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Executive Summary

The Environmental Protection Agency (EPA) and the National Highway Traffic
Safety Administration (NHTSA) are issuing a joint Notice of Final Rulemaking (FRM) to
establish standards for light-duty highway vehicles that will reduce greenhouse gas emissions
(GHG) and improve fuel economy. EPA is issuing greenhouse gas emissions standards under
the Clean Air Act, and NHTSA is issuing Corporate Average Fuel Economy standards under
the Energy Policy and Conservation Act (EPCA), as amended. These standards apply to
passenger cars, light-duty trucks, and medium-duty passenger vehicles, covering model years
(MY) 2017 through 2025. The standards will require these vehicles to meet an estimated
combined average emissions level of 163 grams of CO, per mile in MY 2025 under EPA’s
GHG program. These standards are designed such that compliance can be achieved with a
single national vehicle fleet whose emissions and fuel economy performance improves year
over year. The National Program will result in approximately 2 billion metric tons of CO,
equivalent emission reductions and approximately 4 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 (a) of the Clean Air Act.* The health- and
environmentally-related effects associated with these emissions are a classic example of an
externality-related market failure. An externality occurs when one party's actions impose
uncompensated costs on another party. EPA’s final rule will deliver additional environmental
and energy benefits, as well as cost savings, on a nationwide basis that would likely not be
available if the rule were not in place.

Table 1 shows EPA’s estimated lifetime discounted cost, benefits and net benefits for
all vehicles projected to be sold in model years 2017-2025. It is important to note that there is
significant overlap in costs and benefits for NHTSA’s CAFE program and EPA’s GHG
program and therefore combined program costs and benefits are not a sum of the individual
programs.

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
("If EPA makes a finding of endangerment, the Clean Air Act requires the agency to regulate emissions of the
deleterious pollutant from new motor vehicles").
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Table 1 EPA’s Estimated 2017-2025 Model Year Lifetime Discounted Costs,
Benefits, and Net Benefits assuming the 3% discount rate SCC Value*™*
(Billions of 2010 dollars)

Lifetime Present Value® — 3% Discount Rate
Program Costs $150
Fuel Savings $475
Benefits $126
Net Benefits® $451
Annualized Value® — 3% Discount Rate
Annualized costs $6.49
Annualized fuel savings $20.5
Annualized benefits $5.46
Net benefits $19.5
Lifetime Present Value® - 7% Discount Rate
Program Costs $144
Fuel Savings $364
Benefits $106
Net Benefits® $326
Annualized Value® — 7% Discount Rate
Annualized costs $10.8
Annualized fuel savings $27.3
Annualized benefits $7.96
Net benefits $24.4
Notes:

“ The agencies estimated the benefits associated with four different values of a one ton CO,
reduction (model average at 2.5% discount rate, 3%, and 5%; 95t 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 this topic: the model average at 3% discount

rate, in 2010 dollars. Section III.H provides a complete list of values for the 4 estimates.

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

“Projected results using 2008 based fleet projection analysis.

Present value is the total, aggregated amount that a series of monetized costs or benefits that
occur over time is worth in a given year. For this analysis, lifetime present values are

calculated for the first year of each model year for MYs 2017-2025 (in year 2010 dollar terms).
The lifetime present values shown here are the present values of each MY in its first year

summed across MYs.

¢ 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 calculated 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%.

This Regulatory Impact Analysis (RIA) contains supporting documentation to the
EPA rulemaking. NHTSA has prepared its own RIA in support of its CAFE standards (see
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NHTSA’s docket for the rulemaking, NHTSA-2010-0131). While the two sets of standards
are similar, there are also differences in the analyses that require separate discussion. This is
largely because EPA and NHTSA act under different statutes. EPA’s authority comes under
the Clean Air Act, and NHTSA’s authority comes under EPCA (Energy Policy and
Conservation Act of 1975) and EISA (Energy Independence and Security Act), and each
statute has somewhat different requirements and flexibilities. As a result, each agency has
followed a unique approach where warranted by these differences. Where each agency has
followed the same approach or rely on the same inputs —e.g., development of technology
costs and effectiveness—the supporting documentation is contained in the joint Technical
Support Document (joint TSD can be found in EPA’s docket EPA-HQ-OAR-2010-0799).
Therefore, this RIA should be viewed as a companion document to the Joint TSD and the two
documents together provide the details of EPA’s technical analysis in support of its
rulemaking.

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 analyses discussed in Chapter 3 of the Joint TSD.
This chapter also contains details on the lumped parameter model, which is a major part of
EPA’s determination of the effectiveness of these packages. More detail on the effectiveness
of technologies and the Lumped Parameter model can be found in Chapter 3 of the Joint TSD.

Chapter 2: EPA’s Vehicle Simulation Tool, The development and application of the EPA
vehicle simulation tool, called ALPHA (Advanced Light-Duty Powertrain and Hybrid
Analysis), 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 also 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 for cars and trucks separately using the ALPHA tool. The
result corresponds to 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 as well as the ALPHA tool, where active grill shutters (one of
the active aerodynamic technologies considered) provide a reduction of 0-5% in aerodynamic
drag (C4) when deployed. EPA expects that most other active aerodynamic technologies will
provide a reduction of drag in the same range as active grill shutters. Based on this analysis,
EPA will provide a credit for active aerodynamic technologies that can demonstrate a
reduction in aerodynamic drag of 3% or more.

il
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Chapter3: Results of Final and Alternative Standards, This chapter provides the
methodology for and results of the technical assessment of the future vehicle scenarios
presented in this final rulemaking. As in the analysis of the MY 2012-2016 rulemaking,
evaluating these scenarios included identifying potentially available technologies 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, as well
as estimates of their availability to be applied to vehicles. These topics are discussed.

Chapter 4: Projected Impacts on Emissions, Fuel Consumption, and Safety, This
chapter documents EPA’s analysis of the emission, fuel consumption and safety impacts of
the final emission standards for light duty vehicles. These final standards 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 rule. This analysis quantifies the program’s
impacts on the greenhouse gases (GHGs) carbon dioxide (CO,), methane (CHy), nitrous oxide
(N,0) 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 (NOx); and impacts on
several 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. RIA Chapter 5 presents the monetized fuel savings.

In addition to the intended effects of reducing CO, emission, the agencies also
consider the potential of the standards to affect vehicle safety. This topic is introduced in
Preamble Section I1.G. EPA'’s analysis 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, This
chapter contains the program costs and fuel savings associated with EPA’s final 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 which include the addition
of new technology and the potential maintenance associated with that new technology. We
also discuss repair costs and our thoughts on the difficulty associated with estimating repair
costs. In this chapter, we also present the estimated fuel savings associated with the final
standards. We present all of these program costs and the fuel savings for calendar years 2017
through 2050 and for the lifetimes of each of the model years 2017 through 2025 that are the
focus of the final rulemaking. 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 is our estimated consumer cost of ownership and what we
call our “payback analysis” which looks at how quickly the improved fuel efficiency of new
vehicles provides savings to buyers despite the vehicles having new technology (and new
costs). The consumer payback analysis shows that fuel savings will outweigh incremental
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costs in less than four years for people purchasing new 2025MY vehicles with either cash or
credit. Further, for those purchasing new vehicles with a typical five-year car loan, the fuel
savings will outweigh increased costs in the first month of ownership. We have also looked at
the payback periods for buyers of used vehicles meeting the final standards. For buyers that
purchase a 5 and/or a 10 year old vehicle meeting the final standards, the payback periods
occur in half a year or roughly one year depending on whether the vehicle is purchased with
cash or credit.

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 final 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
final 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, sea level rise, and ocean pH. See Chapter 4 in this RIA 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 final standards. To adequately assess these
impacts, we conducted full-scale photochemical air quality modeling to project changes in
atmospheric concentrations of PM; s, ozone and air toxics in the year 2030.

Based on the magnitude of the emissions changes predicted to result from the final
vehicle standards (as shown in Chapter 4), we project that our modeling indicates that there
will be very small changes in ambient ozone and PM; 5 concentrations across most of the
country. However, there will be small decreases in ambient concentrations in some areas of
the country and small increases in ambient concentrations in other areas. The nationwide
population-weighted average change for ozone is an increase of 0.001 ppb and the nationwide
population-weighted average change for PM; 5 is a decrease of 0.007 p g/m3.

The final rule reduces the net human health risk posed by non-GHG related pollutants.
In monetized terms, the present value of PM- and ozone-related impacts associated with the
Calendar Year analysis equals between $3.1 and $9.2 billion in benefits, depending on the
assumed discount rate (7 percent and 3 percent, respectively). The present value of PM2.5-
related benefits associated with the lifetimes of 2017-2025 model year light-duty vehicles (the
Model Year analysis) ranges between $4.3 and $5.5 billion dollars, depending on the assumed
discount rate (7% and 3%, respectively).
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Chapter 7: Other Economic and Social Impacts, This Chapter presents a summary
of the total costs, total benefits, and net benefits expected under the final rule as well as an
expanded description of the agency’s approach to the monetization of GHG emission
reductions and benefits from less frequent refueling. Table 2 presents a summary of all
economic impacts on an annual basis and as present values in 2012 for the years 2017 through
2050 at both 3% and 7% discount rates. Additional tables in Chapter 7 present the total value
of each category of costs and benefits from this rule over the lifetime of MY 2017-2025
vehicles as well as in select calendar years through 2050. We note that several of the cost and
benefit categories we would typically discuss in an RIA are considered joint economic
assumptions common to EPA and NHTSA and are discussed in more detail in EPA and
NHTSA'’s Joint TSD Chapter 4. For the reader’s reference, Chapter 7 includes a summary
table with a number of the economic values discussed in the Joint TSD, including the value of
improving U.S. energy security by reducing imported oil, discount rates, the magnitude of the
VMT rebound effect, and the value of accidents, noise, and congestion associated with
additional vehicle use due to the rebound effect.

Table 2 Undiscounted Annual Monetized Net Benefits & Net Benefits of the Final
Program Discounted Back to 2012 at 3% and 7% Discount Rates (Millions, 2010$)

2017 2020 2030 2040 2050 NPV, 3%* NPV, 7%*

Technology Costs $2,470 $9,190 $35,900 $41,000 $46,500 $561,000 $247,000
Fuel Savings $651 $7,430 $86,400 $155,000 | $212,000 | $1,600,000 $607,000
Total Annual Benefits at each assumed SCC value”

5% (avg SCC) $97 $1,120 $15,300 $28,500 $31,300 $257,000 $118,000

3% (avg SCC) $138 $1,590 $21,200 $40,000 $47,200 $395,000 $256,000

2.5% (avg SCC) | $171 $1,960 $25,600 $48,400 $58,100 $515,000 $376,000

3% (95th %ile) $250 $2,890 $38,500 $74,800 $96,900 $743,000 $604,000
Monetized Net Benefits at each assumed SCC value ¢

5% (avg SCC) -$1,690 -$316 $68,000 $146,000 $201,000 | $1,290,000 | $478,000

3% (avg SCC) -$1,650 $153 $73,900 $158,000 $217,000 | $1,430,000 | $616,000

2.5% (avg SCC) | -$1,610 $524 $78,300 $166,000 $228,000 | $1,550,000 | $736,000

3% (95th %ile) -$1,530 $1,460 $91,200 $192,000 $267,000 | $1,780,000 | $964,000
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.

” RIA Chapter 7.1 notes that SCC increases over time. For the years 2017-2050, the SCC estimates range as
follows: for Average SCC at 5%: $6-$16; for Average SCC at 3%: $26-$47; for Average SCC at 2.5%: $41-
$68; and for 95" percentile SCC at 3%: $79-$142. RIA Chapter 7.1 also presents these SCC estimates.

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

Chapter 8: Vehicle Sales and Employment Impacts, 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. Employment effects due to the rule depend in part
on the state of the economy when the rule becomes effective. The auto industry (the directly
regulated sector) is expected to require additional labor, due both to increased vehicle
production and increased production of fuel-saving technologies. Effects on other sectors
vary: though the rule is likely to increase employment at dealerships (due to the estimated
increased sales) and parts suppliers, and through consumers’ ability to use money not spent on

vi



MY 2017 and Later Regulatory Impact Analysis

fuel for other purposes, employment is expected to be reduced in fuel production and supply
sectors. These analyses provide a fuller picture of the impacts of this rule.

Chapter 9: Small Business Flexibility Analysis, Chapter 9 includes EPA’s analysis
of the small business impacts due to EPA’s final rulemaking. EPA is exempting domestic and
foreign businesses that meet small business size definitions established by the Small Business
Administration.

Chapter 10: Alternate Analysis Using 2010 MY Baseline, Results Using the 2010

Baseline Fleet. In this chapter, EPA presents an alternate analysis using the 2010 based fleet
as the input to the Omega model.

Vil
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1 Technology Packages, Cost and Effectiveness
1.1 Overview of Technology

The final 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 MYs 2017-2025
timeframe at reasonable cost per vehicle and short consumer payback periods, with no
compromise to vehicle utility or safety. As in many prior mobile source rulemakings, the
decision on what standard to set is largely based on the effectiveness of the emissions control
technology, the cost (both per manufacturer and per vehicle) and other impacts of
implementing the technology, and the lead time needed for manufacturers to employ the
control technology. EPA also considers the need for reductions of greenhouse gases, the
degree of reductions achieved by the standards, and the impacts of the standards in terms of
costs, quantified and unquantified benefits, safety, and other impacts. The availability of
technology to achieve reductions and the cost and other aspects of this technology are
therefore a central focus of this rulemaking.

CO; is a stable compound produced by the complete combustion of 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 as the air
conditioner. Technology can reduce CO, emissions by either making more efficient use of
the energy that is produced through combustion of the fuel or by reducing the energy needed
to perform either of these functions.

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

This need to focus on the efficient use of energy by the vehicle as a system leads to a
broad focus on a wide variety of technologies that affect almost all the systems in the design
of a vehicle. As discussed below and in detail in Chapter 3 of the joint TSD, there are many
technologies that are currently available which can reduce vehicle energy consumption.
These technologies are already being commercially utilized to a limited degree in the current
light-duty fleet. These technologies include hybrid technologies that use higher efficiency
electric motors as the power source in combination with or instead of internal combustion
engines. While already commercialized, hybrid technology continues to be developed and
offers the potential for even greater efficiency improvements. There are a number of
technologies described in the MYs 2012-2016 rule (TSD and RIA) that are also common to
this rule. While significant penetration of these technologies is expected within the MY 2016
timeframe, some technologies will experience continued improvement and others will be only
partially implemented into the fleet by MY 2016. We describe those technologies for which
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we expect to see further improvement or a second level of cost and effectiveness—e.g.,
engine friction reduction, improved accessories, lower rolling resistance tires—in Chapter 3
of the joint TSD and generally denote them as “level 2” versions of each technology. The
primary examples of those technologies that we expect to be only partially implemented into
the fleet by MY 2016 would be weight reduction greater than 5-10% and electrification of
powertrains to hybrid, plug-in electric and full electric, which we do not project
manufacturers as needing to utilize to meet their MY's 2012-2016 standards . There are also
other advanced technologies under development (that were not projected to be available to
meet MY's 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 this analysis. The
more cost-effective a new technology is, the more likely it is 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 a major role in developing the standards. Vehicle manufacturers typically
develop their many different models by basing them on a limited number of vehicle platforms.
Several different models of vehicles are produced using a common platform, allowing for
efficient use of design and manufacturing resources. The platform typically consists of
common vehicle architecture and structural components. Given the very large investment put
into designing and producing each vehicle model, manufacturers cannot reasonably redesign
any given vehicle every year or even every other year, let alone redesign all of their vehicles
every year or every other year. At the redesign stage, the manufacturer will upgrade or add all
of the technology and make all of the other changes needed so the vehicle model will meet the
manufacturer’s plans for the next several years. This includes meeting all of the emissions
and other requirements that would apply during the years before the next major redesign of
the vehicle.

This redesign often involves a package of changes, designed to work together to meet
the various requirements and plans for the model for several model years after the redesign.
This typically involves significant engineering, development, manufacturing, and marketing
resources to create a new product with multiple new features. In order to leverage this
significant upfront investment, manufacturers plan vehicle redesigns with several model years
of production in mind. That said, vehicle models are not completely static between redesigns
as limited changes are often incorporated for each model year. This interim process is called
a refresh of the vehicle and generally does not allow for major technology changes although
more minor ones can be done (e.g., 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 (MY 2017
through MY 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
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average, their entire product line more than twice during that timeframe, we have assumed
two full redesign cycles in the MYs 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 the regulatory timeframe.

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

Over the nine model years at issue in this rulemaking, MYs 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 emissions is efficiently folded into this redesign
process, then by MY 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
one time. This is in contrast to what would be a much more costly approach of trying to
achieve small increments of reductions over multiple years by adding technology to the
vehicle piece by piece outside of the redesign process.

As described below, the vast majority of technology we project as being utilized to
meet the GHG standards is commercially available and already being used to a limited extent
across the fleet, although far greater penetration of these technologies into the fleet is
projected as a result of both the MYs 2012-2016 rule and this final rule. The vast majority of
the emission reductions associated with this final rule would result from the increased use of
these technologies. EPA also believes the MY's 2017-2025 standards will encourage the
development and limited use of more advanced technologies, such as plug-in hybrid electric
vehicles (PHEVs) and full electric vehicles (EVs), and is structuring the final rule to
encourage these technologies’ use.

In section 1.2 below, a summary of technology costs and effectiveness is presented. In
section 1.3, the process of combining technologies into packages is described along with
package costs and effectiveness. Sections 1.4 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
technologies from a wide range of sources. The primary sources of information were the
MYs 2012-2016 FRM, the 2010 Technical Assessment Report (TAR), tear-down analyses
done by FEV and the 2008 and 2010 Ricardo studies. In addition, we have considered
confidential data submitted by vehicle manufacturers, some of which was submitted in
response to NHTSA requests for product plans, along with confidential information shared by
automotive industry component suppliers in meetings with EPA and NHTSA staff. These
confidential data sources were used primarily as a validation of the estimates since EPA
prefers to rely on public data rather than confidential data wherever possible.

Since publication of the MYs 2012-2016 FRM, EPA has continued the work with
FEV that consists of complete system tear-downs to evaluate technologies down to the nuts
and bolts—i.e., a “bill of materials”—to arrive at very detailed estimates of the costs
associated with manufacturing them. Also, cost and effectiveness estimates were adjusted as
a result of further meetings between EPA and NHTSA 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, and in consideration of public comments received on the
proposal. EPA and NHTSA also met with Department of Energy (DOE) along with scientists
and engineers from a number of national laboratories 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 final rule as described in
detail in Chapter 3 of the joint TSD.

For all of the details behind the cost and effectiveness values used in this analysis the
reader is referred to Chapter 3 of the joint TSD. There we present direct manufacturing costs,
indirect costs and total costs for each technology in each MY 2017 through MY 2025. We
also describe the source for each direct manufacturing cost and how those costs change over
time due to 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 HEVs, PHEVs and EVs, the agencies have relied on the BatPaC
model developed by Argonne National Laboratory for the Department of Energy. For mass
reduction DMC, the agencies have relied on several studies as described in detail in the Joint
TSD. For the majority of the other technologies considered in this final rule, the agencies
have relied on the MYs 2012-2016 final rule and sources described there for estimates of
DMC. We have also considered public comments received in response to the proposal of this
rule.
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For this analysis, indirect costs are estimated by applying indirect cost multipliers
(ICM) to direct cost estimates. ICMs were derived by EPA as a basis for estimating the
impact on indirect costs of individual vehicle technology changes that would result from
regulatory actions. Separate ICMs were derived for low, medium, and high complexity
technologies, thus enabling estimates of indirect costs that reflect the variation in research,
overhead, and other indirect costs that can occur among different technologies. ICMs were
also applied in the MYs 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 Joint TSD Chapter 3.1.2. Stranded capital is
also discussed in this RIA at Chapter 3.5.7 and Chapter 5.1. We have also considered public
comments received in response to the proposal of this rule and responded to those comments
in section IIL.H of the preamble to the final rule, and in the Response to Comments Document.

Regarding learning effects, we continue to apply learning effects in the same way as
we did in both the MYs 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 heavy-duty GHG final rule
(see 76 FR 57320) and in the proposal to this rule (76 FR 74929). Our previous terminology
suggested we were accounting for two completely different learning effects—one based on
volume production and the other based on time. This was not the case since, in fact, we were
actually 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 learning curve cost
reductions in our modeling using two algorithms depending on where in the learning cycle
(i.e., on what portion of the learning curve) we consider a technology 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 curve to
distinguish among newer technologies 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 already 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 declines in 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 technologies to
which each type of learning has been applied the reader is directed to Chapter 3.2.3 of the
Joint TSD.
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Fuel consumption reductions are possible from a variety of technologies whether they
be engine-related (e.g., turbocharging), transmission-related (e.g., six forward gears in place
of four), accessory-related (e.g., electric power steering), or vehicle-related (e.g., lower rolling
resistance tires). Table 1.2-1 through Table 1.2-20 present the costs associated with the
technologies we believe would be the enabling technologies for compliance with the new
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
technologies in this final rule. That is, technologies such as lower rolling resistance tires and
level 1 aerodynamic treatments are expected to exceed 85 percent penetration by MY 2016 so
they cannot be added “again” to comply with the MYs 2017-2025 standards. However, we
list all such technologies in the tables that follow for completeness and comparison to earlier
analyses.

One thing that is immediately clear from the cost tables that follow is that we have
updated our costing approach relative to the MYs 2012-2016 FRM and 2010 TAR for some
technologies in an effort to provide better granularity in our estimates. This is easily seen in
Table 1.2-1 and Table 1.2-2 where we list costs for technologies by engine configuration—in-
line or “I”” versus “V”—and/or by number of cylinders. In the MYs 2012-2016 final rule, we
showed costs for a small car, large car, large truck, etc. The limitation of that approach was
that different vehicle classes can have many different sized engines. This is exacerbated when
estimating costs for turbocharged and downsized engines. For example, we project that many
vehicles in the large car class which, today, have V8 engines would have highly turbocharged
14 engines under this final rule. As such, 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 (incorrectly) 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 a
V6 would carry EFR costs for a V6 and one downsized further to an 14 would carry EFR costs
for an I4. Our old approach would have applied the EFR cost for a V8 to each.

Note that Table 1.2-20 and Table 1.2-21 present 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 also
use the term “net” weight reduction when determining costs for hybrid, plug-in hybrid, and
full electric vehicles (see Table 1.2-7 through Table 1.2-18). The net weight reduction is the
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 assuming 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
technologies 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 impacts is
described in Chapter 3.3.3 of the joint TSD. We note that the approach described there is a
departure from our earlier efforts—in the MYs 2012-2016 FRM and 2010 TAR—where the
weight increase of the electrification components was not fully recognized. Importantly, that
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had little impact on the analysis used to support the MYs 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 a multi-point, port fuel injected, naturally aspirated gasoline
engine operating at a stoichiometric air-fuel ratio with fixed valve timing and lift paired with a
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. This means that 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
technologies can be found in Chapter 3 of the joint TSD, along with a more detailed
description of the comprehensive technical evaluation underlying the estimates.

Note that the costs presented in the tables that follow make mention of both a 2008
and a 2010 baseline. In the proposal, we used a fleet derived from a 2008 model year
baseline. In evaluating impacts for this final rule, the agencies are using a reference fleet
reflecting both a MY 2008 based market forecast and a MY 2010 based market forecast.
While costs used for both are presented here and detailed in Chapter 3 of the joint TSD, the
results of our analysis based on the MY 2008 based market forecast are presented in Chapters
3 through 9 of this RIA, while the results of our analysis based on the MY 2010 based market
forecast are presented in Chapter 10 of this RIA. The reader is directed to Section II.B of the
preamble and Chapter 1 of the joint TSD for further detail on the two baseline fleets.

Note also that all costs presented in the tables that follow are expressed in 2010 dollars
while the proposal expressed costs in 2009 dollars. We discuss this change and the factors
used to update costs to 2010 dollars in Chapter 3.1.4 of the joint TSD.

We have placed in the docket a compact disk that contains the spreadsheets used to
generate the costs presented here.’

Table 1.2-1 Costs for Engine Technologies for both the 2008 & 2010 Baselines (2010$)

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 $46 $43 $42 $42 $41 $40 $40 $39
CCP-OHC-V $93 $91 $86 $84 $83 $82 $80 $79 $78
CCP-OHV-V $46 $46 $43 $42 $42 $41 $40 $40 $39
CVVL-OHC-14 $244 $241 $220 $216 $213 $209 $206 $203 $200
CVVL-OHC-V6 $448 $441 $403 $396 $390 $384 $378 $372 $367
CVVL-OHC-V8 $489 $482 $439 $432 $426 $419 $412 $406 $400
DCP-OHC-I $95 $94 $86 $84 $83 $82 $80 $79 $78
DCP-OHC-V $205 $202 $184 $181 $178 $176 $173 $170 $168
DCP-OHV-V $104 $102 $93 $92 $90 $89 $88 $86 $85
Deac-V6 $196 $193 $176 $173 $170 $168 $165 $162 $160
Deac-V8 $220 $217 $198 $195 $191 $189 $186 $183 $180
DVVL-OHC-14 $163 $161 $146 $144 $142 $140 $137 $135 $133
DVVL-OHC-V6 $236 $233 $212 $209 $206 $202 $199 $196 $193
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DVVL-OHC-V8 $338 $333 $303 $298 $294 $289 $285 $280 $276
EFR1-13 $44 $44 $43 $43 $43 $43 $43 $43 $43
EFR1-14 $59 $59 $57 $57 $57 $57 $57 $57 $57
EFR1-V6 $89 $89 $85 $85 $85 $85 $85 $85 $85
EFR1-V8 $118 $118 $113 $113 $113 $113 $113 $113 $113
EFR2-13 $97 $97 $97 $97 $97 $97 $97 $97 $93
EFR2-14 $126 $126 $126 $126 $126 $126 $126 $126 $121
EFR2-V6 $185 $185 $185 $185 $185 $185 $185 $185 $178
EFR2-V8 $244 $244 $244 $244 $244 $244 $244 $244 $234
EGR-I $305 $301 $296 $292 $288 $284 $280 $276 $249
EGR-V $305 $301 $296 $292 $288 $284 $280 $276 $249
LUB $4 $4 $4 $4 $4 $4 $4 $4 $4
Stoich GDI-14 $277 $273 $248 $244 $240 $236 $233 $229 $226
Stoich GDI-I4>I3 $277 $273 $248 $244 $240 $236 $233 $229 $226
Stoich GDI-V6 $417 $411 $373 $367 $362 $356 $351 $346 $340
Stoich GDI-V8 $501 $494 $449 $442 $435 $429 $422 $416 $409

V6 OHV to V6 DOHC $682 $666 $604 $590 $576 $562 $554 $545 $537

o SOiCto Ve $214 | $211| $192| $189| 186 | $183| $180| $178 | $175

V8 OHV to V8 DOHC $747 $730 $661 $646 $631 $616 $606 $597 $588

V8 SOHC 3V to V8 $154 |  $152| $138 | $136| $134| $132| $130| $128| $126

DOHC

P SOHC oV $247 | $243 | 221 | $218 | s214| s211| $208 | $205| $202
VVTI-OHC-1 $46 $46 $43 $42 $42 $41 $40 $40 $39
VVTI-OHC-V $93 $91 $86 $84 $83 $82 $80 $79 $78
VVTI-OHV-V $46 $46 $43 $42 $42 $41 $40 $40 $39

CCP=coupled cam phasing; CVVL=continuous variable valve lift; DCP=dual cam phasing; Deac=cylinder deactivation;
DOHC=dual overhead cam; DV VL=discrete variable valve lift; EFR1=engine friction reduction level 1; EFR2=EFR level 2;
EGR=exhaust gas recirculation; GDI=gasoline direct injection; I=inline engine; I3=inline 3 cylinder; I4=inline 4 cylinder;
LUB=low friction lube; OHC=overhead cam; OHV=overhead valve; SOHC=single overhead cam; Stoic=stoichiometric
air/fuel; V=V-configuration engine; V6=V-configuration 6 cylinder; V8=V-configuration 8 cylinder; VVTI=intake variable
valve timing; 3V=3 valves per cylinder.

