169 167 152 225 -
Fleet 164 203 178 177 159 211 -
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Table 3.8-12 Alternative 4- (Cars -20) Targets and Projected Shortfall in MY 2025

Manufacturer Car Target | Truck Target I(:\I/el\jtgzrn%et H ed Target (Sdles girhieved I\r(;cll;/ed Shortfall
Sales Weighted) | VE'9Nted)

Aston Martin 122 0 122 122 137 0 15
BMW 126 194 146 144 123 196 -
Chryder/Fiat 126 201 162 158 135 191 -
Daimler 132 208 152 149 125 229 -
Ferrari 130 0 130 130 159 0 30
Ford 127 213 157 153 137 191 -
Geely 128 189 148 146 120 204 -
General Motors | 126 213 171 167 139 200 -
Honda 122 191 145 142 130 173 -
Hyundai 122 188 137 135 126 175 -
Kia 123 199 142 139 129 182 -
Lotus 112 0 112 112 112 0 -
Mazda 122 186 134 133 128 158 -
M itsubishi 120 180 142 140 127 165 -
Nissan 125 202 150 147 128 195 -
Porsche 112 195 133 130 101 229 -
Spyker 122 188 132 130 114 230 -
Subaru 118 177 133 131 132 138 -
Suzuki 113 181 127 125 116 168 -
Tata 139 182 161 159 122 198 -
Teda 112 0 112 112 0 0 -
Toyota 121 200 153 150 127 190 -
Volkswagen 120 203 138 136 114 224 -
Fleet 124 203 153 150 129 192 -

3.8.1 Penetration of Selected Technologies

OMEGA modé projected penetrations of selected technologies by manufacturer,
model year, and car/truck class are presented on the following pages. These tables show
results of both the reference case, the proposed standards as well as the four alternatives.
While OMEGA model results are presented assuming that all manufacturers must comply
with the program as proposed (to the extent that they can), some manufacturers, such as small
volume manufacturers may be eligible for additional options (and alternative standards) which
have not been considered here. As described in the preamble, small volume manufacturers
with U.S. sales of less than 5,000 vehicles would be able to petition EPA for an aternative
standard for MY 2017 and later. Manufacturers currently meeting the 5,000 vehicle cut point
include Lotus, Aston Martin, and McLaren.

Most obviously, while no manufacturer is actualy restricted by the technology caps
modeled in this analysis, a smaller manufacturer with only afew vehicle platforms may
pursue a single technology path.
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The technology penetrations presented here are absolute, and include baseline
technologies. The analyses shown here represent a single path towards compliance, of which
therearemany. The breadth of technology options in the Technical Assessment Report
analysis reflected these opportunities.

Table 3.8-13 Technology abbreviations

Abbreviation Meaning
Mass Tech Applied | Mass Technology Applied, expressed as a negative
number
True Mass Net Mass Reduced
Mass Penalty Mass increase due to technology
TDS18/24/27 turbocharged & downsized at 18/24/27 bar BMEP
AT6/8 Automatic transmission
DCT6/8 Dual Clutch Transmission
MT Manual transmission
HEG High Efficiency Gearbox
EGR Cooled exhaust gas recirculation
HEV Hybrid electric vehicle
EV Full electric vehicle
PHEV Plug-in HEV
SS 12V stop-start
LRRT2 Lower rolling resistance tires level 2
IACC2 Improved Accesssories level 2
EFR2 Engine friction reduction level 2
Dl Stoichiometric gasoline direct injection
DSL Advanced diesel

2 Oates, Wallace E., Paul R. Portney, and Albert M. McGartland. “The Net Benefits of
Incentive-Based Regulation: A Case Study of Environmental Standard Setting.” American
Economic Review 79(5) (December 1989): 1233-1242.

%1 See 75 FR at 25457.

%2 See OMEGA documentation at http://www.epa.gov/otag/climate/models.htm.
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3.8.2 Projected Technology Penetrations in Reference Case

Table 3.8-14 Reference Car Technology Penetrations in MY 2021

=
> © < N N N

°8lsg|es |8 | 3|8 el lclels|la|zlalg|E|lB|R|a]a

g glF=|= gl e oo« < a 2 I | O T z | g | fal
Aston Martin -10% -9% 1% 42% | 15% | 0% | 0% 0% | 59% | 25% | 16% | 0% | 15% | 15% 0% 0% | 57% | 0% | 30% | 0% | 72% | 13%
BMW -9% -8% 1% 47% | 15% | 0% | 12% | 0% | 48% | 26% | 13% | 0% | 15% | 15% | 0% 0% [ 57% | 0% | 30% | 0% | 77% | 13%
Chrysler/Fiat -7% -7% 0% 62% | 13% | 0% | 4% 1% | 53% | 28% | 3% | 0% | 1% 0% 0% 0% | 0% | 0% [ 10% | 0% | 75% | 0%
Daimler -9% -8% 1% 43% | 15% | 0% | 4% | 11% | 51% | 28% | 7% | 0% | 15% | 15% 0% 0% | 57% | 0% | 30% | 0% | 71% | 14%
Ferrari -8% -8% 1% 42% | 15% | 0% | 14% | 0% | 52% | 28% | 5% | 0% | 15% | 15% | 0% 0% | 57% | 0% | 30% | 0% | 72% | 13%
Ford -8% -8% 0% 50% | 10% | 0% | 23% | 8% | 36% | 20% | 7% | 0% | 7% 2% 0% 0% | 0% | 0% | 20% | 0% | 59% | 0%
Geely -9% -8% 1% 52% | 15% | 0% | 22% | 4% | 46% | 25% | 3% | 0% | 15% | 15% | 0% 0% | 57% | 0% | 30% | 0% | 72% | 13%
General Motors | -7% -1% 0% 42% | 7% | 0% | 19% | 9% | 36% | 19% | 6% | 0% | 2% 0% 0% 0% | 0% | 0% | 16% | 0% | 50% | 0%
Honda -2% -2% 0% 0% 0% | 0% | 13% | 0% | 50% | 22% | 12% | 0% | 0% 3% 0% 0% | 0% | 0% | 5% | 0% | 0% 0%
Hyundai -3% -3% 0% 14% | 0% | 0% | 15% | 7% | 39% | 21% | 7% | 0% | 0% 0% 0% 0% | 0% | 0% | 5% | 0% | 14% | 0%
Kia -2% -2% 0% 0% 0% | 0% | 9% 2% | 46% | 25% | 9% | 0% | 0% 0% 0% 0% | 0% | 0% | 6% | 0% | 0% 0%
Lotus -1% 0% 1% 54% | 15% | 0% | 0% | 0% | 10% | 5% | 85% | 0% | 15% | 15% | 0% 0% | 57% | 0% | 30% | 0% | 72% | 13%
Mazda -4% -4% 0% 16% | 10% | 0% | 16% | 4% | 37% [ 20% | 17% | 0% | 3% 0% 0% 0% | 0% | 0% | 26% | 0% | 26% | 0%
Mitsubishi -6% -6% 0% 68% | 15% | 0% | 5% 0% [50% | 27% | 9% | 0% | 15% | 2% 0% 0% | 0% | 0% | 26% | 0% | 85% | 0%
Nissan -5% -5% 0% 23% | 4% | 0% | 5% 1% | 50% | 27% | 5% | 0% | 0% 1% 0% 0% | 0% | 0% [21% | 0% | 27% | 0%
Porsche -4% -4% 1% 45% | 15% | 0% | 5% 0% | 25% | 14% | 56% | 0% | 15% | 15% 0% 0% | 57% | 0% | 30% | 0% | 75% | 13%
Spyker -10% | -9% 1% 57% | 15% | 0% | 13% | 0% | 48% | 26% | 13% | 0% | 15% | 15% | 0% 0% | 57% | 0% | 30% | 0% | 72% | 13%
Subaru -6% -6% 0% 39% | 2% | 0% | 2% 0% | 40% | 22% | 27% | 0% | 2% 0% 0% 0% | 0% | 0% | 20% | 0% | 39% | 0%
Suzuki 0% 0% 0% 68% | 15% | 0% | 1% | 0% | 49% | 27% | 11% | 0% | 15% | 2% 0% 0% | 0% | 0% [ 25% | 0% | 85% | 0%
Tata -10% -9% 1% 42% | 15% | 0% | 15% | 0% | 55% | 30% | 0% | 0% | 15% | 15% 0% 0% | 57% | 0% | 30% | 0% | 72% | 13%
Tesla 0% 0% 0% 0% 0% | 0% | 0% 0% 0% 0% 0% | 0% | 0% 0% |100% | 0% [ 0% | 0% | 0% | 0% | 0% 0%
Toyota -2% -2% 0% 0% 0% [ 0% | 7% 2% | 42% | 22% | 7% | 0% | 0% | 15% | 0% 0% | 0% | 0% | 6% | 0% | 8% | 0%
Volkswagen -8% -71% 1% 48% | 15% | 0% | 10% | 0% | 50% | 26% | 14% | 0% | 15% | 15% 0% 0% | 57% | 0% | 30% | 0% | 86% | 13%
Fleet -5% -5% 0% 21% | 6% | 0% | 12% | 4% | 43% | 23% | 8% | 0% | 4% 6% 0% 0% | 8% | 0% [15% | 0% | 37% | 2%
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Table 3.8-15 Reference Truck Technology Penetrations in MY 2021

=
> ] < ~ N Y}
ce 28|88 8 8|8 || 8|6 |28 a|a|2|s kS R =l
gB |F=|=g|e |2 |p|<|< |3 |83 |2 |8 |5 @& Y E 2|k "8
Aston Martin NA NA NA NA NA | NA | NA NA NA NA | NA | NA | NA NA [ NA [ NA | NA [ NA | NA [NA | NA | NA
BMW -9% -9% 1% 60% | 15% | 0% | 70% | 30% | 0% | 0% | 0% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 75% | O
Chryser/Fiat -1% -7% 0% 25% | 7% | 0% | 56% | 26% | 6% | 3% | 3% [ 0% | 7% | 0% [ 0% | 0% | 0% | 0% | 27% | 0% [32% | O
Daimler -10% -9% 1% 64% | 13% | 0% | 55% | 45% | 0% 0% | 0% | 0% | 13% | 15% [ 0% | 0% | 57% | 0% | 30% | 0% | 64% 0
Ferrari NA NA NA NA NA | NA | NA NA NA NA | NA | NA | NA NA | NA |NA | NA | NA | NA | NA | NA [ NA
Ford -7% -7% 0% 56% | 15% | 0% | 42% | 21% | 14% | 8% | 3% | 0% | 15% | 2% | 0% [ 0% | 0% | 0% | 24% | 0% | 71% -
Geely -10% -9% 1% 57% | 15% | 0% | 70% | 30% | 0% | 0% | 0% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | O
General Motors -8% -8% 0% 33% | 9% | 0% | 57% | 28% | 4% 2% | 0% | 0% | 9% 0% [ 0% [ 0% | 0% | 0% | 27% | 0% | 42%
Honda -4% -4% 0% 19% | 0% | 0% | 49% | 19% | 21% | 11% | 0% | 0% | 0% 0% | 0% [ 0% | 0% | 0% | 14% | 0% | 19% -
Hyundai -5% -5% 0% 85% | 0% | 0% | 61% | 27% | 5% | 3% | 0% [ 0% | 0% | 0% [ 0% [ 0% | 0% | 0% | 0% | 0% | 85% -
Kia -4% -4% 0% 39% | 0% | 0% | 66% | 30% | 0% 0% | 1% | 0% | 0% 0% | 0% [ 0% | 0% | 0% | 16% | 0% | 39% -
Lotus NA NA NA NA NA | NA | NA NA NA NA | NA | NA | NA NA | NA |NA | NA | NA | NA | NA | NA | NA
Mazda -10% -10% 0% 73% | 15% | 0% | 49% | 19% | 19% | 10% | 2% | 0% | 10% | 0% | 0% [ 0% | 0% | 0% | 17% | 0% | 88% -
Mitsubi shi -10% -10% 0% 68% | 15% | 0% | 39% | 19% | 19% | 11% | 0% | 0% | 15% | 2% [ 0% | 0% | 0% | 0% | 30% | 0% | 85% -
Nissan -5% -5% 0% 57% | 15% | 0% | 54% | 23% | 12% | 7% | 2% [ 0% | 10% | 0% [ 0% | 0% | 0% | 0% | 22% | 0% | 72% -
Porsche -10% -9% 1% 59% | 15% | 0% | 69% | 30% | 0% 0% | 1% | 0% | 15% | 15% [ 0% | 0% | 57% | 0% | 30% | 0% | 87% 0
Spyker -3% -2% 1% 57% | 15% | 0% | 55% | 30% | 0% | 0% | 0% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | O
Subaru -10% -10% 0% 70% | 15% | 0% | 18% | 7% | 37% | 20% | 8% | 0% | 5% 0% | 0% [ 0% | 0% | 0% | 8% | 0% | 85% -
Suzuki -8% -8% 0% 67% | 15% | 0% | 58% | 24% | 11% | 6% | 0% | 0% | 15% | 3% [ 0% | 0% | 0% | 0% | 30% | 0% | 85% -
Tata -1% -6% 1% 55% | 15% | 0% | 51% | 20% | 19% | 10% | 0% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72%
Tesla NA NA NA NA NA | NA | NA NA NA NA | NA | NA | NA NA [ NA [NA | NA [ NA | NA [ NA | NA | NA
Toyota -3% -3% 0% 13% | 0% | 0% | 56% [ 24% | 7% | 4% | 3% [ 0% | 0% | 5% | 0% | 0% | 0% | 0% | 21% | 0% | 19% -
Volkswagen -10% -9% 1% 57% | 15% | 0% | 70% | 30% | 0% 0% | 0% | 0% | 15% | 15% [ 0% | 0% | 57% | 0% | 30% | 0% | 87% 0
Fleet -6% -6% 0% 37% | 8% | 0% | 54% | 25% | 9% 5% | 2% | 0% | 7% | 3% [ 0% [ 0% | 5% | 0% | 23% | 0% | 46% | O
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Table 3.8-16 Reference Fleet (Sales-Weighted) Technology Penetration in MY 2021

~
> [ee} < N~ N o
cZlsp|es |8 3|8 lelelt|elclelslalzli|alE|B|8|ald
g s|F=|= é a o |la|« < a 2 I | m I z €| g | W fa)
Aston Martin -10% -9% 1% 42% | 15% | 0% | 0% 0% 59% | 25% | 16% | 0% | 15% | 15% 0% 0% | 57% | 0% | 30% | 0% | 72% | 13%
BMW -9% -8% 1% 51% | 15% | 0% | 28% | 8% | 36% | 19% | 9% | 0% | 15% | 15% 0% 0% | 57% | 0% | 30% | 0% | 77% | 13%
Chryder/Fiat -T% -T% 0% 45% | 11% | 0% | 27% | 12% | 31% | 17% | 3% | 0% | 4% 0% 0% 0% | 0% | 0% | 18% | 0% | 56% | 0%
Daimler -9% -8% 1% 48% | 14% | 0% | 16% | 19% | 39% | 21% | 5% 0% | 14% | 15% 0% 0% | 57% | 0% | 30% | 0% | 69% | 16%
Ferrari -8% -8% 1% 42% | 15% | 0% | 14% | 0% | 52% | 28% | 5% | 0% | 15% | 15% 0% 0% | 57% | 0% | 30% | 0% | 72% | 13%
Ford -7% -7% 0% 52% | 12% | 0% | 30% | 12% | 29% | 16% | 6% 0% | 10% 2% 0% 0% | 0% 0% | 21% | 0% | 63% | 0%
Geely -9% -8% 1% 54% | 15% | 0% | 37% | 12% | 32% | 17% | 2% | 0% | 15% | 15% 0% 0% | 57% | 0% | 30% | 0% | 72% | 13%
General Motors -7% -7% 0% 37% 8% 0% | 38% | 18% | 20% | 11% | 3% 0% 6% 0% 0% 0% | 0% 0% | 21% | 0% | 46% | 0%
Honda -3% -3% 0% 6% 0% 0% | 24% 6% | 41% | 19% | 8% 0% | 0% 2% 0% 0% | 0% 0% | 86 | 0% | 6% 0%
Hyundai -3% -3% 0% 28% | 0% | 0% | 24% | 11% | 32% | 17% | 6% | 0% | 0% 0% 0% 0% | 0% | 0% | 4% | 0% | 28% | 0%
Kia -3% -3% 0% 9% 0% 0% | 22% 9% | 35% | 19% | 7% 0% | 0% 0% 0% 0% | 0% 0% | 8% 0% | 9% 0%
Lotus -1% 0% 1% 54% | 15% | 0% | 0% 0% | 10% | 5% | 85% | 0% | 15% | 15% 0% 0% | 57% | 0% | 30% | 0% | 72% | 13%
Mazda -5% -5% 0% 26% | 11% | 0% | 22% 7% 34% | 19% | 14% | 0% | 4% 0% 0% 0% | 0% 0% | 24% | 0% | 37% | 0%
Mitsubishi -8% -7% 0% 68% | 15% | 0% | 17% 7% 39% | 22% | 6% 0% | 15% 2% 0% 0% | 0% 0% | 27% | 0% | 85% | 0%
Nissan -5% -5% 0% 33% | 8% | 0% | 20% | 8% | 39% | 21% | 4% | 0% | 3% 1% 0% 0% | 0% | 0% | 21% | 0% | 41% | 0%
Porsche -6% -5% 1% 48% | 15% | 0% | 20% 7% 19% | 10% | 43% | 0% | 15% | 15% 0% 0% | 57% | 0% | 30% | 0% | 78% | 13%
Spyker -9% -8% 1% 57% | 15% | 0% | 19% | 4% | 41% | 23% | 11% | 0% | 15% | 15% 0% 0% | 57% | 0% | 30% | 0% | 72% | 13%
Subaru -7% -7% 0% 46% 5% 0% 6% 2% | 39% | 22% | 22% | 0% | 3% 0% 0% 0% | 0% 0% | 17% | 0% | 50% | 0%
Suzuki -2% -1% 0% 67% | 15% | 0% | 11% | 4% | 42% | 23% | 9% | 0% | 15% | 3% 0% 0% | 0% | 0% | 26% | 0% | 85% | 0%
Tata -8% -8% 1% 48% | 15% | 0% | 33% | 10% | 37% | 20% | 0% | 0% | 15% | 15% 0% 0% | 57% | 0% | 30% | 0% | 72% | 13%
Tesla 0% 0% 0% 0% 0% 0% | 0% 0% 0% 0% 0% 0% | 0% 0% 100% | 0% | 0% 0% | 0% 0% | 0% 0%
Toyota -2% -2% 0% 5% 0% | 0% | 26% | 10% | 28% | 15% | 5% | 0% | 0% | 12% 0% 0% | 0% | 0% | 12% | 0% | 12% | 0%
Volkswagen -8% -7% 1% 50% | 15% | 0% | 22% 6% | 40% | 21% | 11% | 0% | 15% | 15% 0% 0% | 57% | 0% | 30% | 0% | 86% | 13%
Fleet -5% -5% 0% 30% | 7% | 0% | 27% | 11% | 31% | 16% | 6% | 0% | 5% 5% 0% 0% | 7% | 0% | 18% | 0% | 40% | 2%
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Table 3.8-17 Reference Car Technology Penetrations in MY 2025
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Aston
Martin -10% | 9% | 1% | 42% | 15% | 0% | 0% | 0% | 59% | 25% | 16% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 150 | 130,
BMW 9% | 8% | 1% | 47% | 15% | 0% | 12% | 0% | 48% | 26% | 13% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 77% | 13%
Chryder/Fiat | 7% | 7% | 0% | 48% | 13% | 0% | 3% | 1% | 53% | 29% | 3% | 0% | 1% | 0% | 0% | 0% | 0% | 0% | 15% | 0% | 61% | 0%
Daimler 9% | -8% | 1% | 43% | 15% | 0% | 4% | 11% | 52% | 28% | 6% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 71% | 14%
Ferrari 8% | -8% | 1% | 42% | 15% | 0% | 14% | 0% | 52% | 28% | 5% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | 13%
Ford 8% | 8% | 0% | 51% | 10% | 0% | 24% | 8% | 35% | 19% | 7% | 0% | 8% | 1% | 0% | 0% | 0% | 0% | 19% | 0% | 61% | 0%
Geely 9% | 8% | 1% | 52% | 15% | 0% | 22% | 4% | 46% | 25% | 3% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | 13%
ﬁ?g@' 7% | 7% | 0% | 43% | 7% | 0% | 18% | 8% |37% | 20% | 6% | 0% [ 2% | 0% | 0% | 0% | 0% | 0% | 15% [ 0% | c10 | og
Honda 2% | 2% | 0% | 0% | 0% | 0% | 13% | 0% | 50% | 22% | 12% | 0% | 0% | 3% | 0% | 0% | 0% | 0% | 5% | 0% | 0% | 0%
Hyundai 2% | 2% | 0% | 13% | 0% | 0% | 14% | 7% | 39% | 21% | 7% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 5% | 0% | 13% | 0%
Kia 2% | 2% | 0% | 0% | 0% | 0% | 9% | 2% | 46% | 25% | 9% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 6% | 0% | 0% | 0%
Lotus 1% | 0% | 1% | 54% | 15% | 0% | 0% | 0% | 10% | 5% | 85% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | 13%
Mazda 4% | -4% | 0% | 15% | 10% | 0% | 16% | 4% | 38% | 20% | 18% | 0% | 3% | 0% | 0% | 0% | 0% | 0% | 26% | 0% | 26% | 0%
Mitsubishi 6% | -6% | 0% | 68% | 15% | 0% | 4% | 0% | 50% | 27% | 9% | 0% | 15% | 2% | 0% | 0% | 0% | 0% | 26% | 0% | 85% | 0%
Nissan 5% | 5% | 0% | 23% | 4% | 0% | 5% | 1% | 50% | 27% | 5% | 0% | 0% | 1% | 0% | 0% | 0% | 0% | 20% | 0% | 27% | 0%
Porsche 4% | -4% | 1% | 45% | 15% | 0% | 5% | 0% | 25% | 14% | 56% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 75% | 13%
Spyker 0% | 9% | 1% | 57% | 15% | 0% | 13% | 0% | 48% | 26% | 13% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | 13%
Subaru 6% | 6% | 0% | 47% | 2% | 0% | 2% | 0% | 40% | 22% | 27% | 0% | 2% | 0% | 0% | 0% | 0% | 0% | 17% | 0% | 47% | 0%
Suzuki 0% | 0% | 0% | 68% | 15% | 0% | 1% | 0% | 49% | 27% | 11% | 0% | 15% | 2% | 0% | 0% | 0% | 0% | 25% | 0% | 85% | 0%
Tata 0% | -9% | 1% | 42% | 15% | 0% | 15% | 0% | 55% | 30% | 0% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | 13%
Teda 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 100% | 0% | 0% | 0% | 0% | 0% | 0% | 0%
Toyota 2% | 2% | 0% | 0% | 0% | 0% | 7% | 1% | 52% | 12% | 7% | 0% | 0% | 16% | 0% | 0% | 0% | 0% | 6% | 0% | 8% | 0%
Volkswagen | 8% | 7% | 1% | 48% | 15% | 0% | 9% | 0% | 50% | 26% | 14% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 86% | 13%
Flest 5% | 5% | 0% | 27% | 6% | 0% | 12% | 4% | 45% | 21% | 8% | 0% | 4% | 6% | 0% | 0% | 8% | 0% | 15% | 0% | 36% | 2%
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Table 3.8-18 Reference Truck Technology Penetrations in MY 2025
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Aston Martin NA NA | NA | NA [ NA [NA[ N | NA[ N | NA[NANA] NA [ NANA|[NA| NA[NA] NA [ NA| NA [ NA
BMW 9% | 8% | 1% | 60% | 15% | 0% | 70% | 30% | 0% | 0% | 0% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 76% | 13%
Chrysler/Fiat 7% | 7% | 0% | 26% | 8% | 0% | 56% | 26% | 6% | 3% | 3% | 0% | 8% | 0% | 0% | 0% | 0% | 0% | 27% | 0% | 34% | 0%
Daimler 10% | 9% | 1% | 64% | 13% | 0% | 55% | 45% | 0% | 0% | 0% | 0% | 13% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 64% | 24%
Ferrari NA NA | NA | NA [ NA [ NA[ N | NA[ N | NA[NANA] NA [ NANA|[NA| NA[NA] NA [ NA| NA [ NA
Ford 7% | 7% | 0% | 57% | 15% | 0% | 41% | 20% | 15% | 8% | 3% | 0% | 15% | 3% | 0% | 0% | 0% | 0% | 24% | 0% | 71% | 0%
Geely 10% | 9% | 1% | 57% | 15% | 0% | 70% | 30% | 0% | 0% | 0% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | 13%
General Motors | 8% | -8% | 0% | 36% | 10% | 0% | 58% | 28% | 4% | 2% | 0% | 0% | 10% | 0% | 0% | 0% | 0% | 0% | 26% | 0% | 46% | 0%
Honda 4% | 4% | 0% | 15% | 0% | 0% | 49% | 18% | 21% | 11% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 16% | 0% | 15% | 0%
Hyundai 5% | 5% | 0% | 85% | 0% | 0% | 60% | 27% | 5% | 3% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 85% | 0%
Kia 5% | 5% | 0% | 28% | 0% | 0% | 66% | 30% | 0% | 0% | 1% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 20% | 0% | 28% | 0%
Lotus NA NA | NA | NA [ NA [NA[ NA | NA [ NA | NA[NA[NA[ NA [ NA[NA|[NA| NA[NA| NA [ NA| NA [ NA
Mazda -10% | -10% | 0% | 72% | 15% | 0% | 50% | 20% | 17% | 9% | 2% | 0% | 11% | 0% | 0% | 0% | 0% | 0% | 17% | 0% | 87% | 0%
Mitsubishi -10% | -10% | 0% | 68% | 15% | 0% | 39% | 19% | 19% | 11% | 0% | 0% | 15% | 2% | 0% | 0% | 0% | 0% | 30% | 0% | 85% | 0%
Nissan 5% | 5% | 0% | 57% | 12% | 0% | 54% | 23% | 12% | 7% | 2% | 0% | 11% | 0% | 0% | 0% | 0% | 0% | 23% | 0% | 70% | 0%
Porsche 10% | 9% | 1% | 59% | 15% | 0% | 69% | 30% | 0% | 0% | 1% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 87% | 13%
Spyker 3% | 2% | 1% | 57% | 15% | 0% | 55% | 30% | 0% | 0% | 0% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | 13%
Subaru -10% | -10% | 0% | 70% | 15% | 0% | 18% | 7% | 37% | 20% | 8% | 0% | 5% | 0% | 0% | 0% | 0% | 0% | 8% | 0% | 85% | 0%
Suzuki 8% | 8% | 0% | 67% | 15% | 0% | 58% | 24% | 11% | 6% | 0% | 0% | 15% | 3% | 0% | 0% | 0% | 0% | 30% | 0% | 85% | 0%
Tata 7% | 6% | 1% | 55% | 15% | 0% | 51% | 20% | 19% | 10% | 0% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | 13%
Tesa NA NA | NA | NA [ NA [NA[ NA | NA [ NA | NA[NA[NA| NA [ NA[NA|[NA| NA[NA| NA [ NA| NA [ NA
Toyota 3% | 3% | 0% | 9% | 0% | 0% | 55% | 23% | 7% | 4% | 3% | 0% | 0% | 6% | 0% | 0% | 0% | 0% | 22% | 0% | 16% | 0%
Volkswagen | -10% | 9% | 1% | 57% | 15% | 0% | 70% | 30% | 0% | 0% | 0% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 87% | 13%
Fleet 6% | 6% | 0% | 36% | 8% | 0% | 54% | 25% | 9% | 5% | 2% | 0% | 7% | 3% | 0% | 0% | 5% | 0% | 23% | 0% | 46% | 1%
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Table 3.8-19 Reference Fleet (Sales-Weighted) Technology Penetration in MY 2025