All costs are incremental to the baseline case.

Table 1.2-2 Costs for Turbocharging & Downsizing for both the 2008 & 2010 Baselines
(2010$)

Technology BMEP 2017 2018 2019 2020 2021 2022 2023 2024 2025
T4 t0 13 wT 18bar | $427 | $423 | $359 | $356 | $352 | $348 | $344 | $340 | $337
T4 to 13 wT 2abar | $690 | $681 | $654 | $647 | $639 | $632| $624 | $617| $551
T4 to 13 wT 27bar | $1.214 | $1.199 | $1.164 | $1.149 | $1.134 | $1.120 | $1.106 | $1.092 | $979
14 DOHC to 14

S, 18bar | $482 | $476 | $421| $415| $410| $404 | $399 | $393 | $388
14 DOHC to 14

S 2bar | $744 | $734| $716| $707 | $697 | $688 | $679| $670 | $602
14 DOHC to 14

Dot 27bar | $1,269 | $1.251 | $1.226 | $1.209 | $1,192 | $1,176 | $1,160 | $1,145 | $1,031
I‘fWDTOHC © | 18bar | $248 | $250 | $157 | $159 | $161| $163| $165| $167| $169
;fWDTOHC © 1 oabar | $510 | $508 |  $452 |  $450 | $449 | $447 | $445 | $444 |  $383
PODORC T bar | $1,035 | $1,026 | $962 | $953 | $944 | $935 | $927 | $918 | $811
V6SOHCto | 18bar | $331 | $330| $251 | $251| $250| $249| $248| $248| $247
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14 wT

V6 SOHC to
14 wT

24 bar

$594

$589

$546

$542

$537

$533

$529

$524

$461

V6 SOHC to
14 wT

27 bar

$1,119

$1,106

$1,056

$1,044

$1,032

$1,021

$1,010

$999

$890

V6 OHV to 14
DOHC wT

18 bar

$914

$898

$815

$799

$784

$770

$758

$746

$735

V6 OHV to 14
DOHC wT

24 bar

$1,177

$1,156

$1,110

$1,090

$1,072

$1,053

$1,038

$1,023

$949

V6 OHV to 14
DOHC wT

27 bar

$1,701

$1,674

$1,619

$1,593

$1,567

$1,542

$1,519

$1,498

$1,378

V8 DOHC to
V6 DOHC wT

18 bar

$746

$738

$635

$628

$620

$613

$606

$599

$592

V8 DOHC to
V6 DOHC wT

24 bar

$1,188

$1,174

$1,132

$1,118

$1,105

$1,092

$1,078

$1,066

$953

V8 DOHC to
14 DOHC wT

27 bar

$789

$794

$716

$722

$726

$731

$728

$725

$623

V8 SOHC to
V6 DOHC wT

18 bar

$842

$831

$744

$733

$723

$712

$702

$692

$682

V8 SOHC to
V6 DOHC wT

24 bar

$1,284

$1,267

$1,241

$1,224

$1,207

$1,191

$1,175

$1,159

$1,043

V8 SOHC to
14 DOHC wT

27 bar

$910

$910

$846

$845

$845

$844

$838

$832

$727

V8 SOHC 3V
to V6 DOHC
wT

18 bar

$806

$796

$703

$693

$684

$675

$666

$657

$648

V8 SOHC 3V
to V6 DOHC
wT

24 bar

$1,248

$1,232

$1,200

$1,184

$1,169

$1,153

$1,138

$1,124

$1,010

V8 SOHC 3V
to I4 DOHC
wT

27 bar

$864

$866

$797

$799

$800

$801

$796

$791

$688

V8 OHV to
V6 DOHC wT

18 bar

$1,339

$1,316

$1,194

$1,172

$1,151

$1,131

$1,113

$1,096

$1,080

V8 OHV to
V6 DOHC wT

24 bar

$1,781

$1,752

$1,691

$1,663

$1,636

$1,609

$1,586

$1,563

$1,441

V8 OHV to 14
DOHC wT

27 bar

$1,164

$1,152

$1,116

$1,105

$1,093

$1,082

$1,069

$1,056

$944

DOHC=dual overhead cam; [3=inline 3 cylinder; [4=inline 4 cylinder; OHV=overhead valve; SOHC=single overhead cam;
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 for both the 2008 & 2010 Baselines

(2010%)

Technology 2017 2018 2019 2020 2021 2022 2023 2024 2025

ASL $33 $32 $30 $30 $29 $29 $28 $28 $27
ASL2 $34 $33 $32 $32 $31 $30 $30 $29 $27
5sp AT $104 $103 $97 $95 $94 $92 $91 $89 $88
6sp AT -$9 -$9 -$10 -$9 -$9 -$9 -$9 -$8 -$8
6sp DCT-dry $116 | -$112 | -$131 -$127 -$123 $119 | -$116 |  -$112 | -$109
6sp DCT-wet -$82 -$79 -$92 -$89 -$87 -$84 -$82 -$79 -$77
6sp MT -$169 | -$165 $172 | -$167 -$163 -$159 | -$155 | -$151 -$147
8sp AT $62 $61 $55 $54 $54 $53 $52 $51 $50
8sp DCT-dry -$16 -$15 -$15 -$14 -$14 -$13 -$13 -$12 -$15
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8sp DCT-wet $47 $47 $46 $45 $45 $44 $44 $43 $39
HEG $251 $245 $239 $233 $227 $222 $218 $215 $202
TORQ $30 $29 $27 $27 $27 $26 $26 $25 $25

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 for both the 2008 &
2010 Baselines (2010%)

Technology 2017 2018 2019 2020 2021 2022 2023 2024 2025
EPS/EHPS $109 $108 $101 $100 $98 $96 $95 $93 $92
IACC $89 $88 $82 $81 $80 $78 $77 $76 $75
IACC2 $143 $141 $133 $131 $128 $126 $124 $122 $120
Stop-start (12V)

for Small car, $401 $392 $354 $346 $338 $330 $322 $315 $308

Standard car

Stop-start (12V)

for Large car,
Small MPV., $454 $444 $402 $392 $383 $374 $366 $357 $349

Large MPV

Stop-start (12V)
for Truck $498 $487 $441 $430 $420 $410 $401 $392 $383

EPS=electric power steering; EHPS=electro-hydraulic power steering; IACC=improved accessories level 1; [ACC2=IACC
level 2; 12V=12 volts.
All costs are incremental to the baseline case.

Table 1.2-5 Costs for Vehicle Technologies for both the 2008 & 2010 Baselines (2010%)

Technology 2017 2018 2019 2020 2021 2022 2023 2024 2025
Aerol $49 $48 $45 $45 $44 $43 $42 $42 $41

Aero2 $213 $210 $205 $202 $199 $196 $193 $190 $176

LDB $74 $74 $71 $71 $71 $71 $71 $71 $71

LRRT1 $7 $7 $6 $6 $6 $6 $6 $6 $6

LRRT2 $73 $73 $60 $60 $50 $49 $48 $47 $44

SAX $98 $96 $91 $89 $88 $86 $85 $83 $82

Aerol=aerodynamic treatments level 1; Aero2=aero level 2; LDB=low drag brakes; LRRT1=lower rolling resistance tires
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 for both the 2008 & 2010 Baselines

(2010%)

Vehicle Class 2017 2018 2019 2020 2021 2022 2023 2024 2025
Small car $2965 | $2922 | $2,653 | $2,612 | $2,572 | $2,533 | $2,495 | $2457 | $2,420
Standard car $2965 | $2922 | $2,653 | $2,612 | $2,572 | $2,533 | $2,495 | $2457 | $2,420
Large car $3,631 | $3,578 | $3249 | $3,200 | $3,151 | $3,103 | $3,056 | $3,010 | $2,964
Small MPV $2971 | $2928 | $2,659 | $2,618 | $2,578 | $2,539 | $2,501 | $2.463 | $2.426
Large MPV $2,996 | $2953 | $2,682 | $2,641 | $2,600 | $2,561 | $2,522 | $2.484 | $2,446
Truck $4,154 | $4,094 | $3,718 | $3,661 | $3,605 | $3,550 | $3.496 | $3,443 | $3,392

All costs are incremental to the baseline case.
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Table 1.2-7 Costs for P2-Hybird Technology for the 2008 Baseline (2010%)

Applied | Net

Vehicle Class 2017 2018 2019 2020 2021 2022 2023 2024 2025

WR WR
Small car 10% 5% | $3,484 | $3.,431 | $3,025 | $2,975 | $2,926 | $2,878 | $2,832 | $2,786 | $2,591
Small car 15% 10% | $3,452 | $3,398 | $2,996 | $2,946 | $2,898 | $2,851 | $2,805 | $2,760 | $2,567
Small car 20% 15% | $3,419 | $3,366 | $2,967 | $2,918 | $2,870 | $2,823 | $2,778 | $2,733 | $2,542

Standard car 10% 5% | $3,847 | $3,788 | $3,339 | $3,284 | $3,230 | $3,177 | $3,126 | $3,076 | $2,861

Standard car 15% 10% | $3,800 | $3,742 | $3,298 | $3,244 | $3,191 | $3,139 | $3,088 | $3,038 | $2,826

Standard car 20% 15% | $3,754 | $3,696 | $3,257 | $3,204 | $3,151 | $3,100 | $3,050 | $3,001 | $2,792

Large car 10% 5% | $4.481 | $4,412 | $3,889 | $3,825 | $3,762 | $3,701 | $3,641 | $3,583 | $3,332
Large car 15% 10% | $4,402 | $4,334 | $3,821 | $3,757 | $3,696 | $3,635 | $3,577 | $3,519 | $3,273
Large car 20% 15% | $4,324 | $4,257 | $3,752 | $3,690 | $3,629 | $3,570 | $3,513 | $3,456 | $3,215
Small MPV 10% 5% | $3,705 | $3,648 | $3,218 | $3,165 | $3,113 | $3,062 | $3,012 | $2,964 | $2,755
Small MPV 15% 10% | $3,664 | $3,608 | $3,182 | $3,129 | $3,078 | $3,027 | $2,978 | $2,931 | $2,724
Small MPV 20% 15% | $3,623 | $3,567 | $3,146 | $3,093 | $3,043 | $2,993 | $2,945 | $2,897 | $2,694
Large MPV 10% 5% | $4,229 | $4,164 | $3,670 | $3,609 | $3,550 | $3,492 | $3,436 | $3,381 | $3,145
Large MPV 15% 10% | $4,170 | $4,106 | $3,617 | $3,558 | $3,499 | $3,442 | $3,387 | $3,332 | $3,101
Large MPV 20% 15% | $4,110 | $4,047 | $3,565 | $3,506 | $3,449 | $3,393 | $3,338 | $3,284 | $3,057
Truck 10% 6% | $4,575 | $4,504 | $3,982 | $3,916 | $3,851 | $3,788 | $3,726 | $3,666 | $3,399
Truck 15% 11% | $4,500 | $4,431 | $3,916 | $3,851 | $3,788 | $3,726 | $3,665 | $3,606 | $3,344
Truck 20% 16% | $4,426 | $4,357 | $3,851 | $3,787 | $3,724 | $3,663 | $3,604 | $3,546 | $3,288

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

Table 1.2-8 Costs for P2-Hybird Technology for the 2010 Baseline (2010$)

Applied | Net

Vehicle Class WR WR 2017 2018 2019 2020 2021 2022 2023 2024 2025

Small car 10% 5% | $3,505 | $3.,451 | $3,043 | $2,993 | $2,943 | $2,895 | $2,849 | $2,803 | $2,606
Small car 15% 10% | $3,470 | $3,417 | $3,013 | $2,963 | $2,914 | $2,867 | $2,820 | $2,775 | $2,580
Small car 20% 15% | $3,435 | $3,383 | $2,982 | $2,933 | $2,885 | $2,838 | $2,792 | $2,747 | $2,555

Standard car 10% 5% | $3,888 | $3,828 | $3,375 | $3,319 | $3,264 | $3,211 | $3,159 | $3,108 | $2,891

Standard car 15% 10% | $3,838 | $3,779 | $3,331 | $3,276 | $3,222 | $3,170 | $3,119 | $3,069 | $2,854

Standard car 20% 15% | $3,789 | $3,731 | $3,288 | $3,234 | $3,181 | $3,129 | $3,078 | $3,029 | $2,818

Large car 10% 5% | $4,567 | $4,497 | $3,963 | $3,897 | $3,833 | $3,771 | $3,710 | $3,650 | $3,396
Large car 15% 10% | $4,484 | $4,415 | $3,890 | $3,826 | $3,763 | $3,702 | $3,642 | $3,584 | $3,334
Large car 20% 15% | $4,401 | $4,333 | $3,818 | $3,755 | $3,693 | $3,633 | $3,574 | $3,517 | $3,273
Small MPV 10% 5% | $3,765 | $3,707 | $3,269 | $3,215 | $3,162 | $3,111 | $3,060 | $3,011 | $2,799
Small MPV 15% 10% | $3,721 | $3,664 | $3,230 | $3,177 | $3,125 | $3,074 | $3,024 | $2,976 | $2,767

Small MPV 20% 15% | $3,677 | $3,620 | $3,192 | $3,139 | $3,087 | $3,037 | $2,988 | $2,940 | $2,734

Large MPV 10% 5% | $4,261 | $4,196 | $3,696 | $3,635 | $3,576 | $3,517 | $3,461 | $3,405 | $3,169

Large MPV 15% 10% | $4,200 | $4,135 | $3,643 | $3,582 | $3,524 | $3,466 | $3,410 | $3,356 | $3,124

Large MPV 20% 15% | $4,138 | $4,075 | $3,589 | $3,529 | $3,472 | $3,415 | $3,360 | $3,306 | $3,078

Truck 10% 6% | $4,615 | $4,543 | $4,016 | $3,950 | $3,884 | $3,821 | $3,758 | $3,698 | $3.428
Truck 15% 11% | $4,538 | $4,468 | $3,950 | $3,884 | $3,820 | $3,757 | $3,696 | $3,636 | $3,372
Truck 20% 16% | $4,462 | $4,393 | $3,883 | $3,818 | $3,755 | $3,693 | $3,633 | $3,575 | $3,315

WR=weight reduction.
All costs are incremental to the baseline case.
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Table 1.2-9 Costs for Plug-in Hybrid Technology with 20 Mile EV Range, or PHEV20),
for the 2008 Baseline (2010$)

Vehicle Class AI\)E,EEd \I;I;;{ 2017 2018 2019 2020 2021 2022 2023 2024 2025

Small car 10% 3% | $11,041 $9,938 $9,282 $8,392 $8,345 $8,298 $8,252 $8,207 $6,804
Small car 15% 8% | $10,828 $9,743 $9,103 $8,229 $8,182 $8,136 $8,091 $8,047 $6,669
Small car 20% 13% | $10,614 $9,549 $8,924 $8,065 $8,019 $7,975 $7,931 $7,888 $6,534
Standard car 10% 3% | $13,148 | $11,860 | $11,048 | $10,009 $9,950 $9,892 $9,835 $9,779 $8,145
Standard car 15% 8% | $12,793 | $11,540 | $10,751 $9,739 $9,682 $9,625 $9,570 $9,516 $7,924
Standard car 20% 13% | $12,439 | $11,219 | $10,453 $9,469 $9,413 $9,358 $9,304 $9,252 $7,704
Large car 10% 2% | $17,521 | $15,878 | $14,710 | $13,383 | $13,298 | $13,214 | $13,132 | $13,052 | $10,971
Large car 15% 7% | $17,010 | $15,409 | $14,282 | $12,989 | $12,907 | $12,826 | $12,747 | $12,670 | $10,642
Large car 20% 12% | $16,499 | $14,940 | $13,853 | $12,596 | $12,516 | $12,438 | $12,362 | $12,287 | $10,314
Small MPV 10% 3% | $12,394 | $11,159 | $10,418 $9,423 $9,369 $9,316 $9,264 $9,213 $7,644
Small MPV 15% 8% | $12,126 | $10,915 | $10,194 $9,218 $9,165 $9,114 $9,063 $9,013 $7,475
Small MPV 20% 13% | $11,859 | $10,672 $9,970 $9,013 $8,962 $8,911 $8,862 $8,814 $7,306

WR=weight reduction.

All costs are incremental to the baseline case.

Table 1.2-10 Costs for Plug-in Hybrid Technology with 20 Mile EV Range, or PHEV20,
for the 2010 Baseline (2010$)

Vehicle Class A%Sll;ed \1:1\,?; 2017 2018 2019 2020 2021 2022 2023 2024 2025

Small car 10% 3% | $11,251 | $10,129 $9,458 $8,554 $8,505 $8,457 $8,410 $8,363 $6,939
Small car 15% 8% | $11,031 $9,929 $9,273 $8,385 $8,337 $8,290 $8,244 $8,199 $6,799
Small car 20% 13% | $10,810 $9,728 $9,088 $8,216 $8,169 $8,123 $8,078 $8,034 $6,659
Standard car 10% 3% | $13,507 | $12,191 | $11,349 | $10,287 | $10,226 | $10,166 | $10,107 | $10,049 $8,379
Standard car 15% 8% | $13,138 | $11,857 | $11,039 | $10,006 $9,946 $9,887 $9,830 $9,774 $8,148
Standard car 20% 13% | $12,769 | $11,523 | $10,729 $9,724 $9,666 $9,609 $9,554 $9,499 $7,918
Large car 10% 2% | $18,043 | $16,363 | $15,146 | $13,789 | $13,700 | $13,613 | $13,528 | $13,444 | $11,317
Large car 15% 7% | $17,506 | $15,870 | $14,696 | $13,375 | $13,290 | $13,206 | $13,123 | $13,043 | $10,972
Large car 20% 12% | $16,969 | $15,378 | $14,247 | $12,962 | $12,879 | $12,798 | $12,719 | $12,641 | $10,626
Small MPV 10% 3% | $12,857 | $11,583 | $10,806 $9,779 $9,723 $9,667 $9,613 $9,559 $7,942
Small MPV 15% 8% | $12,516 | $11,276 | $10,520 $9,520 $9,465 $9,411 $9,358 $9,306 $7,731
Small MPV 20% 13% | $12,175 | $10,968 | $10,234 $9,260 $9,207 $9,154 $9,103 $9,052 $7,520

WR=weight reduction.

All costs are incremental to the baseline case.

Table 1.2-11 Costs for Plug-in Hybrid Technology with 40 Mile EV Range, or PHEV40,
for the 2008 Baseline (2010$)

Vehicle Class A%Bged VN\]e}{ 2017 2018 2019 2020 2021 2022 2023 2024 2025
Small car 15% 2% | $14,158 | $12,589 | $11,931 | $10,669 | $10,620 | $10,573 | $10,527 | $10,482 | $8,478
Small car 20% 7% | $13,853 | $12,317 | $11,673 | $10,438 | $10,391 | $10,345 | $10,300 | $10,256 | $8,294
Standard car 15% 3% | $17,077 | $15,199 | $14,388 | $12,877 | $12,818 | $12,760 | $12,703 | $12,647 | $10,250
Standard car 20% 8% | $16,632 | $14,802 | $14,013 | $12,540 | $12,483 | $12,426 | $12,371 | $12,317 | $9,981
Large car 15% 1% | $23,903 | $21,308 | $20,132 | $18,044 | $17,958 | $17,874 | $17,792 | $17,711 | $14,401
Large car 20% 6% | $22,998 | $20,505 | $19,369 | $17,363 | $17,280 | $17,199 | $17,119 | $17,041 | $13,861
Small MPV 15% 3% | $16,263 | $14,447 | $13,706 | $12,246 | $12,192 | $12,139 | $12,087 | $12,036 | $9,717
Small MPV 20% 8% | $15.872 | $14,099 | $13,377 | $11,951 | $11,898 | $11,847 | $11,796 | $11,747 | $9,482

WR=weight reduction.

All costs are incremental to the baseline case.
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Table 1.2-12 Costs for Plug-in Hybrid Technology with 40 Mile EV Range, or PHEV40,
for the 2010 Baseline (2010$)

Vehicle Class A[\)g%ed \17\5,2 2017 2018 2019 2020 2021 2022 2023 2024 2025
Small car 15% 3% | $14,401 | $12,806 | $12,135 | $10,852 | $10,803 | $10,755 | $10,708 | $10,662 | $8,626
Small car 20% 8% | $14,076 | $12,517 | $11,862 | $10,607 | $10,559 | $10,512 | $10,467 | $10,422 | $8,431
Standard car 15% 3% | $17,551 | $15,628 | $14,785 | $13,238 | $13,177 | $13,116 | $13,057 | $13,000 | $10,545
Standard car 20% 8% | $17,082 | $15,208 | $14,390 | $12,883 | $12,824 | $12,765 | $12,708 | $12,652 | $10,261
Large car 15% 2% | $24,466 | $21,821 | $20,604 | $18,476 | $18,387 | $18,300 | $18,215 | $18,131 | $14,758
Large car 20% 7% | $23,613 | $21,061 | $19,886 | $17,832 | $17,746 | $17,662 | $17,580 | $17,499 | $14,244
Small MPV 15% 3% | $16,769 | $14,908 | $14,131 | $12,634 | $12,578 | $12,522 | $12,467 | $12,414 | $10,038
Small MPV 20% 8% | $16,358 | $14,540 | $13,785 | $12,323 | $12,268 | $12,214 | $12,161 | $12,109 | $9,789

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

Table 1.2-13 Costs for Full Electric Vehicle Technology with 75 Mile Range, or EV75,
for the 2008 Baseline (2010$)

Vehicle Class A%I\),ged VN\’GI:Q 2017 2018 2019 2020 2021 2022 2023 2024 2025

Small car 10% 10% | $14,165 | $12,084 | $12,078 | $10,413 | $10,407 | $10,402 | $10,398 | $10,394 | $7,658
Small car 15% 15% | $13,771 | $11,732 | $11,729 | $10,097 | $10,093 | $10,090 | $10,088 | $10,085 $7,421
Small car 20% 20% | $13,378 | $11,381 | $11,379 $9,781 $9,780 | $9,778 $9,777 $9,776 $7,184
Standard car 10% 10% | $17,684 | $15,244 | $15,216 | $13,259 | $13,232 | $13,206 | $13,189 | $13,172 $9,795
Standard car 15% 15% | $17,101 | $14,723 | $14,697 | $12,791 | $12,767 | $12,744 | $12,729 | $12,714 | $9,443
Standard car 20% 20% | $16,518 | $14,201 | $14,179 | $12,322 | $12,302 | $12,282 | $12,269 | $12,256 $9,092
Large car 10% 10% | $23,296 | $20,186 | $20,134 | $17,638 | $17,589 | $17,542 | $17,512 | $17,482 | $13,057
Large car 15% 15% | $22,333 | $19,320 | $19,275 | $16,858 | $16,815 | $16,774 | $16,747 | $16,720 | $12,471
Large car 20% 20% | $21,369 | $18,454 | $18,415 | $16,078 | $16,041 | $16,005 | $15,982 | $15,959 | $11,886
Small MPV 10% 9% | $15,909 | $13,478 | $13.,483 | $11,539 | $11,545 | $11,550 | $11,553 | $11,556 $8,460
Small MPV 15% 14% | $15,453 | $13,068 | $13,077 | $11,170 | $11,178 | $11,186 | $11,191 | $11,196 $8,183
Small MPV 20% 19% | $14,997 | $12,658 | $12,670 | $10,801 | $10,812 | $10,822 | $10,829 | $10,836 $7,906

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

Table 1.2-14 Costs for Full Electric Vehicle Technology with 75 Mile Range, or EV75,
for the 2010 Baseline (2010$)

Vehicle Class A%I\),Eed VNJ?; 2017 2018 2019 2020 2021 2022 2023 2024 2025

Small car 10% 10% | $14,581 | $12,450 | $12,442 | $10,737 | $10,729 | $10,722 | $10,718 | $10,713 $7.,899
Small car 15% 15% | $14,203 | $12,110 | $12,105 | $10,430 | $10,425 | $10,421 | $10,417 | $10,414 | $7,669
Small car 20% 20% | $13,824 | $11,771 | $11,768 | $10,124 | $10,122 | $10,119 | $10,117 | $10,115 $7,439
Standard car 10% 9% | $18,311 | $15,806 | $15,773 | $13,764 | $13,733 | $13,703 | $13,684 | $13,665 | $10,173
Standard car 15% 14% | $17,700 | $15,259 | $15,230 | $13,273 | $13,245 | $13,219 | $13,202 | $13,185 $9,805
Standard car 20% 19% | $17,089 | $14,712 | $14,687 | $12,781 | $12,758 | $12,735 | $12,720 | $12,705 $9.,436
Large car 10% 10% | $24,054 | $20,863 | $20,807 | $18,245 | $18,193 | $18,141 | $18,108 | $18,076 | $13,512
Large car 15% 15% | $23,052 | $19,963 | $19913 | $17,435 | $17,388 | $17,343 | $17,313 | $17,284 | $12,904
Large car 20% 20% | $22,051 | $19,063 | $19,020 | $16,624 | $16,583 | $16,544 | $16,518 | $16,493 | $12,295
Small MPV 10% 9% | $16,315 | $13,854 | $13,855 | $11,886 | $11,888 | $11,889 | $11,890 | $11,891 $8,724
Small MPV 15% 14% | $15,834 | $13,421 | $13,426 | $11,496 | $11,501 | $11,505 | $11,508 | $11,511 $8,431
Small MPV 20% 19% | $15,353 | $12,989 | $12,997 | $11,107 | $11,114 | $11,121 | $11,126 | $11,131 $8,138