=
> ©Q < ~ N N

oo |28\ 25|88 (B e |2 8|8 =28 2z 2| k8|t =T

éj% Fs|sSg || e|e a | a T | o |z T LT £ | u
AsonMartin__ | -10% | 9% | 1% | 42% | 15% | 0% | 0% | 0% | 59% | 25% | 16% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | 13%
BMW 9% | 8% | 1% | 51% | 15% | 0% | 28% | 8% | 36% | 19% | 9% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 77% | 13%
Chrysler/Fiat 7% | 7% | 0% | 38% | 11% | 0% | 26% | 12% | 33% | 18% | 3% | 0% | 4% | 0% | 0% | 0% | 0% | 0% | 20% | 0% | 49% | 0%
Daimler 9% | 8% | 1% | 48% | 14% | 0% | 15% | 18% | 40% | 22% | 5% | 0% | 14% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 70% | 16%
Ferrari 8% | 8% | 1% | 42% | 15% | 0% | 14% | 0% | 52% | 28% | 5% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | 13%
Ford 7% | 7% | 0% | 53% | 12% | 0% | 29% | 12% | 29% | 16% | 6% | 0% | 10% | 2% | 0% | 0% | 0% | 0% | 21% | 0% | 64% | 0%
Geely 9% | 8% | 1% | 53% | 15% | 0% | 36% | 12% | 33% | 18% | 2% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | 13%
General Motors | 7% | 7% | 0% | 40% | 9% | 0% | 37% | 18% | 21% | 11% | 3% | 0% | 6% | 0% | 0% | 0% | 0% | 0% | 21% | 0% | 49% | 0%
Honda 3% | 3% | 0% | 4% | 0% | 0% | 23% | 5% | 42% | 19% | 8% | 0% | 0% | 2% | 0% | 0% | 0% | 0% | 8% | 0% | 4% | 0%
Hyundai 3% | 3% | 0% | 27% | 0% | 0% | 24% | 11% | 32% | 18% | 6% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 4% | 0% | 27% | 0%
Kia 3% | 3% | 0% | 6% | 0% | 0% | 21% | 8% | 36% | 20% | 7% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 9% | 0% | 6% | 0%
Lotus 1% | 0% | 1% | 54% | 15% | 0% | 0% | 0% | 10% | 5% | 85% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | 13%
Mazda 5% | 5% | 0% | 25% | 11% | 0% | 22% | 7% | 34% | 19% | 15% | 0% | 4% | 0% | 0% | 0% | 0% | 0% | 25% | 0% | 36% | 0%
Mitsubishi 7% | 7% | 0% | 68% | 15% | 0% | 16% | 6% | 40% | 22% | 6% | 0% | 15% | 2% | 0% | 0% | 0% | 0% | 27% | 0% | 85% | 0%
Nissan 5% | 5% | 0% | 33% | 7% | 0% | 20% | 8% | 39% | 21% | 4% | 0% | 3% | 1% | 0% | 0% | 0% | 0% | 21% | 0% | 40% | 0%
Porsche 6% | 5% | 1% | 48% | 15% | 0% | 19% | 6% | 20% | 11% | 44% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 78% | 13%
Spyker 9% | 8% | 1% | 57% | 15% | 0% | 18% | 4% | 42% | 23% | 11% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | 13%
Subaru 7% | 7% | 0% | 52% | 5% | 0% | 6% | 2% | 39% | 21% | 23% | 0% | 3% | 0% | 0% | 0% | 0% | 0% | 15% | 0% | 55% | 0%
Suzuki 1% | 1% | 0% | 67% | 15% | 0% | 11% | 4% | 42% | 23% | 9% | 0% | 15% | 3% | 0% | 0% | 0% | 0% | 26% | 0% | 85% | 0%
Tata 9% | 8% | 1% | 48% | 15% | 0% | 32% | 9% | 38% | 21% | 0% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72% [ 13%
Tesa 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 100% | 0% | 0% | 0% | 0% | 0% | 0% | 0%
Toyota 2% | 2% | 0% | 3% | 0% | 0% | 25% | 9% | 36% | 9% | 5% | 0% | 0% | 12% | 0% | 0% | 0% | 0% | 12% | 0% | 11% | 0%
Volkswagen 8% | 7% | 1% | 50% | 15% | 0% | 21% | 6% | 40% | 21% | 11% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 86% | 13%
Fleet 5% | 5% | 0% | 30% | 6% | 0% | 26% | 11% | 33% | 15% | 6% | 0% | 5% | 5% | 0% | 0% | 7% | 0% | 18% | 0% | 39% | 2%
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3.8.3 Projected Technology Penetrations in Proposal case

Table 3.8-20 Proposal Car Technology Penetrations in MY 2021
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HEIEEE IR AR AR
G :r(t)lr:] -16% | -7% 9% 0% 0% | 15% | 0% | 0% | 15% | 61% | 7% | 50% | 15% | 30% | 16% | 15% | 15% | 75% | 80% | 50% | 60% | 24%
BMW -12% | -8% 4% | 40% | 26% | 2% | 0% | 0% | 18% | 70% | 10% | 59% | 28% | 30% | 2% 0% | 0% | 75% | 80% | 59% | 98% | 0%
Chryder/Fiat | -8% -8% 0% 89% | 7% 1% | 1% | 2% | 19% | 76% | 3% | 60% | 3% 0% 0% 0% 0% | 75% | 80% | 60% | 97% | 0%
Daimler -13% | -8% 5% [ 37% | 21% | 4% | 0% | 0% | 17% | 69% | 5% | 55% | 25% | 30% | 8% 0% | 0% | 75% | 80% | 55% | 91% | 1%
Ferrari -13% | 7% 6% 0% 0% | 15% | 0% | 0% | 16% | 65% | 2% | 50% | 15% | 30% | 16% | 15% | 15% | 75% | 80% | 50% | 60% | 24%
Ford -8% -8% 0% | 76% | 15% | 1% | 5% | 21% | 13% | 52% | 7% | 59% | 16% | 2% 0% 0% | 0% | 74% | 79% | 59% | 92% | 0%
Geely -13% | -9% 4% | 43% | 15% | 8% | 3% | 11% | 15% | 61% | 2% | 55% | 22% | 30% | 8% 0% | 0% | 75% | 80% | 55% | 92% | 0%
?/Ie;%ri -1% -1% 0% | 48% | 9% | 1% | 6% | 23% | 13% | 52% | 6% | 60% | 5% | 0% 0% 0% | 0% | 75% | 80% | 60% | 59% | 0%
Honda -4% -4% 0% 15% | 0% 0% [ 0% | 0% | 17% | 68% | 12% | 58% | 0% 3% 0% 0% 0% | 73% | 77% | 58% | 15% | 0%
Hyundai -5% -5% 0% | 38% | 0% | 0% | 4% | 18% | 14% | 56% | 7% | 60% | 0% | 0% 0% 0% | 0% | 75% | 80% | 60% | 38% | 0%
Kia -3% -3% 0% | 20% | 0% | 0% | 2% | 7% | 17% | 66% | 9% | 60% | 0% | 0% 0% 0% | 0% | 31% | 33% | 60% | 20% | 0%
Lotus -3% 0% 3% 16% | 30% | 0% | 0% | 0% 9% | 35% | 46% | 54% | 30% | 30% | 11% | 13% | 0% | 75% | 80% | 54% | 89% | 0%
Mazda -5% -5% 0% | 80% | 20% | 0% | 3% | 12% | 14% | 54% | 17% | 60% | 7% | 0% 0% 0% | 0% | 75% | 80% | 60% | 100% | 0%
Mitsubishi -9% -8% 0% 64% | 30% | 0% | 0% | 0% | 18% | 74% | 8% | 60% | 30% | 6% 0% 0% 0% | 75% | 80% | 60% | 100% | 0%
Nissan -5% -5% 0% | 65% | 9% | 0% | 1% | 3% | 18% | 73% | 5% | 59% | 10% | 1% 0% 0% | 0% | 74% | 79% | 59% | 75% | 0%
Porsche -8% -3% 5% 14% | 25% | 3% [ 0% | 0% | 12% | 47% | 27% | 52% | 27% | 30% | 14% | 15% | 4% | 75% | 80% | 52% | 86% | 0%
Spyker -15% | -9% 7% 27% | 25% | 3% | 0% | 0% | 16% | 64% | 8% | 53% | 27% | 30% | 12% | 4% 0% | 75% | 80% | 53% | 88% | 0%
Subaru -8% -8% 0% |68% | 30% | 0% | 0% | 0% | 15% | 59% | 26% | 60% | 30% | 2% 0% 0% | 0% | 75% | 80% | 60% | 100% | 0%
Suzuki -1% 0% 1% 46% | 30% | 0% [ 0% | 0% | 18% | 73% | 9% | 60% | 30% | 24% 0% 0% 0% | 75% | 80% | 60% | 100% | 0%
Tata -15% | -10% 6% | 42% | 7% | 11% | 0% | 0% | 18% | 72% | 0% | 54% | 19% | 30% | 10% | 0% | 0% | 75% | 80% | 54% | 90% | 0%
Tesla 0% 0% 0% 0% 0% 0% [ 0% | 0% | 0% 0% 0% 0% 0% 0% | 100% | 0% 0% | 0% 0% | 0% 0% 0%
Toyota -3% -3% 0% 23% | 0% 0% [ 1% | 3% | 15% [ 60% | 7% | 51% | 0% | 15% 0% 0% 0% | 17% | 18% | 51% | 24% | 0%
Volkswagen | -10% | -7% 3% | 34% | 29% | 1% | 0% | 0% | 17% | 67% | 10% | 57% | 29% | 30% | 6% 1% | 0% | 75% | 80% | 57% | 94% | 0%
Fleet -6% -6% 1% 45% | 10% | 1% | 2% | 9% | 15% | 61% | 8% | 57% | 9% 8% 1% 0% 0% | 62% | 67% | 57% | 60% | 0%

3-44




2017 Draft Regulatory Impact Analysis

Table 3.8-21 Proposal Truck Technology Penetrations in MY 2021
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Aston
Martin NA NA NA NA NA NA NA NA NA NA NA | NA NA NA NA | NA | NA NA NA NA NA NA
BMW -14% | -12% 2% | 73% | 24% | 3% | 20% | 80% 0% 0% | 0% | 60% | 27% | 30% | 0% | 0% 0% | 75% | 80% | 60% | 100% | 0%
Chryder/Fiat -7% -7% 0% | 35% | 25% | 3% | 17% | 69% 2% 9% | 3% | 60% | 27% | 0% | 0% | 0% 0% | 75% | 80% | 60% 62% | 0%
Daimler -15% | -13% 2% | 80% | 14% 6% | 20% | 80% 0% 0% | 0% | 60% | 20% | 30% | 0% | 0% 0% | 75% | 80% | 60% 89% | 11%
Ferrari NA NA NA NA NA NA NA NA NA NA NA | NA NA NA NA | NA | NA NA NA NA NA NA
Ford -8% -8% 0% | 75% | 17% 6% | 14% | 55% 5% | 21% | 3% | 59% | 23% 2% | 0% | 0% | 0% | 73% | 78% | 59% 98% | 0%
Geely -15% | -13% 2% | 72% | 27% 2% | 20% | 80% 0% 0% | 0% | 60% | 28% | 30% | 0% | 0% | 35% | 75% | 80% | 60% | 100% | 0%
Genera
Motors -8% -8% 0% | 33% | 19% 5% | 19% | 75% 1% 5% | 0% | 60% | 24% | 0% | 0% | 0% 0% | 75% | 80% | 60% 57% | 0%
Honda -8% -8% 0% | 72% 0% | 0% | 12% | 50% 8% | 30% | 0% | 60% 0% | 0% | 0% | 0% 0% | 75% | 80% | 60% 72% | 0%
Hyundai -10% | -10% 0% | 70% | 30% | 0% | 18% | 72% 2% 8% | 0% | 60% | 30% | 0% | 0% | 0% 0% | 75% | 80% | 60% | 100% | 0%
Kia -9% -9% 0% | 99% 0% | 0% | 20% | 79% 0% 0% | 1% | 60% 0% | 0% | 0% | 0% 0% | 75% | 80% | 60% 99% | 0%
Lotus NA NA NA NA NA NA NA NA NA NA NA | NA NA NA NA | NA | NA NA NA NA NA NA
Mazda -14% | -14% 0% | 70% | 30% | 0% | 13% | 51% 7% | 27% | 2% | 60% | 30% | 0% | 0% | 0% 0% | 75% | 80% | 60% | 100% | 0%
Mitsubishi -15% | -14% 1% | 66% | 30% | 0% | 13% | 52% 7% | 28% | 0% | 60% | 30% | 4% | 0% | 0% 0% | 75% | 80% | 60% | 100% | 0%
Nissan -5% -5% 0% | 73% | 24% | 3% | 15% | 61% 5% | 18% | 2% | 60% | 27% | 0% | 0% | 0% 0% | 75% | 80% | 60% | 100% | 0%
Porsche -15% | -13% 2% | 55% | 24% | 8% | 20% | 79% 0% 0% | 1% | 60% | 32% | 30% | 0% | 0% | 55% | 75% | 80% | 60% 87% | 13%
Spyker -4% -2% 2% | 76% | 19% 6% | 20% | 80% 0% 0% | 0% | 60% | 24% | 30% | 0% | 0% | 70% | 75% | 80% | 60% | 100% | 0%
Subaru -15% | -15% 0% | 70% | 30% | 0% 5% | 20% | 13% | 54% | 8% | 60% | 30% | 0% | 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Suzuki -12% | -12% 0% | 64% | 30% | 0% | 16% | 63% | 4% | 16% | 0% | 60% | 30% 6% | 0% | 0% 0% | 75% | 80% | 60% | 100% | 0%
Tata -11% -9% 2% | 66% | 10% | 10% | 13% | 53% 6% | 24% | 0% | 58% | 20% | 30% | 4% | 0% 9% | 75% | 80% | 58% 96% | 0%
Tesla NA NA NA NA NA NA NA NA NA NA NA | NA NA NA NA | NA | NA NA NA NA NA NA
Toyota -4% -4% 0% | 66% 0% | 3% | 16% | 63% 3% | 11% | 3% | 57% 3% 5% [ 0% | 0% | 0% | 71% | 76% | 57% 69% | 0%
Volkswagen -14% | -12% 2% | 73% | 23% | 3% | 20% | 80% 0% 0% | 0% | 60% | 27% | 30% | 0% | 0% 0% | 75% | 80% | 60% | 100% | 0%
Fleet -8% -8% 0% | 59% | 14% | 4% | 16% | 65% 3% | 13% | 2% | 59% | 17% | 4% | 0% | 0% 1% | 74% | 79% | 59% 76% | 0%
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Table 3.8-22 Proposal Fleet Technology Penetration in MY 2021

=

83 > 0 < ~ © © > 3\ o o~

ws|2f|8218 |3 8|26 5|8 82|z ¢ v|E|8|E|5|2

=< é = = = [a} a T i} T E @ < o
Aston
Martin -16% -7% 9% 0% 0% | 15% 0% 0% | 15% | 61% 7% | 50% | 15% | 30% 16% | 15% | 15% | 75% | 80% | 50% 60% | 24%
BMW -13% -9% 4% | 49% | 25% | 2% | 5% | 21% | 13% | 52% | 8% | 59% | 28% | 30% 1% | 0% | 0% | 75% | 80% | 59% | 99% | 0%
Chryder/Fiat -7% -7% 0% | 64% | 15% 2% 8% | 32% | 11% | 45% 3% | 60% | 14% 0% 0% 0% 0% | 75% | 80% | 60% 81% 0%
Daimler -14% | -10% 4% | 48% | 20% | 4% | 5% | 20% | 13% | 52% | 4% | 57% | 24% | 30% 6% | 0% | 0% | 75% | 80% | 57% | 91% | 3%
Ferrari -13% -71% 6% 0% 0% | 15% 0% 0% | 16% | 65% 2% | 50% | 15% | 30% 16% | 15% | 15% | 75% | 80% | 50% 60% | 24%
Ford -8% -8% 0% | 75% | 16% | 3% | 8% | 32% | 10% | 42% | 6% | 59% | 18% | 2% 0% | 0% | 0% | 74% | 79% | 59% | 94% | 0%
Geely -13% | -10% 3% | 52% | 18% | 6% | 8% | 32% | 10% | 42% | 1% | 57% | 24% | 30% 6% | 0% | 11% | 75% | 80% | 57% | 94% | 0%
Genera
Motors -8% -8% 0% | 41% | 14% | 3% | 12% | 49% | 7% | 29% | 3% | 60% | 14% | 0% 0% | 0% | 0% | 75% | 80% | 60% | 58% | 0%
Honda -5% -5% 0% | 33% 0% 0% 4% | 15% | 14% | 56% 8% | 59% 0% 2% 0% 0% 0% | 73% | 78% | 59% 33% 0%
Hyundai -6% -6% 0% | 45% | 6% | 0% | 7% | 29% | 12% | 46% | 6% | 60% | 6% | 0% 0% | 0% | 0% | 75% | 80% | 60% | 51% | 0%
Kia -4% -4% 0% | 37% | 0% | 0% | 6% | 23% | 13% | 51% | 7% | 60% | 0% | 0% 0% | 0% | 0% | 41% | 44% | 60% | 37% | 0%
Lotus -3% 0% 3% | 16% | 30% 0% 0% 0% 9% | 35% | 46% | 54% | 30% | 30% 11% | 13% 0% | 75% | 80% | 54% 89% 0%
Mazda -6% -6% 0% | 78% | 22% | 0% | 5% | 19% | 12% | 50% | 14% | 60% | 11% | 0% 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Mitsubishi -11% | -10% 1% | 64% | 30% 0% 5% | 18% | 14% | 58% 5% | 60% | 30% 6% 0% 0% 0% | 75% | 80% | 60% | 100% 0%
Nissan -5% -5% 0% | 68% | 14% | 1% | 5% | 21% | 14% | 56% | 4% | 60% | 15% | 1% 0% | 0% | 0% | 75% | 80% | 60% | 83% | 0%
Porsche -10% -5% 4% | 24% | 25% 4% 5% | 19% 9% | 36% | 21% | 54% | 29% | 30% 11% | 11% | 16% | 75% | 80% | 54% 86% 3%
Spyker -14% -8% 6% | 34% | 24% 3% 3% | 11% | 14% | 55% 7% | 54% | 27% | 30% 10% 3% | 10% | 75% | 80% | 54% 90% 0%
Subaru -10% -9% 0% | 69% | 30% | 0% | 1% | 5% | 14% | 58% | 22% | 60% | 30% | 1% 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Suzuki -3% -2% 1% | 49% | 30% 0% 3% | 11% | 16% | 63% 7% | 60% | 30% | 21% 0% 0% 0% | 75% | 80% | 60% | 100% 0%
Tata -13% -9% 4% | 54% | 9% | 11% | 7% | 26% | 12% | 48% | 0% | 56% | 19% | 30% 7% | 0% | 4% | 75% | 80% | 56% | 93% | 0%
Tesla 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% | 100% 0% 0% 0% 0% 0% 0% 0%
Toyota -3% -3% 0% | 40% | 0% | 1% | 7% | 26% | 10% | 41% | 5% | 53% 1% | 12% 0% | 0% | 0% | 38% | 40% | 53% | 41% | 0%
Volkswagen -11% -8% 3% | 42% | 27% | 1% | 4% | 16% | 13% | 54% | 8% | 57% | 29% | 30% 5% | 0% | 0% | 75% | 80% | 57% | 95% | 0%
Fleet -7% -6% 0% | 50% | 11% 2% 7% | 28% | 11% | 44% 6% | 58% | 12% 7% 1% 0% 0% | 66% | 71% | 58% 65% 0%
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Table 3.8-23 Proposal Car Technology Penetrations in MY 2025
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Aston
Martin -20% | -6% 14% 0% 0% 9% | 0% | 0% | 0% | 75% 2% 77% 9% | 50% 23% | 18% | 0% | 100% | 100% 7% 77% | 0%
BMW -15% | -9% 5% 0% | 56% | 5% | 0% | 0% | 0% | 81% 9% 90% | 61% | 28% 10% | 0% | 0% | 100% | 100% 90% 90% | 0%
Chryder/Fiat | -12% | -9% 2% 8% | 70% | 2% | 0% | 2% | 0% | 95% 2% 99% | 72% | 19% 1% | 0% | 0% | 100% | 100% 99% 99% | 0%
Daimler -17% | -10% 7% 1% | 43% | 9% | 0% | 0% | 0% | 80% 5% 85% | 52% | 32% 15% | 0% | 0% | 100% | 100% 85% 84% | 1%
Ferrari -15% | -6% 9% 0% 0% 5% | 0% | 0% | 0% | 77% 0% 7% 5% | 50% 23% | 22% | 5% | 100% | 100% 7% 77% | 0%
Ford -13% | -11% 2% 15% | 64% | 4% | 0% | 27% | 0% | 62% 6% 95% | 68% | 13% 1% | 0% | 0% 99% 99% 95% 95% | 0%
Geely -16% | -9% 7% 3% | 31% | 16% | 0% | 13% | 0% | 71% 1% 85% | 47% | 41% 15% | 0% | 0% | 100% | 100% 85% 85% | 0%
Genera
Motors -12% | -11% 2% 11% | 68% | 2% | 0% | 28% | 0% | 65% | 4% 97% | 70% | 15% 3% | 0% | 0% | 100% | 100% 97% 97% | 0%
Honda -5% -5% 0% 24% | 73% | 0% | 0% | 0% | 0% | 85% | 12% 97% | 73% 3% 0% 0% | 0% 97% 97% | 97% 97% | 0%
Hyundai -8% -8% 0% 25% | 75% | 0% | 0% | 22% | 0% | 71% 7% | 100% | 75% 0% 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Kia -5% -5% 0% 43% | 57% | 0% | 0% | 7% | 0% | 84% 9% | 100% | 33% 0% 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Lotus -4% 0% 4% 0% | 44% | 0% | 0% | 0% | 0% | 36% | 44% 80% | 44% | 25% 20% | 11% | 0% | 100% | 100% 80% 80% | 0%
Mazda -8% -6% 2% 4% | 73% | 0% | 0% | 14% | 0% | 71% | 12% 98% | 73% | 21% 2% | 0% | 0% | 100% | 100% 98% 98% | 0%
Mitsubishi -11% | -9% 2% 4% | 69% | 0% | 0% | 0% | 0% | 88% 6% 94% | 69% | 21% 6% 0% | 0% | 100% | 100% 94% 94% | 0%
Nissan -8% -7% 1% 8% | 73% | 0% | 0% | 4% | 0% | 90% | 4% 98% | 73% | 18% 1% | 0% | 0% 99% 99% 98% 98% | 0%
Porsche -9% -3% 6% 0% | 35% | 1% [ 0% | 0% | 0% | 53% | 24% 78% | 36% | 29% 22% | 13% | 0% | 100% | 100% 78% 78% | 0%
Spyker -19% | -11% 8% 0% |47% | 1% | 0% | 0% | 0% | 76% 6% 82% | 48% | 29% 18% 5% | 0% | 100% | 100% 82% 82% | 0%
Subaru -10% | -9% 2% 5% | 70% | 0% | 0% | 0% | 0% | 73% | 22% 95% | 70% | 20% 5% 0% | 0% | 100% | 100% 95% 95% | 0%
Suzuki -1% 0% 1% 0% |66% | 0% | 0% | 0% | 0% | 83% 8% 91% | 66% | 25% 9% | 0% | 0% | 100% | 100% 91% 91% | 0%
Tata -20% | -11% 9% 0% | 14% | 26% | 0% | 0% | 0% | 85% 0% 85% | 41% | 44% 15% 0% | 0% | 100% | 100% 85% 85% | 0%
Tesla 0% 0% 0% 0% 0% 0% | 0% | 0% | 0% | 0% 0% 0% | 0% 0% | 100% | 0% | 0% 0% 0% 0% 0% | 0%
Toyota -6% -5% 0% 20% | 61% | 1% | 0% | 3% | 0% | 75% 7% 84% | 62% | 17% 0% 0% | 0% 84% 84% | 84% 84% | 0%
Volkswagen | -11% | -8% 1% 0% | 60% | 1% | 0% | 0% | 0% | 78% | 10% 88% | 60% | 26% 12% 1% | 0% | 100% | 100% 88% 88% | 0%
Fleet -9% -8% 2% 14% | 65% | 2% | 0% | 11% | 0% | 75% 7% 93% | 66% | 15% 4% 0% | 0% 96% 96% 93% 93% | 0%
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Table 3.8-24 Proposal Truck Technology Penetrations in MY 2025
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Aston
Martin NA NA NA NA NA NA NA | NA NA | NA NA | NA NA NA NA | NA | NA NA NA NA NA NA
BMW -18% | -11% 7% | 30% | 61% | 10% | 0% | 100% | 0% 0% | 0% | 100% | 70% | 50% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Chryder/Fiat | -13% | -12% 1% | 26% | 61% | 8% | 0% 86% | 0% | 10% | 2% 99% | 70% | 10% | 1% | 0% | 0% | 100% | 100% 99% 99% | 0%
Daimler -20% | -12% 8% | 46% | 35% | 19% | 0% | 100% | 0% 0% | 0% | 100% | 54% | 50% | 0% | 0% | 0% | 100% | 100% | 100% 92% | 8%
Ferrari NA NA NA NA NA NA NA | NA NA | NA NA | NA NA NA NA | NA | NA NA NA NA NA NA
Ford -12% -9% 3% | 27% | 40% | 20% | 0% 67% | 0% | 27% | 2% 96% | 60% | 31% | 3% | 1% | 0% 98% 98% 96% 96% | 0%
Geely -20% | -12% 8% | 28% | 66% 6% | 0% | 100% | 0% 0% | 0% | 100% | 72% | 50% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Genera
Motors -12% | -12% 0% | 31% | 51% | 15% | 0% | 93% | 0% 6% | 0% 99% | 66% 3% | 1% | 0% | 0% | 100% | 100% 99% 99% | 0%
Honda -15% | -15% 0% | 23% | 75% | 0% | 0% | 62% | 0% | 38% | 0% | 100% | 75% 2% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Hyundai -20% | -19% 1% | 23% | 74% | 0% | 0% 90% | 0% 9% | 0% 99% | 74% 2% | 1% | 0% | 0% | 100% | 100% 99% 99% | 0%
Kia -14% | -14% 0% | 25% | 75% | 0% | 0% | 99% | 0% 0% | 1% | 100% | 75% 0% | 0% | 0% 0% | 100% | 100% | 100% | 100% | 0%
Lotus NA NA NA NA NA NA NA | NA NA | NA NA | NA NA NA NA | NA | NA NA NA NA NA NA
Mazda -20% | -18% 1% | 17% | 74% | 0% | 0% | 66% | 0% | 32% | 1% | 100% | 74% 8% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Mitsubishi -20% | -18% 2% | 16% | 71% | 0% | 0% | 65% | 0% | 31% | 0% 96% | 71% 9% | 4% | 0% | 0% | 100% | 100% 96% 96% | 0%
Nissan -9% -6% 3% | 24% | 59% | 9% | 0% 77% | 0% | 20% | 1% 98% | 68% | 24% | 2% | 0% | 0% | 100% | 100% 98% 98% | 0%
Porsche -20% | -12% 8% | 39% | 34% | 28% | 0% 99% | 0% 0% | 1% | 100% | 61% | 50% | 0% | 0% 6% | 100% | 100% | 100% | 100% | 0%
Spyker -5% -2% 3% | 35% | 46% | 19% | 0% | 100% | 0% 0% | 0% | 100% | 65% | 50% | 0% | 0% | 19% | 100% | 100% | 100% | 100% | 0%
Subaru -20% | -17% 3% 6% | 74% | 0% | 0% | 25% | 0% | 69% | 6% 99% | 74% | 19% | 1% | 0% | 0% | 100% | 100% 99% 99% | 0%
Suzuki -16% | -16% 0% | 20% | 72% | 0% | 0% 79% | 0% | 17% | 0% 97% | 72% 5% | 3% | 0% | 0% | 100% | 100% 97% 97% | 0%
Tata -14% -7% 6% | 33% | 18% | 33% | 0% | 66% | 0% | 26% | 0% 92% | 50% | 41% | 8% | 0% | 0% | 100% | 100% 92% 92% | 0%
Tesla NA NA NA NA NA NA NA | NA NA | NA NA | NA NA NA NA | NA | NA NA NA NA NA NA
Toyota -10% | -10% 0% | 27% | 59% | 8% | 0% | 78% | 0% | 14% | 2% 94% | 67% 7% | 0% | 0% | 0% 914% 94% 94% 94% | 0%
Volkswagen -19% | -11% 7% | 31% | 58% | 11% | 0% | 100% | 0% 0% | 0% | 100% | 69% | 50% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Fleet -13% | -11% 1% | 27% | 57% | 11% | 0% | 81% | 0% | 15% | 1% 98% | 67% | 13% | 1% | 0% | 0% 99% 99% 98% 97% | 0%
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Table 3.8-25 Proposal Fleet Technology Penetration in MY 2025
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Aston
Martin -20% -6% 14% | 0% 0% 9% [ 0% | 0% | 0% | 75% 2% 7% 9% | 50% 23% | 18% | 0% | 100% | 100% 7% 77% | 0%
BMW -15% | -10% 6% | 8% | 58% 6% | 0% | 26% | 0% | 59% 7% 92% | 64% | 34% 8% | 0% | 0% | 100% | 100% 92% 92% | 0%
Chryder/Fiat | -12% | -11% 2% | 16% | 66% | 5% | 0% | 38% | 0% | 58% 2% 99% | 71% | 15% 1% | 0% | 0% | 100% | 100% 99% 99% | 0%
Daimler -18% | -11% 7% | 11% | 41% | 11% | 0% | 23% | 0% | 62% | 4% 88% | 53% | 36% 12% | 0% | 0% | 100% | 100% 88% 86% | 2%
Ferrari -15% -6% 9% 0% 0% | 5% | 0% 0% | 0% | 77% 0% 7% 5% | 50% 23% | 22% | 5% | 100% | 100% 7% 77% | 0%
Ford -13% | -11% 2% | 18% | 56% | 9% | 0% | 39% | 0% | 51% | 4% 95% | 65% | 19% 1% | 0% | 0% 99% 99% 95% 95% | 0%
Geely -17% | -10% 7% | 11% | 42% | 13% | 0% | 39% | 0% | 50% 1% 89% | 54% | 44% 11% 0% | 0% | 100% | 100% 89% 89% | 0%
Genera
Motors -12% | -11% 1% | 21% | 60% | 8% | 0% | 59% | 0% | 37% 2% 98% | 68% | 10% 2% | 0% | 0% | 100% | 100% 98% 98% | 0%
Honda -8% -8% 0% | 24% | 73% | 0% | 0% | 18% | 0% | 71% 8% 98% | 73% 3% 0% 0% | 0% 98% 98% | 98% 98% | 0%
Hyundai -10% | -10% 0% | 25% | 75% | 0% | 0% | 35% | 0% | 58% 6% | 100% | 75% 0% 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Kia -7% -7% 0% | 39% | 61% | 0% | 0% | 27% | 0% | 66% 7% | 100% | 42% 0% 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Lotus -4% 0% 4% 0% | 44% | 0% | 0% 0% | 0% | 36% | 44% 80% | 44% | 25% 20% | 11% | 0% | 100% | 100% 80% 80% | 0%
Mazda -10% -8% 2% | 6% | 73% | 0% | 0% | 23% | 0% | 65% | 11% 98% | 73% | 19% 2% 0% | 0% | 100% | 100% 98% 98% | 0%
Mitsubishi -14% | -12% 2% | 8% | 70% | 0% | 0% | 21% | 0% | 69% | 4% 95% | 70% | 17% 5% 0% | 0% | 100% | 100% 95% 95% | 0%
Nissan -8% -7% 1% | 13% | 69% | 3% | 0% | 25% | 0% | 69% 3% 98% | 72% | 20% 2% | 0% | 0% | 100% | 100% 98% 98% | 0%
Porsche -11% -5% 7% 8% | 35% 7% | 0% | 21% | 0% | 42% | 19% 83% | 41% | 34% 17% | 10% | 1% | 100% | 100% 83% 83% | 0%
Spyker -17% | -10% 7% 5% | 47% | 3% | 0% | 13% | 0% | 66% 6% 84% | 50% | 32% 16% 5% | 2% | 100% | 100% 84% 84% | 0%
Subaru -13% | -10% 2% 6% | 71% | 0% | 0% 6% | 0% | 72% | 19% 96% | 71% | 19% 4% 0% | 0% | 100% | 100% 96% 96% | 0%
Suzuki -4% -3% 1% 3% | 67% | 0% | 0% | 14% | 0% | 72% 6% 92% | 67% | 22% 8% | 0% | 0% | 100% | 100% 92% 92% | 0%
Tata -17% -9% 8% | 15% | 16% | 29% | 0% | 31% | 0% | 58% 0% 88% | 45% | 43% 12% 0% | 0% | 100% | 100% 88% 88% | 0%
Tesla 0% 0% 0% 0% 0% | 0% | 0% 0% | 0% | 0% 0% 0% | 0% 0% | 100% | 0% | 0% 0% 0% 0% 0% | 0%
Toyota -7% -7% 0% | 23% | 60% | 4% | 0% | 30% | 0% | 53% 5% 88% | 64% | 13% 0% 0% | 0% 88% 88% | 88% 88% | 0%
Volkswagen -13% -8% 5% | 6% | 60% | 3% | 0% | 20% | 0% | 63% 8% 90% | 62% | 31% 10% 1% | 0% | 100% | 100% 90% 90% | 0%
Fleet -11% -9% 2% | 19% | 62% | 5% | 0% | 34% | 0% | 55% 5% 94% | 66% | 15% 3% | 0% | 0% 97% 97% 94% 94% | 0%
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3.8.4 Projected Technology Penetrationsin Alternative Cases