WR=weight reduction.
All costs are incremental to the baseline case.
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Table 1.2-15 Costs for Full Electric Vehicle Technology with 100 Mile Range, or EV100,
for the 2008 Baseline (2010$)

Vehicle Class A%Siied \1,\513 2017 2018 2019 2020 2021 2022 2023 2024 2025

Small car 10% 4% | $17,352 | $14,815 | $14,806 | $12,774 | $12,766 | $12,758 | $12,752 | $12,747 $9,398
Small car 15% 9% | $16,916 | $14,426 | $14,420 | $12,427 | $12,421 | $12,414 | $12,411 | $12,407 $9,138
Small car 20% 14% | $16,480 | $14,038 | $14,033 | $12,079 | $12,075 | $12,071 | $12,069 | $12,066 $8,878
Standard car 10% 4% | $21,247 | $18,304 | $18,271 | $15911 | $15,880 | $15,850 | $15,831 | $15,812 | $11,750
Standard car 15% 9% | $20,636 | $17,758 | $17,728 | $15,422 | $15,394 | $15,367 | $15,350 | $15,333 | $11,384
Standard car 20% 14% | $20,024 | $17,212 | $17,186 | $14,932 | $14,908 | $14,884 | $14,869 | $14,854 | $11,017
Large car 10% 5% | $26,749 | $23,167 | $23,109 | $20,235 | $20,181 | $20,128 | $20,093 | $20,060 | $14,977
Large car 15% 10% | $25,745 | $22,267 | $22,215 | $19,426 | $19,377 | $19,329 | $19,299 | $19,269 | $14,370
Large car 20% 15% | $24,741 | $21,367 | $21,322 | $18,616 | $18,573 | $18,531 | $18,504 | $18,478 | $13,762
Small MPV 10% 3% | $20,028 | $17,005 | $17,007 | $14,589 | $14,591 | $14,593 | $14,594 | $14,596 | $10,707
Small MPV 15% 8% | $19,490 | $16,526 | $16,531 | $14,160 | $14,165 | $14,169 | $14,172 | $14,175 | $10,385
Small MPV 20% 13% | $18,952 | $16,046 | $16,054 | $13,731 | $13,738 | $13,746 | $13,750 | $13,755 | $10,064

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

Table 1.2-16 Costs for Full Electric Vehicle Technology with 100 Mile Range, or EV100,
for the 2010 Baseline (2010$)

Vehicle Class A%I\),Eed \1)\55; 2017 2018 2019 2020 2021 2022 2023 2024 2025

Small car 10% 4% | $17,837 | $15,239 | $15,229 | $13,149 | $13,139 | $13,129 | $13,123 | $13,116 $9,676
Small car 15% 9% | $17,390 | $14,841 | $14,833 | $12,793 | $12,785 | $12,777 | $12,772 | $12,768 $9,409
Small car 20% 14% | $16,943 | $14,443 | $14,437 | $12,436 | $12,431 | $12,426 | $12,422 | $12,419 $9,143
Standard car 10% 3% | $21,905 | $18,893 | $18,856 | $16,440 | $16,406 | $16,372 | $16,350 | $16,329 | $12,147
Standard car 15% 8% | $21,294 | $18,346 | $18,313 | $15,950 | $15,918 | $15,888 | $15,868 | $15,849 | $11,779
Standard car 20% 13% | $20,684 | $17,800 | $17,770 | $15,459 | $15,431 | $15,404 | $15,386 | $15,369 | $11,411
Large car 10% 4% | $27,850 | $24,147 | $24,083 | $21,111 | $21,051 | $20,993 | $20,955 | $20,918 | $15,632
Large car 15% 9% | $26,820 | $23,223 | $23,166 | $20,280 | $20,226 | $20,173 | $20,140 | $20,106 | $15,009
Large car 20% 14% | $25,790 | $22,300 | $22,249 | $19,449 | $19,401 | $19,354 | $19,324 | $19,295 | $14,385
Small MPV 10% 3% | $20,501 | $17,439 | $17,437 | $14,988 | $14,986 | $14,984 | $14,982 | $14,981 | $11,009
Small MPV 15% 8% | $19,943 | $16,942 | $16,943 | $14,542 | $14,543 | $14,543 | $14,544 | $14,545 | $10,674
Small MPV 20% 13% | $19,385 | $16,444 | $16,448 | $14,096 | $14,100 | $14,103 | $14,106 | $14,108 | $10,340

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

Table 1.2-17 Costs for Full Electric Vehicle Technology with 150 Mile Range, or EV150,
for the 2008 Baseline (2010$)

Vehicle Class A%E),ged \I;I;;; 2017 2018 2019 2020 2021 2022 2023 2024 2025

Small car 20% 2% | $23,024 | $19,643 | $19,633 | $16,926 | $16,916 | $16,907 | $16,901 | $16,895 | $12,448
Standard car 20% 2% | $29,050 | $24,946 | $24911 | $21,623 | $21,591 | $21,559 | $21,539 | $21,519 | $15,947
Large car 20% 3% | $34,259 | $29,569 | $29,508 | $25,747 | $25,690 | $25,635 | $25,599 | $25,564 | $19,029
Small MPV 20% 1% | $28,183 | $23,945 | $23,946 | $20,555 | $20,556 | $20,557 | $20,557 | $20,558 | $15,090

WR=weight reduction.
All costs are incremental to the baseline case.
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Table 1.2-18 Costs for Full Electric Vehicle Technology with 150 Mile Range, or EV150,
for the 2010 Baseline (2010$)

Vehicle Class A%{)]lfl{ed \I;I;E 2017 2018 2019 2020 2021 2022 2023 2024 2025

Small car 20% 1% | $23,795 | $20,314 | $20,302 | $17,515 | $17,504 | $17,492 | $17,485 | $17.478 | $12,885
Standard car 20% 1% | $29,822 | $25,632 | $25,594 | $22,236 | $22,200 | $22,165 | $22,142 | $22,120 | $16,406
Large car 20% 3% | $35,277 | $30,469 | $30,403 | $26,547 | $26,486 | $26,426 | $26,388 | $26,350 | $19,626
Small MPV 20% 1% | $28,767 | $24,474 | $24,471 | $21,036 | $21,033 | $21,029 | $21,027 | $21,025 | $15452

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

Table 1.2-19 Costs for EV/PHEYV In-home Chargers for both the 2008 & 2010 Baselines

(2010%)

Technology Vggscsle 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
PHEV20 All §79 | $66| $66| 56| $56| $56| 56| $56| %41
Charger

Small car $414 $347 $347 $294 $294 $294 $294 $294 $216

Standard
PHEV40 car $481 $404 $404 $342 $342 $342 $342 $342 $251
Charger Large car

Small $526 $441 $441 $373 $373 $373 $373 $373 $274

MPV
EV Charger All $526 $441 $441 $373 $373 $373 $373 $373 $274
Charger labor | All $1,020 | $1,020 | $1,020 | $1,020 | $1,020 | $1,020 | $1,020 | $1,020 | $1,020
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 1.2-20 Costs for 10% and 20% Weight Reduction for the 19 Vehicle Types” for the

2008 Baseline (2010%)
Vehicle | Base | Applied
Type | Weight WR 2017 2018 2019 2020 2021 2022 2023 2024 2025
| 2633 10% $143 $139 $130 $127 $124 $121 $119 $117 $115
20% $639 $624 $610 $597 $584 $571 $563 $555 $503
2 3094 10% $168 $164 $153 $149 $146 $142 $140 $138 $135
20% $751 $734 $717 $701 $686 $671 $661 $652 $591
3 3554 10% $193 $188 $176 $172 $167 $163 $161 $158 $155
20% $863 $843 $824 $806 $788 $771 $760 $749 $679
4 3558 10% $193 $189 $176 $172 $168 $163 $161 $158 $156
20% $863 $844 $825 $807 $789 $772 $760 $749 $680
5 3971 10% $216 $210 $197 $192 $187 $182 $179 $176 $174
20% $964 $942 $921 $900 $880 $861 $849 $836 $758
6 3651 10% $198 $193 $181 $176 $172 $168 $165 $162 $160
20% $886 $866 $847 $828 $809 $792 $780 $769 $697
7 3450 10% $187 $183 $171 $167 $163 $159 $156 $153 $151
20% $837 $818 $800 $782 $765 $748 $737 $727 $659
3 4326 10% $235 $229 $214 $209 $204 $199 $195 $192 $189
20% $1,050 | $1,026 | $1,003 $981 $959 $938 $924 $911 $826
9 4334 10% $235 $230 $215 $209 $204 $199 $196 $193 $189
20% $1,052 | $1,028 | $1,005 $983 $961 $940 $926 $913 $828
10 4671 10% $254 $248 $231 $226 $220 $215 $211 $208 $204
20% $1,134 | $1,108 | $1,083 | $1,059 | $1,036 | $1,013 $998 $984 $892
1 5174 10% $281 $274 $256 $250 $244 $238 $234 $230 $226
20% $1,255 | $1,227 | $1,200 | $1,173 | $1,147 | $1,122 | $1,106 | $1,090 $988
12 5251 10% $285 $278 $260 $254 $247 $241 $237 $233 $230
20% $1,274 | $1,245 | $1,218 | $1,190 | $1,164 | $1,139 | $1,122 | $1,106 | $1,003
13 3904 10% $212 $207 $193 $189 $184 $179 $176 $174 $171
20% $947 $926 $905 $885 $866 $847 $834 $822 $746
14 4157 10% $226 $220 $206 $201 $196 $191 $188 $185 $182
20% $1,009 $986 $964 $943 $922 $902 $888 $876 $794
15 4397 10% $239 $233 $218 $212 $207 $202 $199 $195 $192
20% $1,067 | $1,043 | $1,019 $997 $975 $953 $940 $926 $840
16 5270 10% $286 $279 $261 $255 $248 $242 $238 $234 $230
20% $1,279 | $1,250 | $1,222 | $1,195 | $1,168 | $1,143 | $1,126 | $1,110 | $1,007
17 4967 10% $270 $263 $246 $240 $234 $228 $224 $221 $217
20% $1,205 | $1,178 | $1,152 | $1,126 | $1,101 | $1,077 | $1,062 | $1,046 $949
18 4959 10% $269 $263 $246 $240 $234 $228 $224 $220 $217
20% $1,203 | $1,176 | $1,150 | $1,124 | $1,100 | $1,075 | $1,060 | $1,045 $947
19 5026 10% $273 $266 $249 $243 $237 $231 $227 $223 $220
20% $1,220 | $1,192 | $1,165 | $1,140 | $1,114 | $1,090 | $1,074 | $1,059 $960

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 1.2-21 Costs for 10% and 20% Weight Reduction for the 19 Vehicle Types” for the
2010 Baseline (2010%)

Vehicle | Base | Applied
Type | Weight WR 2017 2018 2019 2020 2021 2022 2023 2024 2025

1 2753 10% $149 $146 $136 $133 $130 $126 $124 $122 $120
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20% $668 $653 $638 $624 $610 $597 $588 $580 $526
2 3004 10% $174 $170 $159 $155 $151 $147 $145 $142 $140
20% $778 $760 $743 $726 $710 $695 $685 $675 $612
3 3651 10% $198 $193 $181 $176 $172 $168 $165 $162 $160
20% $886 $866 $847 $828 $810 $792 $780 $769 $697
4 3608 10% $196 $191 $179 $174 $170 $166 $163 $160 $158
20% $876 $856 $837 $818 $800 $782 $771 $760 $689
5 4144 10% $225 $220 $205 $200 $195 $190 $187 $184 $181
20% $1,006 $983 $961 $939 $919 $899 $886 $873 $792
6 3842 10% $209 $204 $190 $186 $181 $177 $174 $171 $168
20% $932 $911 $891 $871 $852 $833 $821 $809 $734
7 3517 10% $191 $186 $174 $170 $166 $162 $159 $156 $154
20% $853 $834 $815 $797 $780 $763 $752 $741 $672
3 4316 10% $234 $229 $214 $209 $203 $198 $195 $192 $189
20% $1,047 | $1,024 | $1,001 $979 $957 $936 $922 $909 $824
9 4352 10% $236 $231 $216 $210 $205 $200 $197 $193 $190
20% $1,056 | $1,032 | $1,009 $987 $965 $944 $930 $917 $831
10 4355 10% $237 $231 $216 $210 $205 $200 $197 $194 $190
20% $1,057 | $1,033 | $1,010 $987 $965 $944 $931 $917 $832
1 5381 10% $292 $285 $267 $260 $254 $247 $243 $239 $235
20% $1,306 | $1,276 | $1,248 | $1,220 | $1,193 | $1,167 | $1,150 | $1,134 | $1,028
12 5716 10% $310 $303 $283 $276 $269 $263 $258 $254 $250
20% $1,387 | $1,356 | $1,325 | $1,296 | $1,267 | $1,240 | $1,222 | $1,204 | $1,092
13 3667 10% $199 $194 $182 $177 $173 $168 $166 $163 $160
20% $890 $870 $850 $831 $813 $795 $784 $772 $700
14 4151 10% $225 $220 $206 $201 $196 $191 $188 $184 $181
20% $1,007 $984 $962 $941 $920 $900 $887 $874 $793
15 4591 10% $249 $243 $228 $222 $216 $211 $207 $204 $201
20% $1,114 | $1,089 | $1,065 | $1,041 | $1,018 $996 $981 $967 $877
16 5382 10% $292 $285 $267 $260 $254 $247 $243 $239 $235
20% $1,306 | $1,277 | $1,248 | $1,220 | $1,193 | $1,167 | $1,150 | $1,134 | $1,028
17 5025 10% $273 $266 $249 $243 $237 $231 $227 $223 $220
20% $1,219 | $1,192 | $1,165 | $1,139 | $1,114 | $1,090 | $1,074 | $1,059 $960
13 5752 10% $285 $278 $260 $254 $247 $241 $237 $233 $230
20% $1,274 | $1,246 | $1,218 | $1,191 | $1,164 | $1,139 | $1,122 | $1,106 | $1,003
19 5204 10% $284 $277 $259 $252 $246 $240 $236 $232 $228
20% $1,268 | $1,239 | $1,211 | $1,184 | $1,158 | $1,133 | $1,117 | $1,100 $998

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 1.2-22 through Table 1.2-26 summarize the CO; reduction estimates of various
technologies which can be applied to cars and light-duty trucks. A more detailed discussion
of effectiveness is provided in Chapter 3 of the joint TSD.

Table 1.2-22 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 2.4
Engine friction reduction level 2 3.5 4.8 4.5 34 4.2
Cylinder deactivation (includes imp. oil pump, if n.a. 6.5 6.0 4.7 5.7
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applicable)

VVT — intake cam phasing 2.1 2.7 2.5 2.1 2.4
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 1.5 1.5 1.5 1.5 1.5
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 3.5 3.6
Advanced diesel engine (T2B2 emissions level) 19.5 22.1 21.5 19.1 21.3

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

Table 1.2-23 Transmission Technology Effectiveness

Absolute CO, Reduction (% from baseline vehicle)

Technolo Small Large . Small Large

® Car Cagr Minivan Truck Tru%k
5-speed automatic (from 4-speed auto) 1.1 1.6 1.4 1.1 1.4
Aggressive shift logic 1 2.0 2.7 2.5 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 2.1
6-speed dry DCT (from 4-speed auto) 6.4 7.6 7.2 7.1 8.1

Table 1.2-24 Hybrid Technology Effectiveness

Absolute CO, Reduction (% from baseline vehicle)

Technolo Small Large .. Small Large

® Car Cagr Minivan Truck Tru%k
12V Start-Stop 1.8 24 22 1.8 2.2
HV Mild Hybrid* 74 7.2 6.9 6.8 8.0
P2 Hybrid drivetrain** 15.5 15.4 14.6 13.4 15.7
Plug-in hybrid electric vehicle — 20 mile range™*** 40 40 40 40 n.a.
Plug-in hybrid electric 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 sizes
in Ricardo vehicle simulation results (ref Joint TSD, Section 3.3.1)
***Based on utility factors used for 20-mile (40%) and 40-mile (63%) range PHEV

Table 1.2-25 Accessory Technology Effectiveness

Absolute CO, Reduction (% from baseline vehicle)

Technology Small Large .. Small Large
Car Car Minivan Truck Truck
Improvefi high efficiency alternator & electrification of 17 13 12 13 1.8
accessories (12 volt)
Electric power steering 1.5 1.1 1.0 1.2 0.8
Improvefi high efficiency alternator & electrification of 33 25 24 26 35
accessories (42 volt)
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Table 1.2-26 Other Vehicle Technology Effectiveness

Absolute CO, Reduction (% from baseline vehicle)

Technology Small Large .. Small Large

Car Car Minivan 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 39 39 39 39 1.9

trucks)

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 a time on an
annual or biennial basis. This way, manufacturers can more efficiently make use of their
redesign resources and more effectively plan for changes necessary to meet future standards.

Therefore, the approach taken by EPA is to group technologies into packages of
increasing cost and effectiveness. Costs for the packages are a sum total of the costs for the
technologies included. Effectiveness is somewhat more complex, as the effectiveness of
individual technologies cannot simply be 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 joint TSD.

As was done in the MYs 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. This was the
result of analyzing the existing light duty fleet with respect to vehicle size and powertrain
configurations. All vehicles, including cars and trucks, were first distributed based on their
relative size, starting from compact cars and working upward to large trucks. Next, each
vehicle was evaluated for powertrain, specifically the engine size, 14, V6, and V8, then by
valvetrain configuration (DOHC, SOHC, OHV), and finally by the number of valves per

cylinder.

For the proposal, EPA used the same 19 vehicle types that were used in the 2010
TAR. However, new for this final rule are 19 new vehicle types. These new vehicle types are
conceptually identical to the vehicle types used in the proposal, but we have changed them in
an effort to group cars, MPVs (multi-purpose vehicles which are minivans, sport utility and
cross-over utility vehicles) and trucks into corresponding vehicle types. In the proposal, we
had considerable cross-over of cars mapped into truck vehicle types and vice versa. We also
wanted to better reflect towing versus non-towing in our vehicle types, a consideration that
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was not really made when we developed the 19 vehicle types used up to this point. As a
result, we now have six car, or auto vehicle types that are non-towing vehicle types, six MPV
vehicle types with five of those being towing vehicle types, and seven truck (really pickup
truck) vehicle types with six of those being towing vehicle types.

EPA believes (at this time) that these 19 vehicle types broadly encompass the diversity
in the fleet as the analysis is appropriate for “average” vehicles. EPA believes that modeling
each and every vehicle in the fleet individually is cumbersome and can even give a false sense
of accuracy in the analysis of a future fleet. Each of these 19 vehicle types is mapped into one
of six vehicle classes: Small car, Standard car, Large car, Small MPV, Large MPV, and
Truck. Note that our six vehicle classes are not meant to correlate one-to-one with consumer-
level vehicle classes. For example, we have many sport utility and cross-over utility vehicles
(SUVs and CUVs) in one of our “Truck” vehicle classes. Similarly, we have some pickup
trucks placed in MPV vehicle classes. We do this to group them with respect to technology
effectiveness and some technology costs. For example, the largest MPVs are in a “Truck”
vehicle class which gives them the truck effectiveness values and truck costs because their
size, weight and use are presumably similar to large pickups. Similarly, we have placed some
smaller pickups in the “Small MPV” vehicle class since their smaller size and general use is
presumably more similar to a small MPV than to a large pickup truck. Importantly, the
vehicle class designation is not what drives credit generation for certain technologies when
applied to certain vehicles. For credits, we apply pickup truck credits to pickup trucks and not
to MPVs regardless of the vehicle class designation we use for costs and effectiveness.”

As such, the six OMEGA vehicle classes serve primarily to determine the
effectiveness levels of new technologies 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 Large MPV vehicle type will get technology-specific effectiveness results for
that vehicle class. The same is true for vehicles mapped into the other vehicle classes.
Similarly, any vehicle models mapped into a Large MPV vehicle type will get technology-
specific cost results for that vehicle class. The same is true for vehicles mapped into the other
vehicle classes. This is true only for applicable technologies, i.e., those costs developed on a
vehicle class basis such as advanced diesel, hybrid and other electrified powertrains (see
Table 1.2-6 through Table 1.2-19 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 which served as the basis for the MYs 2012-2016 GHG standards
and the standards in this final rule. 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.

B See Chapter 3 (?) for full details of the credits mentioned here.
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Table 1.3-1 List of 19 Vehicle Types used to Model the light-duty Fleet

Vehicle

Base

Vehicle

Type # Base Engine Trans Class Description Example Models Towing?
1 14 DOHC 4v 4sp AT Small car Subcompact car 14 Ford Focus, Ch,e vy No
Aveo, Honda Fit
Ford Fusion, Chevy
2 14 DOHC 4v 4sp AT Standard car Compact car 14 Cobalt, Honda Civic No
S Ford Fusion, Chevy
3 V6 DOHC 4v 4sp AT Standard car Midsize car V6 Malibu, Honda Accord No
Ford Mustang, Buick
4 V6 SOHC 2v 4sp AT Standard car Midsize car V6 Lacrosse, Chevy No
Impala
5 V8 DOHC 4v 4sp AT Large car Large car V8 ﬁéig;“gagiﬁ;fgfgs No
Chrysler 300, Ford
6 V8 OHV 2v 4sp AT Large car Large car V8 Mustang, Chevy No
Corvette
Ford Escape, Honda
7 14 DOHC 4v 4sp AT Small MPV Small MPV 14 Element, Toyota No
RAV4
8 V6DOHC 4v | 4sp AT | Large MPV Midsize MPV V6 Ford Edge, Chevy Yes
Equinox, Kia Sorento
Dodge Durango, Jeep
9 V6 SOHC 2v 4sp AT Large MPV Midsize MPV V6 Grand Cherokee, Ford Yes
Explorer
Dodge Caravan, Jeep
10 V6 OHV 2v 4sp AT Large MPV Midsize MPV V6 Wrangler, Chevy Yes
Equinox
Jeep Grand Cherokee,
11 V8 DOHC 4v 4sp AT Truck Large MPV V8 Toyota 4Runner, VW Yes
Touareg
Chrylser Aspen, Ford
12 V8 OHV 2v 4sp AT Truck Large MPV V8 Expedition, Chevy Yes
Tahoe,
Chevy Colorado,
13 14 DOHC 4v 4sp AT Small MPV Small truck 14 Nissan Frontier, No
Toyota Tacoma
. . Ford F150, Honda
14 V6DOHC 4v | 4sp AT | Large MPV F“H'“Z"d\ljg‘:k“p truck | Ridgeline, Toyota Yes
Tacoma
. . Dodge Dakota, Ford
15 V6 OHV 2v 4sp AT Large MPV Full—51zed\1:16ckup truck Ranger, Chevy Yes
Silverado
16 V8 DOHC 4v 4sp AT Truck Full-sized Pickup truck | Nissan Titan, Toyota Yes
V8 Tundra
17 V8 SOHC 2v 4sp AT Truck Full-sized Pickup truck | Dodge Ram, Ford Yes
V8 F150
18 V8 SOHC 3v 4sp AT Truck Full-sized\l;;ckup truck | Ford F150 Yes
Full-sized Pickup truck | Dodge Ram, Chevy
19 V8 OHV 2v 4sp AT Truck V8 Silverado, GMC Sierra Yes

Note: I4=inline 4 cylinder; V6/8=V-configuration 6/8 cylinder; DOHC=dual overhead cam; SOHC=single overhead cam;
OHV=overhead valve; 4v/3v/2v=4/3/2 valves per cylinder; sp=speed; AT=automatic transmission; MPV=multi-purpose

vehicle.

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 individual vehicles comprised of over 1,100 vehicle
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models as described in Chapter 1 of the joint TSD. In this discussion, when we refer to
“baseline” vehicle we are referring to the “baseline” configuration of the given vehicle type.
So, we have 19 baseline vehicles in the context of building packages. Each of those 19
baseline vehicles is equipped with a port fuel injected engine and a 4 speed automatic
transmission. The valvetrain configuration and the number of cylinders changes for each
vehicle type to cover the diversity in the 2008 baseline fleet as discussed above. When we
apply a package of technologies to an individual vehicle model in the baseline fleet, we must
first determine which package of 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 allows us to accurately reflect the level of
technology already in the 2008 baseline fleet as well as the level of technology expected in
the MYs 2017-2025 reference case (i.e., the fleet as it is expected to exist as a result of the
MY 2016 standards in the MYs 2012-2016 final rule, which reference fleet serves as the
starting point for the larger analysis supporting this final rule). But again, the discussion here
is focused solely on building packages. Therefore, while the baseline vehicle that defines the
vehicle type is relevant here, the baseline and reference case fleets of real vehicles are
relevant to the discussion presented later in Chapter 3 of this 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. The first is the towing capability of
vehicle types which we have designated “non-towing.” This requires a brief definition of
what we consider to be a towing 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 a towing 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 vehicles to be
towing vehicles. We reserve that term for those vehicles capable of towing significantly more
than 1,500 1bs. 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 large MPV vehicle
classes are considered towing vehicles in our analysis.

The importance of this distinction can be found in the types of hybrid and plug-in
hybrid technologies 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

€ This towing/non towing distinction is not an issue for non-HEVs, EPA maintains whatever towing capability
existed in the baseline when adding/substituting technology.
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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, is used in
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 as a
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 types in 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 left with the
Atkinson engine doing all the work. A loss in utility would result (note that the loss in 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
vehicle type level. In the proposal, as a result of the discretization of our vehicle types, we
believed that some towing vehicle models had been mapped into non-towing vehicle types
while some non-towing vehicle models had been mapped into towing vehicle types. One
prime example was the Ford Escape mentioned above. We had mapped all Escapes into non-
towing vehicle types. This was done because the primary driver behind the vehicle type into
which a vehicle was mapped was 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 in the proposal put Atkinson-HEVs on some
vehicle models that were more properly treated as towing vehicles®, and would put
turbocharged/downsized HEVs on some vehicle models that are more properly treated as non-
towing vehicles. Table 1.3-2 shows some of these vehicle models that were mapped into a
non-towing vehicle type even though they may have been towing vehicles (the right column).
The table also shows some vehicle models that were mapped into a towing vehicle type even
though they may not have been towing vehicles (the left column). The vehicles in the right
column would be expected to experience some loss of towing utility on a long grade for any
that have been converted to Atkinson-HEV although they would not have a lower tow rating.
The vehicles in the left column would be expected, when converted to HEV, to be costlier and
slightly less effective (less CO; reduction) since they would be converted to
turbocharged/downsized HEVs rather than Atkinson-HEVs. Due to these potential flaws in
the modeling done for our proposal, we stated that we hoped to have better data on towing
capacity for the final rule analysis which could result in creating revised vehicle types to more
properly model towing and non-towing vehicles. As described above, we have indeed created
all new vehicle types and no longer treat any towing vehicles as non-towing and vice-versa.

P The Ford Escape HEV does utilize an Atkinson engine and has a tow rating of 1,500 pounds which is identical
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 in our Proposal®

Non-towing vehicles mapped into towing

vehicle types in the proposal but now mapped

into non-towing vehicle types

Towing vehicles mapped into non-towing
vehicle types in the proposal but now
mapped into towing vehicle types

Mercedes-Benz SLR
Ford Mustang

Buick Lacrosse/Lucerne
Chevrolet Impala
Pontiac G6/Grand Prix

Dodge Magnum V8

Ford Escape AWD V6

Jeep Liberty V6

Mercury Mariner AWD V6
Saturn Vue AWD V6

Honda Ridgeline 4WD V6
Hyundai Tuscon 4WD V6
Mazda Tribute AWD V6
Mitsubishi Outlander 4WD V6
Nissan Xterra V6

Subaru Forester AWD V6
Subaru Outback Wagon AWD V6
Suzuki Grand Vitara 4WD V6
Land Rover LR2 V6

Toyota Rav4 4WD V6

 All of the vehicles listed here are now in appropriate vehicle types so that the potential inconsistencies no
longer exist.

The second possible exception to our attempt at maintaining utility is the electric
vehicle range. 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 a range 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 vehicles in the
MYs 2017-2025 timeframe will be purchasing the vehicles with a full understanding of the
range limitations and will not attempt to use their EVs for long duration trips. As such, we
believe that the buyers of EVs will experience no loss of expected utility.

To prepare inputs for the OMEGA model, EPA builds “master-sets” of technology
packages”. The master-set of packages for each vehicle type are meant to reflect both
appropriate groupings of technologies (e.g., we do not apply turbochargers unless an engine
has dual overhead cams, some degree of downsizing, direct injection and dual cam phasing)
and limitations associated with phase-in caps (see joint TSD 3.5). We then filter that list by

* We build a master-set of packages for each model year for which we run OMEGA because phase-in caps
results in different technologies being available and costs change over time resulting in different costs every
year.
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determining which packages provide the most cost effective groups of technologies within
each vehicle type—those that provide the best trade-off of costs versus CO, reduction
improvements. This is done by ranking those groupings based on the Technology Application
Ranking Factor (TARF). The TAREF is the 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. The incremental 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
documentation (see EPA-420-B-10-042). We also describe the TARF ranking process in
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” conventional gasoline and vehicle
technologies, then more advanced gasoline technologies such as turbocharged (with very high
levels of boost) and downsized engines with gasoline direct injection and then hybrid and
other electrified vehicle technologies. This was done by assuming that auto makers would
first concentrate efforts on conventional gasoline engine and transmission technologies paired
with some level of mass reduction to improve CO, emission performance. Mass reduction
varied from no mass reduction up to 20 percent as the maximum considered in this analysis."

Once the conventional gasoline engine and transmission technologies 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 this RIA.

From there, auto makers needing further technology penetration to meet their
individual standards would most likely move to hybridization. For this analysis, we have
built all 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 joint TSD. As noted above, we have built two
types of P2 hybrid packages for analysis. The first type is for non-towing vehicle types and
uses an Atkinson-cycle engine with no downsizing relative to the baseline engine. The

¥ 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 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 this RIA.
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second P2 hybrid type is for towing vehicle types and uses a turbocharged and downsized
engine (rather than an Atkinson-cycle engine) to ensure no loss of towing capacity.©

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 but then converts it to an electric vehicle, the resultant net weight
reduction will be less than 20 percent. We discuss this in 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 12
primary categories of conventional gasoline engine technologies. These are:

1. Our “anytime technologies™." These consist of low friction lubes, engine friction
reduction, aggressive shift logic, early torque converter lock-up (automatic
transmission only), improved accessories, electric power steering (EPS) or
electrohydraulic power steering (EHPS, used for large trucks), aerodynamic
improvements, lower rolling resistance tires, high efficiency gearbox technology
(HEG). Many of these technologies consist of two levels:

- low friction lubes with engine friction reduction level 1 and with EFR level 2
(which includes low friction lubes), aggressive shift logic levels 1 & 2,
improved accessories levels 1 & 2, lower rolling resistance tires levels 1 & 2,
aerodynamic treatments levels 1 & 2.

2. Variable valve timing (VVT) consisting of coupled cam phasing (CCP, for OHV
and SOHC engines) and dual cam phasing (DCP, for DOHC engines)

Y While consistent with the proposal, this is a departure from the 2010 TAR where we built several flavors of P2
HEYV packages in 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 also did not, in
the 2010 TAR, consider the weight impacts of the hybrid powertrain, which we have done in this analysis. The
effect of the changes used in this analysis has been to decrease the effectiveness of HEV packages relative to the
TAR and to increase their costs since heavier batteries and motors are now part of the packages.

" 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. This is true 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.
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3. Variable valve lift (VVL) consisting of discrete variable valve lift (DVVL, for
DOHC engines) and cylinder deactivation (Deac, considered for OHV and SOHC
engines)

4. Gasoline direct injection (GDI)

5. Turbocharging and downsizing (TDS, which always includes a conversion to GDI
and DCP) with and without cooled EGR. Note that 27 bar BMEP engines must
include the addition of cooled EGR in our analysis and we have applied no cooled
EGR to 18 bar BMEP engines.

6. Stop-start
7. Secondary axle disconnect (SAX)

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

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

In this first step, we also considered the 6 primary transmission technologies. These
are:

10. 6 and 8 speed automatic transmissions (6sp AT/8sp AT)

11. 6 and 8 speed dual clutch transmissions with wet clutch (6sp wet-DCT/8sp wet-
DCT)

12. 6 and 8 speed dual 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. DCTs, especially dry-DCTs, cannot be applied to every vehicle
type due to low end torque demands at launch (another example of how the standards are
developed to preserve all vehicle utility). In addition, dry-DCTs tend to be more efficient
than wet-DCTs, 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. As done in the proposal but unlike the TAR analysis, we have
limited towing vehicle types to use of automatic transmissions (both 6 and 8 speed). Like the
proposal and the TAR, we have added dry-DCTs to vehicle types in baseline 14 engines and
wet-DCTs to vehicle types with baseline V8 engines. This was done to ensure no loss of
launch performance. For the V6 baseline vehicle types, and again as was done in the proposal
and the 2010 TAR, we have added dry versus wet DCTs depending on the baseline weight of
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the vehicle type. 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 a dry-DCT. Otherwise, we added a wet-DCT. In the end, this allowed change from
wet- to dry-DCT impacted only vehicle types 3 and 4 and only in packages with 25% or 30%
weight reduction applied, neither of which we allowed for this analysis. Therefore, all V6
base engines are equipped with wet-clutch DCTs where appropriate, never dry-clutch.

Table 1.3-3 shows the vehicle types, baseline curb weights and transmissions added in
this analysis. It is important to note that these heavier towing vehicles (including pickup
trucks) have no access to the more effective technologies such as Atkinson engine, dry-DCT
transmission, PHEV, or EV (for the reasons we describe below). Together these result in a
decrease in effectiveness potential for the heavier towing vehicle types compared to the non-
towing vehicle types.

Table 1.3-3 Application of Transmission Technologies in Building OMEGA Packages

Vehicle | Vehicle Base Base Mass Reduction
Type class engine | weight | 0% | 5% | 10% | 15% | 20%
1 Small car 14 2,633 6/8 speed dry-DCT
2 Standard car 14 3,094 6/8 speed dry-DCT
3 Standard car V6 3,554 6/8 speed wet-DCT
4 Standard car Vo6 3,558 6/8 speed wet-DCT
5 Large car V8 3,971 6/8 speed wet-DCT
6 Large car V8 3,651 6/8 speed wet-DCT
7 Small MPV 14 3,450 6/8 speed dry-DCT
8 Large MPV V6 4,326 6/8 speed AT
9 Large MPV V6 4,334 6/8 speed AT
10 Large MPV V6 4,671 6/8 speed AT
11 Truck V8 5,174 6/8 speed AT
12 Truck V8 5,251 6/8 speed AT
13 Small MPV 14 3,904 6/8 speed dry-DCT
14 Large MPV V6 4,157 6/8 speed AT
15 Large MPV V6 4,397 6/8 speed AT
16 Truck V8 5,270 6/8 speed AT
17 Truck V8 4,967 6/8 speed AT
18 Truck V8 4,959 6/8 speed AT
19 Truck V8 5,026 6/8 speed AT

We start building a “master-set” of packages for a given model year by building non-
electrified (i.e., gasoline and diesel) packages for each vehicle type consisting of nearly every
combination of each of the 12 primary engine technologies listed above. The initial package
for each vehicle type represents what we expect a manufacturer will most likely implement as
a first step on all vehicles because the technologies included are so attractive from a cost
effectiveness standpoint. This package consists of first level anytime technologies but no
weight reduction or transmission changes. We then add the other technologies as appropriate,
still with no weight reduction or transmission changes or HEG (we do not consider the
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addition of HEG without a simultaneous improvement in the transmission itself). We then
add HEG and a transmission improvement. The subsequent packages would iterate on nearly
all possible combinations with the result being numerous packages per vehicle type. Table

1.3-4 shows a subset of packages built for vehicle type 3, a midsized/large car with a 4 valve
DOHC V6 in the baseline. These are packages built for the 2025 MY, so costs shown
represent 2025 MY costs. Shown in this table are packages built with 5% weight reduction

only, and excluded are packages with an 8 speed transmission. So this table represents
roughly one-tenth of the packages built for vehicle type 3. Note that we have placed in the
docket a compact disk containing all of the master-sets of packages used in our final analysis.4

Table 1.3-4 A Subset of 2025 MY Non-HEV/PHEV/EV Packages Built for Vehicle Type

3 (Midsize carDOHC V@, costs in 2010$)"

TP# MR | Description Trans 2025 | CO2%

3.0000 | base | Auto4VDV6 $0 0.0%

3.0129 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $733 26.4%
+DCP +WR5% +6sp wet

3.0130 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $950 31.2%
+DCP +WR5% +6sp wet

3.0131 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $822 29.8%
+WRS5% +6sp wet

3.0132 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,039 | 34.3%
+WRS5% +6sp wet

3.0133 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $926 28.4%
+DCP +DVVL +WR5% +6sp wet

3.0134 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $1,143 | 32.8%
+DCP +DVVL +WR5% +6sp wet

3.0135 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,015 | 31.7%
+DVVL +WR5% +6sp wet

3.0136 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,232 | 35.9%
+DVVL +WR5% +6sp wet

3.0137 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $1,073 | 27.5%
+DCP +GDI +WR5% +6sp wet

3.0138 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $1,290 | 32.3%
+DCP +GDI +WR5% +6sp wet

3.0139 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,162 | 30.9%
+GDI +WR5% +6sp wet

3.0140 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,379 | 35.3%
+GDI +WR5% +6sp wet

3.0141 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $1,266 | 29.5%
+DCP +DVVL +GDI +WR5% +6sp wet

3.0142 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $1,483 | 33.8%
+DCP +DVVL +GDI +WR5% +6sp wet

3.0143 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,355 | 32.7%
+DVVL +GDI +WR5% +6sp wet

3.0144 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,572 | 36.8%
+DVVL +GDI +WR5% +6sp wet

3.0145 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $1,041 | 27.6%
+DCP +SS +WR5% +6sp wet

3.0146 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $1,258 | 32.3%
+DCP +SS +WR5% +6sp wet

3.0147 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aerol +LRRT1 +HEG +DCP +SS 6sp DCT- $1,129 | 30.8%

+WR5% +6sp

wet
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3.0148 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +SS 6sp DCT- $1,347 | 35.2%
+WRS5% +6sp wet

3.0149 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $1,234 | 29.5%
+DCP +DVVL +SS +WR5% +6sp wet

3.0150 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $1,451 | 33.8%
+DCP +DVVL +SS +WR5% +6sp wet

3.0151 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,323 | 32.6%
+DVVL +SS +WR5% +6sp wet

3.0152 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,540 | 36.7%
+DVVL +SS +WR5% +6sp wet

3.0153 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $1,381 | 28.7%
+DCP +GDI +SS +WR5% +6sp wet

3.0154 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $1,598 | 33.3%
+DCP +GDI +SS +WR5% +6sp wet

3.0155 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,470 | 31.8%
+GDI +SS +WR5% +6sp wet

3.0156 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,687 | 36.2%
+GDI +SS +WR5% +6sp wet

3.0157 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $1,574 | 30.5%
+DCP +DVVL +GDI +SS +WR5% +6sp wet

3.0158 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $1,791 | 34.8%
+DCP +DVVL +GDI +SS +WR5% +6sp wet

3.0159 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,663 | 33.6%
+DVVL +GDI +SS +WR5% +6sp wet

3.0160 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,880 | 37.6%
+DVVL +GDI +SS +WR5% +6sp wet

3.0161 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $815 27.0%
+DCP +SAX +WR5% +6sp wet

3.0162 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $1,032 | 31.8%
+DCP +SAX +WR5% +6sp wet

3.0163 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $904 30.4%
+SAX +WR5% +6sp wet

3.0164 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,121 | 34.8%
+SAX +WR5% +6sp wet

3.0165 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $1,008 | 29.0%
+DCP +DVVL +SAX +WR5% +6sp wet

3.0166 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $1,225 | 33.3%
+DCP +DVVL +SAX +WR5% +6sp wet

3.0167 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,097 | 32.2%
+DVVL +SAX +WR5% +6sp wet

3.0168 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,314 | 36.4%
+DVVL +SAX +WR5% +6sp wet

3.0169 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $1,155 | 28.1%
+DCP +GDI +SAX +WR5% +6sp wet

3.0170 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $1,372 | 32.8%
+DCP +GDI +SAX +WR5% +6sp wet

3.0171 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,244 | 31.4%
+GDI +SAX +WR5% +6sp wet

3.0172 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,461 | 35.8%
+GDI +SAX +WR5% +6sp wet

3.0173 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $1,348 | 30.0%
+DCP +DVVL +GDI +SAX +WR5% +6sp wet

3.0174 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $1,565 | 34.3%
+DCP +DVVL +GDI +SAX +WR5% +6sp wet

3.0175 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,437 | 33.3%

+DVVL +GDI +SAX +WR5% +6sp

wet
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3.0176 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,654 | 37.3%
+DVVL +GDI +SAX +WR5% +6sp wet

3.0177 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $1,123 | 28.1%
+DCP +SS +SAX +WR5% +6sp wet

3.0178 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $1,340 | 32.8%
+DCP +SS +SAX +WR5% +6sp wet

3.0179 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aerol +LRRT1 +HEG +DCP +SS 6sp DCT- $1,211 | 31.3%
+SAX +WR5% +6sp wet

3.0180 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +SS 6sp DCT- $1,428 | 35.7%
+SAX +WR5% +6sp wet

3.0181 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $1,316 | 30.0%
+DCP +DVVL +SS +SAX +WR5% +6sp wet

3.0182 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $1,533 | 34.3%
+DCP +DVVL +SS +SAX +WR5% +6sp wet

3.0183 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,405 | 33.1%
+DVVL +SS +SAX +WR5% +6sp wet

3.0184 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,622 | 37.1%
+DVVL +SS +SAX +WR5% +6sp wet

3.0185 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $1,463 | 29.2%
+DCP +GDI +SS +SAX +WR5% +6sp wet

3.0186 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $1,680 | 33.8%
+DCP +GDI +SS +SAX +WR5% +6sp wet

3.0187 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,552 | 32.3%
+GDI +SS +SAX +WR5% +6sp wet

3.0188 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,769 | 36.7%
+GDI +SS +SAX +WR5% +6sp wet

3.0189 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $1,656 | 31.0%
+DCP +DVVL +GDI +SS +SAX +WR5% +6sp wet

3.0190 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $1,873 | 35.3%
+DCP +DVVL +GDI +SS +SAX +WR5% +6sp wet

3.0191 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,745 | 34.1%
+DVVL +GDI +SS +SAX +WR5% +6sp wet

3.0192 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,962 | 38.1%
+DVVL +GDI +SS +SAX +WR5% +6sp wet

3.0193 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,009 | 33.9%
+GDI +TDS18 +WR5% +6sp wet

3.0194 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,226 | 37.8%
+GDI +TDS18 +WR5% +6sp wet

3.0195 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $1,070 | 36.8%
+TDS18 +WR5% +6sp wet

3.0196 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $1,287 | 40.4%
+TDS18 +WR5% +6sp wet

3.0197 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,142 | 34.6%
+DVVL +GDI +TDS18 +WR5% +6sp wet

3.0198 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,359 | 38.3%
+DVVL +GDI +TDS18 +WR5% +6sp wet

3.0199 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,203 | 37.4%
+DVVL +GDI +TDS18 +WR5% +6sp wet

3.0200 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,420 | 41.0%
+DVVL +GDI +TDS18 +WR5% +6sp wet

3.0201 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,317 | 34.8%
+GDI +SS +TDS18 +WR5% +6sp wet

3.0202 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,534 | 38.6%
+GDI +SS +TDS18 +WR5% +6sp wet

3.0203 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $1,378 | 37.5%

+SS +TDS18 +WR5% +6sp

wet
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3.0204 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $1,595 | 41.1%
+SS +TDS18 +WR5% +6sp wet

3.0205 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,450 | 35.4%
+DVVL +GDI +SS +TDS18 +WR5% +6sp wet

3.0206 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,667 | 39.1%
+DVVL +GDI +SS +TDS18 +WR5% +6sp wet

3.0207 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,511 | 38.1%
+DVVL +GDI +SS +TDS18 +WR5% +6sp wet

3.0208 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,728 | 41.6%
+DVVL +GDI +SS +TDS18 +WR5% +6sp wet

3.0209 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,091 | 34.4%
+GDI +SAX +TDS18 +WR5% +6sp wet

3.0210 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,308 | 38.3%
+GDI +SAX +TDS18 +WR5% +6sp wet

3.0211 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $1,152 | 37.2%
+SAX +TDS18 +WR5% +6sp wet

3.0212 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $1,369 | 40.9%
+SAX +TDS18 +WR5% +6sp wet

3.0213 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,224 | 35.1%
+DVVL +GDI +SAX +TDS18 +WR5% +6sp wet

3.0214 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,441 | 38.8%
+DVVL +GDI +SAX +TDS18 +WR5% +6sp wet

3.0215 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,285 | 37.9%
+DVVL +GDI +SAX +TDS18 +WR5% +6sp wet

3.0216 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,502 | 41.4%
+DVVL +GDI +SAX +TDS18 +WR5% +6sp wet

3.0217 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,399 | 35.3%
+GDI +SS +SAX +TDS18 +WR5% +6sp wet

3.0218 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,616 | 39.0%
+GDI +SS +SAX +TDS18 +WR5% +6sp wet

3.0219 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $1,460 | 38.0%
+SS +SAX +TDS18 +WR5% +6sp wet

3.0220 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $1,677 | 41.6%
+SS +SAX +TDS18 +WR5% +6sp wet

3.0221 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,532 | 35.9%
+DVVL +GDI +SS +SAX +TDS18 +WR5% +6sp wet

3.0222 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,749 | 39.5%
+DVVL +GDI +SS +SAX +TDS18 +WR5% +6sp wet

3.0223 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,593 | 38.6%
+DVVL +GDI +SS +SAX +TDS18 +WR5% +6sp wet

3.0224 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,810 | 42.1%
+DVVL +GDI +SS +SAX +TDS18 +WR5% +6sp wet

3.0225 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,223 | 36.4%
+GDI +TDS24 +WR5% +6sp wet

3.0226 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,440 | 40.0%
+GDI +TDS24 +WR5% +6sp wet

3.0227 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $1,284 | 39.1%
+TDS24 +WR5% +6sp wet

3.0228 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $1,501 | 42.5%
+TDS24 +WR5% +6sp wet

3.0229 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,357 | 36.6%
+DVVL +GDI +TDS24 +WR5% +6sp wet

3.0230 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,574 | 40.0%
+DVVL +GDI +TDS24 +WR5% +6sp wet

3.0231 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,417 | 39.3%

+DVVL +GDI +TDS24 +WR5% +6sp

wet
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3.0232 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,634 | 42.6%
+DVVL +GDI +TDS24 +WR5% +6sp wet

3.0233 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,531 | 37.2%
+GDI +SS +TDS24 +WR5% +6sp wet

3.0234 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,748 | 40.7%
+GDI +SS +TDS24 +WR5% +6sp wet

3.0235 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $1,592 | 39.7%
+SS +TDS24 +WR5% +6sp wet

3.0236 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $1,809 | 43.1%
+SS +TDS24 +WR5% +6sp wet

3.0237 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,665 | 37.3%
+DVVL +GDI +SS +TDS24 +WR5% +6sp wet

3.0238 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,882 | 40.7%
+DVVL +GDI +SS +TDS24 +WR5% +6sp wet

3.0239 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,725 | 39.9%
+DVVL +GDI +SS +TDS24 +WR5% +6sp wet

3.0240 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,942 | 432%
+DVVL +GDI +SS +TDS24 +WR5% +6sp wet

3.0241 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,305 | 36.9%
+GDI +SAX +TDS24 +WR5% +6sp wet

3.0242 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,522 | 40.4%
+GDI +SAX +TDS24 +WR5% +6sp wet

3.0243 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $1,366 | 39.6%
+SAX +TDS24 +WR5% +6sp wet

3.0244 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $1,583 | 42.9%
+SAX +TDS24 +WR5% +6sp wet

3.0245 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,439 | 37.0%
+DVVL +GDI +SAX +TDS24 +WR5% +6sp wet

3.0246 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,656 | 40.5%
+DVVL +GDI +SAX +TDS24 +WR5% +6sp wet

3.0247 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,499 | 39.7%
+DVVL +GDI +SAX +TDS24 +WR5% +6sp wet

3.0248 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,716 | 43.0%
+DVVL +GDI +SAX +TDS24 +WR5% +6sp wet

3.0249 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,613 | 37.7%
+GDI +SS +SAX +TDS24 +WR5% +6sp wet

3.0250 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,830 | 41.1%
+GDI +SS +SAX +TDS24 +WR5% +6sp wet

3.0251 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $1,674 | 40.2%
+SS +SAX +TDS24 +WR5% +6sp wet

3.0252 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $1,891 | 43.5%
+SS +SAX +TDS24 +WR5% +6sp wet

3.0253 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,747 | 37.8%
+DVVL +GDI +SS +SAX +TDS24 +WR5% +6sp wet

3.0254 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,964 | 41.2%
+DVVL +GDI +SS +SAX +TDS24 +WR5% +6sp wet

3.0255 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,807 | 40.4%
+DVVL +GDI 4SS +SAX +TDS24 +WR5% +6sp wet

3.0256 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,024 | 43.6%
+DVVL +GDI +SS +SAX +TDS24 +WR5% +6sp wet

3.0257 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,472 | 38.7%
+GDI +TDS24 +EGR +WR5% +6sp wet

3.0258 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,690 | 42.1%
+GDI +TDS24 +EGR +WR5% +6sp wet

3.0259 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $1,533 | 41.3%

+TDS24 +EGR +WR5% +6sp

wet
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3.0260 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $1,750 | 44.5%
+TDS24 +EGR +WR5% +6sp wet

3.0261 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,606 | 38.8%
+DVVL +GDI +TDS24 +EGR +WR5% +6sp wet

3.0262 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,823 | 42.2%
+DVVL +GDI +TDS24 +EGR +WR5% +6sp wet

3.0263 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,666 | 41.4%
+DVVL +GDI +TDS24 +EGR +WR5% +6sp wet

3.0264 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,883 | 44.6%
+DVVL +GDI +TDS24 +EGR +WR5% +6sp wet

3.0265 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,780 | 39.4%
+GDI +SS +TDS24 +EGR +WR5% +6sp wet

3.0266 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,997 | 42.8%
+GDI +SS +TDS24 +EGR +WR5% +6sp wet

3.0267 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $1,841 | 41.9%
+SS +TDS24 +EGR +WR5% +6sp wet

3.0268 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $2,058 | 45.1%
+SS +TDS24 +EGR +WR5% +6sp wet

3.0269 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,914 | 39.5%
+DVVL +GDI +SS +TDS24 +EGR +WR5% +6sp wet

3.0270 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,131 | 42.8%
+DVVL +GDI +SS +TDS24 +EGR +WR5% +6sp wet

3.0271 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,974 | 42.0%
+DVVL +GDI +SS +TDS24 +EGR +WR5% +6sp wet

3.0272 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,191 | 45.2%
+DVVL +GDI +SS +TDS24 +EGR +WR5% +6sp wet

3.0273 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,554 | 39.2%
+GDI +SAX +TDS24 +EGR +WR5% +6sp wet

3.0274 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,771 | 42.6%
+GDI +SAX +TDS24 +EGR +WR5% +6sp wet

3.0275 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $1,615 | 41.7%
+SAX +TDS24 +EGR +WR5% +6sp wet

3.0276 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $1,832 | 45.0%
+SAX +TDS24 +EGR +WR5% +6sp wet

3.0277 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,688 | 39.3%
+DVVL +GDI +SAX +TDS24 +EGR +WR5% +6sp wet

3.0278 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,905 | 42.6%
+DVVL +GDI +SAX +TDS24 +EGR +WR5% +6sp wet