Table 3.8-26 Alternative 1- (Trucks +20) Car Technology Penetrations in MY 2021
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Aston Martin | -16% | -7% | 9% | 0% | 0% | 15% | 0% | 0% | 15% | 61% | 7% | 50% | 15% | 30% | 16% | 15% | 15% | 75% | 80% | 50% | 60% | 24%
BMW -12% | -9% | 3% | 49% | 26% | 2% | 0% | 0% | 17% | 69% | 12% | 59% | 28% | 22% | 1% 0% | 0% | 75% | 80% | 59% | 99% | 0%
Chrydler/Fiat | -7% | -7% | 0% | 33% | 0% | 1% | 1% | 2% | 19% | 76% | 3% | 60% | 1% | 0% 0% 0% | 0% | 75% | 80% | 60% | 33% | 0%
Daimler -13% | -9% | 4% | 42% | 21% | 4% | 0% | 0% | 17% | 70% | 8% | 57% | 25% | 28% | 4% 0% | 0% | 75% | 80% | 57% | 95% 1%
Ferrari -13% | -7% [ 6% | 0% | 0% | 15% | 0% | 0% | 16% | 65% | 2% | 50% | 15% | 30% | 16% | 15% | 15% | 75% | 80% | 50% | 60% | 24%
Ford -8% -8% | 0% | 44% | 7% 1% | 5% | 21% | 13% | 52% | 7% | 59% | 8% | 2% 0% 0% | 0% | 74% | 79% | 59% | 52% | 0%
Geely -13% | -9% | 3% | 47% | 15% | 8% | 3% | 11% | 16% | 63% | 2% | 57% | 22% | 26% | 5% 0% | 0% | 75% | 80% | 57% | 95% | 0%
CI\E‘ATS ?SI 1% | -7% | 0% | 13% | 0% | 0% | 6% | 23% | 13% | 52% | 6% | 60% | 0% | 0% 0% 0% | 0% | 75% | 80% | 60% | 12% | 0%
Honda 2% | -2% | 0% | 15% | 0% | 0% | 0% | 0% | 17% | 68% | 12% | 58% | 0% | 3% 0% 0% | 0% | 25% | 27% | 58% | 15% | 0%
Hyundai 4% | -4% | 0% | 33% | 0% | 0% | 4% | 18% | 14% | 56% | 7% | 60% | 0% | 0% 0% 0% | 0% | 75% | 80% | 60% | 33% | 0%
Kia 2% | -2% | 0% | 20% | 0% | 0% | 2% | 7% | 17% | 66% | 9% | 60% | 0% | 0% 0% 0% [ 0% | 6% | 7% | 60% | 20% | 0%
Lotus -3% 0% | 3% | 16% | 30% | 0% | 0% | 0% 9% | 35% | 46% | 54% | 30% | 30% | 11% | 13% | 0% | 75% | 80% | 54% | 89% | 0%
Mazda -4% 4% | 0% [ 68% | 19% | 0% | 3% | 12% | 14% | 54% | 17% | 60% | 6% | 0% 0% 0% | 0% | 75% | 80% | 60% | 86% | 0%
Mitsubishi 1% | -7% | 0% | 75% | 25% | 0% | 0% | 0% | 18% | 73% | 9% | 60% | 25% | 0% 0% 0% | 0% | 75% | 80% | 60% | 100% | 0%
Nissan -5% 5% [ 0% [ 32% | 0% | 0% | 1% | 3% | 18% | 73% | 5% | 59% | 0% 1% 0% 0% | 0% | 74% | 79% | 59% | 32% | 0%
Porsche -8% | -3% | 5% | 16% | 25% | 3% | 0% | 0% | 12% | 47% | 29% | 53% | 27% | 30% | 12% | 15% | 0% | 75% | 80% | 53% | 88% | 0%
Spyker -15% | -9% | 6% | 29% | 25% | 3% | 0% | 0% | 16% | 65% | 8% | 53% | 27% | 30% | 11% | 3% | 0% | 75% | 80% | 53% | 89% | 0%
Subaru 1% | -7% | 0% | 95% | 5% | 0% | 0% | 0% | 15% | 59% | 27% | 60% | 5% | 0% 0% 0% | 0% | 75% | 80% | 60% | 100% | 0%
Suzuki -1% 0% | 1% | 57% | 30% | 0% | 0% | 0% | 18% | 72% | 10% | 60% | 30% | 13% | 0% 0% | 0% | 75% | 80% | 60% | 100% | 0%
Tata -15% | -11% | 4% [ 57% | 7% | 11% | 0% | 0% | 20% | 79% | 0% | 59% | 19% | 23% | 2% 0% | 0% | 75% | 80% | 59% | 98% | 0%
Teda 0% 0% [ 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 100% | 0% | 0% | 0% | 0% | 0% 0% 0%
Toyota -2% 2% | 0% [ 23% | 0% | 0% | 1% | 3% | 60% | 15% | 7% | 51% | 0% | 15% | 0% 0% | 0% 2% | 2% | 51% | 24% | 0%
Volkswagen | -10% | -7% | 3% | 38% | 29% | 1% | 0% | 0% | 17% | 69% | 11% | 58% | 29% | 30% | 3% 1% | 0% | 75% | 80% | 58% | 97% | 0%
Fleet 6% | -5% | 1% | 31% | 5% | 1% | 2% | 9% | 23% | 53% | 8% | 57% | 6% | 7% 1% 0% | 0% | 53% | 57% | 57% | 41% | 0%
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Table 3.8-27 Alternative 1- (Trucks +20) Truck Technology Penetrations in MY 2021
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Aston
Martin NA NA NA NA NA NA NA NA NA NA NA | NA NA NA NA | NA | NA NA NA NA NA NA
BMW -14% | -13% 0% 73% | 24% 3% | 20% | 80% 0% 0% | 1% | 60% | 27% 6% | 0% | 0% 0% | 75% | 80% | 60% | 100% 0%
Chryder/Fiat -7% -7% 0% 28% 3% 3% | 17% | 69% 2% 9% | 3% | 60% 6% 0% | 0% | 0% 0% | 75% | 80% | 60% 34% 0%
Daimler -15% | -13% 2% 80% | 14% 6% | 20% | 80% 0% 0% | 0% | 60% | 20% | 30% | 0% | 0% 0% | 75% | 80% | 60% 89% | 11%
Ferrari NA NA NA NA NA NA NA NA NA NA NA | NA NA NA NA | NA | NA NA NA NA NA NA
Ford -7% -7% 0% 40% | 16% 6% | 14% | 55% 5% | 21% | 3% | 59% | 22% 2% | 0% | 0% 0% | 73% | 78% | 59% 62% 0%
Geely -15% | -13% 2% 2% | 27% 2% | 20% | 80% 0% 0% | 0% | 60% | 28% | 30% | 0% | 0% 0% | 75% | 80% | 60% | 100% 0%
Genera
Motors -8% -8% 0% 40% 0% 0% | 19% | 75% 1% 5% | 0% | 60% 0% 0% | 0% | 0% 0% | 75% | 80% | 60% 40% 0%
Honda -6% -6% 0% 66% 0% 0% | 12% | 50% 8% | 30% | 0% | 60% 0% 0% | 0% | 0% 0% | 75% | 80% | 60% 66% 0%
Hyundai -10% | -10% 0% | 100% 0% 0% | 18% | 72% 2% 8% | 0% | 60% 0% 0% | 0% | 0% 0% | 75% | 80% | 60% | 100% 0%
Kia -5% -5% 0% 99% 0% 0% | 20% | 79% 0% 0% | 1% | 60% 0% 0% | 0% | 0% 0% | 75% | 80% | 60% 99% 0%
Lotus NA NA NA NA NA NA NA NA NA NA NA | NA NA NA NA | NA | NA NA NA NA NA NA
Mazda -10% | -10% 0% 79% | 21% 0% | 13% | 51% 7% | 27% | 2% | 60% | 21% 0% | 0% | 0% 0% | 75% | 80% | 60% | 100% 0%
Mitsubishi -11% | -11% 0% 70% | 30% 0% | 13% | 52% 7% | 28% | 0% | 60% | 30% 0% | 0% | 0% 0% | 75% | 80% | 60% | 100% 0%
Nissan -5% -5% 0% 82% | 15% 3% | 15% | 61% 5% | 18% | 2% | 60% | 18% 0% | 0% | 0% 0% | 75% | 80% | 60% | 100% 0%
Porsche -15% | -13% 2% 78% | 13% 8% | 20% | 79% 0% 0% | 1% | 60% | 22% | 30% | 0% | 0% | 25% | 75% | 80% | 60% | 100% 0%
Spyker -4% -2% 2% 76% | 19% 6% | 20% | 80% 0% 0% | 0% | 60% | 24% | 30% | 0% | 0% | 46% | 75% | 80% | 60% | 100% 0%
Subaru -11% | -11% 0% 70% | 30% 0% 5% | 20% | 13% | 54% | 8% | 60% | 30% 0% | 0% | 0% 0% | 75% | 80% | 60% | 100% 0%
Suzuki -12% | -12% 0% 64% | 30% 0% | 16% | 63% 4% | 16% | 0% | 60% | 30% 6% | 0% | 0% 0% | 75% | 80% | 60% | 100% 0%
Tata -11% -9% 2% 66% | 10% | 10% | 13% | 53% 6% | 24% | 0% | 58% | 20% | 30% | 4% | 0% 0% | 75% | 80% | 58% 96% 0%
Tesla NA NA NA NA NA NA NA NA NA NA NA | NA NA NA NA | NA | NA NA NA NA NA NA
Toyota -3% -3% 0% 66% 0% 0% | 16% | 63% 6% 7% | 3% | 57% 0% 5% | 0% | 0% 0% | 13% | 14% | 57% 66% 0%
Volkswagen -14% | -12% 2% 73% | 23% 3% | 20% | 80% 0% 0% | 0% | 60% | 27% | 30% | 0% | 0% 0% | 75% | 80% | 60% | 100% 0%
Fleet -7% -7% 0% 57% 6% 2% | 16% | 65% 4% | 12% | 2% | 59% 7% 4% | 0% | 0% 0% | 62% | 66% | 59% 64% 0%
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Table 3.8-28 Alternative 1- (Trucks +20) Fleet Technology Penetration in MY 2021
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Aston
Martin -16% -7% 9% 0% 0% | 15% 0% 0% | 15% | 61% 7% | 50% | 15% | 30% 16% | 15% | 15% | 75% | 80% | 50% 60% | 24%
BMW -12% | -10% 2% | 55% | 25% | 2% | 5% | 21% | 13% | 51% | 9% | 59% | 28% | 18% 1% | 0% | 0% | 75% | 80% | 59% 99% | 0%
Chryder/Fiat -7% -7% 0% | 31% 1% 1% 8% | 32% | 11% | 45% 3% | 60% 3% 0% 0% 0% 0% | 75% | 80% | 60% 34% 0%
Daimler -13% | -10% 4% | 52% | 20% | 4% | 5% | 20% | 13% | 53% 6% | 58% | 24% | 28% 3% | 0% | 0% | 75% | 80% | 58% 93% | 3%
Ferrari -13% -71% 6% 0% 0% | 15% 0% 0% | 16% | 65% 2% | 50% | 15% | 30% 16% | 15% | 15% | 75% | 80% | 50% 60% | 24%
Ford -7% -7% 0% | 43% | 10% | 3% | 8% | 32% | 10% | 42% | 6% | 59% | 13% | 2% 0% | 0% | 0% | 74% | 79% | 59% 55% | 0%
Geely -13% | -10% 3% | 55% | 18% | 6% | 8% | 32% | 11% | 44% 1% | 58% | 24% | 27% 3% | 0% | 0% | 75% | 80% | 58% 97% | 0%
Genera
Motors -7% -7% 0% | 26% | 0% | 0% | 12% | 49% | 7% | 29% | 3% | 60% | 0% | 0% 0% | 0% | 0% | 75% | 80% | 60% 26% | 0%
Honda -4% -4% 0% | 31% 0% 0% 4% | 15% | 14% | 56% 8% | 59% 0% 2% 0% 0% 0% | 40% | 43% | 59% 31% 0%
Hyundai -5% -5% 0% | 47% | 0% | 0% | 7% | 29% | 12% | 46% | 6% | 60% | 0% | 0% 0% | 0% | 0% | 75% [ 80% | 60% | 47% | 0%
Kia -3% -3% 0% | 37% | 0% | 0% | 6% | 23% | 13% | 51% | 7% | 60% | 0% | 0% 0% | 0% | 0% | 22% | 23% | 60% | 37% | 0%
Lotus -3% 0% 3% | 16% | 30% 0% 0% 0% 9% | 35% | 46% | 54% | 30% | 30% 11% | 13% 0% | 75% | 80% | 54% 89% 0%
Mazda -5% -5% 0% | 70% | 19% | 0% | 5% | 19% | 12% | 50% | 14% | 60% | 8% | 0% 0% | 0% | 0% | 75% | 80% | 60% | 89% | 0%
Mitsubishi -8% -8% 0% | 73% | 27% 0% 5% | 18% | 14% | 57% 6% | 60% | 27% 0% 0% 0% 0% | 75% | 80% | 60% | 100% 0%
Nissan -5% -5% 0% | 47% 5% | 1% | 5% | 21% | 14% | 56% | 4% | 60% 6% | 1% 0% | 0% | 0% | 75% | 80% | 60% 53% | 0%
Porsche -9% -5% 4% | 31% | 22% 4% 5% | 19% 9% | 36% | 22% | 55% | 26% | 30% 9% | 11% 6% | 75% | 80% | 55% 91% 0%
Spyker -14% -8% 6% | 36% | 24% 3% 3% | 11% | 14% | 55% 7% | 54% | 27% | 30% 9% 2% 7% | 75% | 80% | 54% 91% 0%
Subaru -8% -8% 0% | 89% | 11% | 0% 1% | 5% | 14% | 57% | 22% | 60% | 11% | 0% 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Suzuki -3% -2% 1% | 58% | 30% 0% 3% | 11% | 16% | 62% 8% | 60% | 30% | 12% 0% 0% 0% | 75% | 80% | 60% | 100% 0%
Tata -13% | -10% 3% | 61% 9% | 11% | 7% | 26% | 13% | 52% | 0% | 58% | 19% | 26% 3% | 0% | 0% | 75% | 80% | 58% 97% | 0%
Tesla 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% | 100% 0% 0% 0% 0% 0% 0% 0%
Toyota -2% -2% 0% | 40% | 0% | 0% | 7% | 26% | 39% | 12% | 5% | 53% | 0% | 12% 0% | 0% | 0% | 6% | 7% |53% | 40% | 0%
Volkswagen -11% -8% 3% | 45% | 27% 1% | 4% | 16% | 14% | 55% | 9% | 59% | 29% | 30% 2% | 0% | 0% | 75% | 80% | 59% 98% | 0%
Fleet -6% -6% 0% | 40% 5% 1% 7% | 28% | 17% | 39% 6% | 58% 6% 6% 0% 0% 0% | 56% | 60% | 58% 49% 0%
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Table 3.8-29 Alternative 2- (Trucks -20) Car Technology Penetrations in MY 2021
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Aston
Martin -16% | -7% 9% 0% | 0% | 15% | 0% | 0% | 15% | 61% | 7% | 50% | 15% | 30% | 16% | 15% | 15% | 75% | 80% | 50% | 60% | 24%
BMW -12% | -8% 5% | 37% | 26% | 2% | 0% | 0% | 17% | 68% | 10% | 57% | 28% | 30% 6% | 0% | 0% | 75% | 80% | 57% | 94% | 0%
Chryder/Fiat | -10% | -9% 0% | 67% | 28% | 1% | 1% | 2% | 19% | 76% | 2% | 60% | 29% | 1% 0% | 0% | 0% | 75% | 80% | 60% | 98% | 0%
Daimler -13% | -8% 5% | 33% | 21% | 4% | 0% | 0% | 17% | 69% | 5% | 55% | 25% | 30% 8% | 4% | 0% | 75% | 80% | 55% | 91% | 1%
Ferrari -13% | 7% 6% 0% | 0% | 15% | 0% | 0% | 16% | 65% | 2% | 50% | 15% | 30% | 16% | 15% | 15% | 75% | 80% | 50% | 60% | 24%
Ford -10% | -10% | 0% | 68% | 27% | 1% | 5% | 21% | 13% | 53% | 7% | 59% | 28% | 4% 0% | 0% | 0% | 74% | 79% | 59% | 98% | 0%
Geely -13% | -8% 5% | 37% | 15% | 8% | 3% | 11% | 15% | 60% | 2% | 54% | 22% | 30% 9% | 6% | 0% | 75% | 80% | 54% | 91% | 0%
General
Motors -10% | -10% | 0% | 68% | 28% | 1% | 6% | 23% | 13% | 52% | 5% | 60% | 29% | 1% 0% | 0% | 0% | 75% | 80% | 60% | 98% | 0%
Honda -4% -4% 0% |48% | 0% | 0% [ 0% | 0% | 17% | 68% | 12% | 58% | 0% | 3% 0% | 0% | 0% | 73% | 77% | 58% | 48% | 0%
Hyundai -5% -5% 0% | 53% | 7% | 0% | 4% | 18% | 14% | 56% | 7% | 60% | 7% | 0% 0% | 0% | 0% | 75% | 80% | 60% | 60% | 0%
Kia -4% -4% 0% | 20% | 0% | 0% [ 2% | 7% | 17% | 66% | 9% | 60% | 0% | 0% 0% | 0% | 0% | 75% | 80% | 60% | 20% | 0%
Lotus -3% 0% 3% | 16% | 30% | 0% | 0% | 0% | 9% | 35% | 46% | 54% | 30% | 30% | 11% | 13% | 0% | 75% | 80% | 54% | 89% | 0%
Mazda -6% -6% 0% | 69% | 30% | 0% | 3% | 12% | 14% | 55% | 16% | 60% | 30% | 1% 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Mitsulbishi -9% -71% 2% | 45% | 30% | 0% | 0% | 0% | 19% | 75% | 6% | 60% | 30% | 25% 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Nissan -6% -6% 0% | 69% | 30% | 0% | 1% | 3% | 18% | 73% | 5% | 59% | 30% | 1% 0% | 0% | 0% | 74% | 79% | 59% | 99% | 0%
Porsche -8% -3% 5% | 11% | 25% | 3% | 0% | 0% | 12% | 46% | 26% | 50% | 27% | 30% | 16% | 15% | 14% | 75% | 80% | 50% | 84% | 0%
Spyker -16% | -8% 7% | 24% | 25% | 3% | 0% | 0% | 16% | 65% | 7% | 53% | 27% | 30% | 12% | 7% | 0% | 75% | 80% | 53% | 88% | 0%
Subaru -8% 7% 2% | 53% | 30% | 0% | 0% | 0% | 15% | 61% | 23% | 60% | 30% | 17% 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Suzuki -1% 0% 1% | 40% | 30% | 0% | 0% | 0% | 18% | 73% | 8% | 60% | 30% | 30% 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Tata -15% | -9% 6% | 38% | 7% | 11% | 0% | 0% | 18% | 71% | 0% | 53% | 19% | 30% | 11% | 3% | 0% | 75% | 80% | 53% | 8% | 0%
Teda 0% 0% 0% 0% | 0% | 0% | 0% | 0% | 0% | 0% 0% | 0% | 0% | 0% | 100% | 0% | 0% | 0% | 0% | 0% 0% | 0%
Toyota -4% -4% 0% | 23% | 0% | 0% | 1% | 3% | 15% | 60% | 7% | 51% | 0% | 15% 0% | 0% | 0% | 63% | 68% | 51% | 24% | 0%
Volkswagen | -10% | -7% 4% | 32% | 29% | 1% | 0% | 0% | 16% | 66% | 10% | 55% | 29% | 30% 8% | 1% | 0% | 75% | 80% | 55% | 92% | 0%
Fleet -71% -7% 1% | 50% | 17% | 1% | 2% | 9% | 15% | 61% | 8% | 57% | 18% | 9% 1% | 0% | 0% | 72% | 77% | 57% | 73% | 0%
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Table 3.8-30 Alternative 2- (Trucks -20) Truck Technology Penetrations in MY 2021
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Aston
Martin NA NA NA NA NA NA NA NA NA NA NA | NA NA NA NA | NA | NA NA NA NA NA NA
BMW -14% | -12% 2% | 73% | 24% | 3% | 20% | 80% 0% 0% | 0% | 60% | 27% | 30% | 0% | 0% 0% | 75% | 80% | 60% | 100% | 0%
Chryder/Fiat -9% -9% 0% | 71% | 25% | 3% | 17% | 69% 2% 9% | 3% | 60% | 27% 2% | 0% | 0% 0% | 75% | 80% | 60% | 100% | 0%
Daimler -15% | -13% 2% | 80% | 14% 6% | 20% | 80% 0% 0% | 0% | 60% | 20% | 30% | 0% | 0% 0% | 75% | 80% | 60% 89% | 11%
Ferrari NA NA NA NA NA NA NA NA NA NA NA | NA NA NA NA | NA | NA NA NA NA NA NA
Ford -9% -8% 1% | 66% | 17% 6% | 14% | 55% 5% | 22% | 2% | 59% | 23% | 16% | 0% | 0% 0% | 74% | 79% | 59% 98% | 0%
Geely -15% | -13% 2% | 72% | 27% 2% | 20% | 80% 0% 0% | 0% | 60% | 28% | 30% | 0% | 0% | 35% | 75% | 80% | 60% | 100% | 0%
Genera
Motors -10% | -10% 0% | 51% | 20% 5% | 19% | 75% 1% 5% | 0% | 60% | 25% 2% | 0% | 0% 0% | 75% | 80% | 60% 7% | 0%
Honda -8% -8% 0% | 78% | 22% | 0% | 12% | 50% 8% | 30% | 0% | 60% | 22% | 0% | 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Hyundai -10% | -10% 0% | 70% | 30% | 0% | 18% | 72% 2% 8% | 0% | 60% | 30% | 0% | 0% | 0% 0% | 75% | 80% | 60% | 100% | 0%
Kia -9% -9% 0% | 91% 9% | 0% | 20% | 79% 0% 0% | 1% | 60% 9% | 0% | 0% | 0% 0% | 75% | 80% | 60% | 100% | 0%
Lotus NA NA NA NA NA NA NA NA NA NA NA | NA NA NA NA | NA | NA NA NA NA NA NA
Mazda -15% | -15% 0% | 69% | 30% | 0% | 13% | 51% 7% | 27% | 2% | 60% | 30% 1% | 0% | 0% 0% | 75% | 80% | 60% | 100% | 0%
Mitsubishi -15% | -13% 2% | 58% | 30% | 0% | 13% | 52% 7% | 27% | 0% | 59% | 30% | 11% | 1% | 0% 0% | 75% | 80% | 59% 99% | 0%
Nissan -6% -6% 0% | 73% | 24% | 3% | 15% | 61% 5% | 18% | 1% | 60% | 27% | 0% | 0% | 0% 0% | 75% | 80% | 60% | 100% | 0%
Porsche -15% | -13% 2% | 48% | 27% | 8% | 20% | 79% 0% 0% | 1% | 60% | 36% | 30% | 0% | 0% | 53% | 75% | 80% | 60% 83% | 17%
Spyker -4% -2% 2% | 76% | 19% 6% | 20% | 80% 0% 0% | 0% | 60% | 24% | 30% | 0% | 0% | 70% | 75% | 80% | 60% | 100% | 0%
Subaru -15% | -15% 0% | 70% | 30% | 0% 5% | 20% | 13% | 54% | 8% | 60% | 30% | 0% | 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Suzuki -12% | -12% 0% | 63% | 30% | 0% | 16% | 63% | 4% | 16% | 0% | 59% | 30% 6% | 1% | 0% 0% | 75% | 80% | 59% 99% | 0%
Tata -11% -9% 3% | 59% | 10% | 10% | 13% | 53% 6% | 23% | 0% | 57% | 20% | 30% | 6% | 5% 9% | 75% | 80% | 57% 94% | 0%
Tesla NA NA NA NA NA NA NA NA NA NA NA | NA NA NA NA | NA | NA NA NA NA NA NA
Toyota -5% -5% 0% | 73% | 13% | 3% | 16% | 63% 3% | 11% | 3% | 57% | 15% 5% [ 0% | 0% | 0% | 71% | 76% | 57% 88% | 0%
Volkswagen -14% | -12% 2% | 73% | 23% | 3% | 20% | 80% 0% 0% | 0% | 60% | 27% | 30% | 0% | 0% | 31% | 75% | 80% | 60% | 100% | 0%
Fleet -9% -9% 0% | 66% | 19% | 4% | 16% | 65% 3% | 13% | 1% | 59% | 23% 7% | 0% | 0% 1% | 74% | 79% | 59% 91% | 0%
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Table 3.8-31 Alternative 2- (Trucks -20) Fleet Technology Penetration in MY 2021
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Aston
Martin -16% -7% 9% | 0% 0% | 15% 0% 0% | 15% | 61% 7% | 50% | 15% | 30% 16% | 15% | 15% | 75% | 80% | 50% 60% | 24%
BMW -13% -9% 4% | 46% | 25% 2% 5% | 21% | 12% | 50% 7% | 58% | 28% | 30% 4% 0% 0% | 75% | 80% | 58% 96% 0%
Chryder/Fiat -9% -9% 0% | 69% | 27% 2% 8% | 32% | 11% | 45% 3% | 60% | 28% 2% 0% | 0% 0% | 75% | 80% | 60% 99% 0%
Daimler -14% -9% 5% | 45% | 20% | 4% 5% | 20% | 13% | 52% | 4% | 56% | 24% | 30% 6% 3% 0% | 75% | 80% | 56% 90% 3%
Ferrari -13% -7% 6% 0% 0% | 15% 0% | 0% | 16% | 65% 2% | 50% | 15% | 30% 16% | 15% | 15% | 75% | 80% | 50% 60% | 24%
Ford -10% -9% 1% | 67% | 23% | 3% 8% | 32% | 11% | 42% 5% | 59% | 26% 8% 0% | 0% 0% | 74% | 79% | 59% 98% 0%
Geely -14% | -10% 4% | 48% | 18% 6% 8% | 32% | 10% | 41% 1% | 56% | 24% | 30% 6% | 4% | 11% | 75% | 80% | 56% 94% 0%
Genera
Motors -10% | -10% 0% | 59% | 24% | 3% | 12% | 49% 7% | 29% 3% | 60% | 27% 2% 0% | 0% 0% | 75% | 80% | 60% 88% 0%
Honda -5% -5% 0% | 58% 7% | 0% | 4% | 15% | 14% | 56% 8% | 59% 7% 2% 0% | 0% 0% | 73% | 78% | 59% 64% 0%
Hyundai -6% -6% 0% | 57% | 12% | 0% 7% | 29% | 12% | 46% 6% | 60% | 12% 0% 0% | 0% 0% | 75% | 80% | 60% 68% 0%
Kia -5% -5% 0% | 35% 2% | 0% 6% | 23% | 13% | 51% 7% | 60% 2% 0% 0% | 0% 0% | 75% | 80% | 60% 38% 0%
Lotus -3% 0% 3% | 16% | 30% | 0% 0% 0% 9% | 35% | 46% | 54% | 30% | 30% 11% | 13% 0% | 75% | 80% | 54% 89% 0%
Mazda -7% -7% 0% | 69% | 30% | 0% 5% | 19% | 13% | 50% | 13% | 60% | 30% 1% 0% | 0% 0% | 75% | 80% | 60% | 100% 0%
Mitsubishi -11% -9% 2% | 50% | 30% | 0% 5% | 18% | 15% | 58% | 4% | 60% | 30% | 20% 0% | 0% 0% | 75% | 80% | 60% | 100% 0%
Nissan -6% -6% 0% | 70% | 28% 1% 5% | 21% | 14% | 56% | 4% | 60% | 29% 1% 0% | 0% 0% | 75% | 80% | 60% 99% 0%
Porsche -10% -5% 5% | 20% | 25% | 4% 5% | 19% 9% | 35% | 20% | 52% | 29% | 30% 13% | 11% | 23% | 75% | 80% | 52% 84% 4%
Spyker -14% -8% 6% | 31% | 24% | 3% 3% | 11% | 14% | 55% 6% | 54% | 27% | 30% 10% 6% | 10% | 75% | 80% | 54% 90% 0%
Subaru -10% -9% 1% | 57% | 30% | 0% 1% 5% | 15% | 60% | 20% | 60% | 30% | 13% 0% | 0% 0% | 75% | 80% | 60% | 100% 0%
Suzuki -3% -2% 1% | 44% | 30% | 0% 3% | 11% | 16% | 63% 7% | 60% | 30% | 26% 0% | 0% 0% | 75% | 80% | 60% | 100% 0%
Tata -13% -9% 4% | 48% 9% | 11% 7% | 26% | 12% | 47% 0% | 55% | 19% | 30% 8% | 4% | 4% | 75% | 80% | 55% 92% 0%
Tesla 0% 0% 0% 0% 0% | 0% 0% | 0% 0% 0% 0% 0% 0% 0% | 100% | 0% 0% 0% 0% 0% 0% 0%
Toyota -5% -5% 0% | 42% 5% 1% 7% | 26% | 10% | 41% 5% | 53% 6% | 12% 0% 0% 0% | 66% | 71% | 53% 49% 0%
Volkswagen -11% -8% 3% | 41% | 27% 1% | 4% | 16% | 13% | 52% 8% | 56% | 29% | 30% 6% | 0% 6% | 75% | 80% | 56% 94% 0%
Fleet -8% -7% 1% | 55% | 18% 2% 7% | 28% | 11% | 44% 5% | 58% | 20% 8% 1% | 0% 1% | 73% | 78% | 58% 79% 0%
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Table 3.8-32 Alternative 3- (Cars +20) Car Technology Penetrations in MY 2021
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Aston
Martin -16% -71% 9% 0% 0% | 15% [ 0% | 0% | 15% | 61% | 7% | 50% | 15% | 30% | 16% | 15% | 15% | 75% | 80% | 50% | 60% | 24%
BMW -12% | -11% 1% 67% | 26% | 2% | 0% | 0% | 17% | 68% | 14% | 60% | 28% | 4% 1% 0% | 0% | 75% | 80% | 60% | 99% | 0%
Chryder/Fiat -71% -71% 0% 33% 0% 1% | 1% | 2% | 19% | 76% | 3% | 60% | 1% 0% 0% 0% 0% | 75% | 80% | 60% | 33% 0%
Daimler -13% | -10% 2% 57% | 21% | 4% | 0% | 0% | 18% | 71% | 8% | 58% | 25% | 14% | 3% 0% | 0% | 75% | 80% | 58% | 96% | 1%
Ferrari -13% -71% 6% 0% 0% | 15% [ 0% | 0% | 16% | 65% | 2% | 50% | 15% | 30% | 16% | 15% | 15% | 75% | 80% | 50% | 60% | 24%
Ford -8% -8% 0% 51% | 0% | 0% | 5% | 21% | 13% | 52% | 7% | 59% | 0% | 2% 0% 0% | 0% | 74% | 79% | 59% | 50% | 0%
Geely -13% | -9% 3% 49% | 15% | 8% | 3% | 11% | 16% | 65% | 2% | 58% | 22% | 26% | 3% 0% | 0% | 75% | 80% | 58% | 97% | 0%
Genera
Motors -7% -7% 0% 12% | 0% | 0% | 6% | 23% | 13% | 52% | 6% | 60% | 0% | 0% 0% 0% | 0% | 75% | 80% | 60% | 13% | 0%
Honda -2% -2% 0% 15% 0% 0% | 0% | 0% | 38% | 47% | 12% | 58% | 0% 3% 0% 0% 0% 0% 0% | 58% | 15% 0%
Hyundai -3% -3% 0% 33% | 0% | 0% | 4% | 18% | 20% | 50% | 7% | 60% | 0% | 0% 0% 0% | 0% | 0% | 0% | 60% | 33% | 0%
Kia -2% -2% 0% 12% | 0% | 0% [ 2% | 7% | 83% | 0% | 9% | 60% | 0% | 0% 0% 0% | 0% | 0% | 0% | 60% | 12% | 0%
Lotus -2% 0% 2% 27% | 30% | 0% | 0% | 0% 7% | 26% | 57% | 54% | 30% | 30% | 11% 3% 0% | 75% | 80% | 54% | 89% 0%
Mazda -4% -4% 0% 19% 1% | 0% | 3% | 12% | 14% | 54% | 17% | 60% | 1% | 0% 0% 0% | 0% | 75% | 80% | 60% | 21% | 0%
Mitsubishi -6% -6% 0% 68% | 15% | 0% | 0% | 0% | 18% | 73% | 9% | 60% | 0% 0% 0% 0% 0% | 75% | 80% | 60% | 83% 0%
Nissan -5% -5% 0% 32% | 0% | 0% | 1% | 3% | 18% | 73% | 5% | 59% | 0% 1% 0% 0% | 0% | 45% | 48% | 59% | 32% | 0%
Porsche -71% -3% 4% 23% | 25% | 3% | 0% | 0% | 11% | 43% | 34% | 53% | 27% | 30% | 12% 8% 0% | 75% | 80% | 53% | 88% 0%
Spyker -15% | -10% 5% 36% | 25% | 3% | 0% | 0% | 17% | 67% | 9% | 56% | 27% | 30% 6% 0% 0% | 75% | 80% | 56% | 94% 0%
Subaru -6% -6% 0% 68% | 3% | 0% | 0% | 0% | 15% | 59% | 27% | 60% | 3% | 0% 0% 0% | 0% | 75% | 80% | 60% | 71% | 0%
Suzuki 0% 0% 0% 100% | 0% 0% | 0% | 0% | 18% | 71% | 12% | 60% | 0% 0% 0% 0% 0% | 75% | 80% | 60% | 100% | 0%
Tata -15% | -11% 4% 57% | 7% | 11% | 0% | 0% | 20% | 79% | 0% | 59% | 19% | 23% | 2% 0% | 0% | 75% | 80% | 59% | 98% | 0%
Tesla 0% 0% 0% 0% 0% 0% | 0% | 0% 0% 0% 0% 0% 0% 0% | 100% | 0% 0% 0% 0% 0% 0% 0%
Toyota -2% -2% 0% 19% | 0% | 0% | 1% | 3% | 73% | 2% | 7% | 51% | 0% | 15% | 0% 0% | 0% | 0% | 0% | 51% | 24% | 0%
Volkswagen -9% -7% 2% 58% | 29% | 1% | 0% | 0% | 17% | 68% | 15% | 60% | 29% | 12% 1% 0% | 0% | 75% | 80% | 60% | 99% | 0%
Fleet -6% -5% 0% 32% 4% 0% | 2% | 9% | 31% | 46% | 8% | 58% | 4% 5% 1% 0% 0% | 43% | 46% | 58% | 38% 0%
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Table 3.8-33 Alternative 3- (Cars +20) Truck Technology Penetrations in MY 2021
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Aston
Martin NA NA NA NA NA | NA | NA | NA | NA | NA |NA | NA | NA | NA [NA |NA | NA | NA | NA | NA NA NA
BMW -13% | -13% | 0% 73% | 24% | 3% | 20% | 80% | 0% | 0% | 1% | 60% | 27% | 0% | 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Chryder/Fiat | -7% -7% 0% 28% | 3% | 1% | 17% | 69% | 2% | 9% | 3% | 60% | 4% | 0% | 0% | 0% | 0% | 75% | 80% | 60% | 33% | 0%
Daimler -15% | -14% | 1% 80% | 14% | 6% | 20% | 80% | 0% | 0% | 0% | 60% | 20% | 16% | 0% | 0% | 0% | 75% | 80% | 60% | 89% | 11%
Ferrari NA NA NA NA NA | NA | NA | NA | NA | NA |[NA | NA | NA | NA [NA |NA | NA | NA | NA | NA NA NA
Ford -71% -71% 0% 44% | 0% | 4% | 14% | 55% | 5% | 21% | 3% [ 59% | 4% | 2% [ 0% | 0% | 0% | 73% | 78% | 59% | 49% | 0%
Geely -15% | -15% | 0% 2% | 27% | 2% | 20% | 80% | 0% | 0% | 0% | 60% | 28% | 3% | 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
General
Motors -8% -8% 0% 42% | 0% | 0% | 19% | 75% | 1% | 5% | 0% | 60% | 0% | 0% | 0% | 0% | 0% | 75% | 80% | 60% | 42% | 0%
Honda -4% -4% 0% 66% | 0% | 0% | 12% | 50% | 8% | 30% | 0% | 60% | 0% | 0% | 0% | 0% | 0% | 26% | 28% | 60% | 66% | 0%
Hyundai -5% -5% 0% | 100% | 0% | 0% | 18% | 72% | 2% | 8% | 0% [ 60% | 0% | 0% | 0% | 0% | 0% | 15% | 16% | 60% | 100% | 0%
Kia -4% -4% 0% 9% | 0% | 0% | 20% | 79% | 0% | 0% | 1% | 60% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 60% | 99% | 0%
Lotus NA NA NA NA NA | NA | NA | NA | NA | NA |NA | NA | NA | NA [NA |NA | NA | NA | NA | NA NA NA
Mazda -10% | -10% | 0% 53% | 19% | 0% | 13% | 51% | 7% | 27% | 2% | 60% | 19% | 0% | 0% | 0% | 0% | 75% | 80% | 60% | 72% | 0%
Mitsulbishi -10% | -10% | 0% 81% | 19% | 0% | 13% | 52% | 7% | 28% | 0% | 60% | 19% | 0% | 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Nissan -4% -4% 0% 59% | 0% | 3% | 15% | 61% | 5% | 18% | 2% | 60% | 3% | 0% | 0% | 0% | 0% | 75% | 80% | 60% | 62% | 0%
Porsche -15% | -13% | 2% 78% | 13% | 8% | 20% | 79% | 0% | 0% | 1% | 60% | 22% | 30% | 0% | 0% | 25% | 75% | 80% | 60% | 100% | 0%
Spyker -4% -2% 2% 76% | 19% | 6% | 20% | 80% | 0% | 0% | 0% | 60% | 24% | 30% | 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Subaru -10% | -10% | 0% 23% | 10% | 0% | 5% | 20% | 13% | 54% | 8% | 60% | 10% | 0% | 0% | 0% | 0% | 75% | 80% | 60% | 32% | 0%
Suzuki -8% -8% 0% 70% | 30% | 0% | 16% | 63% | 4% | 16% | 0% | 60% | 30% | 0% | 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Tata -11% | -9% 2% 66% | 10% | 10% | 13% | 53% | 6% | 24% | 0% | 58% | 20% | 30% | 4% | 0% | 0% | 75% | 80% | 58% | 96% | 0%
Teda NA NA NA NA NA | NA | NA | NA | NA | NA |[NA | NA | NA | NA [NA|NA | NA | NA | NA | NA NA NA
Toyota -3% -3% 0% 66% | 0% | 0% | 16% | 63% | 11% | 2% | 3% | 57% | 0% | 5% | 0% | 0% | 0% | 13% | 14% | 57% | 66% | 0%
Volkswagen | -14% | -12% | 2% 73% | 23% | 3% | 20% | 80% | 0% | 0% | 0% | 60% | 27% | 30% | 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Fleet -6% -6% 0% 55% | 2% | 1% | 16% | 65% | 5% | 11% | 2% | 59% | 4% | 3% | 0% | 0% | 0% | 54% | 58% | 59% | 59% | 0%
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Table 3.8-34 Alternative 3- (Cars +20) Fleet Technology Penetration in MY 2021
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Aston
Martin -16% -71% 9% 0% 0% | 15% | 0% 0% | 15% | 61% | 7% | 50% | 15% | 30% | 16% | 15% | 15% | 75% | 80% | 50% | 60% | 24%
BMW -12% | -12% 0% 69% | 25% | 2% 5% | 21% | 13% | 50% | 10% | 60% | 28% | 3% 0% 0% | 0% | 75% | 80% | 60% | 100% | 0%
Chryder/Fiat -71% -71% 0% 31% | 1% 1% 8% | 32% | 11% | 45% | 3% | 60% | 2% 0% 0% 0% 0% | 75% | 80% | 60% | 33% 0%
Daimler -13% | -11% 2% 63% | 20% | 4% 5% | 20% | 13% | 53% | 6% | 59% | 24% | 15% | 2% 0% | 0% | 75% | 80% | 59% | 94% | 3%
Ferrari -13% -71% 6% 0% 0% | 15% | 0% 0% | 16% | 65% | 2% | 50% | 15% | 30% | 16% | 15% | 15% | 75% | 80% | 50% | 60% | 24%
Ford -7% -7% 0% |49% | 0% | 2% | 8% | 32% | 10% | 42% | 6% | 59% | 2% | 2% 0% 0% | 0% | 74% | 79% | 59% | 50% | 0%
Geely -13% | -11% 2% 56% | 18% | 6% | 8% | 32% | 11% | 45% | 2% | 59% | 24% | 19% | 2% 0% | 0% | 75% | 80% | 59% | 98% | 0%
Genera
Motors -8% -8% 0% 27% | 0% | 0% | 12% | 49% | 7% | 29% | 3% | 60% | 0% | 0% 0% 0% | 0% | 75% | 80% | 60% | 27% | 0%
Honda -3% -3% 0% 31% | 0% 0% 4% | 15% | 29% | 42% | 8% | 59% | 0% 2% 0% 0% 0% 8% 9% | 59% | 31% 0%
Hyundai -3% -3% 0% A7% | 0% | 0% | 7% | 29% | 16% | 42% | 6% | 60% | 0% | 0% 0% 0% | 0% | 3% | 3% | 60% | 47% | 0%
Kia -3% -3% 0% 31% | 0% | 0% 6% | 23% | 64% | 0% | 7% | 60% | 0% | 0% 0% 0% | 0% | 0% | 0% | 60% | 31% | 0%
Lotus -2% 0% 2% 27% | 30% | 0% 0% 0% 7% | 26% | 57% | 54% | 30% | 30% | 11% 3% 0% | 75% | 80% | 54% | 89% 0%
Mazda -5% -5% 0% 25% | 5% | 0% | 5% | 19% | 12% | 50% | 14% | 60% | 5% | 0% 0% 0% | 0% | 75% | 80% | 60% | 30% | 0%
Mitsubishi -8% -8% 0% 73% | 17% | 0% 5% | 18% | 14% | 57% | 6% | 60% | 7% 0% 0% 0% 0% | 75% | 80% | 60% | 89% 0%
Nissan -5% -5% 0% | 40% | 0% 1% | 5% | 21% | 14% | 56% | 4% | 60% | 1% 1% 0% 0% | 0% | 54% | 58% | 60% | 41% | 0%
Porsche -9% -6% 3% 36% | 22% | 4% 5% | 19% | 8% | 33% | 26% | 55% | 26% | 30% 9% 6% 6% | 75% | 80% | 55% | 91% 0%
Spyker -13% -9% 5% 42% | 24% | 3% 3% | 11% | 14% | 58% | 8% | 57% | 27% | 30% 5% 0% 0% | 75% | 80% | 57% | 95% 0%
Subaru -7% -7% 0% 57% | 5% | 0% 1% | 5% | 14% | 57% | 22% | 60% | 5% | 0% 0% 0% | 0% | 75% | 80% | 60% | 62% | 0%
Suzuki -1% -1% 0% 95% | 5% 0% 3% | 11% | 15% | 61% | 10% | 60% | 5% 0% 0% 0% 0% | 75% | 80% | 60% | 100% | 0%
Tata -13% | -10% 3% 61% | 9% | 11% | 7% | 26% | 13% | 52% | 0% | 58% | 19% | 26% | 3% 0% | 0% | 75% | 80% | 58% | 97% | 0%
Tesla 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% | 100% | 0% 0% 0% 0% 0% 0% 0%
Toyota -2% -2% 0% 37% | 0% | 0% 7% | 26% | 49% | 2% | 5% | 53% | 0% | 12% | 0% 0% | 0% | 5% | 6% | 53% | 40% | 0%
Volkswagen | -10% | -8% 2% 61% | 27% | 1% | 4% | 16% | 14% | 54% | 12% | 60% | 29% | 16% | 0% 0% | 0% | 75% | 80% | 60% | 100% | 0%
Fleet -6% -6% 0% 40% | 3% 1% 7% | 28% | 22% | 34% | 6% | 58% | 4% 4% 0% 0% 0% | 47% | 50% | 58% | 46% 0%
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Table 3.8-35 Alternative 4- (Cars -20) Car Technology Penetrations in MY 2021
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Aston
Martin -16% -71% 9% 0% 0% | 15% | 0% | 0% | 15% | 61% | 7% | 50% | 15% | 30% | 16% | 15% | 15% | 75% | 80% | 50% | 60% | 24%
BMW -12% | 7% 5% 30% | 26% | 2% | 0% | 0% | 16% | 65% | 9% | 54% | 28% | 30% | 10% | 1% | 0% | 75% | 80% | 54% | 90% | 0%
Chryder/Fiat | -10% -9% 0% 67% | 28% | 1% | 1% | 2% | 19% | 76% | 2% | 60% | 29% | 1% 0% 0% 0% | 75% | 80% | 60% | 97% 0%
Daimler -14% | -7% 6% 26% | 21% | 4% | 0% | 0% | 17% | 66% | 5% | 53% | 25% | 30% | 12% | 6% | 0% | 75% | 80% | 53% | 87% | 1%
Ferrari -13% -71% 6% 0% 0% | 15% | 0% | 0% | 16% | 65% | 2% | 50% | 15% | 30% | 16% | 15% | 15% | 75% | 80% | 50% | 60% | 24%
Ford -11% | -10% 1% 58% | 27% | 1% | 5% | 21% | 13% | 53% | 6% | 59% | 28% | 14% | 0% 0% | 0% | 74% | 79% | 59% | 98% | 0%
Geely -14% | -8% 6% 31% | 15% | 8% | 3% | 11% | 15% | 59% | 1% | 53% | 22% | 30% | 11% | 10% | 0% | 75% | 80% | 53% | 89% | 0%
Genera
Motors -10% | -10% 0% 68% | 28% | 1% | 6% | 23% | 13% | 52% | 6% | 60% | 29% | 0% 0% 0% | 0% | 75% | 80% | 60% | 97% | 0%
Honda -4% -4% 0% 70% | 14% | 0% | 0% | 0% | 17% | 68% | 12% | 58% | 5% 3% 0% 0% 0% | 73% | 77% | 58% | 84% 0%
Hyundai -6% -6% 0% 67% | 30% | 0% | 4% | 18% | 14% | 57% | 7% | 60% | 30% | 3% 0% 0% | 0% | 75% | 80% | 60% | 100% | 0%
Kia -4% -4% 0% 69% | 12% | 0% | 2% | 7% | 17% | 66% | 9% | 60% | 2% | 0% 0% 0% | 0% | 75% | 80% | 60% | 81% | 0%
Lotus -4% 0% 4% 0% | 15% | 15% | 0% | 0% 9% | 36% | 39% | 50% | 30% | 30% | 16% | 15% | 30% | 75% | 80% | 50% | 75% 9%
Mazda -7% -5% 2% | 43% | 30% | 0% | 3% | 12% | 14% | 58% | 11% | 59% | 30% | 26% 1% 0% | 0% | 75% | 80% | 59% | 98% | 0%
Mitsubishi -9% -6% 3% 37% | 30% | 0% | 0% | 0% | 18% | 73% | 6% | 58% | 30% | 30% 3% 0% 0% | 75% | 80% | 58% | 97% 0%
Nissan -7% -6% 1% 56% | 30% | 0% | 1% | 3% | 18% | 73% | 4% | 60% | 30% | 14% | 0% 0% | 0% | 75% | 80% | 60% | 99% | 0%
Porsche -8% -3% 5% 0% | 12% | 15% | 0% | 0% | 12% | 46% | 26% | 50% | 27% | 30% | 16% | 15% | 27% | 75% | 80% | 50% | 72% | 11%
Spyker -16% -71% 9% 14% | 25% | 3% | 0% | 0% | 16% | 64% | 6% | 52% | 27% | 30% | 13% | 15% | 4% | 75% | 80% | 52% | 87% 0%
Subaru -9% -6% 2% 42% | 30% | 0% | 0% | 0% | 16% | 64% | 18% | 59% | 30% | 27% 1% 0% | 0% | 75% | 80% | 59% | 99% | 0%
Suzuki -2% 0% 2% 33% | 30% | 0% | 0% | 0% | 17% | 69% | 7% | 56% | 30% | 30% 7% 0% 0% | 75% | 80% | 56% | 93% 0%
Tata -15% | -9% 6% 37% | 7% | 11% | 0% | 0% | 18% | 71% | 0% | 53% | 19% | 30% | 11% | 3% | 0% | 75% | 80% | 53% | 89% | 0%
Tesla 0% 0% 0% 0% 0% 0% | 0% | 0% 0% 0% 0% 0% 0% 0% | 100% | 0% 0% 0% 0% 0% 0% 0%
Toyota -4% -4% 0% 28% | 1% | 0% | 1% | 3% | 15% | 60% | 7% | 51% | 1% | 15% | 0% 0% | 0% | 63% | 68% | 51% | 30% | 0%
Volkswagen | -11% | -6% 4% 25% | 29% | 1% | 0% | 0% | 16% | 64% | 9% | 53% | 29% | 30% | 11% | 5% 1% | 75% | 80% | 53% | 89% | 0%
Fleet -8% -7% 1% 51% | 21% | 1% | 2% | 9% | 15% | 61% | 7% | 57% | 20% | 12% 2% 1% 0% | 72% | 77% | 57% | 82% 0%
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Table 3.8-36 Alternative 4- (Cars -20) Truck Technology Penetrations in MY 2021
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Aston
Martin NA NA NA NA NA NA NA NA NA NA | NA | NA NA NA | NA | NA | NA NA NA NA NA NA
BMW -14% | -12% 2% 73% | 24% | 3% | 20% | 80% | 0% | 0% | 0% | 60% | 27% | 30% | 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Chryder/Fiat | -9% -9% 0% 71% | 25% | 3% | 17% | 69% | 2% | 9% | 3% | 60% | 27% | 2% | 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Daimler -15% | -13% 2% 80% | 14% | 6% | 20% | 80% | 0% | 0% | 0% | 60% | 20% | 30% | 0% | 0% | 19% | 75% | 80% | 60% | 89% | 11%
Ferrari NA NA NA NA NA NA NA NA NA NA | NA | NA NA NA | NA | NA | NA NA NA NA NA NA
Ford -10% | -8% 2% 65% | 17% | 6% | 14% | 55% | 5% | 22% | 2% | 59% | 23% | 25% | 1% | 0% | 0% | 74% | 79% | 59% | 98% 0%
Geely -15% | -13% 2% 72% | 27% | 2% | 20% | 80% | 0% | 0% | 0% | 60% | 28% | 30% | 0% | 0% | 35% | 75% | 80% | 60% | 100% | 0%
Genera
Motors -10% | -10% 0% A7% | 20% | 5% | 19% | 75% | 1% 5% | 0% [ 60% | 25% | 2% | 0% | 0% | 0% | 75% | 80% | 60% | 73% 0%
Honda -9% -9% 0% 70% | 30% | 0% | 12% | 50% | 8% | 30% | 0% | 60% | 30% | 0% | 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Hyundai -15% | -15% 0% 67% | 30% | 0% | 18% | 72% | 2% | 8% | 0% | 60% | 30% | 3% | 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Kia -9% -9% 0% 70% | 30% | 0% | 20% | 79% | 0% | 0% | 1% | 60% | 30% | 0% | 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Lotus NA NA NA NA NA NA NA NA NA NA | NA | NA NA NA | NA | NA | NA NA NA NA NA NA
Mazda -15% | -13% 2% 59% | 30% | 0% | 13% | 51% | 7% | 27% | 1% | 60% | 30% | 11% | 0% | 0% | 0% | 75% | 80% | 60% | 99% 0%
Mitsubishi -15% | -13% 2% 57% | 30% | 0% | 13% | 52% | 7% | 27% | 0% | 59% | 30% | 11% | 2% | 0% | 0% | 75% | 80% | 59% | 98% 0%
Nissan -71% -6% 1% 66% | 24% | 3% | 15% | 61% | 4% | 18% | 1% | 60% | 27% | 13% | 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Porsche -15% | -13% 2% 30% | 25% | 15% | 20% | 79% | 0% | 0% | 1% | 60% | 40% | 30% | 0% | 0% | 40% | 75% | 80% | 60% | 70% | 30%
Spyker -4% -2% 2% 76% | 19% | 6% | 20% | 80% | 0% | 0% | 0% | 60% | 24% | 30% | 0% | 0% | 70% | 75% | 80% | 60% | 100% | 0%
Subaru -15% | -12% 3% A47% | 30% | 0% 5% | 20% | 14% | 56% | 6% | 60% | 30% | 23% | 0% | 0% | 0% | 75% | 80% | 60% | 100% | 0%
Suzuki -12% | -12% 0% 61% | 30% | 0% | 16% | 63% | 4% | 15% | 0% | 59% | 30% | 6% | 2% | 0% | 0% | 75% | 80% | 59% | 98% 0%
Tata -11% | -9% 3% 59% | 10% | 10% | 13% | 53% | 6% | 23% | 0% | 57% | 20% | 30% | 6% | 5% | 9% | 75% | 80% | 57% | 94% 0%
Tesla NA NA NA NA NA NA NA NA NA NA | NA | NA NA NA | NA | NA | NA NA NA NA NA NA
Toyota -5% -5% 0% 71% | 21% | 3% | 16% | 63% | 3% | 11% | 3% | 57% | 24% | 5% | 0% | 0% | 0% | 71% | 76% | 57% | 95% 0%
Volkswagen | -14% | -12% 2% 61% | 29% | 3% | 20% | 80% | 0% | 0% | 0% | 60% | 32% | 30% | 0% | 0% | 63% | 75% | 80% | 60% | 93% 7%
Fleet -9% -9% 1% 62% | 22% | 4% | 16% | 65% | 3% | 13% | 1% | 59% | 26% | 9% | 0% | 0% | 2% | 74% | 79% | 59% | 91% 0%
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Table 3.8-37 Alternative 4- (Cars -20) Fleet Technology Penetration in MY 2021
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Aston
Martin -16% | -7% 9% 0% 0% | 15% | 0% | 0% | 15% | 61% | 7% | 50% | 15% | 30% | 16% | 15% | 15% | 75% | 80% | 50% | 60% | 24%
BMW -13% | -8% 1% 42% | 25% | 2% 5% | 21% | 12% | 48% | 6% | 55% | 28% | 30% 8% 1% 0% | 75% | 80% | 55% | 92% | 0%
Chryder/Fiat | -9% -9% 0% 69% | 27% | 2% 8% | 32% | 11% | 45% | 3% | 60% | 28% | 2% 0% 0% 0% | 75% | 80% | 60% | 98% | 0%
Daimler -14% | -9% 5% 40% | 20% | 4% 5% | 20% | 12% | 50% | 3% | 54% | 24% | 30% 9% 5% 5% | 75% | 80% | 54% | 88% | 3%
Ferrari -13% | -7% 6% 0% 0% | 15% | 0% 0% | 16% | 65% | 2% | 50% | 15% | 30% | 16% | 15% | 15% | 75% | 80% | 50% | 60% | 24%
Ford -10% | -9% 1% 60% | 23% | 3% 8% | 32% | 11% | 42% | 5% | 59% | 26% | 18% 0% 0% 0% | 74% | 79% | 59% | 98% | 0%
Geely -14% | -9% 5% 43% | 18% | 6% 8% | 32% | 10% | 41% | 1% | 55% | 24% | 30% 8% 7% | 11% | 75% | 80% | 55% | 92% | 0%
Genera
Motors -10% | -10% 0% 58% | 24% | 3% | 12% | 49% | 7% | 29% | 3% | 60% | 27% | 1% 0% 0% 0% | 75% | 80% | 60% | 85% | 0%
Honda -6% -6% 0% 70% | 19% | 0% 4% | 15% | 14% | 56% | 8% | 59% | 12% | 2% 0% 0% 0% | 73% | 78% | 59% | 89% | 0%
Hyundai -8% -8% 0% 67% | 30% | 0% 7% | 29% | 12% | 47% | 5% | 60% | 30% | 3% 0% 0% 0% | 75% | 80% | 60% | 100% | 0%
Kia -5% -5% 0% 69% | 16% | 0% 6% | 23% | 13% | 51% | 7% | 60% | 9% 0% 0% 0% 0% | 75% | 80% | 60% | 85% | 0%
Lotus -4% 0% 4% 0% | 15% | 15% | 0% | 0% 9% | 36% | 39% | 50% | 30% | 30% | 16% | 15% | 30% | 75% | 80% | 50% | 75% 9%
Mazda -8% -6% 2% 46% | 30% | 0% 5% | 19% | 13% | 52% | 10% | 59% | 30% | 23% 1% 0% 0% | 75% | 80% | 59% | 99% | 0%
Mitsubishi -11% | -9% 3% 44% | 30% | 0% 5% | 18% | 14% | 57% | 4% | 59% | 30% | 23% 2% 0% 0% | 75% | 80% | 59% | 98% | 0%
Nissan -71% -6% 1% 59% | 28% | 1% 5% | 21% | 14% | 56% | 3% | 60% | 29% | 14% 0% 0% 0% | 75% | 80% | 60% | 99% | 0%
Porsche -10% | -5% 5% 7% | 15% | 15% | 5% | 19% | 9% | 35% | 20% | 52% | 30% | 30% | 13% | 11% | 30% | 75% | 80% | 52% | 72% | 16%
Spyker -14% | -7% 8% 23% | 24% | 3% 3% | 11% | 14% | 55% | 5% | 53% | 27% | 30% | 12% | 13% | 13% | 75% | 80% | 53% | 88% | 0%
Subaru -10% | -8% 3% 43% | 30% | 0% 1% | 5% | 16% | 62% | 15% | 59% | 30% | 26% 1% 0% 0% | 75% | 80% | 59% | 99% | 0%
Suzuki -3% -2% 1% 38% | 30% | 0% 3% | 11% | 15% | 59% | 6% | 56% | 30% | 26% 6% 0% 0% | 75% | 80% | 56% | 94% | 0%
Tata -13% | -9% 5% 48% | 9% | 11% | 7% | 26% | 12% | 47% | 0% | 55% | 19% | 30% 8% 4% | 4% | 75% | 80% | 55% | 92% | 0%
Tesla 0% 0% 0% 0% 0% 0% 0% 0% 0% | 0% 0% | 0% 0% 0% | 100% | 0% 0% 0% 0% 0% 0% 0%
Toyota -5% -5% 0% 45% | 9% 1% 7% | 26% | 10% | 41% | 5% | 53% | 10% | 12% 0% 0% 0% | 66% | 71% | 53% | 55% | 0%
Volkswagen | -11% | -7% 1% 32% | 29% | 1% 4% | 16% | 13% | 51% | 7% | 55% | 30% | 30% 9% 4% | 14% | 75% | 80% | 55% | 90% 1%
Fleet -8% -7% 1% 55% | 21% | 2% 7% | 28% | 11% | 44% | 5% | 58% | 22% | 11% 1% 0% 1% | 73% | 78% | 58% | 85% | 0%
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Table 3.8-38 Alternative 1- (Trucks +20) Car Technology Penetrations in MY 2025
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Aston
Martin -20% | -6% 14% 0% 0% 9% | 0% | 0% | 0% | 75% | 2% 7% 9% | 50% | 23% | 18% | 0% | 100% | 100% | 77% 7% | 0%
BMW -14% | -10% 5% 3% | 58% | 5% | 0% | 0% | 0% | 81% | 10% | 91% | 63% | 25% 9% 0% | 0% | 100% | 100% | 91% 91% | 0%
Chryder/Fiat | -10% | -10% 0% 24% | 71% | 3% | 0% | 2% | 0% | 95% | 2% | 100% | 74% | 2% 0% 0% | 0% | 100% | 100% | 100% | 99% | 0%
Daimler -17% | -11% 6% 1% | 46% | 9% | 0% | 0% | 0% | 83% | 5% 88% | 56% | 32% | 12% 0% | 0% | 100% | 100% | 88% 88% | 1%
Ferrari -15% | -6% 9% 0% 0% 5% | 0% | 0% | 0% | 77% | 0% 7% 5% | 50% | 23% | 22% | 5% | 100% | 100% | 77% 7% | 0%
Ford -12% | -12% 0% 25% | 68% | 4% | 0% | 27% | 0% | 65% | 6% 98% | 71% | 3% 1% 0% | 0% | 99% 99% 98% 98% | 0%
Geely -16% | -10% 6% 3% | 32% | 18% | 0% | 13% | 0% | 74% | 1% 88% | 50% | 35% | 12% | 0% | 0% | 100% | 100% | 88% 88% | 0%
Genera
Motors -10% | -10% 0% 18% | 70% | 3% | 0% | 28% | 0% | 66% | 6% | 100% | 73% | 0% 0% 0% | 0% | 100% | 100% | 100% | 91% | 0%
Honda -4% -4% 0% 28% | 60% | 0% | 0% | 0% | 0% | 85% | 12% | 97% | 36% | 3% 0% 0% | 0% | 97% 97% 97% 89% | 0%
Hyundai -5% -5% 0% 25% | 75% | 0% | 0% | 22% | 0% | 71% | 7% | 100% | 75% | 0% 0% 0% | 0% | 100% | 100% | 100% | 100% | 0%
Kia -4% -4% 0% 28% | 45% | 0% | 0% | 7% | 0% | 84% | 9% | 100% | 21% | 0% 0% 0% | 0% | 100% | 100% | 100% | 73% | 0%
Lotus -4% 0% 4% 0% | 44% | 0% | 0% | 0% | 0% | 36% | 44% | 80% | 44% | 25% | 20% | 11% | 0% | 100% | 100% | 80% 80% | 0%
Mazda -8% -7% 1% 13% | 73% | 0% | 0% | 14% | 0% | 71% | 14% | 98% | 73% | 13% 2% 0% | 0% | 100% | 100% | 98% 98% | 0%
Mitsubishi -11% | -9% 2% 5% | 73% | 0% | 0% | 0% | 0% | 91% | 7% 98% | 73% | 20% 2% 0% | 0% | 100% | 100% | 98% 98% | 0%
Nissan -8% -7% 0% 20% | 73% | 0% | 0% | 4% | 0% | 90% | 4% 98% | 73% | 6% 1% 0% | 0% | 99% 99% 98% 98% | 0%
Porsche -9% -3% 6% 0% |38% | 1% [ 0% | 0% | 0% | 54% | 27% | 81% | 39% | 29% | 19% | 13% | 0% | 100% | 100% | 81% 81% | 0%
Spyker -19% | -12% 7% 0% |[49% | 1% [ 0% | 0% | 0% | 76% | 7% 83% | 50% | 29% | 17% | 4% | 0% | 100% | 100% | 83% 83% | 0%
Subaru -10% | -9% 2% 10% | 71% | 0% | 0% | 0% | 0% | 72% | 23% | 96% | 71% | 15% | 4% 0% | 0% | 100% | 100% | 96% 96% | 0%
Suzuki -1% 0% 1% 0% |[67% | 0% [ 0% | 0% | 0% | 84% | 8% 92% | 67% | 25% 8% 0% | 0% | 100% | 100% | 92% 92% | 0%
Tata -20% | -12% 8% 0% | 16% | 31% | 0% | 0% | 0% | 91% | 0% 91% | 47% | 44% 9% 0% | 0% | 100% | 100% | 91% 91% | 0%
Tesla 0% 0% 0% 0% 0% 0% | 0% | 0% | 0% | 0% 0% 0% 0% 0% |100% | 0% | 0% | 0% 0% 0% 0% 0%
Toyota -4% -4% 0% 46% | 20% | 1% | 0% | 3% | 0% | 75% | 7% 84% | 15% | 16% 0% 0% | 0% | 84% 84% 84% 68% | 0%
Volkswagen | -11% | -8% 3% 0% | 63% | 1% | 0% | 0% | 0% | 81% | 10% | 91% | 64% | 26% 9% 1% | 0% | 100% | 100% | 91% 91% | 0%
Fleet -8% -7% 1% 23% | 57% | 2% | 0% | 11% | 0% | 76% | 8% 94% | 54% | 9% 2% 0% | 0% | 96% 96% 94% 88% | 0%
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Table 3.8-39 Alternative 1- (Trucks +20) Truck Technology Penetrations in MY 2025
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Aston
Martin NA NA NA NA NA NA | NA NA NA | NA | NA NA NA NA | NA | NA | NA NA NA NA NA NA
BMW -17% | -13% 4% 30% | 61% | 10% | 0% | 100% | 0% | 0% | 0% | 100% | 70% | 30% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Chryder/Fiat | -12% | -12% 0% 24% | 62% | 8% | 0% | 86% | 0% | 11% | 3% | 99% | 70% | 0% | 1% | 0% | 0% | 100% | 100% | 99% 94% | 0%
Daimler -20% | -12% 8% 46% | 35% | 19% | 0% | 100% | 0% | 0% | 0% | 100% | 54% | 50% | 0% | 0% | 0% | 100% | 100% | 100% | 92% | 8%
Ferrari NA NA NA NA NA NA | NA NA NA | NA | NA NA NA NA | NA | NA | NA NA NA NA NA NA
Ford -12% | -10% 2% 32% | 41% | 20% | 0% | 67% | 0% | 27% | 2% | 96% | 61% | 26% | 2% | 0% | 0% | 98% 98% 96% 96% | 0%
Geely -20% | -12% 8% 28% | 66% | 6% | 0% | 100% | 0% | 0% | 0% | 100% | 72% | 50% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Genera
Motors -12% | -12% 0% 15% | 53% | 15% | 0% | 93% | 0% | 7% | 0% | 100% | 67% | 2% | 0% | 0% | 0% | 100% | 100% | 100% | 84% | 0%
Honda -10% | -10% 0% 25% | 75% | 0% | 0% | 62% | 0% | 38% | 0% | 100% | 75% | 0% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Hyundai -17% | -17% 0% 25% | 75% | 0% [ 0% | 90% | 0% | 10% | 0% | 100% | 75% | 0% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Kia -10% | -10% 0% 25% | 75% | 0% | 0% | 99% | 0% | 0% | 1% | 100% | 75% | 0% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Lotus NA NA NA NA NA NA | NA NA NA | NA | NA NA NA NA | NA | NA | NA NA NA NA NA NA
Mazda -20% | -18% 1% 17% | 75% | 0% | 0% | 66% | 0% | 32% | 1% | 100% | 75% | 8% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Mitsubishi -20% | -18% 2% 16% | 73% | 0% | 0% | 65% | 0% | 34% | 0% | 98% | 73% | 9% | 2% | 0% | 0% | 100% | 100% | 98% 98% | 0%
Nissan -8% -8% 0% 24% | 60% | 9% | 0% | 77% | 0% | 22% | 1% | 99% | 70% | 8% | 1% | 0% | 0% | 100% | 100% | 99% 99% | 0%
Porsche -20% | -12% 8% 39% | 34% | 28% | 0% | 99% | 0% | 0% | 1% | 100% | 61% | 50% | 0% | 0% | 6% | 100% | 100% | 100% | 100% | 0%
Spyker -5% -2% 3% 35% | 46% | 19% | 0% | 100% | 0% | 0% | 0% | 100% | 65% | 50% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Subaru -20% | -20% 0% 25% | 75% | 0% | 0% | 25% | 0% | 67% | 8% | 100% | 75% | 0% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Suzuki -16% | -16% 0% 20% | 73% | 0% | 0% | 79% | 0% | 19% | 0% | 98% | 73% | 5% | 2% | 0% | 0% | 100% | 100% | 98% 98% | 0%
Tata -13% | -7% 6% 33% | 20% | 33% | 0% | 66% | 0% | 29% | 0% | 95% | 53% | 41% | 5% | 0% | 0% | 100% | 100% | 95% 95% | 0%
Tesla NA NA NA NA NA NA | NA NA NA | NA | NA NA NA NA | NA | NA | NA NA NA NA NA NA
Toyota -6% -6% 0% 28% | 59% | 8% | 0% | 78% | 0% | 14% | 3% | 94% | 67% | 6% | 0% | 0% | 0% | 94% 94% | 94% 94% | 0%
Volkswagen | -19% | -11% 7% 31% | 58% | 11% | 0% | 100% | 0% | 0% | 0% | 100% | 69% | 50% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Fleet -11% | -10% 1% 24% | 57% | 11% | 0% | 81% | 0% | 16% | 1% | 98% | 68% | 9% | 0% | 0% | 0% | 99% 99% | 98% 94% | 0%
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Table 3.8-40 Alternative 1- (Trucks +20) Fleet Technology Penetration in MY 2025
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Aston
Martin -20% -6% 14% 0% 0% 9% | 0% | 0% | 0% | 75% | 2% 7% 9% | 50% | 23% | 18% | 0% | 100% | 100% | 77% 7% | 0%
BMW -15% | -11% 5% 10% | 59% | 6% | 0% | 26% | 0% | 59% | 8% | 93% | 65% | 26% | 7% 0% | 0% | 100% | 100% | 93% 93% | 0%
Chryder/Fiat | -11% | -11% 0% 24% | 67% | 5% | 0% | 38% | 0% | 59% | 3% | 100% | 72% | 1% 0% 0% | 0% | 100% | 100% | 100% | 97% | 0%
Daimler -17% | -11% 7% 11% | 44% | 12% | 0% | 23% | 0% | 64% | 4% | 91% | 55% | 36% | 9% 0% | 0% | 100% | 100% | 91% | 89% | 2%
Ferrari -15% -6% 9% 0% 0% 5% | 0% | 0% | 0% | 77% | 0% 7% 5% | 50% | 23% | 22% | 5% | 100% | 100% | 77% 77% | 0%
Ford -12% | -11% 1% 27% | 59% | 9% | 0% | 39% | 0% | 53% | 5% 97% | 68% | 10% 1% 0% | 0% | 98% | 98% | 97% 97% | 0%
Geely -17% | -11% 6% 11% | 43% | 14% | 0% | 39% | 0% | 52% | 1% | 92% | 57% | 39% | 8% 0% | 0% | 100% | 100% | 92% 92% | 0%
Genera
Motors -11% | -11% 0% 17% | 62% | 9% | 0% | 59% | 0% | 38% | 3% | 100% | 71% | 1% 0% 0% | 0% | 100% | 100% | 100% | 88% | 0%
Honda -6% -6% 0% 27% | 65% | 0% | 0% | 18% | 0% | 71% | 8% 98% | 48% | 2% 0% 0% | 0% | 98% 98% 98% 92% | 0%
Hyundai -8% -8% 0% 25% | 75% | 0% | 0% | 35% | 0% | 59% | 6% | 100% | 75% | 0% 0% 0% | 0% | 100% | 100% | 100% | 100% | 0%
Kia -6% -6% 0% 28% | 51% | 0% | 0% | 27% | 0% | 66% | 7% | 100% | 32% | 0% 0% 0% | 0% | 100% | 100% | 100% | 79% | 0%
Lotus -4% 0% 4% 0% | 44% | 0% | 0% | 0% | 0% | 36% | 44% | 80% | 44% | 25% | 20% | 11% | 0% | 100% | 100% | 80% 80% | 0%
Mazda -10% | -9% 1% 13% | 73% | 0% | 0% | 23% | 0% | 64% | 11% | 98% | 73% | 12% | 2% 0% | 0% | 100% | 100% | 98% 98% | 0%
Mitsubishi -14% | -12% 2% 9% | 73% | 0% | 0% | 21% | 0% | 72% | 5% 98% | 73% | 16% 2% 0% | 0% | 100% | 100% | 98% 98% | 0%
Nissan -8% -7% 0% 21% | 69% | 3% | 0% | 25% | 0% | 70% | 3% 9% | 72% | 7% 1% 0% | 0% | 99% | 99% | 98% 98% | 0%
Porsche -11% -5% 6% 8% | 37% | 7% | 0% | 21% | 0% | 43% | 21% | 85% | 44% | 34% | 15% | 10% | 1% | 100% | 100% | 85% 85% | 0%
Spyker -17% | -11% 7% 5% | 49% | 3% | 0% | 13% | 0% | 66% | 6% 85% | 52% | 32% | 15% 3% | 0% | 100% | 100% | 85% 85% | 0%
Subaru -12% | -11% 1% 13% | 72% | 0% | 0% | 6% | 0% | 71% | 20% | 97% | 72% | 12% | 3% 0% | 0% | 100% | 100% | 97% 97% | 0%
Suzuki -4% -3% 1% 3% | 68% | 0% | 0% | 14% | 0% | 73% | 7% 93% | 68% | 22% 7% 0% | 0% | 100% | 100% | 93% 93% | 0%
Tata -17% | -10% 7% 15% | 18% | 32% | 0% | 31% | 0% | 62% | 0% | 93% | 50% | 43% | 7% 0% | 0% | 100% | 100% | 93% 93% | 0%
Tesla 0% 0% 0% 0% 0% 0% | 0% | 0% | 0% | 0% 0% 0% 0% 0% | 100% | 0% | 0% 0% 0% 0% 0% 0%
Toyota -5% -5% 0% | 40% | 34% | 4% | 0% | 30% | 0% | 52% | 5% | 88% | 34% | 12% | 0% 0% | 0% | 88% | 88% | 88% 7% | 0%
Volkswagen | -13% | -9% 4% 6% | 62% | 3% | 0% | 20% | 0% | 65% | 8% | 93% | 65% | 31% | 7% 1% | 0% | 100% | 100% | 93% 93% | 0%
Fleet -9% -8% 1% 24% | 57% | 5% | 0% | 34% | 0% | 56% | 6% 96% | 59% | 9% 2% 0% | 0% | 97% 97% 96% 90% | 0%
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Table 3.8-41 Alternative 2- (Trucks -20) Car Technology Penetrations in MY 2025
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Aston
Martin -20% | -6% 14% 0% 0% 9% | 0% | 0% | 0% | 75% | 2% 7% 9% | 50% | 23% | 18% | 0% | 100% | 100% | 77% 7% | 0%
BMW -15% | -9% 6% 0% | 52% | 4% | 0% | 0% | 0% | 77% | 8% 85% | 57% | 28% | 15% 0% | 0% | 100% | 100% | 85% 85% | 0%
Chryder/Fiat | -12% | -9% 3% 6% | 64% | 2% | 0% | 2% | 0% | 88% | 2% 92% | 66% | 20% 8% 0% | 0% | 100% | 100% | 92% 92% | 0%
Daimler -17% | -10% 7% 1% | 42% | 6% | 0% | 0% | 0% | 78% | 4% 83% | 48% | 32% | 17% 2% | 0% | 100% | 100% | 83% 82% | 1%
Ferrari -15% | -6% 9% 0% 0% 5% | 0% | 0% | 0% | 77% | 0% 7% 5% | 50% | 23% | 22% | 5% | 100% | 100% | 77% 7% | 0%
Ford -13% | -11% 3% 11% | 61% | 4% | 0% | 29% | 0% | 59% | 4% 92% | 65% | 19% 7% 0% | 0% | 99% 99% 92% 92% | 0%
Geely -17% | -8% 8% 3% | 30% | 11% | 0% | 13% | 0% | 68% | 1% 81% | 41% | 41% | 19% | 3% | 0% | 100% | 100% | 81% 81% | 0%
Genera
Motors -13% | -10% 3% 7% | 64% | 2% | 0% | 28% | 0% | 62% | 3% 93% | 66% | 20% 7% 0% | 0% | 100% | 100% | 93% 93% | 0%
Honda -6% -6% 1% 14% | 71% | 0% | 0% | 0% | 0% | 85% | 10% | 96% | 71% | 13% 1% 0% | 0% | 97% 97% 96% 96% | 0%
Hyundai -8% -8% 0% 16% | 73% | 0% | 0% | 22% | 0% | 71% | 6% 98% | 73% | 9% 2% 0% | 0% | 100% | 100% | 98% 98% | 0%
Kia -6% -6% 0% 25% | 75% | 0% | 0% | 7% | 0% | 84% | 9% | 100% | 75% | 0% 0% 0% | 0% | 100% | 100% | 100% | 100% | 0%
Lotus -4% 0% 4% 0% | 44% | 0% | 0% | 0% | 0% | 36% | 44% | 80% | 44% | 25% | 20% | 11% | 0% | 100% | 100% | 80% 80% | 0%
Mazda -8% -6% 2% 4% | 70% | 0% | 0% | 14% | 0% | 69% | 12% | 95% | 70% | 21% 5% 0% | 0% | 100% | 100% | 95% 95% | 0%
Mitsubishi -11% | -8% 3% 0% | 64% | 0% | 0% | 0% | 0% | 84% | 6% 89% | 64% | 25% | 11% | 0% | 0% | 100% | 100% | 89% 89%% | 0%
Nissan -8% -6% 2% 2% | 69% | 0% | 0% | 4% | 0% | 87% | 4% 94% | 69% | 24% 5% 0% | 0% | 99% 99% 94% 94% | 0%
Porsche -9% -3% 7% 0% | 30% | 1% [ 0% | 0% | 0% | 56% | 21% | 77% | 31% | 29% | 23% | 17% | 0% | 100% | 100% | 77% 7% | 0%
Spyker -19% | -11% 8% 0% |45% | 1% [ 0% | 0% | 0% | 76% | 6% 82% | 46% | 29% | 18% 7% | 0% | 100% | 100% | 82% 82% | 0%
Subaru -11% | -8% 2% 3% | 68% | 0% | 0% | 0% | 0% | 74% | 19% | 93% | 68% | 22% 7% 0% | 0% | 100% | 100% | 93% 93% | 0%
Suzuki -2% 0% 2% 0% [63% | 0% [ 0% | 0% | 0% | 81% | 7% 88% | 63% | 25% | 12% 0% | 0% | 100% | 100% | 88% 88% | 0%
Tata -20% | -10% | 10% 0% | 14% | 22% | 0% | 0% | 0% | 81% | 0% 81% | 37% | 44% | 19% 0% | 0% | 100% | 100% | 81% 81% | 0%
Tesla 0% 0% 0% 0% 0% 0% | 0% | 0% | 0% | 0% 0% 0% 0% 0% |100% | 0% | 0% | 0% 0% 0% 0% 0%
Toyota -71% -6% 1% 8% | 58% | 1% | 0% | 3% | 0% | 74% | 5% 82% | 59% | 30% 3% 0% | 0% | 85% 85% 82% 82% | 0%
Volkswagen | -12% | -8% 1% 0% | 57% | 0% | 0% | 0% | 0% | 75% | 9% 84% | 57% | 26% | 16% 1% | 0% | 100% | 100% | 84% 84% | 0%
Fleet -10% | -8% 2% 8% | 63% | 2% | 0% | 11% | 0% | 73% | 6% 90% | 64% | 21% 7% 0% | 0% | 96% 96% 90% 90% | 0%
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Table 3.8-42 Alternative 2- (Trucks -20) Truck Technology Penetrations in MY 2025
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Aston
Martin NA NA NA NA NA NA | NA NA NA | NA | NA NA NA NA | NA | NA | NA NA NA NA NA NA
BMW -18% | -11% 7% 30% | 61% | 10% | 0% | 100% | 0% | 0% | 0% | 100% | 70% | 50% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Chryder/Fiat | -13% | -12% 2% 26% | 59% | 8% | 0% | 87% | 0% | 10% | 2% | 99% | 68% | 21% | 1% | 2% | 0% | 100% | 100% | 99% 98% | 0%
Daimler -20% | -12% 8% 46% | 35% | 19% | 0% | 100% | 0% | 0% | 0% | 100% | 54% | 50% | 0% | 0% | 0% | 100% | 100% | 100% | 92% | 8%
Ferrari NA NA NA NA NA NA | NA NA NA | NA | NA NA NA NA | NA | NA | NA NA NA NA NA NA
Ford -12% | -8% 1% 27% | 38% | 20% | 0% | 67% | 0% | 25% | 2% | 94% | 58% | 38% | 5% | 1% | 0% 98% | 98% 94% 94% | 0%
Geely -20% | -12% 8% 28% | 66% | 6% | 0% | 100% | 0% | 0% | 0% | 100% | 72% | 50% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Genera
Motors -14% | -9% 5% 31% | 51% | 15% | 0% | 93% | 0% | 6% | 0% | 99% | 66% | 39% | 1% | 0% | 0% | 100% | 100% | 99% 99% | 0%
Honda -15% | -14% 1% 15% | 73% | 0% | 0% | 62% | 0% | 37% | 0% | 98% | 73% | 10% | 2% | 0% | 0% | 100% | 100% | 98% 98% | 0%
Hyundai -20% | -19% 1% 23% | 74% | 0% [ 0% | 90% | 0% | 9% | 0% | 99% | 74% | 2% | 1% | 0% | 0% | 100% | 100% | 99% 99% | 0%
Kia -18% | -18% 0% 25% | 75% | 0% | 0% | 99% | 0% | 0% | 1% | 100% | 75% | 0% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Lotus NA NA NA NA NA NA | NA NA NA | NA | NA NA NA NA | NA | NA | NA NA NA NA NA NA
Mazda -20% | -18% 1% 17% | 74% | 0% | 0% | 66% | 0% | 31% | 1% | 99% | 74% | 8% | 1% | 0% | 0% | 100% | 100% | 99% 99% | 0%
Mitsubishi -20% | -18% 2% 16% | 71% | 0% | 0% | 65% | 0% | 31% | 0% | 96% | 71% | 9% | 4% | 0% | 0% | 100% | 100% | 96% 96% | 0%
Nissan -9% -6% 3% 24% | 59% | 9% | 0% | 77% | 0% | 20% | 1% | 98% | 68% | 27% | 2% | 0% | 0% | 100% | 100% | 98% 98% | 0%
Porsche -20% | -12% 8% 39% | 34% | 28% | 0% | 99% | 0% | 0% | 1% | 100% | 61% | 50% | 0% | 0% | 6% | 100% | 100% | 100% | 100% | 0%
Spyker -5% -2% 3% 35% | 46% | 19% | 0% | 100% | 0% | 0% | 0% | 100% | 65% | 50% | 0% | 0% | 19% | 100% | 100% | 100% | 100% | 0%
Subaru -20% | -17% 3% 6% | 74% | 0% | 0% | 25% | 0% | 69% | 6% | 99% | 74% | 19% | 1% | 0% | 0% | 100% | 100% | 99% 99% | 0%
Suzuki -16% | -16% 0% 20% | 72% | 0% | 0% | 79% | 0% | 17% | 0% | 97% | 72% | 5% | 3% | 0% | 0% | 100% | 100% | 97% 97% | 0%
Tata -14% | -7% 7% 33% | 10% | 33% | 0% | 66% | 0% | 26% | 0% | 92% | 43% | 41% | 8% | 7% | 8% | 100% | 100% | 92% 92% | 0%
Tesla NA NA NA NA NA NA | NA NA NA | NA | NA NA NA NA | NA | NA | NA NA NA NA NA NA
Toyota -10% | -9% 1% 25% | 58% | 8% | 0% | 78% | 0% | 14% | 2% | 94% | 66% | 17% | 0% | 0% | 0% 94% | 94% 94% 94% | 0%
Volkswagen | -19% | -11% 7% 31% | 58% | 11% | 0% | 100% | 0% | 0% | 0% | 100% | 69% | 50% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Fleet -13% | -10% 3% 26% | 56% | 11% | 0% | 81% | 0% | 15% | 1% | 97% | 67% | 27% | 1% | 0% | 0% 99% | 99% 97% 97% | 0%
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Table 3.8-43 Alternative 2- (Trucks -20) Fleet Technology Penetration in MY 2025
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Aston
Martin -20% -6% 14% 0% 0% 9% | 0% | 0% | 0% | 75% | 2% 77% 9% | 50% | 23% | 18% | 0% | 100% | 100% | 77% 7% 0%
BMW -15% | -9% 6% 8% | 55% | 6% | 0% | 26% | 0% | 57% | 6% | 89% | 60% | 34% | 11% 0% | 0% | 100% | 100% | 89% | 89% 0%
Chryder/Fiat | -13% | -10% 3% 15% | 62% | 5% | 0% | 39% | 0% | 54% | 2% 95% | 67% | 20% 5% 1% | 0% | 100% | 100% | 95% 95% 0%
Daimler -18% | -10% 7% 11% | 41% | 9% | 0% | 23% | 0% | 60% | 3% | 87% | 50% | 36% | 13% 1% | 0% | 100% | 100% | 87% | 85% 2%
Ferrari -15% -6% 9% 0% 0% 5% | 0% | 0% | 0% | 77% | 0% 77% 5% | 50% | 23% | 22% | 5% | 100% | 100% | 77% 7% 0%
Ford -13% | -10% 3% 16% | 54% | 9% | 0% | 40% | 0% | 49% | 3% | 92% | 63% | 25% | 6% 0% | 0% | 99% | 99% 92% 92% 0%
Geely -18% | -10% 8% 11% | 41% | 10% | 0% | 39% | 0% | 48% | 1% | 87% | 50% | 44% | 13% 2% | 0% | 100% | 100% | 87% | 87% 0%
Genera
Motors -13% | -9% 4% 18% | 58% | 8% | 0% | 59% | 0% | 35% | 2% | 96% | 66% | 29% | 4% 0% | 0% | 100% | 100% | 96% 96% 0%
Honda -9% -8% 1% 14% | 72% | 0% | 0% | 18% | 0% | 71% | 7% 96% | 72% | 12% 1% 0% | 0% | 98% 98% 96% 96% 0%
Hyundai -11% | -10% 0% 18% | 74% | 0% | 0% | 35% | 0% | 58% | 5% | 99% | 74% | 7% 1% 0% | 0% | 100% | 100% | 99% 99% 0%
Kia -8% -8% 0% 25% | 75% | 0% | 0% | 27% | 0% | 66% | 7% | 100% | 75% | 0% 0% 0% | 0% | 100% | 100% | 100% | 100% | 0%
Lotus -4% 0% 4% 0% | 44% | 0% | 0% | 0% | 0% | 36% | 44% | 80% | 44% | 25% | 20% | 11% | 0% | 100% | 100% | 80% 80% 0%
Mazda -10% | -8% 2% 6% | 71% | 0% | 0% | 23% | 0% | 63% | 10% | 96% | 71% | 19% | 4% 0% | 0% | 100% | 100% | 96% 96% 0%
Mitsubishi -14% | -11% 3% 5% | 66% | 0% | 0% | 21% | 0% | 66% | 4% 91% | 66% | 20% 9% 0% | 0% | 100% | 100% | 91% 91% 0%
Nissan -9% -6% 2% 8% | 66% | 3% | 0% | 25% | 0% | 67% | 3% | 95% | 69% | 25% | 4% 0% | 0% | 100% | 100% | 95% 95% 0%
Porsche -12% -5% 7% 8% | 31% | 7% | 0% | 21% | 0% | 44% | 17% | 82% | 38% | 34% | 18% | 13% | 1% | 100% | 100% | 82% 82% 0%
Spyker -17% | -10% 7% 5% | 45% | 3% | 0% | 13% | 0% | 66% | 5% 84% | 48% | 32% | 16% 6% | 2% | 100% | 100% | 84% 84% 0%
Subaru -13% | -10% 3% 3% [ 69% | 0% | 0% | 6% | 0% | 73% | 16% | 94% | 69% | 22% | 6% 0% | 0% | 100% | 100% | 94% 94% 0%
Suzuki -4% -3% 1% 3% | 65% | 0% | 0% | 14% | 0% | 70% | 6% 90% | 65% | 22% | 10% 0% | 0% | 100% | 100% | 90% 90% 0%
Tata -17% | -9% 9% 15% | 13% | 27% | 0% | 31% | 0% | 55% | 0% | 86% | 40% | 43% | 14% 3% | 4% | 100% | 100% | 86% | 86% 0%
Tesla 0% 0% 0% 0% 0% 0% | 0% | 0% | 0% | 0% 0% 0% 0% 0% | 100% | 0% | 0% 0% 0% 0% 0% 0%
Toyota -8% -7% 1% 14% | 58% | 4% | 0% | 30% | 0% | 52% | 4% | 86% | 62% | 25% | 2% 0% | 0% | 88% | 88% | 86% 86% 0%
Volkswagen | -13% | -8% 5% 6% | 57% | 3% | 0% | 20% | 0% | 60% | 7% | 87% | 60% | 31% | 13% 1% | 0% | 100% | 100% | 87% 87% 0%
Fleet -11% -8% 3% 14% | 60% | 5% | 0% | 34% | 0% | 54% | 4% 92% | 65% | 23% 5% 0% | 0% | 97% 97% 92% 92% 0%
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Table 3.8-44 Alternative 3- (Cars +20) Car Technology Penetrations in MY 2025
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Aston
Martin -20% | -8% 12% 0% 0% | 22% | 0% | 0% | 0% | 73% | 4% 77% | 22% | 50% | 23% 5% | 0% | 100% | 100% | 77% 7% | 0%
BMW -14% | -11% 3% 14% | 62% | 5% | 0% | 0% | 0% | 83% | 12% | 95% | 67% | 15% 5% 0% | 0% | 100% | 100% | 95% 95% | 0%
Chryder/Fiat | -10% | -9% 0% 24% | 71% | 3% | 0% | 2% | 0% | 95% | 2% | 100% | 74% | 2% 0% 0% | 0% | 100% | 100% | 100% | 99% | 0%
Daimler -16% | -12% 4% 12% | 50% | 9% | 0% | 0% | 0% | 85% | 7% 92% | 60% | 21% 8% 0% | 0% | 100% | 100% | 92% 2% | 1%
Ferrari -14% | -6% 8% 0% 0% | 13% | 0% | 0% | 0% | 76% | 1% 77% | 13% | 50% | 23% | 14% | 0% | 100% | 100% | 77% 7% | 0%
Ford -12% | -12% 0% 26% | 68% | 4% | 0% | 27% | 0% | 65% | 7% 98% | 72% | 2% 0% 0% | 0% | 99% 99% 98% 98% | 0%
Geely -16% | -11% 5% 3% | 35% | 20% | 0% | 13% | 0% | 79% | 1% 93% | 55% | 35% 7% 0% | 0% | 100% | 100% | 93% 93% | 0%
Genera
Motors -11% | -11% 0% 18% | 70% | 3% | 0% | 28% | 0% | 66% | 6% | 100% | 73% | 0% 0% 0% | 0% | 100% | 100% | 100% | 91% | 0%
Honda -4% -4% 0% 12% | 36% | 0% | 0% | 0% | 0% | 85% | 12% | 97% | 11% | 3% 0% 0% | 0% | 97% 97% 97% 48% | 0%
Hyundai -5% -5% 0% 31% | 28% | 0% | 0% | 22% | 0% | 71% | 7% | 100% | 24% | 0% 0% 0% | 0% | 100% | 100% | 100% | 59% | 0%
Kia -4% -4% 0% 14% | 5% 0% | 0% | 7% | 0% | 84% | 9% | 100% | 5% 0% 0% 0% | 0% | 100% | 100% | 100% | 19% | 0%
Lotus -3% 0% 3% 0% | 53% | 0% | 0% | 0% | 0% | 31% | 53% | 85% | 53% | 25% | 15% 6% | 0% | 100% | 100% | 85% 85% | 0%
Mazda -5% -5% 0% 25% | 75% | 0% | 0% | 14% | 0% | 68% | 18% | 100% | 47% | 0% 0% 0% | 0% | 100% | 100% | 100% | 100% | 0%
Mitsubishi -11% | -10% 1% 12% | 75% | 0% | 0% | 0% | 0% | 93% | 7% | 100% | 75% | 13% 0% 0% | 0% | 100% | 100% | 100% | 100% | 0%
Nissan -6% -6% 0% 25% | 74% | 0% | 0% | 4% | 0% | 91% | 5% 99% | 56% | 1% 0% 0% | 0% | 99% 99% 99% 99% | 0%
Porsche -8% -3% 5% 0% |45% | 1% [ 0% | 0% | 0% | 52% | 31% | 83% | 46% | 29% | 17% 8% | 0% | 100% | 100% | 83% 83% | 0%
Spyker -19% | -13% 6% 0% |53% | 6% [ 0% | 0% | 0% | 80% | 8% 88% | 59% | 29% | 12% 0% | 0% | 100% | 100% | 88% 88% | 0%
Subaru -10% | -10% 0% 25% | 74% | 0% | 0% | 0% | 0% | 72% | 27% | 99% | 74% | 0% 1% 0% | 0% | 100% | 100% | 99% 99% | 0%
Suzuki 0% 0% 0% 25% | 69% | 0% | 0% | 0% | 0% | 83% | 11% | 94% | 69% | 0% 6% 0% | 0% | 100% | 100% | 94% 94% | 0%
Tata -20% | -12% 8% 0% | 16% | 32% | 0% | 0% | 0% | 92% | 0% 92% | 48% | 44% 8% 0% | 0% | 100% | 100% | 92% 92% | 0%
Tesla 0% 0% 0% 0% 0% 0% | 0% | 0% | 0% | 0% 0% 0% 0% 0% |100% | 0% | 0% | 0% 0% 0% 0% 0%
Toyota -4% -4% 0% 11% | 17% | 1% [ 0% | 3% | 0% | 75% | 7% 84% | 14% | 16% 0% 0% | 0% | 84% 84% 84% 29% | 0%
Volkswagen | -11% | -8% 2% 15% | 66% | 2% | 0% | 0% | 0% | 80% | 14% | 93% | 67% | 11% 7% 0% | 0% | 100% | 100% | 93% 93% | 0%
Fleet -8% -7% 1% 18% | 50% | 2% | 0% | 11% | 0% | 76% | 8% 95% | 46% | 6% 1% 0% | 0% | 96% 96% 95% 73% | 0%
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Table 3.8-45 Alternative 3- (Cars +20) Truck Technology Penetrations in MY 2025
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Aston
Martin NA NA NA NA | NA | NA INA| NA |NA | NA |NA | NA NA | NA | NA | NA | NA | NA NA NA NA | NA
BMW -17% | -13% | 4% | 30% | 61% | 10% | 0% | 100% | 0% | 0% | 0% | 100% | 70% | 30% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Chryder/Fiat | -12% | -12% | 0% | 24% | 62% | 8% | 0% | 86% | 0% | 11% | 3% | 100% | 71% | 0% | 0% | 0% | 0% | 100% | 100% | 100% | 94% | 0%
Daimler 20% | -14% | 6% | 46% | 35% | 19% | 0% | 100% | 0% | 0% | 0% | 100% | 54% | 38% | 0% | 0% | 0% | 100% | 100% | 100% | 92% | 8%
Ferrari NA NA NA NA | NA | NA [NA| NA |[NA| NA |[NA | NA NA | NA |NA | NA [NA | NA NA NA NA | NA
Ford -11% | -10% | 0% | 32% | 43% | 20% | 0% | 67% | 0% | 28% | 2% | 97% | 63% | 5% | 0% | 0% | 0% | 97% | 97% | 97% | 97% | 0%
Geely 20% | -15% | 5% | 28% | 66% | 6% | 0% | 100% | 0% | 0% | 0% | 100% | 72% | 30% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
General
Motors -12% | -12% | 0% | 16% | 52% | 15% | 0% | 93% | 0% | 6% | 0% | 100% | 67% | 2% | 0% | 0% | 0% | 100% | 100% | 100% | 85% | 0%
Honda -9% -9% 0% | 25% | 75% | 0% | 0% | 62% | 0% | 38% | 0% | 100% | 75% | 0% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Hyundai -10% | -10% | 0% | 25% | 75% | 0% | 0% | 90% | 0% | 10% | 0% | 100% | 75% | 0% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Kia -9% -9% 0% | 25% | 75% | 0% | 0% | 99% | 0% | 0% | 1% | 100% | 74% | 0% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Lotus NA NA NA NA | NA | NA INA| NA |NA | NA |NA | NA NA | NA | NA | NA | NA | NA NA NA NA | NA
Mazda -15% | -15% | 0% | 25% | 75% | 0% | 0% | 66% | 0% | 32% | 2% | 100% | 75% | 0% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Mitsulbishi 20% | -19% | 1% | 22% | 75% | 0% | 0% | 65% | 0% | 35% | 0% | 100% | 75% | 3% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Nissan -71% -71% 0% | 30% | 61% | 9% | 0% | 77% | 0% | 22% | 2% | 100% | 70% | 0% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Porsche 20% | -12% | 8% | 39% | 34% | 28% | 0% | 99% | 0% | 0% | 1% | 100% | 61% | 50% | 0% | 0% | 6% | 100% | 100% | 100% | 100% | 0%
Spyker -5% -2% 3% | 35% | 46% | 19% | 0% | 100% | 0% | 0% | 0% | 100% | 65% | 50% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Subaru 20% | -20% | 0% | 25% | 75% | 0% | 0% | 25% | 0% | 67% | 8% | 100% | 75% | 0% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Suzuki -16% | -16% | 0% | 20% | 73% | 0% | 0% | 79% | 0% | 19% | 0% | 98% | 73% | 5% | 2% | 0% | 0% | 100% | 100% | 98% | 98% | 0%
Tata -13% | -7% 6% | 33% | 20% | 33% | 0% | 66% | 0% | 29% | 0% | 95% | 53% | 41% | 5% | 0% | 0% | 100% | 100% | 95% | 95% | 0%
Teda NA NA NA NA | NA | NA INA| NA |NA | NA |NA | NA NA | NA |NA | NA [ NA | NA NA NA NA | NA
Toyota -6% -6% 0% | 28% | 59% | 8% | 0% | 78% | 0% | 14% | 3% | 94% | 67% | 6% | 0% | 0% | 0% | 94% | 94% | 94% | 94% | 0%
Volkswagen | -19% | -11% | 7% | 31% | 58% | 11% | 0% | 100% | 0% | 0% | 0% | 100% | 69% | 50% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Fleet -11% | -10% | 1% | 25% | 58% | 11% | 0% | 81% | 0% | 16% | 1% | 98% | 68% | 6% | 0% | 0% | 0% | 98% | 98% | 98% | 94% | 0%
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Table 3.8-46 Alternative 3- (Cars +20) Fleet Technology Penetration in MY 2025
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Aston
Martin -20% -8% 12% 0% 0% | 22% | 0% | 0% | 0% | 73% | 4% 7% | 22% | 50% | 23% 5% | 0% | 100% | 100% | 77% 7% | 0%
BMW -15% | -12% 3% | 18% | 62% | 6% | 0% | 26% | 0% | 61% | 9% | 97% | 68% | 19% | 3% 0% | 0% | 100% | 100% | 97% | 97% | 0%
Chryder/Fiat | -11% | -11% 0% 24% | 67% | 5% | 0% | 38% | 0% | 59% | 3% | 100% | 72% | 1% 0% 0% | 0% | 100% | 100% | 100% | 97% | 0%
Daimler -17% | -12% 5% 20% | 47% | 12% | 0% | 23% | 0% | 66% | 5% 94% | 58% | 25% 6% 0% | 0% | 100% | 100% | 94% 92% | 2%
Ferrari -14% | -6% 8% 0% | 0% | 13% | 0% | 0% | 0% | 76% | 1% | 77% | 13% | 50% | 23% | 14% | 0% | 100% | 100% | 77% | 77% | 0%
Ford -11% | -11% 0% 28% | 60% | 9% | 0% | 39% | 0% | 53% | 5% 98% | 69% | 3% 0% 0% | 0% | 98% 98% 98% 98% | 0%
Geely -17% | -12% 5% | 11% | 44% | 16% | 0% | 39% | 0% | 55% | 1% | 95% | 60% | 33% | 5% 0% | 0% | 100% | 100% | 95% | 95% | 0%
Genera
Motors -11% | -11% 0% 17% | 62% | 9% | 0% | 59% | 0% | 38% | 3% | 100% | 70% | 1% 0% 0% | 0% | 100% | 100% | 100% | 89% | 0%
Honda -5% -5% 0% | 16% | 48% | 0% | 0% | 18% | 0% | 71% | 8% | 98% | 30% | 2% 0% 0% | 0% | 98% | 98% | 98% | 63% | 0%
Hyundai -6% -6% 0% 30% | 38% | 0% | 0% | 35% | 0% | 59% | 6% | 100% | 35% | 0% 0% 0% | 0% | 100% | 100% | 100% | 68% | 0%
Kia -5% -5% 0% | 16% | 20% | 0% | 0% | 27% | 0% | 66% | 7% | 100% | 20% | 0% 0% 0% | 0% | 100% | 100% | 100% | 36% | 0%
Lotus -3% 0% 3% 0% | 53% | 0% [ 0% | 0% | 0% | 31% | 53% | 85% | 53% | 25% | 15% 6% | 0% | 100% | 100% | 85% 85% | 0%
Mazda -7% -7% 0% | 25% | 75% | 0% | 0% | 23% | 0% | 62% | 15% | 100% | 52% | 0% 0% 0% | 0% | 100% | 100% | 100% | 100% | 0%
M itsubishi -14% | -13% 1% | 15% | 75% | 0% | 0% | 21% | 0% | 74% | 5% | 100% | 75% | 10% | 0% 0% | 0% | 100% | 100% | 100% | 100% | 0%
Nissan -71% -71% 0% 26% | 70% | 3% | 0% | 25% | 0% | 70% | 4% 99% | 60% | 1% 0% 0% | 0% | 99% 99% 99% 99% | 0%
Porsche -10% | -5% 5% 8% | 43% | 7% | 0% | 21% | 0% | 41% | 25% | 87% | 49% | 34% | 13% | 6% | 1% | 100% | 100% | 87% | 87% | 0%
Spyker -17% | -12% 6% 5% | 52% | 8% | 0% | 13% | 0% | 70% | 7% 90% | 60% | 32% | 10% 0% | 0% | 100% | 100% | 90% 90% | 0%
Subaru -12% | -12% 0% [ 25% | 75% | 0% | 0% | 6% | 0% | 71% | 23% | 100% | 75% | 0% 0% 0% | 0% | 100% | 100% | 100% | 100% | 0%
Suzuki -3% -3% 0% 24% | 70% | 0% | 0% | 14% | 0% | 72% | 9% 95% | 70% | 1% 5% 0% | 0% | 100% | 100% | 95% 95% | 0%
Tata -17% | -10% 7% 15% | 18% | 32% | 0% | 31% | 0% | 63% | 0% 93% | 51% | 43% 7% 0% | 0% | 100% | 100% | 93% 93% | 0%
Tesla 0% 0% 0% 0% | 0% | 0% [ 0% | 0% | 0% | 0% | 0% 0% 0% | 0% | 100% | 0% | 0% | 0% 0% 0% 0% | 0%
Toyota -5% -5% 0% 17% | 32% | 4% | 0% | 30% | 0% | 52% | 5% 88% | 33% | 12% 0% 0% | 0% | 88% 88% 88% 53% | 0%
Volkswagen | -12% | -9% 3% | 18% | 64% | 3% | 0% | 20% | 0% | 64% | 11% | 95% | 68% | 19% | 5% 0% | 0% | 100% | 100% | 95% | 95% | 0%
Fleet -9% -8% 1% 20% | 53% | 5% | 0% | 34% | 0% | 56% | 6% 96% | 54% | 6% 1% 0% | 0% | 97% 97% 96% 80% | 0%
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Table 3.8-47 Alternative 4- (Cars -20) Car Technology Penetrations in MY 2025
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Aston
Martin -20% -5% 15% 0% 0% 5% 0% | 0% | 0% | 76% 1% 7% 5% | 50% 23% 22% 5% 100% | 100% | 77% | 77% | 0%
BMW -15% -8% 7% 0% | 48% | 1% | 0% | 0% | 0% | 74% | 7% | 81% | 48% | 28% | 19% 4% 0% | 100% | 100% | 81% | 81% | 0%
Chryder/Fiat | -12% -8% 4% 2% 64% | 2% 0% | 2% | 0% | 88% 2% | 92% | 66% | 24% 8% 0% 0% 100% | 100% | 92% | 92% | 0%
Daimler -17% -8% 9% 0% 38% | 2% 0% | 0% | 0% | 76% | 4% 81% | 39% | 32% 19% 9% 0% 100% | 100% | 81% | 80% | 0%
Ferrari -15% -6% 9% 0% 0% 5% | 0% | 0% | 0% | 77% | 0% | 77% | 5% | 50% | 23% | 22% | 5% | 100% | 100% | 77% | 77% | 0%
Ford -13% -9% 5% 9% 58% | 4% 0% | 29% | 0% | 57% | 4% 89% | 61% | 28% 10% 0% 0% 99% 99% | 89% | 89% | 0%
Geely -17% -71% 9% 3% | 26% | 6% | 0% | 13% | 0% | 68% | 1% | 81% | 32% | 41% | 19% | 12% | 0% | 100% | 100% | 81% | 81% | 0%
Genera
Motors -13% | -10% 3% 7% 64% | 2% 0% | 28% | 0% | 62% | 3% 93% | 67% | 20% 7% 0% 0% 100% | 100% | 93% | 93% | 0%
Honda -6% -5% 1% 12% | 68% | 0% | 0% | 0% | 0% | 83% | 10% | 92% | 68% | 16% 4% 0% 0% 97% 97% | 92% | 92% | 0%
Hyundai -9% -7% 1% 5% 67% | 0% 0% | 22% | 0% | 66% | 5% 92% | 67% | 20% 8% 0% 0% 100% | 100% | 92% | 92% | 0%
Kia -6% -5% 1% 5% | 71% | 0% | 0% | 7% | 0% | 83% | 6% | 96% | 71% | 20% 4% 0% 0% | 100% | 100% | 96% | 96% | 0%
Lotus -5% 0% 5% 0% 32% | 0% 0% | 0% | 0% | 45% | 32% | 77% | 32% | 25% 23% 20% | 0% 100% | 100% | 77% | 77% | 0%
Mazda -8% -6% 2% 4% | 62% | 0% | 0% | 14% | 0% | 62% | 10% | 87% | 62% | 22% | 13% 0% 0% | 100% | 100% | 87% | 87% | 0%
Mitsubishi -11% -T% 4% 0% | 61% | 0% | 0% | 0% | 0% | 80% | 6% | 86% | 61% | 25% | 14% 0% 0% | 100% | 100% | 86% | 86% | 0%
Nissan -8% -6% 2% 1% 66% | 0% 0% | 4% | 0% | 84% | 3% 91% | 66% | 25% 9% 0% 0% 99% 99% | 91% | 91% | 0%
Porsche -10% -3% 8% 0% 0% | 14% | 0% | 0% | 0% | 67% | 10% | 77% | 14% | 41% | 23% | 22% | 14% | 100% | 100% | 77% | 77% | 0%
Spyker -19% | -10% 10% 0% 34% 1% 0% | 0% | 0% | 74% | 5% 78% | 35% | 29% 22% 14% | 0% 100% | 100% | 78% | 78% | 0%
Subaru -11% -7% 3% 0% | 63% | 0% | 0% | 0% | 0% | 71% | 17% | 88% | 63% | 25% | 12% 0% 0% | 100% | 100% | 88% | 88% | 0%
Suzuki -2% 0% 2% 0% 55% | 0% 0% | 0% | 0% | 78% | 6% 85% | 55% | 25% 15% 4% 0% 100% | 100% | 85% | 85% | 0%
Tata -20% | -10% 10% 0% 14% | 20% | 0% | 0% | 0% | 79% | 0% | 79% | 35% | 44% 21% 0% 0% 100% | 100% | 79% | 79% | 0%
Tesla 0% 0% 0% 0% 0% 0% | 0% | 0% | 0% | 0% 0% 0% 0% 0% | 100% | 0% 0% 0% 0% 0% 0% | 0%
Toyota -7% -6% 1% 8% 57% 1% 0% | 3% | 0% | 73% | 5% | 81% | 58% | 30% 5% 0% 0% 85% 85% | 81% | 81% | 0%
Volkswagen -12% -6% 6% 0% | 47% | 0% | 0% | 0% | 0% | 73% | 8% | 82% | 47% | 26% | 18% 8% 0% | 100% | 100% | 82% | 82% | 0%
Fleet -10% -7% 3% 6% 59% 1% 0% | 11% | 0% | 71% | 5% | 88% | 61% | 24% 9% 1% 0% 96% 96% | 88% | 88% | 0%
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Table 3.8-48 Alternative 4- (Cars -20) Truck Technology Penetrations in MY 2025