3.0279 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,748 | 41.9%
+DVVL +GDI +SAX +TDS24 +EGR +WR5% +6sp wet

3.0280 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $1,965 | 45.1%
+DVVL +GDI +SAX +TDS24 +EGR +WR5% +6sp wet

3.0281 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,862 | 39.9%
+GDI +SS +SAX +TDS24 +EGR +WR5% +6sp wet

3.0282 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,079 | 43.2%
+GDI +SS +SAX +TDS24 +EGR +WR5% +6sp wet

3.0283 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $1,923 | 42.3%
+SS +SAX +TDS24 +EGR +WR5% +6sp wet

3.0284 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $2,140 | 45.5%
+SS +SAX +TDS24 +EGR +WR5% +6sp wet

3.0285 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,996 | 40.0%
+DVVL +GDI +SS +SAX +TDS24 +EGR +WR5% +6sp wet

3.0286 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,213 | 43.3%
+DVVL +GDI +SS +SAX +TDS24 +EGR +WR5% +6sp wet

3.0287 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,056 | 42.5%

+DVVL +GDI +SS +SAX +TDS24 +EGR +WR5% +6sp

wet
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3.0288 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,273 | 45.6%
+DVVL +GDI +SS +SAX +TDS24 +EGR +WR5% +6sp wet

3.0289 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,901 | 39.4%
+GDI +TDS27 +EGR +WR5% +6sp wet

3.0290 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,118 | 42.7%
+GDI +TDS27 +EGR +WR5% +6sp wet

3.0291 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $1,961 | 41.9%
+TDS27 +EGR +WR5% +6sp wet

3.0292 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $2,178 | 45.1%
+TDS27 +EGR +WR5% +6sp wet

3.0293 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,034 | 39.4%
+DVVL +GDI +TDS27 +EGR +WR5% +6sp wet

3.0294 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,251 | 42.6%
+DVVL +GDI +TDS27 +EGR +WR5% +6sp wet

3.0295 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,095 | 41.9%
+DVVL +GDI +TDS27 +EGR +WR5% +6sp wet

3.0296 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,312 | 45.0%
+DVVL +GDI +TDS27 +EGR +WR5% +6sp wet

3.0297 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,209 | 40.1%
+GDI +SS +TDS27 +EGR +WR5% +6sp wet

3.0298 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,426 | 43.4%
+GDI +SS +TDS27 +EGR +WR5% +6sp wet

3.0299 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $2,269 | 42.5%
+SS +TDS27 +EGR +WR5% +6sp wet

3.0300 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $2,486 | 45.6%
+SS +TDS27 +EGR +WR5% +6sp wet

3.0301 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,342 | 40.1%
+DVVL +GDI +SS +TDS27 +EGR +WR5% +6sp wet

3.0302 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,559 | 43.2%
+DVVL +GDI +SS +TDS27 +EGR +WR5% +6sp wet

3.0303 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,403 | 42.5%
+DVVL +GDI +SS +TDS27 +EGR +WR5% +6sp wet

3.0304 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,620 | 45.5%
+DVVL +GDI +SS +TDS27 +EGR +WR5% +6sp wet

3.0305 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $1,983 | 39.9%
+GDI +SAX +TDS27 +EGR +WR5% +6sp wet

3.0306 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,200 | 43.2%
+GDI +SAX +TDS27 +EGR +WR5% +6sp wet

3.0307 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $2,043 | 42.4%
+SAX +TDS27 +EGR +WR5% +6sp wet

3.0308 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $2,260 | 45.5%
+SAX +TDS27 +EGR +WR5% +6sp wet

3.0309 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,116 | 39.8%
+DVVL +GDI +SAX +TDS27 +EGR +WR5% +6sp wet

3.0310 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,333 | 43.0%
+DVVL +GDI +SAX +TDS27 +EGR +WR5% +6sp wet

3.0311 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,177 | 42.4%
+DVVL +GDI +SAX +TDS27 +EGR +WR5% +6sp wet

3.0312 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,394 | 45.4%
+DVVL +GDI +SAX +TDS27 +EGR +WR5% +6sp wet

3.0313 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,291 | 40.5%
+GDI +SS +SAX +TDS27 +EGR +WR5% +6sp wet

3.0314 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,508 | 43.8%
+GDI +SS +SAX +TDS27 +EGR +WR5% +6sp wet

3.0315 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $2,351 | 42.9%

+SS +SAX +TDS27 +EGR +WR5% +6sp

wet
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3.0316 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $2,568 | 46.0%
+SS +SAX +TDS27 +EGR +WR5% +6sp wet

3.0317 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,424 | 40.5%
+DVVL +GDI +SS +SAX +TDS27 +EGR +WR5% +6sp wet

3.0318 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,641 | 43.6%
+DVVL +GDI +SS +SAX +TDS27 +EGR +WR5% +6sp wet

3.0319 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,485 | 43.0%
+DVVL +GDI +SS +SAX +TDS27 +EGR +WR5% +6sp wet

3.0320 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,702 | 45.9%
+DVVL +GDI +SS +SAX +TDS27 +EGR +WR5% +6sp wet

3.1681 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $1,981 | 34.9%
+DCP +MHEV +WR5% +6sp wet

3.1682 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $2,153 | 38.8%
+DCP +MHEV +WR5% +6sp wet

3.1683 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,070 | 37.9%
+MHEV +WR5% +6sp wet

3.1684 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,242 | 41.5%
+MHEV +WR5% +6sp wet

3.1685 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $2,175 | 36.6%
+DCP +DVVL +MHEV +WR5% +6sp wet

3.1686 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $2,346 | 40.4%
+DCP +DVVL +MHEV +WR5% +6sp wet

3.1687 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,263 | 39.5%
+DVVL +MHEV +WR5% +6sp wet

3.1688 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,435 | 43.1%
+DVVL +MHEV +WR5% +6sp wet

3.1689 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $2,322 | 35.9%
+DCP +GDI +MHEV +WR5% +6sp wet

3.1690 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $2,493 | 39.7%
+DCP +GDI +MHEV +WR5% +6sp wet

3.1691 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,411 | 38.8%
+GDI +MHEV +WR5% +6sp wet

3.1692 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,582 | 42.4%
+GDI +MHEV +WR5% +6sp wet

3.1693 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $2,515 | 37.6%
+DCP +DVVL +GDI +MHEV +WR5% +6sp wet

3.1694 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $2,687 | 41.3%
+DCP +DVVL +GDI +MHEV +WR5% +6sp wet

3.1695 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,604 | 40.4%
+DVVL +GDI +MHEV +WR5% +6sp wet

3.1696 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,775 | 43.9%
+DVVL +GDI +MHEV +WR5% +6sp wet

3.1697 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $2,063 | 35.5%
+DCP +MHEV +SAX +WR5% +6sp wet

3.1698 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $2,235 | 39.3%
+DCP +MHEV +SAX +WR5% +6sp wet

3.1699 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,152 | 38.4%
+MHEV +SAX +WR5% +6sp wet

3.1700 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,324 | 42.0%
+MHEV +SAX +WR5% +6sp wet

3.1701 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $2,256 | 37.2%
+DCP +DVVL +MHEV +SAX +WR5% +6sp wet

3.1702 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $2,428 | 40.9%
+DCP +DVVL +MHEV +SAX +WR5% +6sp wet

3.1703 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,345 | 40.0%

+DVVL +MHEV +SAX +WR5% +6sp

wet
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3.1704 | 5% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,517 | 43.6%
+DVVL +MHEV +SAX +WR5% +6sp wet

3.1705 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $2,404 | 36.5%
+DCP +GDI +MHEV +SAX +WR5% +6sp wet

3.1706 | 5% | Auto4VDV6 +LUB +EFR1 +ASLI1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $2,575 | 40.2%
+DCP +GDI +MHEV +SAX +WR5% +6sp wet

3.1707 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,492 | 39.3%
+GDI +MHEV +SAX +WR5% +6sp wet

3.1708 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,664 | 42.9%
+GDI +MHEV +SAX +WR5% +6sp wet

3.1709 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG 6sp DCT- $2,597 | 38.1%
+DCP +DVVL +GDI +MHEV +SAX +WR5% +6sp wet

3.1710 | 5% | Auto4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG 6sp DCT- $2,768 | 41.8%
+DCP +DVVL +GDI +MHEV +SAX +WR5% +6sp wet

3.1711 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,686 | 40.9%
+DVVL +GDI +MHEV +SAX +WR5% +6sp wet

3.1712 | 5% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,857 | 44.4%
+DVVL +GDI +MHEV +SAX +WR5% +6sp wet

3.1713 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,258 | 41.4%
+GDI +MHEV +TDS18 +WR5% +6sp wet

3.1714 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,429 | 44.9%
+GDI +MHEV +TDS18 +WR5% +6sp wet

3.1715 | 5% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $2,318 | 43.9%
+MHEV +TDS18 +WR5% +6sp wet

3.1716 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $2,490 | 47.2%
+MHEV +TDS18 +WR5% +6sp wet

3.1717 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,391 | 42.0%
+DVVL +GDI +MHEV +TDS18 +WR5% +6sp wet

3.1718 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,563 | 45.5%
+DVVL +GDI +MHEV +TDS18 +WR5% +6sp wet

3.1719 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,452 | 44.5%
+DVVL +GDI +MHEV +TDS18 +WR5% +6sp wet

3.1720 | 5% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,623 | 47.8%
+DVVL +GDI +MHEV +TDS18 +WR5% +6sp wet

3.1721 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,340 | 42.0%
+GDI +MHEV +SAX +TDS18 +WR5% +6sp wet

3.1722 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,511 | 45.4%
+GDI +MHEV +SAX +TDS18 +WR5% +6sp wet

3.1723 | 5% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $2,400 | 44.4%
+MHEV +SAX +TDS18 +WR5% +6sp wet

3.1724 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $2,572 | 47.7%
+MHEV +SAX +TDS18 +WR5% +6sp wet

3.1725 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,473 | 42.5%
+DVVL +GDI +MHEV +SAX +TDS18 +WR5% +6sp wet

3.1726 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,645 | 45.9%
+DVVL +GDI +MHEV +SAX +TDS18 +WR5% +6sp wet

3.1727 | 5% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,533 | 45.0%
+DVVL +GDI +MHEV +SAX +TDS18 +WR5% +6sp wet

3.1728 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,705 | 48.2%
+DVVL +GDI +MHEV +SAX +TDS18 +WR5% +6sp wet

3.1729 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,472 | 43.7%
+GDI +MHEV +TDS24 +WR5% +6sp wet

3.1730 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,644 | 47.0%
+GDI +MHEV +TDS24 +WR5% +6sp wet

3.1731 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $2,532 | 46.0%

+MHEYV +TDS24 +WR5% +6sp

wet
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3.1732 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $2,704 | 49.2%
+MHEV +TDS24 +WR5% +6sp wet

3.1733 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,605 | 43.8%
+DVVL +GDI +MHEV +TDS24 +WR5% +6sp wet

3.1734 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,777 | 47.1%
+DVVL +GDI +MHEV +TDS24 +WR5% +6sp wet

3.1735 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,666 | 46.1%
+DVVL +GDI +MHEV +TDS24 +WR5% +6sp wet

3.1736 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,837 | 49.3%
+DVVL +GDI +MHEV +TDS24 +WR5% +6sp wet

3.1737 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,554 | 44.1%
+GDI +MHEV +SAX +TDS24 +WR5% +6sp wet

3.1738 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,725 | 47.4%
+GDI +MHEV +SAX +TDS24 +WR5% +6sp wet

3.1739 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $2,614 | 46.4%
+MHEV +SAX +TDS24 +WR5% +6sp wet

3.1740 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $2,786 | 49.6%
+MHEV +SAX +TDS24 +WR5% +6sp wet

3.1741 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,687 | 44.2%
+DVVL +GDI +MHEV +SAX +TDS24 +WR5% +6sp wet

3.1742 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,859 | 47.5%
+DVVL +GDI +MHEV +SAX +TDS24 +WR5% +6sp wet

3.1743 | 5% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,748 | 46.6%
+DVVL +GDI +MHEV +SAX +TDS24 +WR5% +6sp wet

3.1744 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,919 | 49.7%
+DVVL +GDI +MHEV +SAX +TDS24 +WR5% +6sp wet

3.1745 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,721 | 45.7%
+GDI +MHEV +TDS24 +EGR +WR5% +6sp wet

3.1746 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,893 | 48.9%
+GDI +MHEV +TDS24 +EGR +WR5% +6sp wet

3.1747 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $2,782 | 47.9%
+MHEYV +TDS24 +EGR +WR5% +6sp wet

3.1748 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $2,953 | 51.0%
+MHEV +TDS24 +EGR +WR5% +6sp wet

3.1749 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,854 | 45.8%
+DVVL +GDI +MHEV +TDS24 +EGR +WR5% +6sp wet

3.1750 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $3,026 | 49.0%
+DVVL +GDI +MHEV +TDS24 +EGR +WR5% +6sp wet

3.1751 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,915 | 48.0%
+DVVL +GDI +MHEV +TDS24 +EGR +WR5% +6sp wet

3.1752 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $3,086 | 51.1%
+DVVL +GDI +MHEV +TDS24 +EGR +WR5% +6sp wet

3.1753 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,803 | 46.1%
+GDI +MHEV +SAX +TDS24 +EGR +WR5% +6sp wet

3.1754 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $2,975 | 49.3%
+GDI +MHEV +SAX +TDS24 +EGR +WR5% +6sp wet

3.1755 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $2,864 | 48.3%
+MHEV +SAX +TDS24 +EGR +WR5% +6sp wet

3.1756 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $3,035 | 51.4%
+MHEV +SAX +TDS24 +EGR +WR5% +6sp wet

3.1757 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,936 | 46.2%
+DVVL +GDI +MHEV +SAX +TDS24 +EGR +WR5% +6sp wet

3.1758 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $3,108 | 49.4%
+DVVL +GDI +MHEV +SAX +TDS24 +EGR +WR5% +6sp wet

3.1759 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $2,997 | 48.5%

+DVVL +GDI +MHEV +SAX +TDS24 +EGR +WR5% +6sp

wet

1-38




MY 2017 and Later Regulatory Impact Analysis

3.1760 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $3,168 | 51.5%
+DVVL +GDI +MHEV +SAX +TDS24 +EGR +WR5% +6sp wet

3.1761 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $3,149 | 46.3%
+GDI +MHEV +TDS27 +EGR +WR5% +6sp wet

3.1762 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $3,321 | 49.4%
+GDI +MHEV +TDS27 +EGR +WR5% +6sp wet

3.1763 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $3,210 | 48.5%
+MHEYV +TDS27 +EGR +WR5% +6sp wet

3.1764 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $3,382 | 51.5%
+MHEV +TDS27 +EGR +WR5% +6sp wet

3.1765 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $3,283 | 46.2%
+DVVL +GDI +MHEV +TDS27 +EGR +WR5% +6sp wet

3.1766 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $3,454 | 49.4%
+DVVL +GDI +MHEV +TDS27 +EGR +WR5% +6sp wet

3.1767 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $3,343 | 48.5%
+DVVL +GDI +MHEV +TDS27 +EGR +WR5% +6sp wet

3.1768 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $3,515 | 51.5%
+DVVL +GDI +MHEV +TDS27 +EGR +WR5% +6sp wet

3.1769 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $3,231 | 46.7%
+GDI +MHEV +SAX +TDS27 +EGR +WR5% +6sp wet

3.1770 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $3,403 | 49.9%
+GDI +MHEV +SAX +TDS27 +EGR +WR5% +6sp wet

3.1771 | 5% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI 6sp DCT- $3,292 | 48.9%
+MHEV +SAX +TDS27 +EGR +WR5% +6sp wet

3.1772 | 5% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- $3,464 | 51.9%
+MHEV +SAX +TDS27 +EGR +WR5% +6sp wet

3.1773 | 5% | Auto4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $3,365 | 46.7%
+DVVL +GDI +MHEV +SAX +TDS27 +EGR +WR5% +6sp wet

3.1774 | 5% | Auto4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $3,536 | 49.9%
+DVVL +GDI +MHEV +SAX +TDS27 +EGR +WR5% +6sp wet

3.1775 | 5% | Auto4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $3,425 | 48.9%
+DVVL +GDI +MHEV +SAX +TDS27 +EGR +WR5% +6sp wet

3.1776 | 5% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $3,597 | 51.9%
+DVVL +GDI +MHEV +SAX +TDS27 +EGR +WR5% +6sp wet

3.2449 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- $3,242 | 39.1%
+DSL-Adv +WR5% +6sp wet

3.2450 | 5% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- $3,459 | 42.5%

+DSL-Adv +WR5% +6sp

wet

As stated, the packages are meant to maintain utility relative to the baseline vehicle.

Having built nearly 2500 packages for each vehicle type suggests the question “how can EPA
know that each has the same utility as the baseline vehicle for a given vehicle type?” We

believe that this is inherent 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 technology effectiveness values. Maintaining utility is also included in the cost of

the technologies with proper consideration of engine sizing (number of cylinders), motor and
battery sizing, etc. This is discussed in more detail throughout Section 3.2 of the 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.

1-39




Chapter 1

The next packages built are the strong HEVs (P2 HEV) and, new for this final rule, the
mild HEVs (MHEV). As done with non-electrified packages, we 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 simply
added to the baseline engine to ensure that the Atkinson engine is consistent with those
modeled by Ricardo to ensure that our effectiveness values are consistent. But for those
vehicle types that are SOHC or OHV in the baseline, the package by definition included costs
associated with converting the valvetrain to a DOHC 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 Joint TSD. As a result, we have built more HEV
packages for towing vehicle types than for non-towing types. Lastly, we built strong HEV
packages with a constant weight reduction across the board in the year of interest. For
example, in building packages for a 2016MY OMEGA run, we built HEV packages with 10%
weight reduction as this was the maximum weight reduction (i.e., applicable phase-in cap) in
MY 2016 allowed in the analysis. This maximum allowed weight reduction was 15% for the
2021MY and 20% for MY 2025 based on the technology penetration caps set forth and
explained in Chapter 3 of the joint TSD. For MHEVs, we built packages with weight
reduction at 5%, 10% for MY 2016, 5%, 10%, 15% for MY 2021, and 5%, 10%, 15% and
20% for MY 2025. Table 1.3-5 shows the HEV packages built for vehicle type 3 which is a
non-towing vehicle type (the table shows only packages built with 20% weigh reduction and a
6 speed transmission).

Table 1.3-5 A Subset of 2025 MY Strong HEV & Mild HEV Packages Built for Vehicle
Type 3 (Midsize car DOHC V6, costs in 2010$)*

TP# MR | Description Trans 2025 | CO2%

3.0000 | base | Auto 4VDV6 $0 0.0%

3.1665 | 20% | Auto 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- | $4.698 | 50.0%
+DVVL +GDI +HEV +ATKCS +WR20% +6sp wet

3.1666 | 20% | Aut0 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- | $4.870 | 53.2%
+DVVL +GDI +HEV +ATKCS +WR20% +6sp wet

3.1667 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aerol +LRRT1 +HEG +DCP +DVVL 6sp DCT- | $4.787 | 52.4%
+GDI +HEV +ATKCS +WR20% +6sp wet

31668 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +DVVL 6sp DCT- | $4.959 | 55.3%
+GDI +HEV +ATKCS +WR20% +6sp wet

31669 1 20% | Auto 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- | $4,780 | 50.5%
+DVVL +GDI +HEV +SAX +ATKCS +WR20% +6sp wet

31670 | 20% | Auto 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- | $4.952 | 53.6%
+DVVL +GDI +HEV +SAX +ATKCS +WR20% +6sp wet

31671 | 20% | Ayt 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aerol +LRRT1 +HEG +DCP +DVVL 6sp DCT- | $4.869 | 52.8%
+GDI +HEV +SAX +ATKCS +WR20% +6sp wet

3.1672 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +DVVL 6sp DCT- | $5,041 | 55.7%
+GDI +HEV +SAX +ATKCS +WR20% +6sp wet

32257 | 20% | Auto 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- | $2,621 | 39.4%
+MHEV +WR20% +6sp wet
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32258 | 20% | Auto 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- | $2,793 | 43.1%
+MHEV +WR20% +6sp wet

32259 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aerol +LRRTI +HEG +DCP +MHEV Osp DtCT‘ $2,710 | 42.1%
+WR20% +6sp we

32260 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +MHEV 6sp DCT- | $2.882 | 45.6%
+WR20% +6sp wet

32261 1 20% | Auto 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DST‘ $2.815 | 41.0%
+DVVL +MHEV +WR20% +6sp we

32262 | 20% | Auto 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DST‘ $2.986 | 44.6%
+DVVL +MHEV +WR20% +6sp we

3.2263 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Acrol +LRRT1 +HEG +DCP +DVVL 6sp DCT- | $2.903 | 43.7%
+MHEV +WR20% +6sp wet

32264 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +DVVL 6sp DCT- | $3,075 | 47.1%
+MHEV +WR20% +6sp wet

3.2265 | 20% | Auto 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI | OSP DtCT‘ $2.962 | 40.3%
+MHEV +WR20% +6sp we

3.2266 | 20% | Auto 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +GDI | 0SPDCT- | $3.133 | 43.9%
+MHEV +WR20% +6sp wet

32267 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aerol +LRRTI +HEG +DCP +GDI 6sp DCT- | $3.051 | 43.0%
+MHEV +WR20% +6sp wet

32268 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- | $3.222 | 46.5%
+MHEV +WR20% +6sp wet

3.2269 1 20% | Auto 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aecrol +LRRT1 +HEG +DCP 6sp DtCT‘ $3.155 | 419%
+DVVL +GDI +MHEV +WR20% +6sp we

3.2270 | 20% | Auto 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- | $3,327 | 45.4%
+DVVL +GDI +MHEV +WR20% +6sp wet

32271 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aerol +LRRT1 +HEG +DCP +DVVL Gsp DtCT‘ $3.244 | 44.5%
+GDI +MHEV +WR20% +6sp we

32272 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +DVVL 6sp DST‘ $3415 | 47.9%
+GDI +MHEV +WR20% +6sp we

32273 | 20% | Auto 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- | $2,703 | 39.9%
+MHEV +SAX +WR20% +6sp wet

32274 1 20% | Auto 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- | $2.875 | 43.6%
+MHEV +SAX +WR20% +6sp wet

3.2275 1 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Acrol +LRRTI +HEG +DCP +MHEV 6sp DCT- | $2,792 | 42.6%
+SAX +WR20% +6sp wet

32276 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +MHEV 6sp DCT- | $2,964 | 46.1%
+SAX +WR20% +6sp wet

32277 | 20% | Auto 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP Osp DtCT‘ $2.897 | 41.5%
+DVVL +MHEV +SAX +WR20% +6sp we

32278 | 20% | Auto 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- | $3.068 | 45.1%
+DVVL +MHEV +SAX +WR20% +6sp wet

32279 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aerol +LRRT1 +HEG +DCP +DVVL 6sp DCT- | $2.985 | 44.1%
+MHEV +SAX +WR20% +6sp wet

32280 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +DVVL 6sp DCT- | $3,157 | 47.5%
+MHEV +SAX +WR20% +6sp wet

3.2281 | 20% | A0 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aerol +LRRT1 +HEG +DCP +GDI | 0SPDCT- | $3.044 | 40.8%
+MHEV +SAX +WR20% +6sp wet

3.2282 | 20% | Auto 4VDV6 +LUB +EFR1 +ASLI +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +GDI | O0SPDPCT- | $3215 | 44.4%
+MHEV +SAX +WR20% +6sp wet

32283 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aerol +LRRTI +HEG +DCP +GDI Osp DtCT‘ $3,133 | 43.5%
+MHEV +SAX +WR20% +6sp we

32284 1 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- | $3,304 | 46.9%
+MHEV +SAX +WR20% +6sp wet

32285 | 20% 6sp DCT- | $3.237 | 42.4%

Auto 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP
+DVVL +GDI +MHEV +SAX +WR20% +6sp

wet
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3.2286 | 20% | Auto 4VDV6 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- | $3,409 | 45.9%
+DVVL +GDI +MHEV +SAX +WR20% +6sp wet

32287 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aerol +LRRT1 +HEG +DCP +DVVL Osp DtCT‘ $3.326 | 45.0%
+GDI +MHEV +SAX +WR20% +6sp we

32288 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +DVVL 6sp DCT- | $3.497 | 48.3%
+GDI +MHEV +SAX +WR20% +6sp wet

3.2289 | 20% | Auto 4VDI4 +LUB +EFR1 +ASLI1 +LDB +IACC1 +EPS +Acrol +LRRT1 +HEG +DCP +GDI | 0SPDCT- | $2.898 | 45.5%
+MHEV +TDS18 +WR20% +6sp wet

3.2290 | 20% | Auto 4VDI4 +LUB +EFR1 +ASLI +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +GDI | 0SPDCT- | $3.009 | 48.8%
+MHEV +TDS18 +WR20% +6sp wet

3.2291 1 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Acrol +LRRTI +HEG +DCP +GDI 6sp DCT- | $2.958 | 47.8%
+MHEV +TDS18 +WR20% +6sp wet

32292 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- | $3,130 | 50.9%
+MHEV +TDS18 +WR20% +6sp wet

32293 | 20% | Auto 4VDI4 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aerol +LRRT1 +HEG +DCP Gsp DtCT‘ $3.031 | 46.0%
+DVVL +GDI +MHEV +TDS18 +WR20% +6sp we

32294 1 20% | Auto 4VDI4 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- | $3.203 | 49.3%
+DVVL +GDI +MHEV +TDS18 +WR20% +6sp wet

32295 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aerol +LRRTI +HEG +DCP +DVVL 6sp DCT- | $3.092 | 48.3%
+GDI +MHEV +TDS18 +WR20% +6sp wet

32296 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +DVVL 6sp DCT- | $3.263 | 51.5%
+GDI +MHEV +TDS18 +WR20% +6sp wet

3.2297 | 20% | Auto 4VDI4 +LUB +EFR1 +ASLI1 +LDB +IACCI +EPS +Acrol +LRRT1 +HEG +DCP +GDI | 0SPDCT- | $2.980 | 46.0%
+MHEV +SAX +TDS18 +WR20% +6sp wet

3.2298 | 20% | Auto 4VDI4 +LUB +EFR1 +ASLI +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +GDI | 0P DPCT- | $3.151 | 49.2%
+MHEV +SAX +TDS18 +WR20% +6sp wet

32299 1 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aerol +LRRTI +HEG +DCP +GDI Gsp DtCT‘ $3,040 | 48.2%
+MHEV +SAX +TDS18 +WR20% +6sp we

32300 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- | $3.212 | 514%
+MHEV +SAX +TDS18 +WR20% +6sp wet

32301 1 20% | Auto 4VDI4 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- | $3,113 | 46.5%
+DVVL +GDI +MHEV +SAX +TDS18 +WR20% +6sp wet

32302 1 20% | Auto 4VDI4 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- | $3.285 | 49.7%
+DVVL +GDI +MHEV +SAX +TDS18 +WR20% +6sp wet

3.2303 1 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Acrol +LRRT1 +HEG +DCP +DVVL 6sp DCT- | $3,174 | 48.8%
+GDI +MHEV +SAX +TDS18 +WR20% +6sp wet

32304 1 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +DVVL 6sp DCT- | $3,345 | 51.9%
+GDI +MHEV +SAX +TDS18 +WR20% +6sp wet

3.2305 | 20% | Auto 4VDI4 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aerol +LRRT1 +HEG +DCP +GDI | OSP DtCT‘ $3.112 | 47.5%
+MHEV +TDS24 +WR20% +6sp we

3.2306 | 20% | Ao 4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI | 0SPDCT- | $3.284 | 50.7%
+MHEV +TDS24 +WR20% +6sp wet

32307 1 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aecrol +LRRTI +HEG +DCP +GDI 6sp DCT- | $3,173 | 49.7%
+MHEV +TDS24 +WR20% +6sp wet

32308 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- | $3,344 | 52.7%
+MHEV +TDS24 +WR20% +6sp wet

3.2309 1 20% | Auto 4VDI4 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- | $3.245 | 47.6%
+DVVL +GDI +MHEV +TDS24 +WR20% +6sp wet

3.2310 | 20% | Auto 4VDI4 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- | $3.417 | 50.8%
+DVVL +GDI +MHEV +TDS24 +WR20% +6sp wet

32311 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aerol +LRRTI +HEG +DCP +DVVL Osp DtCT‘ $3.306 | 49.8%
+GDI +MHEV +TDS24 +WR20% +6sp we

32312 1 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +DVVL 6sp DCT- | $3.477 | 52.9%
+GDI +MHEV +TDS24 +WR20% +6sp wet

32313 | 20% 6sp DCT- | $3,194 | 48.0%

Auto 4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +GDI
+MHEV +SAX +TDS24 +WR20% +6sp

wet
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3.2314 1 20% | Ay0 4VDI4 +LUB +EFR1 +ASLI +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +GDI | 0P DPCT- | $3.366 | 51.1%
+MHEV +SAX +TDS24 +WR20% +6sp wet

32315 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aerol +LRRTI +HEG +DCP +GDI Osp DtCT‘ $3.255 | 50.1%
+MHEV +SAX +TDS24 +WR20% +6sp we

32316 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- | $3.426 | 53.1%
+MHEV +SAX +TDS24 +WR20% +6sp wet

32317 1 20% | Auto 4VDI4 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aerol +LRRT1 +HEG +DCP 6sp DST‘ $3.327 | 48.1%
+DVVL +GDI +MHEV +SAX +TDS24 +WR20% +6sp we

32318 | 20% | Auto 4VDI4 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DST‘ $3.499 | 512%
+DVVL +GDI +MHEV +SAX +TDS24 +WR20% +6sp we

3.2319 1 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Acrol +LRRT1 +HEG +DCP +DVVL 6sp DCT- | $3,388 | 50.3%
+GDI +MHEV +SAX +TDS24 +WR20% +6sp wet

32320 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +DVVL 6sp DCT- | $3,559 | 53.3%
+GDI +MHEV +SAX +TDS24 +WR20% +6sp wet

32321 | 20% | Auto 4VDI4 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aerol +LRRT1 +HEG +DCP +GDI | OSP DtCT‘ $3.361 | 49.4%
+MHEV +TDS24 +EGR +WR20% +6sp we

3.2322 | 20% | Auto 4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI | 0SPDCT- | $3.533 | 52.5%
+MHEV +TDS24 +EGR +WR20% +6sp wet

32323 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aecrol +LRRTI +HEG +DCP +GDI 6sp DCT- | $3.422 | 51.5%
+MHEV +TDS24 +EGR +WR20% +6sp wet

32324 1 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- | $3,503 | 54.4%
+MHEV +TDS24 +EGR +WR20% +6sp wet

3.2325 1 20% | Auto 4VDI4 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aerol +LRRT1 +HEG +DCP 6sp DCT- | $3,494 | 49.5%
+DVVL +GDI +MHEV +TDS24 +EGR +WR20% +6sp wet

32326 | 20% | Ayt 4VDI4 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- | $3,666 | 52.5%
+DVVL +GDI +MHEV +TDS24 +EGR +WR20% +6sp wet

32327 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aerol +LRRTI +HEG +DCP +DVVL Gsp DtCT‘ $3.555 | 51.6%
+GDI +MHEV +TDS24 +EGR +WR20% +6sp we

32328 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +DVVL 6sp DCT- | $3,727 | 54.5%
+GDI +MHEV +TDS24 +EGR +WR20% +6sp wet

3.2329 | 20% | Auto 4VDI4 +LUB +EFR1 +ASLI +LDB +IACCI +EPS +Acrol +LRRT1 +HEG +DCP +GDI | 0SPDCT- | $3.443 | 49.8%
+MHEV +SAX +TDS24 +EGR +WR20% +6sp wet

3.2330 | 20% | Auto 4VDI4 +LUB +EFR1 +ASLI1 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +GDI | 0SPDCT- | 83615 | 52.9%
+MHEV +SAX +TDS24 +EGR +WR20% +6sp wet

3.2331 1 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Acrol +LRRTI +HEG +DCP +GDI 6sp DCT- | $3,504 | 51.9%
+MHEV +SAX +TDS24 +EGR +WR20% +6sp wet

32332 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- | $3,675 | 54.8%
+MHEV +SAX +TDS24 +EGR +WR20% +6sp wet

32333 | 20% | Auto 4VDI4 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aerol +LRRT1 +HEG +DCP Osp DtCT‘ $3.576 | 49.9%
+DVVL +GDI +MHEV +SAX +TDS24 +EGR +WR20% +6sp we

32334 1 20% | Auto 4VDI4 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- | $3,748 | 53.0%
+DVVL +GDI +MHEV +SAX +TDS24 +EGR +WR20% +6sp wet

32335 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aerol +LRRTI +HEG +DCP +DVVL 6sp DCT- | $3,637 | 52.0%
+GDI +MHEV +SAX +TDS24 +EGR +WR20% +6sp wet

32336 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +DVVL 6sp DCT- | $3.809 | 54.9%
+GDI +MHEYV +SAX +TDS24 +EGR +WR20% +6sp wet

3.2337 | 20% | Auto 4VDI4 +LUB +EFR1 +ASLI +LDB +IACCI +EPS +Acrol +LRRT1 +HEG +DCP +GDI | 0SPDCT- | $3.790 | 50.0%
+MHEV +TDS27 +EGR +WR20% +6sp wet

3.2338 | 20% | Auto 4VDI4 +LUB +EFR1 +ASLI +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +GDI | 0P PCT- | $3.961 | 53.0%
+MHEV +TDS27 +EGR +WR20% +6sp wet

32339 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aerol +LRRTI +HEG +DCP +GDI Osp DtCT‘ $3.850 | 52.0%
+MHEV +TDS27 +EGR +WR20% +6sp we

32340 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- | $4,002 | 54.9%
+MHEV +TDS27 +EGR +WR20% +6sp wet

32341 | 20% 6sp DCT- | $3,923 | 49.9%

Auto 4VDI4 +LUB +EFR1 +ASLI +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP
+DVVL +GDI +MHEV +TDS27 +EGR +WR20% +6sp

wet

1-43




Chapter 1

3.2342 | 20%
Auto 4VDI4 +LUB +EFR1 +ASL1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP

+DVVL +GDI +MHEV +TDS27 +EGR +WR20% +6sp wet

6sp DCT- $4,094

53.0%

3.2343 | 20%
Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol +LRRT1 +HEG +DCP +DVVL

+GDI +MHEV +TDS27 +EGR +WR20% +6sp wet

6sp DCT- $3,983

52.0%

32344 1 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +DVVL 6sp DCT- | $4,155 | 54.9%
+GDI +MHEV +TDS27 +EGR +WR20% +6sp wet

3.2345 | 20% | Auto 4VDI4 +LUB +EFR1 +ASLI +LDB +IACCI +EPS +Acrol +LRRT1 +HEG +DCP +GDI | 0SPDCT- | $3.872 | 50.4%
+MHEV +SAX +TDS27 +EGR +WR20% +6sp wet

3.2346 | 20% | Auto 4VDI4 +LUB +EFR1 +ASLI1 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP +GDI | 0SPDCT- | $4.043 | 53.4%
+MHEV +SAX +TDS27 +EGR +WR20% +6sp wet

3.2347 1 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Acrol +LRRTI +HEG +DCP +GDI 6sp DCT- | $3.932 | 524%
+MHEV +SAX +TDS27 +EGR +WR20% +6sp wet

32348 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP +GDI 6sp DCT- | $4,104 | 55.3%
+MHEV +SAX +TDS27 +EGR +WR20% +6sp wet

3.2349 1 20% | Auto 4VDI4 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aerol +LRRT1 +HEG +DCP Gsp DtCT' $4.005 | 50.4%
+DVVL +GDI +MHEV +SAX +TDS27 +EGR +WR20% +6sp we

32350 | 20% | Auto 4VDI4 +LUB +EFR1 +ASL1 +LDB +IACCI +EPS +Aero2 +LRRT2 +HEG +DCP 6sp DCT- | $4,176 | 53.4%
+DVVL +GDI +MHEV +SAX +TDS27 +EGR +WR20% +6sp wet

32351 1 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACCI +EPS +Aecrol +LRRTI +HEG +DCP +DVVL 6sp DCT- | $4,065 | 524%
+GDI +MHEV +SAX +TDS27 +EGR +WR20% +6sp wet

32352 | 20% 6spDCT- | $4.237 | 553%

Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP +DVVL

+GDI +MHEYV +SAX +TDS27 +EGR +WR20% +6sp wet

The last step was to build the PHEVs (also known as REEVs) and EVs for vehicle
types 1 through 7 and 13. We did not consider the other vehicle types for electrification
beyond HEVs for purposes of the current analysis, either because of their expected towing
demands or because of their high vehicle weight which would make the electrification of the
vehicle prohibitively costly. We have developed two primary types of PHEV packages and
three primary types of EV packages all of which are included in the master-set of packages.
The PHEVs consist of packages with battery packs capable of 20 miles of all electric
operation (REEV20) 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 EV150, 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 HEVs, PHEVs and EVs are
presented in Chapter 3 of the 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
1.2-18. We have built all EV and REEV packages with a 20% weight reduction applied (the
net weight reduction would be lower) despite the maximum allowed for a given model year
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 a 20% reduction
(i.e., the vehicle would increase in weight). We did not want to build packages with net
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weight increases and we did not have the ability to properly determine their effectiveness
values even if we wanted to build them. Second, we believe it is reasonable that auto makers
would be more aggressive with respect to weight reduction on PHEVs and EVs (so as to be
able to utilize lower weight, and hence less expensive batteries) and that it is reasonable to
believe that PHEVs and EVs could achieve higher levels of weight reduction in the MY 2016
and 2021 MYs than we have considered likely for other vehicle technologies." Table 1.3-6
shows all of the EV and REEV packages built for this final rule.

Table 1.3-6 Full EV and Plug-in HEV (REEV) Packages Built for this Analysis (costs
shown are for the 2025MY in 2010%)

¥;:;lede TP# MR Description Trans 2025 | CO2%

1 1.2465 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 8sp DCT- $9,327 73.7%
+DVVL +GDI +ATKCS +REEV20 +WR20% +8sp dry

1 1.2466 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 8sp DCT- $11,262 | 83.3%
+DVVL +GDI +ATKCS +REEV40 +WR20% +8sp dry

1 1.2467 | 20% | +IACC1 +EPS +Aero2 +LRRT2 +EV75 mile +WR20% +0sp $9,367 | 100.0%

1 1.2468 | 20% | +IACC1 +EPS +Aero2 +LRRT2 +EV100 mile +WR20% +0sp $11,061 | 100.0%

1 1.2469 | 20% | +IACC1 +EPS +Aero2 +LRRT2 +EV150 mile +WR20% +0sp $14,630 | 100.0%

2 2.2465 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 8sp DCT- $10,585 | 74.4%
+DVVL +GDI +ATKCS +REEV20 +WR20% +8sp dry

2 2.2466 | 20% | Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 8sp DCT- $13,072 | 83.9%
+DVVL +GDI +ATKCS +REEV40 +WR20% +8sp dry

2 22467 | 20% | +IACC1 +EPS +Aero2 +LRRT2 +EV75 mile +WR20% +0sp $11,363 | 100.0%

2 22468 | 20% | +IACC1 +EPS +Aero2 +LRRT2 +EV100 mile +WR20% +0sp $13,288 | 100.0%

2 22469 | 20% | +IACCI1 +EPS +Aero2 +LRRT2 +EV150 mile +WR20% +0sp $18,218 | 100.0%

3 32465 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG 8sp DCT- $11,047 | 74.3%
+DCP +DVVL +GDI +ATKCS +REEV20 +WR20% +8sp wet

3 3.2466 | 20% | Auto4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG 8sp DCT- $13,534 | 83.8%
+DCP +DVVL +GDI +ATKCS +REEV40 +WR20% +8sp wet

3 3.2467 | 20% | +IACCI1 +EPS +Aero2 +LRRT2 +EV75 mile +WR20% +0sp $11,451 | 100.0%

3 32468 | 20% | +IACCI1 +EPS +Aero2 +LRRT2 +EV100 mile +WR20% +0sp $13,376 | 100.0%

3 32469 | 20% | +IACCI1 +EPS +Aero2 +LRRT2 +EV150 mile +WR20% +0sp $18,306 | 100.0%

4 42465 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG 8sp DCT- $11,223 | 74.7%
+DCP +DVVL +GDI +ATKCS +REEV20 +CCC +WR20% +8sp wet

4 42466 | 20% | Auto 4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG 8sp DCT- $13,710 | 84.0%
+DCP +DVVL +GDI +ATKCS +REEV40 +CCC +WR20% +8sp wet

4 42467 | 20% | +IACCI1 +EPS +Aero2 +LRRT2 +EV75 mile +WR20% +0sp $11,452 | 100.0%

4 42468 | 20% | +IACCI1 +EPS +Aero2 +LRRT2 +EV100 mile +WR20% +0sp $13,377 | 100.0%

4 42469 | 20% | +IACCI1 +EPS +Aero2 +LRRT2 +EV150 mile +WR20% +0sp $18,306 | 100.0%

5 52465 | 20% | Auto 4VDV8 +EFR2 +ASL2 +LDB +IACCI1 +EPS +Aero2 +LRRT2 +HEG 8sp DCT- $13,945 | 73.9%
+DCP +DVVL +GDI +ATKCS +REEV20 +WR20% +8sp wet

5 52466 | 20% | Auto 4VDVS8 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG 8sp DCT- $17,726 | 83.4%
+DCP +DVVL +GDI +ATKCS +REEV40 +WR20% +8sp wet

5 52467 | 20% | +IACCI1 +EPS +Aero2 +LRRT2 +EV75 mile +WR20% +0sp $14,324 | 100.0%

5 52468 | 20% | +IACCI1 +EPS +Aero2 +LRRT2 +EV100 mile +WR20% +0sp $16,200 | 100.0%

!'Note, as noted above, the weight reduction of a technology 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. This is described in Chapter 3 of this RIA.
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5 5.2469 | [20% | +IACCI1 +EPS +Aero2 +LRRT2 +EV150 mile +WR20% +0sp $21,467 | 100.0%

6 6.2465 20% | Auto 4VDV8 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG 8sp DCT- $14,472 | 74.4%
+DCP +DVVL +GDI +ATKCS +REEV20 +CCC +WR20% +8sp wet

6 6.2466 20% | Auto 4VDV8 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG 8sp DCT- $18,253 | 83.7%
+DCP +DVVL +GDI +ATKCS +REEV40 +CCC +WR20% +8sp wet

6 6.2467 20% +IACC1 +EPS +Aero2 +LRRT2 +EV75 mile +WR20% +0sp $14,263 | 100.0%

6 6.2468 20% +IACC1 +EPS +Aero2 +LRRT2 +EV100 mile +WR20% +0sp $16,139 | 100.0%

6 6.2469 20% +IACC1 +EPS +Aero2 +LRRT2 +EV150 mile +WR20% +0sp $21,406 | 100.0%

7 7.2465 20% | MPVnt 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG 8sp DCT- $10,255 | 73.0%
+DCP +DVVL +GDI +ATKCS +REEV20 +WR20% +8sp dry

7 7.2466 20% | MPVnt 4VDH4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG 8sp DCT- $12,665 | 82.9%
+DCP +DVVL +GDI +ATKCS +REEV40 +WR20% +8sp dry

7 7.2467 20% +IACCI1 +EPS +Aero2 +LRRT2 +EV75 mile +WR20% +0sp $10,245 | 100.0%

7 7.2468 20% +IACCI1 +EPS +Aero2 +LRRT2 +EV100 mile +WR20% +0sp $12,403 | 100.0%

7 7.2469 20% +IACCI1 +EPS +Aero2 +LRRT2 +EV150 mile +WR20% +0sp $17,429 | 100.0%

13 13.2465 | 20% | SmT 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 8sp DCT- $10,342 | 73.0%
+DVVL +GDI +ATKCS +REEV20 +WR20% +8sp dry

13 13.2466 | 20% | SmT 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 +LRRT2 +HEG +DCP 8sp DCT- $12,751 | 82.9%
+DVVL +GDI +ATKCS +REEV40 +WR20% +8sp dry

13 13.2467 | 20% +IACC1 +EPS +Aero2 +LRRT2 +EV75 mile +WR20% +0sp $10,332 | 100.0%

13 13.2468 | 20% +IACC1 +EPS +Aero2 +LRRT2 +EV100 mile +WR20% +0sp $12,490 | 100.0%

13 13.2469 | 20% +IACC1 +EPS +Aero2 +LRRT2 +EV150 mile +WR20% +0sp $17,515 | 100.0%

This master-set of packages was then ranked by TARF within vehicle type for each of

MY 2016 (using MY 2016 costs and MY 2016 penetration caps), MY 2021 (using MY 2021
costs and MY 2021 penetration caps) and MY 2025 (using MY 2025 costs and MY 2025
penetration caps). This is done by first calculating the TARF of each package relative to the
baseline package within a given vehicle type. The package with the best TARF is selected as
OMEGA package #1 for that vehicle type. The remaining packages for the given vehicle type
are then ranked again by TARF, this time relative to OMEGA package #1. The best package
is selected as OMEGA package #2, etc. We have considered penetration caps in this TARF
ranking process to ensure that the packages chosen by the ranking do not result in exceedance
of the caps. As such, if package #2 contains a technology, for example HEG, but the
penetration cap for HEG is, say 60%, then only 60% of the population of vehicles in the given
vehicle type would be allowed to migrate to package #2 with the remaining 40% left in
package #1. Importantly, the credits available to the package are included in this ranking
process.” Table 1.3-6 presents 2008 baseline data used in the TARF ranking process. Table
1.3-7 presents a ranked-set of packages for vehicle type 3 for the 2025MY.

! We have included credits for aerodynamic treatments level 2, 12V stop-start, mild HEV and strong HEV but
have not included any other off-cycle credits due to uncertainty.
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Table 1.3-7 Lifetime VMT & Baseline CO; used for TARF Ranking Process

Vehicle o Base Car/ 2(?16MY ZQZIMY ZQZSMY Base
Type Description engine Trlalck Lifetime Lifetime Lifetime CO? )

VMT VMT VMT (g/mi)

1 Subcompact car 14 14 ]i?HC C 239.8
2 Compact car [4 14 ]i?HC C 254.3
3 Midsizecarve | VODOHC | ¢ 3212
4 Midsizecarve | VOSOHC | ¢ 198,065 203,913 208,775 3327
5 Large car V8 V8 EVOHC C 385.9
6 Large car V8 V8 20V HV C 390.0
7 Small MPV 14 BDOHC | ¢ 296.6
8 Midsize MPV V6 | VODOHC T p 3723
9 Midsize MPV V6 V6 g‘?HC T 412.2
10 Midsize MPV V6 V620VHV T 372.0
1 Large MPV V8 V8 IZSHC T 461.4
12 Large MPV V8 V8 20V HV T 4717.4
13 Small truck 14 14 IZSHC T 330.8
14 Full-sized Pickup V6 DOHC T 211,964 218,399 223,688 203.1

truck V6 4v

15 Full-;ilz:l;i \13160kup V6 2(\)]HV T 420.9
16 Full—;ilz:lil \P/’gckup V8 EVOHC T 4773
17 Full—;ilz:lil \P/’gckup V8 g\?HC T 4555
13 Full-;ilz:l;i \ljgckup V8 g\(])HC T 480.0
19 Full-;ilz:l;i \ljgckup V8 2(\)]HV T 437.9

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

Table 1.3-8 Ranked-set of Packages for the 2025MY for Vehicle Type 3 (midsize car V6

DOHC)
From To From To Engine Trans Weight Cost CO2 %
Tech Tech Step Step Red Reduction
Pkg# | Pkg# # #
3.0000 | 3.0000 0 Auto 4VDV6 base $0 0.0%
3.0000 | 3.0131 0 1 Auto 4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol 6sp 5% $822 29.8%
+LRRTI +HEG +DCP +WR5% +6sp DCT-
wet
3.0131 | 3.0195 1 2 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aerol 6sp 5% $1,070 36.8%
+LRRTI +HEG +DCP +GDI +TDS18 +WR5% +6sp DCT-
wet
3.0195 | 3.0196 2 3 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 6sp 5% $1,287 40.4%
+LRRT2 +HEG +DCP +GDI +TDS18 +WR5% +6sp DCT-
wet
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3.0196 | 3.0388 3 4 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 8sp 5% $1,402 42.3%
+LRRT2 +HEG +DCP +GDI +TDS18 +WR5% +8sp DCT-
wet
3.0388 | 3.0772 4 5 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 8sp 10% $1,519 43.9%
+LRRT2 +HEG +DCP +GDI +TDS18 +WR10% +8sp DCT-
wet
3.0772 | 3.0804 5 6 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 8sp 10% $1,733 45.7%
+LRRT2 +HEG +DCP +GDI +TDS24 +WR10% +8sp DCT-
wet
3.0804 | 3.0836 6 7 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 8sp 10% $1,982 47.7%
+LRRT2 +HEG +DCP +GDI +TDS24 +EGR +WR10% +8sp DCT-
wet
3.0772 | 3.1156 5 8 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 8sp 15% $1,745 45.5%
+LRRT2 +HEG +DCP +GDI +TDS18 +WR15% +8sp DCT-
wet
3.0836 | 3.1220 7 9 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 8sp 15% $2,209 49.2%
+LRRT2 +HEG +DCP +GDI +TDS24 +EGR +WR15% +8sp DCT-
wet
3.1156 | 3.2004 8 10 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 10% $2,722 50.2%
+LRRT2 +HEG +DCP +GDI +MHEV +TDS18 +WR10% +8sp DCT-
wet
3.1220 | 3.2036 9 11 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 10% $3,185 53.6%
+LRRT2 +HEG +DCP +GDI +MHEV +TDS24 +EGR +WR10% DCT-
+8sp wet
3.2004 | 3.2196 10 12 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 15% $2,948 51.4%
+LRRT2 +HEG +DCP +GDI +MHEV +TDS18 +WR15% +8sp DCT-
wet
3.1220 | 3.1604 9 13 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 8sp 20% $2,506 50.7%
+LRRT2 +HEG +DCP +GDI +TDS24 +EGR +WR20% +8sp DCT-
wet
3.2036 | 3.2228 11 14 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 15% $3,412 54.7%
+LRRT2 +HEG +DCP +GDI +MHEV +TDS24 +EGR +WR15% DCT-
+8sp wet
3.2196 | 3.2204 12 15 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 15% $3,030 51.8%
+LRRT2 +HEG +DCP +GDI +MHEV +SAX +TDS18 +WR15% DCT-
+8sp wet
3.2204 | 3.2467 15 16 +IACC1 +EPS +Aero2 +LRRT2 +EV75 mile +WR20% +0sp 20% $11,451 100.0%
3.1604 | 3.2036 13 17 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 10% $3,185 53.6%
+LRRT2 +HEG +DCP +GDI +MHEV +TDS24 +EGR +WR10% DCT-
+8sp wet
3.2036 | 3.2228 17 18 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 15% $3,412 54.7%
+LRRT2 +HEG +DCP +GDI +MHEV +TDS24 +EGR +WR15% DCT-
+8sp wet
3.1604 | 3.1612 13 19 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 8sp 20% $2,814 51.2%
+LRRT2 +HEG +DCP +GDI +SS +TDS24 +EGR +WR20% DCT-
+8sp wet
3.2228 | 3.2236 14 20 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 15% $3,494 55.1%
+LRRT2 +HEG +DCP +GDI +MHEV +SAX +TDS24 +EGR DCT-
+WR15% +8sp wet
3.2228 | 3.2236 18 21 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 15% $3,494 55.1%
+LRRT2 +HEG +DCP +GDI +MHEV +SAX +TDS24 +EGR DCT-
+WR15% +8sp wet
3.2204 | 3.2396 15 22 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 20% $3,327 53.0%
+LRRT2 +HEG +DCP +GDI +MHEV +SAX +TDS18 +WR20% DCT-
+8sp wet
3.1612 | 3.1628 19 23 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC2 +EPS +Aero2 8sp 20% $2,896 51.5%
+LRRT2 +HEG +DCP +GDI +SS +SAX +TDS24 +EGR DCT-
+WR20% +8sp wet
3.2236 | 3.2428 20 24 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 20% $3,791 56.2%
+LRRT2 +HEG +DCP +GDI +MHEV +SAX +TDS24 +EGR DCT-
+WR20% +8sp wet
3.2236 | 3.2428 21 25 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 20% $3,791 56.2%
+LRRT2 +HEG +DCP +GDI +MHEV +SAX +TDS24 +EGR DCT-
+WR20% +8sp wet
3.2396 | 3.2468 22 26 +IACC1 +EPS +Aero2 +LRRT2 +EV100 mile +WR20% +0sp 20% $13,376 100.0%
3.1628 | 3.2020 23 27 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 10% $2,936 51.9%
+LRRT2 +HEG +DCP +GDI +MHEV +TDS24 +WR10% +8sp DCT-
wet
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3.2020 | 3.2036 27 28 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 10% $3,185 53.6%
+LRRT2 +HEG +DCP +GDI +MHEV +TDS24 +EGR +WR10% DCT-
+8sp wet