=
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Aston
Martin NA NA NA NA NA NA | NA NA NA | NA | NA NA NA NA | NA | NA | NA NA NA NA NA NA
BMW -18% | -11% 7% 30% | 61% | 10% | 0% | 100% | 0% | 0% | 0% | 100% | 70% | 50% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Chryser/Fiat | -13% | -12% 2% 26% | 59% | 8% | 0% | 87% | 0% | 10% | 2% | 99% | 68% | 21% | 1% | 2% | 0% | 100% | 100% | 99% | 98% | 0%
Daimler -20% | -12% 8% | 46% | 35% | 19% | 0% | 100% | 0% | 0% | 0% | 100% | 54% | 50% | 0% | 0% | 27% | 100% | 100% | 100% | 92% | 8%
Ferrari NA NA NA NA NA NA | NA NA NA | NA | NA NA NA | NA | NA | NA | NA NA NA NA NA NA
Ford -13% | -8% 5% 27% | 38% | 20% | 0% | 67% | 0% | 24% | 2% | 93% | 58% | 44% | 5% | 1% | 0% 98% | 98% | 93% | 93% | 0%
Geely -20% | -12% 8% 28% | 66% | 6% | 0% | 100% | 0% | 0% | 0% | 100% | 72% | 50% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Genera
Motors -14% | -9% 5% 31% | 51% | 15% | 0% | 93% | 0% | 6% | 0% | 99% | 66% | 39% | 1% | 0% | 0% | 100% | 100% | 99% | 99% | 0%
Honda -16% | -13% 3% 15% | 71% | 0% | 0% | 62% | 0% | 34% | 0% | 96% | 71% | 17% | 4% | 0% | 0% | 100% | 100% | 96% | 96% | 0%
Hyundai -20% | -19% 1% 23% | 74% | 0% | 0% | 90% | 0% | 8% | 0% | 99% | 74% | 7% | 1% | 0% | 0% | 100% | 100% | 99% | 99% | 0%
Kia -18% | -18% 0% 25% | 75% | 0% | 0% | 99% | 0% | 0% | 1% | 100% | 75% | 0% | 0% | 0% | 0% | 100% | 100% | 100% | 100% | 0%
Lotus NA NA NA NA NA NA | NA NA NA | NA | NA NA NA NA | NA | NA | NA NA NA NA NA NA
Mazda -20% | -13% 7% 17% | 72% | 0% | 0% | 66% | 0% | 29% | 1% | 97% | 72% | 42% | 3% | 0% | 0% | 100% | 100% | 97% | 97% | 0%
Mitsubishi -20% | -15% 5% 16% | 70% | 0% | 0% | 65% | 0% | 30% | 0% | 95% | 70% | 25% | 5% | 0% | 0% | 100% | 100% | 95% | 95% | 0%
Nissan -10% | -6% 4% 24% | 57% | 9% | 0% | 77% | 0% | 19% | 1% | 96% | 67% | 39% | 4% | 0% | 0% | 100% | 100% | 96% | 96% | 0%
Porsche -20% | -12% 8% 39% | 11% | 50% | 0% | 99% | 0% | 0% | 1% | 100% | 61% | 50% | 0% | 0% | 50% | 100% | 100% | 100% | 100% | 0%
Spyker -5% -2% 3% 35% | 46% | 19% | 0% | 100% | 0% | 0% | 0% | 100% | 65% | 50% | 0% | 0% | 50% | 100% | 100% | 100% | 100% | 0%
Subaru -20% | -15% 5% 6% | 69% | 0% | 0% | 25% | 0% | 64% | 5% | 94% | 69% | 25% | 6% | 0% | 0% | 100% | 100% | 94% | 94% | 0%
Suzuki -16% | -9% 7% 20% | 72% | 0% | 0% | 79% | 0% | 17% | 0% | 97% | 72% | 45% | 3% | 0% | 0% | 100% | 100% | 97% | 97% | 0%
Tata -14% | 7% 7% 33% | 10% | 33% | 0% | 66% | 0% | 26% | 0% | 92% | 43% | 41% | 8% | 7% | 8% | 100% | 100% | 92% | 92% | 0%
Tesla NA NA NA NA NA NA | NA NA NA | NA | NA NA NA NA | NA | NA | NA NA NA NA NA NA
Toyota -11% | -8% 2% 25% | 57% | 8% | 0% | 79% | 0% | 13% | 2% | 94% | 65% | 26% | 1% | 0% | 0% 96% | 96% | 94% | 94% | 0%
Volkswagen | -19% | -11% 7% 31% | 58% | 11% | 0% | 100% | 0% | 0% | 0% | 100% | 69% | 50% | 0% | 0% | 50% | 100% | 100% | 100% | 100% | 0%
Fleet -14% | -10% 4% 26% | 55% | 11% | 0% | 81% | 0% | 14% | 1% | 97% | 66% | 33% | 2% | 0% | 2% 99% | 99% | 97% | 97% | 0%
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Table 3.8-49 Alternative 4- (Cars -20) Fleet Technology Penetration in MY 2025