3.2036 | 3.2228 28 29 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 15% $3,412 54.7%
+LRRT2 +HEG +DCP +GDI +MHEV +TDS24 +EGR +WR15% DCT-
+8sp wet

3.2228 | 3.2236 29 30 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 15% $3,494 55.1%
+LRRT2 +HEG +DCP +GDI +MHEV +SAX +TDS24 +EGR DCT-
+WR15% +8sp wet

3.2236 | 3.2428 30 31 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 20% $3,791 56.2%
+LRRT2 +HEG +DCP +GDI +MHEV +SAX +TDS24 +EGR DCT-
+WR20% +8sp wet

3.2396 | 3.2400 22 32 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 20% $3,461 53.4%
+LRRT2 +HEG +DCP +DVVL +GDI +MHEV +SAX +TDS18 DCT-
+WR20% +8sp wet

3.1628 | 3.2469 23 33 +IACC1 +EPS +Aero2 +LRRT2 +EV150 mile +WR20% +0sp 20% $18,306 100.0%

3.2400 | 3.2220 32 34 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 15% $3,245 53.4%
+LRRT2 +HEG +DCP +GDI +MHEV +SAX +TDS24 +WR15% DCT-
+8sp wet

3.2220 | 3.2036 34 35 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 10% $3,185 53.6%
+LRRT2 +HEG +DCP +GDI +MHEV +TDS24 +EGR +WR10% DCT-
+8sp wet

3.2036 | 3.2228 35 36 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 15% $3,412 54.7%
+LRRT2 +HEG +DCP +GDI +MHEV +TDS24 +EGR +WR15% DCT-
+8sp wet

3.2228 | 3.2236 36 37 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 15% $3,494 55.1%
+LRRT2 +HEG +DCP +GDI +MHEV +SAX +TDS24 +EGR DCT-
+WR15% +8sp wet

3.2236 | 3.2428 37 38 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 20% $3,791 56.2%
+LRRT2 +HEG +DCP +GDI +MHEV +SAX +TDS24 +EGR DCT-
+WR20% +8sp wet

3.1628 | 3.2466 23 39 Auto 4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 20% $13,534 83.8%
+LRRT2 +HEG +DCP +DVVL +GDI +ATKCS +REEV40 DCT-
+WR20% +8sp wet

3.2400 | 3.2220 32 40 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 15% $3,245 53.4%
+LRRT2 +HEG +DCP +GDI +MHEV +SAX +TDS24 +WR15% DCT-
+8sp wet

3.2220 | 3.2036 40 41 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 10% $3,185 53.6%
+LRRT2 +HEG +DCP +GDI +MHEV +TDS24 +EGR +WR10% DCT-
+8sp wet

3.2036 | 3.2228 41 42 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 15% $3,412 54.7%
+LRRT2 +HEG +DCP +GDI +MHEV +TDS24 +EGR +WR15% DCT-
+8sp wet

3.2228 | 3.2236 42 43 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 15% $3,494 55.1%
+LRRT2 +HEG +DCP +GDI +MHEV +SAX +TDS24 +EGR DCT-
+WR15% +8sp wet

3.2236 | 3.2428 43 44 Auto 4VDI4 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 20% $3,791 56.2%
+LRRT2 +HEG +DCP +GDI +MHEV +SAX +TDS24 +EGR DCT-
+WR20% +8sp wet

3.1628 | 3.2465 23 45 Auto 4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 20% $11,047 74.3%
+LRRT2 +HEG +DCP +DVVL +GDI +ATKCS +REEV20 DCT-
+WR20% +8sp wet

3.2428 | 3.1680 24 46 Auto 4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 20% $5,156 57.3%
+LRRT2 +HEG +DCP +DVVL +GDI +HEV +SAX +ATKCS DCT-
+WR20% +8sp wet

3.2428 | 3.1680 25 47 Auto 4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 20% $5,156 57.3%
+LRRT2 +HEG +DCP +DVVL +GDI +HEV +SAX +ATKCS DCT-
+WR20% +8sp wet

3.2428 | 3.1680 31 48 Auto 4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 20% $5,156 57.3%
+LRRT2 +HEG +DCP +DVVL +GDI +HEV +SAX +ATKCS DCT-
+WR20% +8sp wet

3.2428 | 3.1680 38 49 Auto 4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 20% $5,156 57.3%
+LRRT2 +HEG +DCP +DVVL +GDI +HEV +SAX +ATKCS DCT-
+WR20% +8sp wet

3.2428 | 3.1680 44 50 Auto 4VDV6 +EFR2 +ASL2 +LDB +IACC1 +EPS +Aero2 8sp 20% $5,156 57.3%
+LRRT2 +HEG +DCP +DVVL +GDI +HEV +SAX +ATKCS DCT-
+WR20% +8sp wet
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Note that the packages shown in Table 1.3-7 do not always flow from a given package
to the next package listed. For example, step 8 actually comes from step 5 rather than from
step 7. As such, within OMEGA, the incremental cost for step 8 would be the cost for step 8
less the cost for step 5, or $1745-$1519=%$227, and the incremental effectiveness improvement
would be 45.5%-43.9%=1.6%. A similar table could be shown for each of the 19 vehicle
types. We have placed in the docket a compact disk containing all of the ranked-sets of
packages used for our alnalysis.5

The end result of this ranking is a ranked-set of up to 50 OMEGA packages for each
vehicle type that includes the package progression that OMEGA must follow when
determining which package to employ next. The package progression is key because
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.
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
1.4.1 Background

While estimating the GHG and fuel consumption reduction effectiveness of individual
vehicle technologies can often be confirmed with existing experimental and field data, it is
more challenging to predict the combined effectiveness of multiple technologies for a future
vehicle. In 2002 the National Research Council published “Effectiveness and Impact of
Corporate Average Fuel Economy (CAFE) Standards®.” Tt 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 simulation modeling. This method simulates the function of a vehicle by physically
modeling and linking all of the key components in 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
generally accepted as the most accurate method for estimating future vehicle fuel efficiency.
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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” technology
packages. They presented a vehicle 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 MY's 2012-2016 light
duty vehicle GHG and CAFE standards, and has been improved to reflect updates required for
the final MY's 2017-2025 light duty GHG rule.

1.4.2 Role of the model

It is widely acknowledged that full-scale physics-based vehicle simulation modeling is
the most thorough approach for estimating future benefits of a package of new technologies.
This is especially 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 simulations is very time and resource-intensive, and
generally not practical to implement over a large number of vehicle technology packages (in
our case, hundreds). As part of rulemakings EPA analyzes a wide array of potential
technology options rather than attempt to pre-select the “best” solutions. For example, in
analysis for the MYs 2012-2016 Light Duty Vehicle GHG rule®, EPA built over 140 packages
for use in its 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 simulation 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’.

1.4.3 Overview of the lumped parameter model
The basis for EPA’s lumped parameter analysis is a first-principles energy balance
that estimates the manner in which the chemical energy of the fuel is converted into various
forms of thermal and mechanical energy on the vehicle. The analysis accounts for the

dissipation of energy into the different categories of energy losses, including each of the
following:

e Second law losses (thermodynamic losses inherent in the combustion of fuel),
e Heat lost from the combustion process to the exhaust and coolant,

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

¢ Friction losses in the engine,
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¢ 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,

® Vehicle road load (tire and aerodynamic) losses;
¢ Inertial losses (energy dissipated as heat in the brakes)

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 this way, interactions between
multiple technologies that are applied to the vehicle may be determined. When a technology 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 losses in
an already improved category has less of a potential impact than it would if applied on its
own.

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

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

X For example, if only 4% of fuel energy is lost (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

Vehicle Type | RatedPower | Rated Torque | ETW | 50mph RL | [ Package Notes | Reset LP Model
Standard car " 158  hp T 16l ftlb " 3625 b " 113  hp 12V Stop-Start
0 0 0 0.0 Stoich GDI Turbo
I Gross Indicated Energ Heat
I Brake Energy Total Engine Friction Lost To |Irreversibilities,
Road Loads Gearbox, Exhaust &] 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% 37% 40%
Baseline % of fuel 4.0% 6.4% 6.9% 4.2% 1.3% 7.9% 5.3% 34.0% 30.0% 100.0%
Reduction 0% 8% 7% 22.3% 41.7% 15.4% 812% 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 | Efficiency| 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|  0.031  gal/mi
New 38.0% 76.5% 29.0% 84.9% 100.0% 24.7% 94.2% GHG emissions 284 | g/mi CO2E
Regressed baseline values assumes no techs
Tractive req'd fuelenergy 1195 kWh
| Current Results | 1.95 PMEP Brake fueleconomy| 304  mpg (unadj)
66.1% Fuel Consumption (GGE/mile)  Original friction/brake ratio Losses |Efficiency fuel consumption.  0.033  gal/mi
33.9% FC Reduction vs no-techs Based on PMEP/IMEP >>>> 11% 25% GHG emissions 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 h mpg (unadj)
CHG reduction vs 2008 Ricardo baseline fuel consumption | 0.022 h gal/mi
33.9% GHGreduction vs no-techs GHG emissions 197 g/mi CO2E
Independent % or User Picklist
Technology FC Estimate* Loss Category Impl ion into estimator Level  Include? (0/1) Devstatus
Vehicle mass reduction 5-6%  per 10%  Braking/stopped, inertia, rolling resistance 0% 0
Aero Drag Reduction 2.1%  per10% Aero 14.4% aero (cars), 9.5% aero (tru 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% Pumping, friction 20.5% pumping, -2.5% fric 0
ICP 2.0% Pumping 13.5% pumping, +0.2% IE, -3.5% fric 0
DCP 4.0% _ total VVT Pumping 23.5% pumping, +0.2% IE, -2.5% fric 1 Pick one max
CCP 4.0%  total VVT Pumping 23.5% pumping, +0.2% IE, -2.5% fric 0
Deac 6.0% Pumping, friction 30 9% pumping, -2.5% frict 0
DVVL 4.0% Pumping 27% pumping, -3% friction | 0% 1 Pick one max
CVVL 5.0% Pumping 33% pumping, -3% friction 0
Turbo/Downsize (gas engines only) Pumping variable IEratio, P, F r 35% 1
5-spd gearbox 2.5% Pumping 6% pumping 0
6-spd gearbox 5.5% Pumping 8% pumping, +0.1% IE 0 Pick one
8-spd gearbox Pumping 15% pumping, 13% trans, +0.5% IE 1
CVT 6.0% Trans, pumping 41% pumping, -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) 2.0% Pumping 10.5% pumping 0 Pick one max
Optimized shift strategy 5.5% Pumping, IE, friction 11% pumping, 11% frict, +0.1% IE 1
Agg TC Lockup 0.5% Trans 2% trans 1
High efﬁciency‘ earbox (auto) Trans variable % Trans | 7% 1
12V SS (idle off only) 2.0% - P.F,trans 3% pumping, 3% friction, 2% trans 1 | Pick one max |
High voltage SS, with launch (BAS) 7.5% B/1, P, F, trans 11% B/1, 3% P, 3% F, 2% trans 0
Alternator regen on braking 2.0% Access 10% i 1 included in 12VSS
EPS 2.0% Access 22% access | 100% 1 included in BAS, hybi
Electric access ?lZV) 1.5% Access 12% access 1 .
Electric access aﬂgh V) 30% Access 42% access 0 Pick one max
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% IE, 41% pumping 0 Pick one max
GDI (lean) Ind. Eff, pumping +1.3% IE, 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 |M0lor kW] 0
Hybrid drivetrain (need to select transmission style!) Inertia, trans, acc IE, F, P | 0 0
Secondary axle disconnect 1.3% Trans 6% trans 0
Low drag brakes 0.8% Braking/inertia 3.5% B/1 0
Atkinson cycle engine Ind. Eff, - pumping  +6% IE, -30% pumping 0
Advanced Diesel (2020) Ind Eff, P, F, trans see comment 0
Plug-In [ w%ev=[ s0% | 0 |

Figure 1.4-1 Sample lumped parameter model spreadsheet
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The LP model has been updated from the MYs 2012-2016 final rule to support the
MYs 2017-2025 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
1.5.1 Changes to the LP model for the final rulemaking

The LP model was updated in conjunction with this rulemaking to provide more
flexibility to assess package effectiveness, to incorporate new technologies not previously
analyzed, and to improve the calculation methodology in an effort to increase calibration
accuracy with respect to the supporting vehicle simulation 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 MY's 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 is in the new model’s treatment
of hybrids. In the last generation LP model, a hybrid vehicle package served as a technology
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. In this
way, there is 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”), alternator 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 effectiveness is tied to electric motor size.

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

¢ the relationship 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 less recoverable braking energy with a lighter 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.

1.5.2 Development of the model

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

¢ Develop a baseline energy loss distribution for each vehicle class

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

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

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

e (alibrate LP technology package effectiveness with simulation results

1.5.3 Baseline loss categories

In 2007, EPA contracted with PQA, who subcontracted Ricardo, LLC to conduct a
vehicle simulation modeling project in support of the MYs 2012-2016 light-duty vehicle
GHG rule. Further simulation work was conducted by Ricardo from 2010-2011 to support
EPA’s analysis for the MYs 2017-2025 vehicle GHG rule. In both projects, Ricardo built
versions of its EASYS 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 output
files for the FTP and HWFE test cycles helped quantify the distribution of fuel energy losses

" The 2008 baseline vehicles are those originally used in the 2008 Ricardo simulation project and represent
actual vehicles in 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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in the baseline LP 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 categories in the baseline vehicle were estimated as
follows:

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

e Baseline engine brake efficiency was estimated as a function of (ETW, road load,
engine torque, and alternator regeneration or “regen’’). These inputs were used in
a linear 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

_’E 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% 50mphRL 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%
E 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%
g Caravan 205 240 4500 15.84 1 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,
Heywood10 ) and prior success with values used in the LP model for the MY's
2012-2016 rule. It is assumed 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.

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

e Baseline driveline losses are estimated in the following manner:

M Indicated efficiency data was not included as an output in the Ricardo model. Very little data on indicated
efficiency exists in 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) Torque converter efficiency, which is a function 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 a multiplier of 96.2% is applied to
represent the rear axle efficiency

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

e Baseline tractive wheel energy (the energy delivered to the wheels to actually
move the vehicle) is a simple relationship of ETW and road load.

¢ The remaining terms (braking losses, inertia load, aero load, and rolling load)
make up the remainder of the losses and are proportioned similarly to the original
LP model.

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

1.54 Baseline fuel efficiency by vehicle class

The new LP model estimates the basic fuel energy consumption, Eg,ej, 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:

Ewheel

E 1=
Jue 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 simulation output data. Definitions for each term and the relevant parameters
are listed below:

N 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) Ewnee: 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 regenO )

3) mpu: 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”

Efyer (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/HWEFE 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 modeled baseline packages were added. Similarly, the
following technologies were added to the 2008 vehicles for comparison to the 2010 Ricardo
“baseline” packages: 6-speed automatic transmission, higher efficiency gearbox, 12V SS,
alternator regeneration during coastdowns, and 70% efficient alternator. The predicted LP
fuel economy values of both the 2008 baseline and 2010 vehicles all 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 41.3 -0.5% 43.4 44.1 1.7%
Standard car 5 spd 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 23.1 23.7 2.4% 25.2 25.9 2.6%
Truck 4 spd auto 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

© When the alternator regeneration technology is included, 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.

P 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.

1-58



MY 2017 and Later Regulatory Impact Analysis

1.5.5 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 a reduction 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 /
Inertia

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)

Access
Losses

Trans
Losses

Aero
Load

Rolling
Load

Friction Pumping Ind
Efficiency

Losses Losses

- el

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 a nominal 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 a 4-5% decrease in GHG emissions. It is coded 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
in the LP model. Other technologies were coded in the LP model in similar fashion. In cases
where more than one loss category was affected, the majority 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
entire list of line-item technologies was coded, the next step was to compare the effectiveness
of actual (Ricardo-modeled) vehicle simulation packages to the LP model results.

1.5.6 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-

305 +GDI +TDS18 wet

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

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

These technologies primarily reduce accessory loads, mechanical engine friction and
pumping losses. The sum of these technologies is reflected below in Table 1.5-1%and
provides a total of 14.9% reduction in GHG.

Table 1.5-1
Braking/  Aero Rolling Trans Access  Friction Pumping [ Ind Eff Second
Inertia Load Load Losses | Losses Losses  losses | Losses Law
% of tractive energy 23% 37% 40%
Baseline % of fuel 3.9% 6.4% 6.9% 3.9% 1.1% 8.3% 5.6% 34.0% 30.0%
Reduction 4% 0% 0% 0% 42% 22% 20% n/a
% of NEW fuel 3.8% 6.4% 6.9% 4.5% 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% 81.6% 100.0% 17.1% 100.0% 85.1%  Fuel Consumption
New 36.1% 67.9% 24.5% 81.6% 100.0% 20.0% 99.2% 14.9% GHG reduction

Q For this table and similar subsequent tables, the “Reduction” row refers to the percentage reduction in fuel
energy for each particular loss category. Each values in that row does not translate 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 losses have been
eliminated associated with the applied anytime technologies.
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® Add road load reductions (Aero2, LRRT2) and 5% mass reduction

These technologies reduce braking/inertia, aerodynamic and rolling resistance loads,
with a minor degradation in indicated efficiency (because the engine is running at lower
overall loads). Combined with the technologies previously added in 1), the sum of these

technologies is shown below in Table 1.5-2 and provides a total of 24.5% reduction in GHG
compared to an unimproved vehicle.

Table 1.5-2
Braking/  Aero Rolling Trans Access  Friction Pumping [ Ind Eff Second
Inertia Load Load Losses | Losses Losses  losses | Losses Law
% of tractive energy 23% 37% 40%
Baseline % of fuel 3.9% 6.4% 6.9% 3.9% 1.1% 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% 81.6% 100.0% 17.1% 100.0% 75.5%  Fuel Consumption
New 34.7% 67.9% 23.6% 81.6% 100.0% 192% 84.8% 24.5%  GHG reduction

® 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 technologies previously added, the sum of these technologies is shown below in Table
1.5-3 and provides a total of 28.5% reduction in GHG compared to an unimproved vehicle.

Table 1.5-3
Braking/  Aero Rolling Trans Access  Friction Pumping [ Ind Eff Second
Inertia Load Load Losses | Losses Losses losses | Losses Law
% of tractive energy 23% 37% 40%
Baseline % of fuel 3.9% 6.4% 6.9% 3.9% 1.1% 8.3% 5.6% 34.0% 30.0%
Reduction 8% 17% 18% 25% 42% 22% 20% 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% 81.6% 100.0% 17.1% 100.0% 71.5%  Fuel Consumption
New 34.7% 67.9% 23.6% 86.2% 100.0% 20.3% 84.8% 28.5% GHG reduction

¢ Add dual 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 a result, the

“friction loss” reduction value below is actually reduced). Combined with the technologies
previously added, the sum of these technologies is 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 Pumping [ Ind Eff Second
Inertia Load Load Losses | Losses Losses Losses | Losses Law
% of tractive energy 23% 37% 40%
Baseline % of fuel 3.9% 6.4% 6.9% 3.9% 1.1% 8.3% 5.6% 34.0% 30.0%
Reduction 8% 17% 18% 25% 42% 20% 39% n/a
% of NEW fuel 3.6% 5.3% 5.6% 3.4% 0.6% 6.4% 3.3% 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% 81.6% 100.0% 17.1% 100.0% 68.6%  Fuel Consumption
New 34.9% 70.4% 24.6% 86.2% 100.0% 21.2% 84.8% 31.4% GHG reduction

¢ 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 technologies is
shown below in Table 1.5-5 and provides a total of 38.3% reduction in GHG compared to an
unimproved vehicle.

Table 1.5-5
Braking/  Aero Rolling Trans Access  Friction Pumping | Ind Eff Second
Inertia Load Load Losses | Losses Losses Losses | Losses Law
% of tractive energy 23% 37% 40%
Baseline % of fuel 3.9% 6.4% 6.9% 3.9% 1.1% 8.3% 5.6% 34.0% 30.0%
Reduction 8% 17% 18% 25% 42% 20% 67% n/a
% of NEW fuel 3.6% 5.3% 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% 81.6% 100.0% 17.1% 100.0% 61.7%  Fuel Consumption
New 36.6 % 74.7% 27.3% 86.2% 100.0%  23.6% 84.8% 38.3% GHG reduction

e Add 8-speed wet clutch DCT

An 8-speed wet clutch DCT reduces losses 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 technologies is shown below in Table 1.5-6 and provides a total 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 Pumping [ Ind Eff Second
Inertia Load Load Losses | Losses Losses losses | Losses Law
% of tractive energy 23% 37% 40%
Baseline % of fuel 3.9% 6.4% 6.9% 3.9% 1.1% 8.3% 5.6% 34.0% 30.0%
Reduction 8% 17% 18% 48 % 42% 20% 72% n/a
% of NEW fuel 3.6% 5.3% 5.6% 2.7% 0.6% 6.8% 1.6% 32.9% 30%
Indicated | Mech Brake |Drivetrain| Cycle Fuel Road
Efficiency | Efficiency | Efficiency | Efficiency | Efficiency | Efficiency| Loads
2008 Baseline  36.0% 58.4% 21.0% 81.6% 100.0% 17.1% 100.0% 574%  Fuel Consumption
New 37.1% 75.5% 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 simulation
results that include synergies — this technology package would provide a GHG reduction of
42.6%. In most cases negative synergies develop between technologies 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%
1.5.7 Calibration of LP results to vehicle simulation results

The LP model includes a majority of the new technologies being considered as part of
this final 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 a few exceptions (discussed in 1.5.8), the lumped parameter
results for the MY's 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
the lumped parameter estimate

conventional stop-start and P2 hybrid packages®) compared to
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Figure 1.5-4 Comparison of LP to simulation results for Small Car class

R 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

60

Large Car Nominal Results

50
40
g 30
£
M Ricardo
20
B LPresults
10
0
<& 0 Q > Q > S S Q
P R N I N
3 3
~o 5
SR
D A
| Conventional SS | | P2 Hybrid |

Figure 1.5-6 Comparison of LP to simulation results for Large Car class
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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 MPYV 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

As described in Chapter 3 of the Joint TSD, NHTSA contracted Argonne National
Laboratory (ANL) to supplement the existing Ricardo modeling with additional modeling
work for the mild hybrid pickup trucks. The recent ANL modeling results for mild hybrids
largely confirmed the effectiveness as originally predicted by the lumped parameter model,
with minor differences for small cars and large trucks.!' A comparison of the ANL results to
the original lumped parameter results (for comparable vehicle classes when modeled with a
nominal 15 kW motor size) is shown below in Table 1.5-1 and Table 1.5-2.

Table 1.5-1 ANL Effectiveness for Mild Hybrid

Compact Midsize Small SUV Midsize SUV Pickup
FC reduction 11.6% 11.6% 10.2% 10.5% 8.5%
Table 1.5-2 Lumped Parameter Model Effectiveness for Mild Hybrid
Small Car Std Car Small MPV Large MPV Truck
FC reduction 14.1% 11.8% 10.1% 10.1% 6.9%
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The underlying structure of the lumped parameter model was not changed to
accommodate this new information; instead, the nominal 15 kW motor sizes for small cars
and pickup truck mild hybrids were slightly adjusted (to 10 kW and 18 kW, respectively) to
reflect the updated effectiveness results provided by the ANL simulation work.

1.5.8 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 simulation results. However, further investigation of the simulation
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 Yaris
vehicle configuration, shown as a dashed line. Applying the mathematical equivalent
of this alternate road load curve to the small car in the vehicle simulation Complex
Systems tool (described in the Joint TSD, Section 3.3.1) achieved results much closer
to those predicted by the LP model. While both Yaris road load curves are based on
actual 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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RLHP comparison
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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 a relatively undersized nominal 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
slightly as a result.

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

1.5.8.2 Diesels

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 due to the
apparent oversizing of the nominal diesel engines. Diesel engines appeared to have
been initially sized for rated power, not torque, which led to oversized displacement.
This conversely 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
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
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estimates which have slightly higher effectiveness estimates than the diesel package
vehicle simulation results.

1.5.9 Comparison of results to 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 technologies 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 is within
about 3% of the actual data.

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

Key technologies applied
in LP model

turbo (30% downsize)
ultra low R tires

active grill shutters

aero improvements

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

. 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 44.0 219

GDI (stoich.) P2 hybrid Powersplit hybrid GDI (stoich)

turbo (37% downsize)
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2 EPA’s Vehicle Simulation Tool

2.1 Introduction
2.1.1 Background

It is well 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 simulation results generated by Ricardo, Inc. to calibrate and validate the lumped
parameter model (described in Chapter 1) 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 this is a very time-consuming and resource-intensive task). As a result,
over the past two years, EPA has developed full vehicle simulation capabilities in order to
support regulations and vehicle compliance by quantifying the effectiveness of different
technologies with scientific rigor over a wide range of engine and vehicle operating
conditions. This in-house vehicle simulation tool has been developed for modeling a wide
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—reviewed12 and has also recently been published.13 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).

2.1.2  Objective and Scope

Unlike in the heavy-duty program, where the vehicle simulation 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 help with the light-duty regulatory
analysis but not for certification since it is not only feasible but also common practice to
certify light-duty vehicles based on chassis-based vehicle testing. For light-duty (LD)
vehicles, EPA had developed a simulation tool for non-hybrid and hybrid vehicles, which is
capable of simulating a wide range of conventional and advanced engines, transmissions, and
vehicle technologies over various driving cycles. It is called “Advanced Light-Duty
Powertrain and Hybrid Analysis Tool” (ALPHA). The tool evaluates technology package
effectiveness while taking into account synergy effects among vehicle components and
estimates GHG emissions for various combinations of future technologies. This LD vehicle
simulation tool, ALPHA, is capable of providing reasonably (though not absolutely) certain
predictions of the fuel economy and GHG emissions of specific vehicles to be produced in the
future. Currently, it is capable of simulating power-split and P2 hybrid vehicles as well as
non-hybrid vehicles with a Dual-Clutch Transmission (DCT), under warmed-up conditions
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only. Additional simulation capabilities such as automatic transmissions, cold-start
conditions, and other hybrid architectures including PHEV and electric vehicles are being
developed by EPA for future use.