=
> © < ~ N Y}
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/:\/Isatu?t?n -20% -5% 15% 0% 0% 5% [ 0% | 0% | 0% [ 76% | 1% | 77% | 5% | 50% | 23% | 22% | 5% | 100% | 100% | 77% | 77% | 0%
BMW -16% | -9% 7% 8% | 51% | 3% | 0% | 26% | 0% | 55% | 5% | 86% | 54% | 34% | 14% | 3% | 0% | 100% | 100% | 86% | 86% | 0%
Chryder/Fiat | -13% | -10% 3% 13% [ 62% | 5% | 0% | 39% | 0% | 54% | 2% | 95% | 67% | 23% 5% 1% 0% | 100% | 100% | 95% | 95% | 0%
Daimler -18% -9% 8% 11% | 37% | 6% | 0% | 23% | 0% | 59% | 3% | 85% | 43% | 36% | 15% % 6% | 100% | 100% | 85% | 83% | 2%
Ferrari -15% | -6% 9% 0% | 0% | 5% [ 0% | 0% [ 0% [ 77% | 0% | 77% | 5% | 50% | 23% | 22% | 5% | 100% | 100% | 77% | 77% | 0%
Ford -13% -8% 5% 15% [ 52% | 9% | 0% | 41% | 0% | 47% | 3% | 90% | 60% | 33% 9% 0% 0% 99% 99% | 90% | 90% | 0%
Geely -18% | -9% 9% 11% | 38% | 6% [ 0% | 39% | 0% | 48% | 0% | 87% | 44% | 44% | 13% | 8% | 0% | 100% | 100% | 87% | 87% | 0%
Sﬁ;gf: -13% -9% 4% 18% | 58% | 8% | 0% | 59% | 0% | 35% | 2% | 96% | 67% | 29% 4% 0% 0% | 100% | 100% | 96% | 96% | 0%
Honda -9% -7% 2% 13% | 69% | 0% [ 0% | 18% | 0% | 68% | 7% | 94% | 69% | 16% | 4% 0% | 0% 98% 98% | 94% | 94% | 0%
Hyundai -11% | -10% 1% 9% | 69% | 0% | 0% | 35% | 0% | 54% | 4% | 94% | 69% | 17% 6% 0% 0% | 100% | 100% | 94% | 94% | 0%
Kia -9% -8% 1% 9% | 72% | 0% | 0% | 27% | 0% | 65% | 5% | 97% | 72% | 16% | 3% 0% | 0% | 100% | 100% | 97% | 97% | 0%
Lotus -5% 0% 5% 0% | 32% | 0% [ 0% | 0% | 0% | 45% | 32% | 77% | 32% | 25% | 23% | 20% | 0% | 100% | 100% | 77% | 77% | 0%
Mazda -10% | -7% 3% 6% | 64% | 0% | 0% | 23% | 0% | 57% | 9% | 89% | 64% | 25% | 11% | 0% | 0% | 100% | 100% | 89% | 89% | 0%
Mitsubi shi -14% | -10% 4% 5% | 64% | 0% [ 0% | 21% | 0% | 63% | 4% | 89% | 64% | 25% | 11% | 0% | 0% | 100% | 100% | 89% | 89% | 0%
Nissan -9% -6% 3% 8% | 63% | 3% | 0% | 25% | 0% | 65% | 2% | 92% | 66% | 29% % 0% 0% | 100% | 100% | 92% | 92% | 0%
Porsche -13% | -5% 8% 8% | 2% | 22% | 0% | 21% | 0% | 53% | 8% | 82% | 24% | 43% | 18% | 17% | 22% | 100% | 100% | 82% | 82% | 0%
Spyker -18% -9% 9% 5% | 36% | 3% [ 0% | 13% | 0% | 64% | 4% | 81% | 39% | 32% | 19% | 12% | 7% | 100% | 100% | 81% | 81% | 0%
Subaru -13% | -9% 4% 1% | 65% | 0% | 0% | 6% | 0% | 69% | 15% | 90% | 65% | 25% | 10% | 0% | 0% | 100% | 100% | 90% | 90% | 0%
Suzuki -5% -2% 3% 3% [ 58% | 0% | 0% | 14% | 0% | 68% | 5% | 87% | 58% | 28% | 13% 3% 0% | 100% | 100% | 87% | 87% | 0%
Tata -17% -9% 9% 15% | 13% | 26% | 0% | 31% | 0% | 54% | 0% | 85% | 39% | 43% | 15% 3% 4% | 100% | 100% | 85% | 85% | 0%
Tesla 0% 0% 0% 0% | 0% | 0% [ 0% | 0% | 0% | 0% | 0% 0% 0% | 0% | 100% | 0% | 0% 0% 0% 0% 0% | 0%
Toyota -8% -7% 1% 14% | 57% | 4% | 0% | 31% | 0% | 51% | 4% | 86% | 61% | 28% 3% 0% 0% 89% 89% | 86% | 86% | 0%
Volkswagen | -13% | -7% 6% 6% | 49% | 2% | 0% | 20% | 0% | 59% | 7% | 85% | 51% | 31% | 15% | 7% | 10% | 100% | 100% | 85% | 85% | 0%
Fleet -11% -8% 3% 12% | 58% | 4% | 0% | 34% | 0% | 53% | 4% | 91% | 63% | 27% % 1% 1% 97% 97% | 91% | 91% | 0%
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3.8.5 Additiona Detail on Mass Reduction Technology

For MY 2021 and MY 2025, additional details are presented on the distribution of
mass reduction in the fleet by vehicle class. For presentation in this analysis, we aggregated
the 19 vehicle typesinto five vehicle classes.

Table 3.8-50 Aggregation of Vehicle types for Mass Reduction Presentation

VehicleType | Aggregated Type

1 Subcompact/Compact

2 Subcompact/Compact

3 Midsize Car

4 Subcompact/Compact

5 Midsize Car

6 Large Car

7 Midsize MPV/Small Truck
8 Midsize MPV/Small Truck
9 Large Truck/MPV/SUV

10 Large Truck/MPV/SUV

11 Large Truck/MPV/SUV

12 Large Truck/MPV/SUV

13 Large Truck/MPV/SUV
14 Large Truck/MPV/SUV

15 Large Car

16 Large Truck/MPV/SUV

17 Large Truck/MPV/SUV
18 Large Truck/MPV/SUV
19 Large Truck/MPV/SUV

After aggregations here are the weight reductions by vehicle class.

Net Mass Reduction
Reference Control
Category MY 2021 | MY 2025 | MY 2021 | MY 2025
Subcompact/ Compact -2% -2% -2% -3%
Midsize Car -71% -71% -8% -12%
Midsize MPV/Small Truck -5% -5% -1% -11%
Large Truck/MPV/SUV -7% -7% -8% -13%
Large Car -8% -8% -9% -9%
Fleet -5% -5% -6% -9%

3.8.6 Air Conditioning Cost

As previoudly referenced, once the OMEGA costs were determined, the estimated air
conditioning costs, as discussed in Chapter 5 of the draft Joint TSD were added onto the total
cost. These costs are shown below.
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Table 3.8-51 Total Costs for A/C Control Used in This Proposal (2009%)

Car/ Case 2021 2025
Truck

Reference $67 $63

Car Control $78 $69

Total $145 $132

Reference $51 $48

Truck Control $94 $84

Total $145 $132

Fleet Total $145 $132

3.8.7 Stranded Capital

Because the production of automotive components is capital-intensive, it is possible for
substantial capital investments in manufacturing equipment and facilities to become
“stranded” (where their valueislost, or diminished). Thiswould occur when the capital is
rendered useless (or less useful) by some factor that forces amajor change in vehicle design,
plant operations, or manufacturer’s product mix, such as a shift in consumer demand for
certain vehicle types. It can also be caused by new standards that phase-in at arate too rapid
to accommodate planned replacement or redisposition of existing capital to other activities.
The lost value of capital equipment is then amortized in some way over production of the new
technology components. A discussion of thisissueis presented in Chapter 3 of the TSD. To
help ensure a conservative cost analysis for therule (i.e., an analysis that might err on the side
of over-costing), EPA asked FEV to calculate potential stranded capital on six specific
technologies, using a set of conservative assumptions described inthe TSD. EPA then
included these potential additional technology costs as a post-process to the OMEGA model
(Table 3.8-53). These “stranded capital” costs were not directly incorporated into the
technology inputs because they are afunction of how rapidly technologies are phased in.
Costs for potential stranded capital (as shown in) depend both on the stranded technology and
the replacing technology.

Table 3.8-52 Potential Stranded Capital Costs

Stranded capital cost per vehicle

when replaced technology’s production is ended
Replaced New

after:
technology technology

3 years 5 years 8 years

6-speed AT 6-speed DCT S55 $39 S16
6-speed AT 8-speed AT S48 $34 S14
6-speed DCT 8-speed DCT $28 $20 S8
Conventional V6 DSTGDI 14 S56 $40 S16
Conventional V8 DSTGDI V6 S60 $43 S17
Conventional V6 Power-split HEV S111 $79 $32
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DSTGDI=Downsized, turbocharged engine with stoichiometric gasoline direct injection.

For 2008-2016, the eight year stranded capital costs were used. For 2016-2021 and
2021-2021, the five year stranded capital costs were used. This properly reflects EPA’s
anal ytic assumption that redesign schedules are evenly spread through time.

For transmissions, EPA determined the change in quantity of 6 and 8 speed automatic
and dual clutch transmissions. For each of these transmissions, manufacturers that increased
their production quantity had no stranded capital, otherwise, we applied a per piece cost
corresponding to the table above. For engines, the stranded capital work done by FEV does
not precisely correspond to the technologies considered in OMEGA; significantly, the pieces
of “stranded” technology were often not those that were similarly “stranded” by the OMEGA
projections. As an example, OMEGA might forecast a 24 bar BMEP turbo-charged
downsized engine in 2021, and then 27 bar BMEP engine technology in 2025. The stranded
24 bar engine, while based on aFEV cost analysis, does not directly correspond to any
technology listed above. Asaresult, EPA created a projection that for each manufacturer
listed the number of engines with 8, 6, 4 or 3, as well as the number of EV's and Atkinson
cycle HEVs. A decreasein any of these quantities resulted in a $50 per engine increase in
cost, which is arough average of the five year stranded capital cost for the three engine
technologies.

Total potential stranded capital determined by this analysisis shown below, and
includes all manufacturersincluding SVMs. These costs are not differentiated between car
and truck. Asthe values are small, we applied these same potential stranded capital coststo
all aternatives. The highest costsarein MY 2021, reflecting the rapid technology change
during the time leading up to that MY .
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Table 3.8-53 Estimated Potential Stranded Capital®

MY 2016 MY 2021 MY 2025
Manufacturer | Engine ;iggn Total | Engine ;iggn Total | Engine r;rir:gcs)rn Total
Aston Martin | $60 $15 $75 $21 $8 $29 $14 $3 $17
BMW $20 $3 $23 $29 $15 $45 $3 $4 $7
Chrysler/Fiat | $54 $ $54 $21 $14 $35 $9 $5 $15
Daimler $18 $6 $24 $17 $9 $27 $6 $4 $10
Ferrari $5 $1 $6 $22 $12 $34 $16 $3 $19
Ford $8 $- $8 $17 $12 $29 $6 $5 $10
Geely $14 $0 $14 $22 $16 $38 $8 $5 $13
General $12 $ $12 $8 $10 $18 $16 $5 $21
Motors
Honda $2 $ $2 $11 $10 $21 $11 $4 $15
Hyundai $- $- $ $11 $6 $17 $14 $4 $18
Kia $ $- $ $25 $16 $41 $16 $4 $21
Lotus $40 $- $40 $15 $0 $16 $1 $2 $2
Mazda $5 $- $5 $32 $15 $47 $14 $4 $18
Mitsubishi $- $- $ $25 $15 $40 $12 $4 $16
Nissan $6 $- $6 $10 $9 $19 $9 $4 $14
Porsche $23 $1 $25 $15 $10 $24 $4 $3 $7
Spyker $45 $- $45 $14 $8 $22 $3 $3 $6
Subaru $3 $- $3 $18 $7 $25 $7 $3 $10
Suzuki $20 $- $20 $19 $8 $27 $2 $4 $6
Tata $14 $4 $18 $20 $12 $32 $14 $4 $19
Teda $ $ $- $- $ $ $ $ $
Toyota $0 $- $0 $17 $6 $23 $14 $9 $23
Volkswagen $13 $2 $16 $21 $10 $31 $2 $4 $6
Fleet $9 $0 $10 $15 $10 $25 $11 $5 $16

S Note that the total potential stranded capital for Aston Martin engines is greater than $50, the cost of the
potential stranded capital. Thisis because the market forecast includes a decrease in sales for Aston Martin, and
aprojected change in number of cylinders for every one of their engines. Also note, as described in section
[11.B.5 of the preamble, small volume manufacturers with U.S. sales of less than 5,000 vehicles would be able to
petition EPA for an alternative standard for MY 2017 and later. Manufacturers currently meeting the 5,000
vehicle cut point include Lotus, Aston Martin, and McLaren. Thus, these potential stranded capital costs may be
overstated for these small volume manufacturers.
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3.9 Per Vehicle Costs 2021 and 2025

As described above, the per-vehicle technology costs for this program alone must
account for any cost that are incurred due to compliance with existing vehicle programs. EPA
first used OMEGA to calculate costs reflected in the existing 2012-2016 program, which is
the reference case for thisanalysis. The OMEGA estimates indicate that, on average,
manufacturers will need to spend $830 to meet the 2016MY standards in the 2021IMY , and
$776 to meet the 2016MY standards in the 2025MY per vehicle. Reference case costs,
inclusive of AC costs, are provided in Table 3.9-1 .

Table 3.9-1 Reference Case Costs

Company 2021 2025

Cars | Trucks | Fleet | Cars | Trucks | Fleet
Aston Martin | $2,589 | $0 $2,589 | $2,376 | $0 $2,376
BMW $1,988 | $2,220 | $2,049 | $1,827 | $2,029 | $1,880
Chryder/Fiat | $921 | $945 $931 | $803 | $896 $843
Daimler $2,227 | $2,290 | $2,243 | $2,058 | $2,118 | $2,072
Ferrari $2,470 | $0 $2,470 | $2,270 | $0 $2,270
Ford $893 | $1,220 | $1,004 | $856 | $1,134 | $942
Geely-Volvo | $2,159 | $2,199 | $2,172 | $1,987 | $2,031 | $2,000
GM $859 | $910 $884 | $815 | $869 $840
Honda $320 | $465 $365 | $314 | $440 $351
Hyundai $441 | $785 $511 | $424 | $761 $491
Kia $384 | $641 $442 | $374 | $576 $417
Lotus $1,691 | $0 $1,691 | $1,563 | $0 $1,563
Mazda $611 | $1,091 | $696 | $578 | $1,032 | $654
Mitsubishi $1,046 | $1,235 | $1,112 | $981 | $1,162 | $1,041
Nissan $409 | $1,021 | $598 | $391 | $931 $551
Porsche $1,934 | $1,935 | $1,934 | $1,783 | $1,777 | $1,781
Spyker-Saab | $2,000 | $2,460 | $2,066 | $1,840 | $2,272 | $1,896
Subaru $714 | $1,080 | $801 | $721 | $1,016 | $787
Suzuki $1,068 | $1,328 | $1,115 | $1,004 | $1,251 | $1,046
TatarJLR $2,529 | $2,529 | $2,529 | $2,324 | $2,338 | $2,331
Tedla $0 $0 $0 $0 $0 $0
Toyota $290 | $462 $357 | $273 | $436 $332
VW $1,870 | $1,909 | $1,878 | $1,717 | $1,747 | $1,723
Fleet $776 | $930 $830 | $728 | $873 $776

EPA then used OMEGA to calculate the costs of meeting the proposed standards in
the years 2021 and 2025, which are shown in Table 3.9-2. EPA has accounted for the cost to
meet the standards in the reference case. In other words, Table 3.9-2 contains per-vehicle
costs that are incremental to the reference case costs shown in Table 3.9-1 .
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Table 3.9-2 Control Case Costs for the Proposed Standards MY 2021 (2009%)

Company 2021 Costs 2021 Sales
Cars Trucks Fleet Cars Truck Fleet
Aston
Martin $6,424 $0 $6,424 1,058 - 1,058
BMW $945 $915 $937 359,098 128,724 | 487,822
Chryder/Fiat | $569 $853 $698 421,013 348,613 | 769,626
Daimler $1,949 $956 $1,702 300,378 99,449 399,827
Ferrari $6,351 $0 $6,351 7,059 - 7,059
Ford $655 $776 $696 1,401,617 | 714181 | 2,115,798
Geely-Volvo | $2,035 $1,086 $1,741 92,726 41,768 134,494
GM $502 $680 $590 1,564,277 | 1,530,020 | 3,094,297
Honda $467 $756 $556 1,198,880 | 535916 | 1,734,796
Hyundai $614 $884 $669 613,355 156,466 | 769,821
Kia $483 $927 $582 331,319 95,432 426,751
Lotus $3,324 $0 $3,324 278 - 278
Mazda $924 $897 $919 274,740 50,227 333,967
Mitsubishi | $813 $998 $877 65,851 35,309 101,160
Nissan $759 $662 $729 912,629 408,029 | 1,320,658
Porsche $5,455 $1,328 $4,482 36,475 11,242 47,716
Spyker-Saab | $3,335 $898 $2,986 21,294 3,560 24,854
Subaru $1,017 $922 $994 230,780 72,773 303,553
Suzuki $1,160 $1,000 $1,132 95,725 20,767 116,492
TaaJLR | $2,220 $1,648 $1,935 58,677 58,153 116,830
Tesla $0 $0 $0 28,623 - 28,623
Toyota $332 $713 $481 1,903,706 | 1,215,539 | 3,119,245
VW $1,624 $797 $1,457 585,607 148,734 | 734,341
Fleet $718 $764 $734 10,505,165 | 5,683,902 | 16,189,066
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Table 3.9-3 Control Case Costs for the Proposed Standards MY 2025 (20099)

Company 2025 2025 Sales
Cars Trucks Fleet Cars Truck Fleet
Aston
Martin $6,862 $0 $6,862 1,182 - 1,182
BMW $2,251 $1,959 $2,174 405,256 145,409 550,665
Chryder/Fiat | $1,914 $2,212 $2,043 436,479 331,762 768,241
Daimler $2,931 $1,952 $2,707 340,719 101,067 441,786
Ferrari $7,109 $0 $7,109 7,658 - 7,658
Ford $2,051 $2,463 $2,178 1,540,109 684,476 2,224,586
Gedly-Volvo | $3,228 $2,040 $2,876 101,107 42,588 143,696
GM $2,209 $1,834 $2,030 1,673,936 1,524,008 | 3,197,943
Honda $1,452 $1,937 $1,595 1,340,321 557,697 1,898,018
Hyundai $1,677 $1,988 $1,739 677,250 168,136 845,386
Kia $1,442 $1,675 $1,491 362,783 97,653 460,436
Lotus $3,705 $0 $3,705 316 - 316
Mazda $2,196 $1,806 $2,131 306,804 61,368 368,172
Mitsubishi $2,114 $2,171 $2,133 73,305 36,387 109,692
Nissan $1,997 $2,212 $2,060 1,014,775 426,454 1,441,229
Porsche $5,827 $2,054 $5,012 40,696 11,219 51,915
Spyker-Saab | $4,001 $1,468 $3,670 23,130 3,475 26,605
Subaru $2,236 $2,087 $2,202 256,970 74,722 331,692
Suzuki $2,307 $1,832 $2,225 103,154 21,374 124,528
TatarJLR $3,255 $2,653 $2,976 65,418 56,805 122,223
Teda $0 $0 $0 31,974 - 31,974
Toyota $1,399 $1,631 $1,483 2,108,053 1,210,016 | 3,318,069
VW $2,618 $2,048 $2,506 630,163 154,284 784,447
Fleet $1,942 $1,954 $1,946 11,541,558 | 5,708,900 | 17,250,459

EPA estimates that the additional technology required for manufacturers to meet the
GHG standards for this proposed rule will cost on average $734/vehicle and $1,946/vehiclein
the 2021 and 2025 MY s, respectively. These costs include our estimates of stranded capital
and costs associated with the A/C program from above.
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The OMEGA results project that under the primary proposal approximately 1% of the
vehicles sold in MY s 2017-2025 will be EVsor PHEVSs.

Table 3.9-4 Sales by Technology
EV+PHEV

MY ICE Sales HEV Sdes Sales Total Sales
2017 14,940,135 840,896 25,290 15,806,322
2018 14,648,056 878,510 49,845 15,576,410
2019 14,575,393 928,488 74,778 15,578,658

2020 14,795,940 998,265 101,734 15,895,939
2021 14,991,075 | 1,068,478 129,513 16,189,066
2022 14,804,015 | 1,417,930 217,827 16,439,772
2023 14,573,553 | 1,773,810 308,127 16,655,489
2024 14,385,507 | 2,146,396 402,185 16,934,087
2025 14,214,379 | 2,535,818 500,263 17,250,459
Total | 131,928,053 | 12,588,590 | 1,809,560 | 146,326,204
Fraction 90% 9% 1% 100%

3.10Alternative Program Stringencies

Table 3.10-1 Control Case Costs for the Alternative 1 (Trucks +20) Standards (20099%)

2021 2025
Cars | Trucks | Fleet Cars | Trucks | Fleet
Aston Martin | $6,424 $0 | $6,424 | $6,862 $0 | $6,862
BMW $553 $76 $427 | $1,945 | $1,320 | $1,780
Chryder/Fiat $121 $490 $280 | $1,247 | $1,728 | $1,455
Daimler $1,344 $954 | $1,255 | $2,461 | $1,952 | $2,345
Ferrari $6,351 $0 | $6,351 | $7,109 $0 | $7,109

Company

Ford $371 | $361 | $368 | $1,445 | $2,180 | $1,671
Geely-Volvo | $1,290 | $953 | $1,190 | $2,515 | $2,040 | $2,374
GM $99 | $316 | $202 | $1,296 | $1,418 | $1,355
Honda $305 | $665 | $411 | $1,249 | $1,515 | $1,327
Hyundai $528 | $680 | $559 | $1,491 | $1,580 | $1,509
Kia $395 | $791 | $479 | $1,234 | $1,464 | $1,282
Lotus $3,324 $0 | $3,324 | $3,705 $0 | $3,705
Mazda $809 | $536 | $763 | $1,918 | $1,777 | $1,895
Mitsubishi $491 | $540 | $507 | $1,706 | $1,865 | $1,758
Nissan $403 | $602 | $462 | $1,674 | $1,478 | $1,616

Porsche $4,929 | $953 | $4,070 | $5,244 | $2,054 | $4,555
Spyker-Saab | $2,981 | $805 | $2,696 | $3,630 | $1,397 | $3,338

Subaru $790 | $682 | $766 | $2,052 | $1,486 | $1,925
Suzuki $867 | $1,000 | $890 | $2,147 | $1,588 | $2,051
TataJLR $688 | $1,567 | $1,097 | $2,506 | $2,143 | $2,337
Tesa $0 $0 $0 $0 $0 $0
Toyota $233 | $472 | $320 | $1,000 | $1,366 | $1,133
VW $1,092 | $797 | $1,034 | $2,197 | $2,048 | $2,168
Fleet $436 | $487 | $453 | $1,484 | $1,580 | $1,516
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Table 3.10-2 Control Case Costs for the Alternative 2 (Trucks -20) Standards (2009%)

Company 2021 2025

Cars | Trucks | Fleet | Cars | Trucks | Fleet
Aston Martin | $6,424 $0 $6,424 | $6,862 $0 $6,862
BMW $1511 | $915 | $1,354 | $2,840 | $1,959 | $2,607
Chrysler/Fiat | $841 | $1,498 | $1,125 | $2,570 | $2,808 | $2,673
Daimler $2579 | $956 | $2,208 | $3,475 | $1,952 | $3,127
Ferrari $6,351 $0 $6,351 | $7,109 $0 $7,109
Ford $1,010 | $1,404 | $1,131 | $2,558 | $2,923 | $2,670
Gedly-Volvo | $3,006 | $1,086 | $2,437 | $4,181 | $2,040 | $3546
GM $1,121 | $1,126 | $1,123 | $2,753 | $3,013 | $2,877
Honda $640 | $1,043 | $758 | $1,854 | $2,307 | $1,987
Hyundai $815 | $884 | $829 | $2,008 | $1,988 | $2,004
Kia $628 | $988 | $704 | $1,635| $2,011 | $1,715
L otus $3,324 $0 $3,324 | $3,705 $0 $3,705
Mazda $1,135 | $1,000 | $1,113 | $2,440 | $1,882 | $2,347
Mitsubishi $1,358 | $1,438 | $1,384 | $2,775 | $2,171 | $2,574
Nissan $1,066 | $793 | $985 | $2,561 | $2,311 | $2,487
Porsche $6,182 | $1,400 | $5,148 | $6,421 | $2,054 | $5,477
Spyker-Saab | $3,709 | $898 | $3,342 | $4,250 | $1,468 | $3,887
Subaru $1,434 | $922 | $1,319 | $2,558 | $2,087 | $2,452
Suzuki $1,407 | $1,194 | $1,370 | $2,561 | $1,832 | $2,436
Tata-JLR $2,800 | $2,845 | $2,821 | $3,981 | $3,563 | $3,787
Teda $0 $0 $0 $0 $0 $0
Toyota $494 | $999 | $678 | $2,009 | $2,023 | $2,014
VW $2,032 | $914 | $1,812 | $3,072 | $2,048 | $2,871
Fleet $1,055 | $1,121 | $1,077 | $2,443 | $2,501 | $2,462
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Table 3.10-3 Control Case Costs for the Alternative 3 (Cars +20) Standards (2009%)

Company 2021 2025

Cars | Trucks | Fleet | Cars | Trucks | Fleet
Aston Martin | $6,424 $0 $6,424 | $5,348 $0 $5,348
BMW -$240 -$154 -$218 | $1,108 | $1,320 | $1,164
Chrysl e/Fiat | $121 $471 $272 | $1,242 | $1,663 | $1,424
Damler $592 $481 $567 | $1,623 | $1,591 | $1,616
Ferrari $6,351 $0 $6,351 | $6,292 $0 $6,292
Ford $278 $156 $240 | $1,322 | $1,246 | $1,299
Ged y-V olvo | $923 $44 $662 | $1,946 | $1,420 | $1,790
GM $109 $394 $245 | $1,350 | $1,456 | $1,400
Honda $215 $476 $292 $913 $1,428 | $1,064
Hyundai $304 $374 $318 | $1,016 | $1,156 | $1,044
Kia $253 $597 $326 $776 $1,397 $908
Lotus $2,114 $0 $2,114 | $2,628 $0 $2,628
Mazda $356 $350 $355 | $1,251 | $1,118 | $1,229
M itsubishi $284 $409 $326 | $1,371 | $1,501 | $1,414
Nissan $323 | $202 | $287 | $1,323| $1,063 | $1,246
Porsche $3732 | $953 | $3,131 | $4,135 | $2,054 | $3,685
Spyker- Saab | $1,733 $625 $1,588 | $2,431 | $1,397 | $2,296
Subaru $574 $151 $478 | $1,375 | $1,486 | $1,400
Suzuki $321 $381 $331 | $1,341 | $1,588 | $1,383
TaaJLR $688 $1,567 | $1,097 | $2,336 | $2,143 | $2,246
Teda $0 $0 $0 $0 $0 $0
Toyota $201 $466 $298 $780 $1,334 $982
VW $36 $797 $186 | $1,230 | $2,048 | $1,391
Fleet $244 $390 $292 | $1,161 | $1,394 | $1,238
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Table 3.10-4 Control Case Costs for the Alternative 4 (Cars -20) Standards (20099%)

Company 2021 2025

Cars | Trucks | Fleet | Cars | Trucks | Fleet
Aston Martin | $6,424 | $0 $6,424 | $7,231 | $0 $7,231
BMW $2,583 | $915 $2,143 | $3,956 | $1,959 | $3,428
Chrysler/Fiat | $866 | $1,505 | $1,142 | $2,718 | $2,808 | $2,757
Daimler $3,734 | $1,025 | $3,114 | $4,693 | $2,044 | $4,087
Ferrari $6,351 | $0 $6,351 | $7,109 | $0 $7,109
Ford $1,333 | $1,878 | $1,501 | $3,235 | $3,169 | $3,214
Gedly-Volvo | $4,111 | $1,086 | $3,215 | $5,262 | $2,040 | $4,307
GM $1,064 | $1,017 | $1,042 | $2,689 | $3,013 | $2,843
Honda $909 | $1,194 | $993 | $2,224 | $2,777 | $2,387
Hyundai $1,335 | $1,440 | $1,356 | $2,901 | $2,249 | $2,771
Kia $1,049 | $1,126 | $1,066 | $2,500 | $2,064 | $2,408
L otus $4,861 | $0 $4,861 | $4,812 | $0 $4,812
Mazda $2,064 | $1,420 | $1,957 | $3,312 | $3,117 | $3,279
Mitsubishi $1,926 | $1,555 | $1,803 | $3,184 | $2,780 | $3,050
Nissan $1,485 | $1,429 | $1,469 | $2,965 | $2,938 | $2,957
Porsche $6,519 | $1,678 | $5,473 | $7,428 | $2,299 | $6,320
Spyker-Saab | $5406 | $898 $4,817 | $5,814 | $1,575 | $5,261
Subaru $1,959 | $1,724 | $1,906 | $3,091 | $2,866 | $3,040
Suzuki $2,276 | $1,410 | $2,128 | $3,324 | $3,032 | $3,274
TataJLR $2,877 | $2,845 | $2,862 | $4,291 | $3,563 | $3,953
Tesla $0 $0 $0 $0 $0 $0
Toyota $563 | $1,099 | $758 | $2,140 | $2,449 | $2,252
VW $3,267 | $1,166 | $2,854 | $4,438 | $2,219 | $4,001
Fleet $1,415 | $1,275 | $1,369 | $2,923 | $2,760 | $2,869

3.11Comparative cost of advanced technologies under credit scenarios

As part of the analysis of the flexibility programs, EPA calculated an illustrative
example of the relative cost-effectiveness of certain advanced technologies.

Table 3.11-1 shows the cost per gram per mile of going from the 2016 type
technologiesto MY 2021 technologies. Note that in al cases, the advanced technologies are
significantly more expensive than the average costs per vehicle from the OMEGA, even when
considering the impacts of the incentives.

Table 3.11-1 Gram/mile cost of advanced technologies

MY 2021
Reference Cco2 Ddta Delta $ per
Case CO2 | (Proposed) | g/mile Cost® g/mile
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OMEGA projection of

average 2021 Car in 225 178 47 $625 $13
Proposal Case

EV100 (45 sqft, VT 3, 263 0 263 | $16,066 w1
no multiplier)

EV100 (45 sgft, VT 3,

1.5 multiplier) 263 0 395 | $16,066 $41
OMEGA projection of

average 2021 Truck in 297 239 58 $654 $11
Proposal Case

HEV (65 sgft, VT 13,

no credit) 344 243 101 | $6,264 $62
HEV (65 sgft, VT 13,

20 g credit) 344 223 121 | $6,264 $52

~Note that we use average reference case cost of $704 for cars and $858 for trucks, not the vehicle specific cost.
If these vehicles reference case costs were higher than average, then their costs under the proposal would be less,
and conversely if their costs were lower than averages, then their compliance costs would be greater.

The reference case CO, values are determined in the case of the OMEGA projections,
from the actual OMEGA runs, and in the case of the 45 and 65 square foot vehicles from the
applicable GHG curve. In thistable, the EV is assumed to have a compliance value of zero
grams per mile without the multiplier incentive. For the incentive, we simply multiplied the
deltagram per mile by 1.5. This overstates the impact of the credit, because the multiplier
would also increase the number of vehiclesin amanufacturer’sfleet by 1.5. The cost per
gram/mileis actually greater than shown in thisillustrative table because the size of the fleet
impacts the benefit of the multiplier. The HEV in this example has an effectiveness of 51.4%
relative to a baseline (no technology) vehicle with a CO, of 500 g/mile.

HEVsand EVs, regardless of their cost-effectiveness, are more effective than the
conventional technologies, and retain that advantage. Further in MY 2025, when the average
cost per gram/mileis higher, these technol ogies are more cost effective.

3.12 How Many of Today’s Vehicles Can Meet or Surpass the Proposed MY 2017-2025
CO2 Footprint-based Targets with Current Powertrain Designs?

As part of its evaluation of the feasibility of the proposed standards , EPA evaluated
all MY 2011 and MY 2012 vehicles sold in the U.S. today against the proposed CO2 footprint-
based standard curves to determine which of these vehicles would meet or be lower than the
proposed MY 2017 —-MY 2025 footprint-based CO2 targets assuming air conditioning credit
generation consistent with today’ s proposal. Under the proposed 2017-2025 greenhouse gas
emissions standards, each vehicle will have a unique CO2 target based on the vehicle's
footprint (with each manufacturer having its own unique fleetwide standard )) . Inthis
anaysis, EPA assumed air conditioner credits because air conditioner improvements are
considered to be among the cheapest and easiest technol ogies to reduce greenhouse gas
emissions, manufacturers are already investing in air conditioner improvements, and air
conditioner changes do not impact engine, transmission, or aerodynamic designs so assuming
such credits does not affect consideration of cost and |eadtime for use of these other
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technologies. EPA applied increasing air conditioner credits over time with a phase-in of
aternative refrigerant for the generation of HFC leakage reduction credits consistent with the
assumed phase-in schedule discussed in Preamble Section 111.C. No adjustments were made
to vehicle CO, performance other then this assumption of air conditioning credit generation.
Under thisanalysis, awide range of these existing vehicles would meet the MY 2017 proposed
CO2 targets, and a few meet even the proposed MY 2025 CO, targets.

Using publicly available data’™, EPA compiled alist of all available vehicles and their
2-cycle CO, g/mile performance (that is, the performance over the city and highway
compliancetests). Datais currently available for all MY 2011 vehicles and some MY 2012
vehicles. EPA gathered vehicle footprint data from EPA reports,> manufacturer submitted
CAFE reports, and manufacturer websites. .

Table3.12-1 showsthat a significant number of vehicles sold today would meet or be
lower than the proposed footprint-based CO2 targets with current powertrain designs,
assuming air conditioning credit generation consistent with our proposal. The table
highlights the vehicles with CO2 emissions that meet or are lower than the applicable
proposed footprint targets from MY 2017 to 2025 in green, and shows the percentage below
the proposed target for each year. Thelist of vehiclesincludes midsize cars, minivans, sport
utility vehicles, compact cars, and small pickup trucks—all of which meet the proposed MY
2017 target values with no technology improvements other then air conditioning system
upgrades. These vehicles utilize awide variety of powertrain technologies, including internal
combustion, hybrid-electric, plug-in hybrid-electric, and full electric, and operate on a variety
of different fuelsincluding gasoline, diesel, electricity, and compressed natural gas. Nearly
every major manufacturer produces some vehicles that would meet or be lower than the
proposed MY 2017 footprint CO2 target with only simple improvementsin air conditioning
systems.

Vehicles that are above, but within 5%, of the proposed targets are highlighted in
yellow. Thislist also includes vehicles from multiple classes, including large cars and
standard pickup trucks. Four versions of the F-150 pickup truck are within 5% of the
proposed targets through at least 2021. Thisincludes two engine options (the 3.7L V6 and the
3.5L V6), and three wheelbase options”".

EPA also receives projected sales data prior to each model year from each
manufacturer. Based on this data, approximately 7% of MY 2011 sales will be vehicles that
would meet or be better than the proposed MY 2017 targets for those vehicles, requiring only
improvementsin air conditioning systems. In addition, nearly 30% of projected MY 2011
sales would be within 10% of the proposed MY 2017 footprint CO2 target with only simple
improvementsto air conditioning systems, afull six model years before the proposed standard
would take effect.

T www.fueleconomy.gov
YY The F-150 engine and wheel base combinations listed in Table 3.12-1 correspond to models that are currently
available. Not all possible engine and wheelbase combinations are produced.
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With improvements to air conditioning systems, the most efficient gasoline internal
combustion engines would meet the MY 2020 proposed footprint targets. After MY 2020, the
only current vehicles that continue to meet the proposed footprint-based CO2 targets
(assuming improvementsin air conditioning) are hybrid-electric, plug-in hybrid-electric, and
fully electric vehicles. However, the proposed MY 2020 standards will not be in effect for
another nine years. EPA expects that gasoline vehicles will continue to improve in that
timeframe and will be able to meet the standard (using the technol ogies discussed in Chapter
3 of the draft Joint TSD and as discussed in Preamble Section 111.D) assuming air conditioner
improvements. Today’s Toyota Prius, Ford Fusion Hybrid, Chevrolet Volt, Nissan Leaf,
Honda Civic Hybrid, and Hyundai Sonata Hybrid all meet or surpass the proposed footprint-
based CO2 targets through MY 2025. In fact, the current Prius, Volt, and Leaf meet the
proposed 2025 CO2 targets without air conditioning credits.

This assessment of MY 2011 and MY 2012 vehicles aso makes clear that substantial
additional technology penetration across the fleet, and lead time in which to do so, is heeded
for manufacturers to meet the proposed standards. Notably, based on the OMEGA modeling,
we project that the MY 2017-2025 standards can primarily be achieved by advanced gasoline
vehicles —for example, in MY 2025, we project more than 80 percent of the new vehicles
could be advanced gasoline powertrains. The assessment of MY 2011 and MY 2012 vehicles
available in the market today indicates advanced gasoline vehicles (as well as diesels) can
achieve the targets for the early model years of the proposed standards (i.e., model years
2017-2020) with only improvementsin air conditioning systems. However, significant
improvements in technol ogies are needed and penetrations of those technologies must
increase substantialy in order for individual manufacturers (and the fleet overal) to achieve
the proposed standards for the early years of the program, and certainly for the later years
(i.e., model years 2021-2025). These technology improvementsinclude: gasoline direct
injection fuel systems; downsized and turbocharged gasoline engines (including in some cases
with the application of cooled exhaust gas recirculation); continued improvements in engine
friction reduction and low friction lubricants; transmissions with an increased number of
forward gears (e.g., 8 speeds); improvements in transmission shifting logic; improvementsin
transmission gear box efficiency; vehicle mass reduction; lower rolling resistance tires, and
improved vehicle aerodynamics. In many (though not all) cases these technologies are
beginning to penetrate the U.S. light-duty vehicle market.

In general, these technologies must go through the automotive product devel opment
cyclein order to be introduced into the U.S. fleet, and in some cases additional research is
needed before the technologies CO, benefits can be fully realized and large-scale
manufacturing can be achieved. Thistopic is discussed in more detail in Chapter 3.5 of the
draft Joint Technical Support Document. In that Chapter, we explain that many CO,
reducing technologies should be able to penetrate the new vehicle market at high levels
between now and MY 2016, there are also many of the key technologies we project as being
needed to achieve the proposed 2017-2025 standards which will only be able to penetrate the
market at relatively low levels (e.g., amaximum level of 30%) or less by MY 2016, and which
even by MY 2021 will still be constrained. These include important powertrain technologies
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such as 8-speed transmissions and second or third generation downsized engines with
turbocharging,

The mgjority of these technologies must be integrated into vehicles during the
product redesign schedule, which istypically on a 5-year cycle. EPA discussed in the
MY 2012-2016 rule the significant costs and potential risks associated with requiring major
technol ogies to be added in-between the typical 5-year vehicle redesign schedule, (see 75 FR
at 25467-68,). In addition, engines and transmissions generally have longer lifetimesthen 5
years, typicaly on the order of 10 years or more. Thus major powertrain technologies
generaly take longer to penetrate the new vehicle fleet then can be done in a 5-year redesign
cycle. Asdetailed in Chapter 3.5 of the draft Joint TSD, EPA projects that 8-speed
transmissions could increase their maximum penetration in the fleet from 30% in MY 2016 to
80% in 2021 and to 100% in MY 2025. Similarly, we project that second generation
downsized and turbocharged engines (represented in our assessment as engines with a brake-
mean effective pressure of 24 bars) could penetrate the new vehicle fleet at amaximum level
of 15% in MY 2016, 30% in MY 2021, and 75% in MY 2025. When coupled with the typical 5
year vehicle redesign schedule, EPA project that is not possible for al of the advanced
gasoline vehicle technol ogies we have assessed to penetrate the fleet in asingle 5 year vehicle
redesign schedule.

Given the status of the technologies we project to be used to achieve the proposed
MY 2017-2025 standards and the product development and introduction process which is
fairly standard in the automotive industry today, our assessment of the MY 2011 and MY 2012
vehicles in comparison to the proposed standards supports our overall feasibility assessment,
and reinforces our assessment of the lead time needed for the industry to achieve the proposed
standards.

23 EPA’s“Light Duty Automotive Technology, Carbon Dioxide Emissions, and Fuel
Economy Trends Report, 1975 through 2010”
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Table 3.12-1 Vehicles that Meet or Exceed Proposed Targets With Current Powertrain Designs

j A . i Compliance
it Manufacturer Vehicle F:enlaEdégjoeliy Tallplpze Ce> Foot;:nnt Roveiial Transmission Dis;nailenrient Vehicle Class Gl .
Year (mpg) (ft%) (ft*) Type ) Truck 2017 2018 2019 2020 2021 2022 2023 2024 2025
2011 |Mercedes-Benz [Smart fortwo (cabriolet) 123.9 0.0 26.8 EV Al n/a Two Seaters C 100% 100% 100% 100% 100% 100% 100% 100% 100%
2011 |Mercedes-Benz [Smart fortwo (coupe) 123.9 0.0 26.8 EV Al n/a Two Seaters C 100% 100% 100% 100% 100% 100% 100% 100% 100%
2011 |Nissan LEAF 141.7 0.0 44.7 EV Al n/a Midsize Cars C 100% 100% 100% 100% 100% 100% 100% 100% 100%
2011 |Chevrolet VOLT 48.4 56.0 45.3 PHEV CvVT 1.4 Compact Cars C 76% 76% 75% 73% 72% 71% 69% 68% 66%
2011 |Toyota PRIUS 70.8 125.6 44.2 HEV cvT 18 Midsize Cars C 46% 44% 42% 40% 37% 34% 31% 28% 24%
2012 |Honda CIVIC HYBRID 63.1 140.9 43.5 HEV A5 15 Compact Cars C 38% 35% 33% 30% 27% 23% 20% 16% 12%
2011 |Hyundai SONATA HYBRID 52.2 170.3 48.0 HEV A6 2.4 Midsize Cars C 30% 28% 24% 21% 18% 14% 10% 6% 1%
2012 |Ford FUSION HYBRID FWD 54.2 164.0 45.6 HEV CvVT 2.5 Midsize Cars C 30% 27% 24% 21% 17% 13% 9% 5% 0%
2012 |Lincoln MKZ HYBRID FWD 54.2 164.0 45.6 HEV cvT 2.5 Midsize Cars C 30% 27% 24% 21% 17% 13% 9% 5% 0%
2011 |Lexus CT 200h 57.5 154.6 42.6 HEV CVT 1.8 Compact Cars C 30% 27% 24% 21% 17% 13% 9% 5% 0%
2011 |Honda INSIGHT 57.3 155.1 40.8 HEV CvVT 13 Compact Cars C 27% 24% 21% 17% 13% 9% 5% 0% -4%
2011 |Toyota HIGHLANDER HYBRID 4WD 38.7 229.7 48.8 HEV CVT 3.5 Sport Utility Vehicle T 21% 20% 18% 16% 10% 6% 1% -4%
2011 |Lexus RX 450h AWD 38.6 230.4 48.6 HEV cvT 3.5 Sport Utility Vehicle T 21% 19% 18% 16% 10% 5% 0% -5%
2011 |Honda CIVICCNG 37.5 175.7 43.4 CNG A5 1.8 Subcompact Cars C 21% 17% 14% 10% 6% 1% -3%
2011 |Chevrolet SILVERADO 2WD HYBRID 28.5 3114 67.3 HEV CvVT 6.0 Standard Pick-up Trucks T 14% 14% 14% 13% 7% 2% -3%
2011 |GMC SIERRA 2WD HYBRID 28.5 3114 67.3 HEV CvVT 6.0 Standard Pick-up Trucks T 14% 14% 14% 13% 7% 2% -3%
2011 |Chevrolet SILVERADO 4WD HYBRID 284 313.2 67.3 HEV cvT 6.0 Standard Pick-up Trucks T 13% 13% 14% 12% 6% 1% -3%
2011 |GMC SIERRA 4WD HYBRID 284 313.2 67.3 HEV CVT 6.0 Standard Pick-up Trucks T 13% 13% 14% 12% 6% 1% -3%
2011 |Nissan ALTIMA HYBRID 46.7 190.3 46.3 HEV CvVT 2.5 Midsize Cars C 19% 15% 12% 8% 3% -1%
2011 |Toyota CAMRY HYBRID 45.9 193.4 46.9 HEV CvVT 2.4 Midsize Cars C 18% 15% 11% 7% 3% -2%
2011 |Lexus HS 250h 47.3 188.0 44.5 HEV cvT 2.4 Compact Cars C 17% 13% 9% 5% 1% -4%
2012 |Ford ESCAPE HYBRID AWD 39.0 227.6 43.3 HEV CVT 2.5 Sport Utility Vehicle T 13% 12% 10% 8% 1% -4%
2011 |Honda CR-Z 50.1 177.3 39.5 HEV CvVT 1.5 Two Seaters C 15% 12% 8% 4% -1%
2011 |Mercedes-Benz [Smart fortwo (cabriolet) 49.5 179.5 26.8 Gasoline A5 1.0 Two Seaters C 14% 11% 7% 2% -2%
2011 |Mercedes-Benz |Smart fortwo (coupe) 49.5 179.5 26.8 Gasoline AS 1.0 Two Seaters C 14% 11% 7% 2% -2%
2012 |Hyundai ELANTRA 44.7 198.7 45.2 Gasoline M6 18 Midsize Cars C 13% 9% 5% 1% -4%
2012 |Hyundai ELANTRA 44.4 200.2 45.2 Gasoline A6 1.8 Midsize Cars C 12% 9% 4% 0% -5%
2011 |Toyota TACOMA 2WD 30.2 294.5 55.9 Gasoline M5 2.7 Small Pick-up Trucks T 9% 7% 5% 3% -4%
2011 |Toyota SIENNA 29.4 302.0 56.1 Gasoline A6 2.7 Minivan T 7% 5% 3% 1%
2012 |Chevrolet CRUZE ECO 44.4 200.3 44.8 Gasoline M6 1.4 Midsize Cars C 11% 8% 3% -1%
2011 |Lexus RX 450h 40.4 220.2 48.6 HEV CvVT 3.5 Sport Utility Vehicle C 9% 6% 1% -3%
2012 |Ford Focus SFE FWD 43.6 203.7 44.2 Gasoline A6 2.0 Compact Cars C 9% 5% 0% -4%
2012 |Honda CIVIC HF 44.3 200.6 43.4 Gasoline A5 1.8 Compact Cars C 9% 5% 0% -4%
2011 |Honda ODYSSEY 2WD 29.0 306.7 55.9 Gasoline A6 3.5 Minivan T 5% 3% 1% -1%
2011 |Ford RANGER 2WD 31.2 284.5 50.6 Gasoline M5 2.3 Small Pick-up Trucks T 4% 2% 0% -2%
2012 |Ford ESCAPE HYBRID FWD 44.1 201.4 43.3 HEV CvVT 2.5 Sport Utility Vehicle C 8% 4% 0% -5%
2011 |Toyota TACOMA 2WD 283 313.6 55.9 Gasoline A4 2.7 Small Pick-up Trucks T 3% 1% -1% -4%
2012 |Hyundai ACCENT 45.5 195.1 41.7 Gasoline A6 1.6 Compact Cars C 8% 4% -1% -5%
2012 |Infiniti M35h 38.8 229.1 49.1 HEV A7 3.5 Midsize Cars C 6% 2% -2%
2012 |Honda CIVIC 43.0 206.7 43.4 Gasoline A5 1.8 Compact Cars C 6% 2% -3%
2012 |Ford FOCUS FWD 42.1 211.0 44.2 Gasoline A6 2.0 Compact Cars C 5% 1% -4%
2011 |Honda CR-Z 44.9 197.9 39.5 HEV M6 1.5 Two Seaters C 5% 1% -4%
2011 |Ford Fiesta SFE FWD 44.9 198.0 39.3 Gasoline A6 1.6 Subcompact Cars C 5% 1% -4%
2012 |Fiat 500 44.5 199.6 34.7 Gasoline M5 1.4 Minicompact Cars C 4% 0% -5%
2011 |Cadillac ESCALADE 2WD HYBRID 28.5 3114 54.8 HEV cvT 6.0 Sport Utility Vehicle T 2% -1% -2% -5%
2011 |Chevrolet TAHOE 2WD HYBRID 28.5 3114 54.8 HEV CvVT 6.0 Sport Utility Vehicle T 2% -1% -2% -5%
2011 |GMC YUKON 2WD HYBRID 28.5 3114 54.8 HEV CvVT 6.0 Sport Utility Vehicle T 2% -1% -2% -5%
2011 |Chevrolet TAHOE 4WD HYBRID 284 313.2 54.8 HEV cvT 6.0 Sport Utility Vehicle T 1% -1% -3%
2011 |GMC YUKON 4WD HYBRID 28.4 313.2 54.8 HEV cvT 6.0 Sport Utility Vehicle T 1% -1% -3%
2012 |Chevrolet CRUZE ECO 40.9 217.1 44.8 Gasoline A6 14 Midsize Cars C 4% -1% -5%
2012 |Volkswagen Passat 46.4 219.5 45.3 Diesel M6 2.0 Midsize Cars C 3% -1%
2012 |Honda CIVIC 41.8 212.4 43.4 Gasoline M5 1.8 Compact Cars C 3% -1%
2012 |Ford FOCUS FWD 41.1 216.1 44.2 Gasoline A6 2.0 Compact Cars C 3% -2%
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Unadjusted o . . Engine Compliance

bl Manufacturer Vehicle Fuel Eclonomy aipines: Fuul;;rlnt IRICIIEL D Transmission Displa?:emem Vehicle Class G .
Year (mpg) (ft3) (ft) Type L Truck 2017 2018 2019 2020 2021 2022 2023 2024 2025
2011 |Ford Fiesta FWD 44.0 202.2 39.3 Gasoline A6 1.6 Pubcompact Cars C 3% -2%

2012 |Buick LACROSSE 38.1 233.3 48.0 Gasoline A6 2.4 idsize Cars C 3% -2%

2011 |Kia FORTE ECO 40.7 218.3 44.5 Gasoline A6 2.0 idsize Cars C 2% -2%

2012 |Chevrolet CRUZE 40.4 219.8 44.8 Gasoline M6 14 idsize Cars C 2% -2%

2011 |Mini Mini Cooper 43.6 203.9 38.8 Gasoline M6 1.6 Minicompact Cars C 2% -3%

2012 |Chevrolet CRUZE 40.1 2217 44.8 Gasoline A6 14 idsize Cars C 1% -3%

2012 |Buick REGAL 38.1 233.3 46.8 Gasoline A6 2.4 idsize Cars C 0% -4%

2011 |Ford F150 PICKUP 2WD 239 372.3 75.9 Gasoline A6 3.5 Btandard Pick-up Trucks T -4% -4% -4% -4% -4% -4%
2011 |Ford F150 PICKUP 2WD 239 372.3 72.8 Gasoline A6 3.5 Btandard Pick-up Trucks T -4% -4% -4% -4% -4% -5%
2011 |Ford F150 PICKUP 2WD 239 3723 67.2 Gasoline A6 3.5 Ptandard Pick-up Trucks T -4% -4% -4% -4% -5%
2011 |Ford F150 PICKUP 2WD 24.4 363.8 67.2 Gasoline A6 3.7 Ptandard Pick-up Trucks T -2% -1% -1% -1% -3%
2011 |Cadillac ESCALADE 4WD HYBRID 28.0 317.4 54.8 HEV CVT 6.0 Bport Utility Vehicle T 0% -3% -4%

2011 |GMC YUKON DENALI HYBRID 4WD 28.0 317.4 54.8 HEV CvVT 6.0 Bport Utility Vehicle T 0% -3% -4%

2011 |Mercedes-Benz |ML450 HYBRID 4MATIC 29.6 300.4 51.0 HEV CvT 3.5 Pport Utility Vehicle T -1% -3% -5%

2012 |Ford TRANSIT CONNECT FWD 31.1 286.0 47.9 Gasoline M5 1.6 Bpecial Purpose Vehicle T -1% -3% -5%

2011 |Mini Mini Cooper Countryman 41.0 216.8 43.0 Gasoline M6 1.6 [Compact Cars C 0% -5%

2012 |Volkswagen Jetta 46.1 220.7 43.8 Gasoline A6 2.0 [Compact Cars C 0% -5%

2011 |Ford Fiesta FWD 42.7 208.1 39.3 Gasoline A6 2.7 Pubcompact Cars C 0% -5%

2012 |Volkswagen Jetta 46.1 220.9 43.8 Diesel CVT 3.5 [Compact Cars C 0% -5%

2011 |Toyota VENZA AWD 30.2 294.3 48.8 Gasoline A4 2.0 Bport Utility Vehicle T -2% -5%

2011 |Nissan QUEST 27.2 326.7 55.9 Gasoline M6 2.0 Minivan T -1% -4%

2011 |Nissan FRONTIER 2WD 27.4 324.8 54.8 Gasoline M5 2.5 Pmall Pick-up Trucks T -3% -5%

2011 |Mazda MAZDA2 42.6 208.6 39.4 Gasoline M5 1.5 Compact Cars C -1% -5%

2012 |Ford Transit Connect Van 30.5 291.8 47.9 Gasoline A4 2.0 ans, Cargo Types T -3%

2011 |Toyota SIENNA 26.7 333.0 56.1 Gasoline A6 3.5 Minivan T -3%

2012 |Kia SORENTO 4WD 30.6 290.8 47.1 Gasoline A6 2.4 Pport Utility Vehicle T -4%

2012 |Kia SPORTAGE 4WD 31.0 286.9 46.0 Gasoline A6 2.4 Bport Utility Vehicle T -5%

2011 |Suzuki EQUATOR 2WD 273 325.3 54.0 Gasoline M5 2.5 Pmall Pick-up Trucks T -4%

2011 |Toyota YARIS 42.6 208.7 39.9 Gasoline M5 1.5 Pubcompact Cars C -1%

2012 |Volkswagen Passat 44.6 228.2 45.3 Diesel A6 2.0 idsize Cars C -1%

2011 |Honda FIT 42.5 208.9 39.9 Gasoline A5 1.5 Pmall Station Wagons C -1%

2012 |Nissan SENTRA 39.5 2249 443 Gasoline cvT 2.0 idsize Cars C -1%

2011 |Toyota COROLLA 41.0 217.0 42.5 Gasoline M5 1.8 [Compact Cars C -1%

2012 |Ford FOCUS FWD 39.4 225.4 44.2 Gasoline M5 2.0 [Compact Cars C -2%

2012 |Hyundai SONATA 36.5 243.3 48.0 Gasoline A6 2.4 Large Cars C -2%

2011 |Kia OPTIMA 36.5 243.8 48.1 Gasoline M6 2.4 idsize Cars C -2%

2012 |Hyundai SONATA 36.5 243.6 48.0 Gasoline M6 2.4 Large Cars C -2%

2011 |Kia FORTE 389 2284 44.5 Gasoline A6 2.0 idsize Cars C -2%

2011 |Toyota YARIS 41.9 212.2 39.9 Gasoline A4 1.5 Bubcompact Cars C -2%

2011 |Kia OPTIMA 36.3 245.1 48.1 Gasoline A6 2.4 idsize Cars C -2%

2012 |Chevrolet CRUZE 38.5 230.5 44.8 Gasoline M6 18 idsize Cars C -3%

2011 |Mini Mini Cooper 41.7 213.3 38.8 Gasoline A6 1.6 inicompact Cars C -3%

2012 |Volkswagen GOLF 46.1 220.7 42.4 Diesel A6 2.0 [Compact Cars C -3%

2012 |Volkswagen GOLF 46.1 220.9 42.4 Diesel M6 2.0 [Compact Cars C -4%

2011 |Kia RIO 41.1 216.0 413 Gasoline M5 1.6 [Fompact Cars C -4%

2012 |Volkswagen JETTA SPORTWAGEN 46.1 220.9 42.3 Diesel M6 2.0 Pmall Station Wagons C -4%

2011 |Kia FORTE KOUP 383 232.1 44.6 Gasoline A6 2.0 [Compact Cars C -4%

2012 |Audi A6 354 251.0 48.6 Gasoline CVT 2.0 idsize Cars C -4%

2011 |Nissan VERSA 40.8 217.9 414 Gasoline (9%} 18 idsize Cars C -4%

2011 |Hyundai ENTOURAGE 26.8 3316 54.8 Gasoline A6 3.5 Minivan T -5%

2012 |Kia SEDONA 26.8 3316 54.7 Gasoline A6 3.5 inivan T -5%

2011 |Mini Mini Clubman 41.0 216.8 40.1 Gasoline M6 1.6 Bubcompact Cars C -5%

2011 |Mini Mini Convertible 41.0 216.8 38.8 Gasoline M6 1.6 inicompact Cars C -5%

2012 |Audi A3 46.1 220.7 41.8 Diesel A6 2.0 mall Station Wagons C -5%
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3.13 Analysis of Ferrari & Chrysler/Fiat

Note that in the primary analyses, Ferrari is shown as a separate entity, but in this side-
analysis, is combined with other Fiat-owned companies for purposes of GHG compliance.
Ferrari could be combined with other Fiat-owned companies for purposes of GHG
compliance at the manufacturer's discretion. We conducted an OMEGA run to evaluate a
scenario where Ferrari’ s compliance would be included with other Fiat-owned companies,
including Chrysler. Unlike Ferrari under the scenario in which Ferrari was modeled as a
stand-alone company, Chrysler/Fiat would comply, even with the Ferrari vehicles included.
Also note that in Section 111.B., EPA is requesting comment on the concept of allowing
companies that are able to demonstrate "operational independence” to be eligible for SVM
aternative standards. If EPA were to adopt such provisions, and Ferrari were to qualify, they
would likely petition for an alternative standard under the proposed SVM provisions, rather
than comply as part of Chrysler/Fiat.

Under the MY 2025 OMEGA projections, Ferrari falls short of its 2025 target (150
grams/mile CO,) by ninegrams. /¥ Under this scenario, Ferrari would produce a fleet
consisting of amost entirely HEV's (50%), EV's (23%) and PHEV s (22%) withaMY 2025
compliance cost of approximately $7,100 relative to the MY 2016 standards.

If Ferrari isincluded in the Chrysler/Fiat GHG compliance fleet, Chrylser/Fiat’s
starting 2008 CO; is 2 grams higher (347.6 vs. 345.6). Asaresult, the cost of complying with
the reference case standards would increase by approximately $65, and the cost of complying
with the proposed standards would increase by $91 for anet average increasein MY 2025
compliance costs of $36 per vehicle for Chrysler/Fiat. Net program costs would not change
significantly.

3.14Cost Sensitivities
3.14.1 Overview

We have conducted several sensitivity analyses on avariety of input parameters. For
the analyses presented in and have run the OMEGA mode to generate 2025MY results for
each of these sengitivities. We have looked at different levels of mass reduction costs, battery
pack costs, indirect cost multipliers, and learning rates. These sensitivities are summarized in

YV Assuming that Ferrari complied with the primary proposed standards.
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Table 3.14-1 , with the summarized resultsin

Table3.14-10 . Additiona sensitivities with regard to benefits are shown in DRIA
Chapter 4.
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Table 3.14-1 Summary of Cost Sensitivities

Sensitivity parameter Low side sensitivity High side sensitivity

Mass reduction direct 40% lower 40% higher

manufacturing costs

Battery pack direct 10% lower for P2 HEV's 10% higher for P2 HEV's

manufacturing costs 20% lower for PHEV/EV 20% higher for PHEV/EV

Indirect cost multipliers Low side of 95% confidence | High side of 95%
interval of modified Delphi | confidence interval of
survey results modified Delphi survey

results

L earning rates’ P-value of 30% on steep P-value of 10% on steep
portion of the curve; cost portion of the curve; cost
reductions of 4%/3%/2% reductions of 2%/1%/0%
per year for each 5 year per year for each 5 year
increment on the flat portion | increment on the flat portion
of the learning curve of the learning curve

@ Higher learning rate