The ALPHA is a full vehicle simulator that uses the same physical principles as
commercially available vehicle simulation tools (such as Autonomie, AVL-CRUISE, GT-
Drive, Ricardo-EASYS, etc.). In order to ensure transparency of the models and free public
access, EPA has developed the tool in MATLAB/Simulink environment with a completely
open source code. For the 2017 to 2025 GHG rule, EPA used the simulation tool in a more
limited manner: to quantify the amount of GHG emissions reduced by improvements in A/C
systems and off-cycle technologies, as explained in Chapter 5 of the Joint TSD and Section
III.C of the Preamble.

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

Table 2.2-1 provides a high-level architecture of ALPHA, 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 the main MATLAB script, it launches a Graphical User Interface (GUI) which will allow
the user to choose desired inputs such as vehicle type, engine technology type, driving cycle,
etc. while making the use of the tool much easier and straightforward. When the simulation is
run via GUI, it first initializes all necessary vehicle model parameters including engine maps,
transmission gear ratios, and vehicle road load parameters. Then, it runs the Simulink vehicle
model over the desired driving cycles. Upon completing the simulation run, it automatically
displays the simulation outputs in terms of fuel economy and GHG emissions. It also displays
a plot of the simulated vehicle speed trace, showing how closely the simulation vehicle
followed the desired speed trace. Although this first version of the vehicle simulation tool is
still in an early stage, it does provide simulation capabilities for various vehicle types, engine
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and transmission technologies, and driving cycles. In the future, it will undergo upgrades and
improvements to include more technology choices and more simulation flexibilities.
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GUI Inputs
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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
Vehicle systems, the components within each of the systems will be described as well. 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
Ideal Gas law which results in a density of 1.20 kg/m3. The road gradient is set to 0 %,
indicating a vehicle moving on a flat 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 simulated 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 calculated 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 via a classical 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 simulation 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, alternator,
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 a function of the vehicle category. It basically represents the power
loss associated with the starter, alternator, and other electrical accessories. This type 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
a number 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 as the
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 models a DCT.

2.2.2.5.1 Clutch

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

2.2.2.5.2 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
dynamics is 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 basically models all components after transmission in a vehicle.

2.2.2.6.1 Final 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 simulated vehicle. The torque transmitting efficiencies are
defined by maps based on input speed and torque to the modeled component.

2.2.2.6.2 Axle

Typically, all axles are lumped together, and one axle model represents the overall
behavior of vehicle axles during vehicle simulations. In ALPHA, however, the axle
component is modeled to simulate the behavior of each individual axle used by the simulated
vehicle. The axle is treated individually in order to properly simulate all wheel drive vehicle

types.
2.2.2.6.3 Tire and 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 the 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 Final Rule

As mentioned previously, EPA used the vehicle simulation tool for the final rule to
quantify the amount of GHG emissions reduced by improvements in A/C system efficiency
(thus fixing the maximum credit potential) and to determine the default credit value for active
aerodynamics, electrical load reduction, and engine start-stop - some 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.

2.3.1 Impact of A/C on Fuel Consumption

Among the simulation model systems described in the previous section, there are four
key system elements in 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
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engine maps were obtained by reverse-engineering the vehicle simulation results provided by
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 a light-duty pick-up truck. The transient behavior and
thermodynamic properties of the A/C system was not explicitly simulated, in favor of a
simpler approach of capturing the compressor load based on national average ambient
conditions. We believe this simplification is justified since the goal is to capture the behavior
on the average of a fleet 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 volume ratio. 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 curves for 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 a typical Spark-
Ignition (SI), Port-Fuel Injection (PFI), Naturally-Aspirated (NA) engine equipped with a
Variable Value Actuation (VVA) technology. In this technology, the valve timing (both
intake and exhaust) is continuously varied over a wide range of engine operating conditions in
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.

¢ Small, medium, large cars, and pick-up truck
e FTP, Highway, and SC03 driving cycles

e Baseline and EGR boost engines

e A/C off and A/C on

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

Engine
SC03 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] 11.7 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 [%] 5.6 4.8 4.5 3.5

EPA ran the SC03 cycle simulations instead of the FTP/Highway combined cycle
simulations so that the simulation results would represent the actual A/C cycle test. 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 engine is 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 final result, the impact of A/C usage was estimated at 11.9 CO, g/mile
for cars and 17.2 CO, g/mile for trucks. This corresponds to an impact of approximately 14.0
CO, g/mile for 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.
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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 due to A/C was relatively
insensitive to the engine technologies 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 technologies must decrease over time as
engines become more efficient. This would correspond to a decrease in credits proportional
(or multiplicative) to the increase in efficiency of the engine. Conversely, if the incremental
increase in emissions due to A/C remained relatively constant, then the credits available for
A/C efficiency should also remain stable. This would 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 several
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 on in Table
2.3-1 and Table 2.3-2, it is evident that the impact of A/C usage on fuel consumption is not
highly 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

SC03 Cycle Small Car Medium Car | Large Car Truck
CO, with A/C off [g/mi] 259.3 348.0 4254 628.1
CO, Increase with A/C on | [g/mi] 11.3 11.1 12.5 16.2
Total CO, with A/C [g/mi] 270.6 359.1 437.9 644.3
Indirect A/C Fuel Use [%] 4.2 3.1 2.9 2.5

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. As can 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/kW-h
to almost 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
g/kW-h. However, the large improvement in engine efficiency for the baseline engine is
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. As a result, the CO,
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increase seen by both engines due to A/C usage becomes similar in two different
technologies. This result allows us to approximate the A/C impact on vehicle fuel
consumption as an additive effect rather than a multiplicative effect since it is independent of
engine technologies. For the same reason, it also means that A/C credits for a given
technology can remain constant over time, which will greatly simplify the progression of
future credits.”

40 4

o - -
."-
e >

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 a vehicle 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
vehicle is usually 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
aerodynamic features can change the aerodynamics of the vehicle according to how the
vehicle is operating, and the benefit of these vehicle attributes may not be fully captured
during the EPA test cycles.

S 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 left onto the
tables only for comparison purposes to studies in the literature that use this convention.
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EPA is limiting credits to active aerodynamic systems only (not passive). The
aerodynamic drag on the vehicle is highly dependent on the vehicle shape, and the vehicle
shape is (in turn) highly dependent on the design characteristics for that brand and model.
EPA feels that 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 a vehicle. Using the EPA’s full vehicle simulation tool (ALPHA) described in the
previous section, the agency evaluated the change in fuel consumption for increasing
reductions in aerodynamic drag for a typically configured vehicle. The results of this analysis
form the basis for a consistent methodology that the EPA applied to technologies that provide
active aerodynamic improvements.

Vehicle aerodynamic properties impact both the combined FTP/Highway and 5-cycle
tests. However, these impacts are larger at higher speeds and have a larger impact on the 5-
cycle tests. By their nature of being “active” technologies, EPA understands that active
aerodynamic technologies will not be in 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 less in 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-cycle test. This is
consistent with the approach taken for other technologies. Table 2.3-3 shows the results of the
vehicle simulation. Also, Figure 2.3-3 represents this GHG reduction metrics in a graphical
form. These results assume that the active aerodynamics affects the coefficient of drag only,
which is currently assumed to be constant over a wide range of vehicle operating speed.
However, if the coefficient of aerodynamic drag is assumed to be vehicle speed dependent,
then a different relationship could result.

This vehicle simulation tool was also used for estimating other off-cycle credits, such
as electrical load reduction and engine start-stop credits. Details of the analysis and values of
these scalable credits are described in Chapter 5 of TSD. Although this simulation tool will
not be officially used for credit compliance purposes, EPA may use the tool for the alternate
method demonstration process of credit approval. EPA encourages manufacturers to use this
simulation tool in order to estimate the credits values of their off-cycle technologies.
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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
(Co) [g/mile] [g/mile]

1% 0.2 0.3
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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. This technology is
a new 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 vehicle to
flow over the radiator and into the engine compartment. This flow of air is important 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 always necessary. Active grill shutters
close off the area behind the front grill so that air does not pass into the engine compartment
when additional cooling is not required by the engine. This reduces the drag of the vehicle,
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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 a reduction of drag in the same
range as active grill shutters. EPA also expects that active aerodynamic technologies 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 is providing a credit for active aerodynamic technologies
according to the performance metrics represented in Figure 2.3-3 and Table 2.3-3. Itis
conceivable that some systems can achieve better performance. Manufacturers may apply for
a greater credit for better performing systems through the normal application process
described in Section III.C.5.b of the preamble to the final rule.

2.4 On-Going and Future Work
2.4.1 Simulation Tool Validation

Since the EPA’s full vehicle simulation tool (ALPHA) is still in an early stage, only
the HEV version of the model has been validated to test data. The non-hybrid model has not
been fully validated against vehicle test data yet. 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 this reason, EPA used the lumped parameter model (described in Chapter
1) which had been calibrated and tuned with Ricardo’s simulation results for a benchmark
comparison.

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

Model Runs
Simulation Tool Smal.l—Size Car Mid-.Size Car Larg.e—Size Car Pick-.up Truck
[g/mile] [g/mile] [g/mile] [g/mile]
Vehicle Simulation 211.7 273.8 350.2 532.7
Lumped Parameter Model 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 ALPHA and the lumped parameter model, the results were obtained as shown
in Table 2.4-1. As shown in Table 2.4-1, it is evident that the EPA vehicle simulation tool
provides GHG estimations which are very comparable with lumped parameter model results,
and therefore with Ricardo’s simulation results for various vehicle types. The differences are
all 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,
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a full validation of the tool will be performed using actual vehicle test data in the near future.
For the analysis conducted in this rule, where only a difference in CO, emissions or fuel
economy is required, we believe that this is a sufficient level of validation.

2.4.2 Simulation Tool Upgrade

As mentioned previously, the EPA’s full light-duty vehicle simulation tool (ALPHA)
is still in an early stage. There are a number 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 more capabilities for future EPA analysis.

First, an automatic transmission model will be added for the conventional (non-
hybrid) vehicle simulation tool. Although EPA expects that DCT will be a dominant
technology in transmissions in MYs 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 a basis. Along with the
automatic transmission, a transmission shifting algorithm will be developed, which will help
us avoid requiring transmission shifting maps. This algorithm will automatically optimize the
shifting strategy based on torque required by the vehicle and torque produced by the engine
during simulation. Therefore, it should 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
enhance hybrid electric vehicle (HEV) simulation capabilities. EPA has already developed
and validated power-split and P2 hybrid vehicle models. We plan to add more HEV
configurations, such as series hybrid, PHEV, electric vehicles, etc. For both non-hybrid and
hybrid simulation tools, EPA is also planning to design a Graphical User Interface (GUI) and
integrate it with the vehicle simulation tool. This GUI will allow 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 final rule as
necessary.
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3 Results of Final and Alternative Standards

3.1 Introduction

This chapter provides the methodology and results of the technical assessment of the
future vehicle scenarios presented in this final rule. All methods in this chapter pertain to
both the MY 2008 and MY 2010 based future fleet projection. We note the few places where
the methods differ between the analyses. All results in this chapter are for the MY 2008
based future fleet projection, while those for the MY 2010 based future fleet projection are
found in RIA Chapter 10. Although there are differences in the details of these cost and
technology penetration estimates, the results are largely similar between the analyses
conducted with each of the two baselines.

As in the analysis of the MY's 2012-2016 rulemaking and in the proposal, in this final
rule, our evaluation of these scenarios included identifying potentially available technologies
and assessing their effectiveness, cost, and impact on relevant aspects of vehicle performance
and utility. The wide number of technologies that 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.

Applying these technologies efficiently to the wide range of vehicles produced by
various manufacturers is a challenging task. In order to assist in this task, EPA is again 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 already employed. For the purpose of
this analysis, EPA uses OMEGA to analyze over 200 vehicle platforms which encompass
approximately 1300 vehicle models in order to capture the important differences in vehicle
and engine design and utility of future vehicle sales of roughly 15-17 million units annually in
the 2017-2025 timeframe. The model is then provided with a list 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 this information 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. The result is a
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 methodologies and algorithms previously in
the model documentation,20 the model is publically available on the EPA website,21 and it has
been peer reviewed.?

T While OMEGA can apply technologies which reduce CO, efficiency related emissions and refrigerant leakage
emissions associated with air conditioner use, this task is currently handled outside of the OMEGA core model.
A/C improvements are highly 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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No public comments were received on the use of the OMEGA model, or on the
OMEGA analytic framework used in the proposal.

3.2 OMEGA model overview

The OMEGA model evaluates the relative cost and effectiveness of available
technologies and applies them to a defined vehicle fleet in order to meet a specified
GHG emission target. Once the regulatory target (whether the target adopted in the
rule, or an alternative target) has been met, OMEGA reports out the cost and societal
benefits of doing so. The model is written in the C# programming language,
however both inputs to and outputs from the model are provided using spreadsheet and
text files. The output files facilitate additional manipulation of the results, as
discussed in the next section.

OMEGA is primarily an accounting model. It is not a vehicle 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.” Although 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 of
vehicle models. Vehicles can be those of specific manufacturers as in this analysis or
generic fleet-average vehicles as in the 2010 Joint Technical Assessment Report
supporting the MY 2017-2025 NOI. Because OMEGA is an accounting model, the
vehicles can be described using a relatively few number of terms. The most important
of these terms are the vehicle’s baseline CO, 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 to reduce CO, emissions. Information
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 OMEGA 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’s sales (i.e., a “maximum penetration cap”),

Y Vehicle simulation models may be used in creating the inputs to OMEGA as discussed in Joint TSD Chapter 3
as well as Chapter 1 and 2 of the RIA.

¥ While OMEGA does not model changes in vehicle sales, RIA Chapter 8 discusses this topic.

" A vehicle’s footprint is the product of its track width and wheelbase, usually specified in terms of square feet.
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which for this rulemaking, are specified a priori by EPA and NHTSA.® The
effectiveness, cost, application limits of each technology package can also vary over
time.” A list of technologies or packages is provided to OMEGA for each vehicle
type, providing the connection to the specific vehicles being modeled. A description
of these packages can be found in Chapter 1 of this RIA.

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
achieving its fleetwide CO, emission target.

Technology can be added to individual vehicles using one of three distinct
ranking approaches. Within a vehicle type, the order of technology packages is set by
the OMEGA user. The model then applies technology to the vehicle with the lowest
Technology Application Ranking Factor (hereafter referred to as the TARF).
OMEGA offers several 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 phase in
constraints, as discussed in Joint TSD 3) to vehicles until the sales and VMT-weighted
emission average complies with the specified standard or until all the available
technologies have been applied. The standard can be a flat standard applicable to all
vehicles within a vehicle class (e.g., cars, trucks or both cars and trucks).

Alternatively the GHG standard can be in the form of a linear or constrained logistic
function, which sets each vehicle’s target 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 a flat standard for footprints either above or below
specified levels. This is referred to as a piece-wise linear standard, and was used in
modeling the standards in 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 model is that it applies

X See TSD 3.

Y “Learning” is the 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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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 goal several model years in 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.

The OMEGA model is designed to estimate the cost of complying with a
regulation in a given year. While the OMEGA design assumes that a manufacturer’s
entire fleet of vehicles can be redesigned within one redesign cycle, rarely will a
manufacturer redesign exactly 20% of its vehicle sales in each of five straight model
years. The base emissions and emission reductions of the vehicles being redesigned
will vary. Thus, OMEGA inherently assumes the banking and borrowing of credits to
enable compliance with standards in the intermediate years of a redesign cycle using
the technology projected for the final year of the cycle, assuming that the intermediate
standards require gradual improvement each year. However, any credit banking or
borrowing outside of the redesign cycle is incumbent upon the user to estimate.”

Once technology has been added so that every manufacturer meets the
specified targets (or exhausts all of the available technologies), the model produces a
variety of output files. These files include information about the specific technology
added to each vehicle and the resulting costs and emissions. Average costs and
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 changes in
vehicle cost and CO, emission level. Based on the OMEGA core model output, the

“ EPA has considered modeling credit banking as part of this analysis, but decided not to analyze the program
using this approach for two reasons. First, as the GHG standards continue indefinitely, rather than expiring in
2025, EPA wants to represent the cost of bringing vehicles into compliance with the standard, rather than the
reduced cost of a long term credit deficit. Second, properly modeling credit banking requires perfect knowledge
of future redesign cycles. The OMEGA redesign cycle approach is specifically designed to avoid this issue, and
the related uncertainty. See also Preamble Section I.C explaining the difference in the agencies’ programmatic
costs estimates which result from this difference in methodology.

A2 Joint TSD Chapter 1

BB RIA Chapter 1
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technology penetration of the new vehicle mix and the scenario impacts (fuel savings,
emission impacts, and other monetized benefits) are calculated via post-processors. The pre-
and post- processors are Microsoft Excel spreadsheets and scripted programs (written in
Visual Basic and MATLAB), while the OMEGA core model is an executable program written
in the C# language.

OMEGA is designed 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 its input files. The
model utilizes five input files: Market, Technology, Fuels, Scenario, and Reference. Figure
3.3-1 shows the (simplified) information flow through OMEGA, and how these files interact.

Figure 3.3-1 Information Flow in the OMEGA Model

P
&
~

| Vehicle Piatforms | \

OMEGA utilizes four basic sets of input data. The first, the market file, is a
description of the vehicle fleet. The key pieces of data required for each vehicle are its
manufacturer, CO, emission level, fuel type, projected sales and footprint. The model also
requires that each vehicle be assigned to one of the 19 vehicle types, which tells the model
which set of technologies can be applied to that vehicle. Chapter 1 of the Joint TSD contains
a description of how the market forecasts were created for modeling purposes, and includes a
discussion on how EPA defined the 19 vehicle types. In addition, the degree to which each
vehicle already reflects the effectiveness and cost of each available technology in the baseline
fleet must be input. This prevents the model from adding technologies to vehicles already
having these technologies in the baseline. It also avoids the situation, for example, where the
model might try to add a basic engine improvement to a current hybrid vehicle. Section
3.4.1.2 of this Regulatory Impact Analysis (RIA) contains a detailed discussion of how EPA
accounts for technology present in the baseline fleet in OMEGA.
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The second type of input data, the technology file, is a description of the technologies
available to manufacturers which consists primarily of their cost, effectiveness, compliance
credit value, and electricity consumption. This information was described in Chapter 1 of this
RIA and Chapter 3 of the Joint TSD. In all cases, the order of the technologies or technology
packages for a particular vehicle type is designated by the model user in the input files prior to
running the model. The ranking of the packages is described in Chapter 1 of the RIA.

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

The fourth type of data describes the CO, emission standards being modeled. These
include the MY 2016 standards and the MY 2017-2025 standards. As described in more
detail in Chapter 5 of the Joint TSD and briefly in section 3.5.6 below, the application of A/C
technology is evaluated in a separate analysis from those technologies which impact CO,
emissions over the 2-cycle test procedure. For modeling purposes, EPA applies this AC
credit by adjusting manufacturers’ car and truck CO2 targets by an amount associated with
EPA’s projected use of improved A/C systems, as discussed in Section 3.5.6, below.

The input files used in this analysis, as well as the current version of the OMEGA
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
Joint. TSD and in this RIA.

3.4 Model Inputs
3.4.1 Market Data
3.4.1.1 Vehicle platforms

As discussed in Joint TSD Chapter 3 and in Chapter 1 of the RIA, vehicle
manufacturers typically develop many different models by basing them on a smaller number
of vehicle platforms. The platform typically consists of a common set of vehicle architecture
and structural components. This allows for efficient use of design and manufacturing
resources. In this analysis, 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 a result of mapping the vehicle fleet into
the 19 engine based vehicle types (Table 3.4.1) and the 10 body size and structure based
utility classes (Table Of 2) by manufacturer. As not all vehicle types match to all utility
types, and not all manufacturers make all vehicle and utility types, the number of vehicles is
less than the multiplicative maximum of the two tables.

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

. o Vehicle | Vehicle
Vehicle Description Type Class
Auto Subcompact I3 DOHC 4v

Auto Subcompact 14 SOHC/DOHC 2v/4v

1 Small car
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Auto Subcompact Electric

Auto Compact SOHC 2v

Auto Compact SOHC/DOHC 4v
Auto Midsize SOHC/DOHC 4v
Pickup Small DOHC 4v

Standard
car

Auto Subcompact I5 SOHC 4v

Auto Subcompact V6 SOHC/DOHC 4v

Auto Subcompact 14 SOHC/DOHC 4v turbo/supercharged
Auto Compact Rotary

Auto Compact IS DOHC 4v

Auto Compact V6 SOHC/DOHC 4v

Auto Compact 14 SOHC/DOHC 4v turbo/supercharged
Auto Midsize V6 SOHC/DOHC 4v

Auto Midsize 14 SOHC/DOHC 4v tubo/supercharged
Auto Large V6 SOHC/DOHC 4v

Auto Midsize 14 SOHC 4v tubo/supercharged

Standard
car

Auto Subcompact V6 SOHC 3v
Auto Compact V6 OHV 2v
Auto Midsize V6 SOHC 2v
Auto Midsize V6 OHV 2v
Auto Large V6 OHV 2v

Standard
car

Auto Subcompact V8 DOHC 4v

Auto Compact V10 DOHC 4v

Auto Compact V8 DOHC 4v turbo/supercharged
Auto Compact V8 DOHC 4v/5v

Auto Compact V6 DOHC 4v

Auto Compact V5 DOHC 4v turbo/supercharged
Auto Midsize V12 DOHC 4v

Auto Midsize V10 DOHC 4v

Auto Midsize V8 DOHC 4v/5v

Auto Midsize V8 SOHC 4v

Auto Midsize V6 DOHC 4v

Auto Midsize V7 DOHC 4v

Auto Large V16 DOHC 4v turbo/supercharged
Auto Large V12 SOHC 4v turbo/supercharged
Auto Large V12 DOHC 4v

Auto Large V10 DOHC 4v

Auto Large V8 DOHC 4v turbo/supercharged
Auto Large V8 DOHC 2v/4v

Auto Large V8 SOHC 4v

Large car

Auto Subcompact V10 OHV 2v

Auto Subcompact V8 SOHC 3v

Auto Midsize V8 SOHC 3v turbo/supercharged
Auto Midsize V8 SOHC 3v

Auto Midsize V8 OHV 2v

Auto Large V12 SOHC 3v turbo/supercharged
Auto Large V8 SOHC 3v turbo/supercharged
Auto Large V8 SOHC 2v

Auto Large V8 OHV 2v/4v

Large car

SUV Small 14 DOHC 4v

SUV Midsize SOHC/DOHC 4v
SUV Large DOHC 4v

Minivan I4 DOHC 4v

Small
MPV

SUV Small 14 DOHC 4v turbo/supercharged
SUV Midsize V6 SOHC/DOHC 4v

Large
MPV
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SUV Midsize 14 SOHC/DOHC 4v turbo/supercharged
SUV Large V6 SOHC/DOHC 4v
SUV Large 15 DOHC 2v
SUV Large 14 DOHC 4v turbo/supercharged
SUV Midsize V6 SOHC 2v 9 Large
SUV Large V6 SOHC 2v MPV
SUV Small V6 OHV 2v
SUV Midsize V6 OHV 2v Laree
SUV Large V6 OHV 2v 10 MPgV
Minivan V6 OHV 2v
Cargo Van V6 OHV 2v
SUV Large V10 DOHC 4v turbo/supercharged
SUV Large V8 DOHC 4v turbo/supercharged 11 Truck
SUV Large V8 SOHC/DOHC 4v
SUV Large V6 DOHC 4v turbo/supercharged
SUV Large V8 SOHC 3v turbo/supercharged
SUV Large V8 SOHC 2v/3v
SUV Large V8 OHV 2v 12 Truck
Cargo Van V10 SOHC 2v
Cargo Van V8 SOHC/OHV 2v
Pickup Large DOHC 4v 13 Small
MPV

Pickup Small V6 SOHC 4v
Pickup Small I5S DOHC 2v 14 Large
Pickup Large V6 DOHC 2v/4v MPV
Pickup Large I5 DOHC 2v
Pickup Small V6 SOHC 2v
Pickup Small V6 OHV 2v 15 Large
Pickup Large V6 SOHC 2v MPV
Pickup Large V6 OHV 2v
Pickup Large V8 DOHC 4v 16 Truck
Pickup Large V8 SOHC 2v 17 Truck
Pickup Large V8 SOHC/DOHC 3v turbo/supercharged

18 Truck
Pickup Large V8§ SOHC 3v
Pickup Large V8§ OHV 2v 19 Truck

14 = 4 cylinder engine, I5 = 5 cylinder engine, V6, V7, and V8 = 6, 7, and 8 cylinder
engines, respectively, DOHC = Double overhead cam, SOHC = Single overhead cam,
OHV = Overhead valve, v = number of valves per cylinder.

Table Of 2 Vehicle Types in the Technical Assessment Analysis

Utility Utility Class Vehicle Use ' | 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 --
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4 Large Auto Car S6<=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 type is based upon analysis of EPA certification data.

3.4.1.2 Accounting for technology already on vehicles

As mentioned above, our modeling accounts for the fact that many baseline vehicles
are already equipped with one or more of the technologies discussed in Joint TSD 3. Because
of the choice to apply technologies in packages, and because vehicles are equipped with
individual technologies in a wide variety of combinations, accounting for the presence of
specific technologies in terms of their proportion of package cost and CO, 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. This analysis
can be broken down into four steps

The first 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 a ranking
which generally followed the degree of complexity, cost and effectiveness of the technologies
within each group. More specifically, the ranking is based on the premise that a technology
on a baseline vehicle with a lower ranking would be replaced by one with a higher ranking
which was contained in one of the technology packages which we included in our OMEGA
modeling. The corollary of this premise is that a technology on a 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 a technology
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 a similar approach to determine the total cost of all of the
technology present on the baseline vehicle and after the application of each applicable
technology package.

The third step in this process is to account for the degree to which each technology
package’s incremental effectiveness and incremental cost is affected by the technology
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already present on the baseline vehicle. Termed the technology effectiveness basis (TEB) and
cost effectiveness basis (CEB), respectively, the values are calculated in this step using the
equations shown in RIA chapter 3. For this final rulemaking, we also account for the credit
values using a factor termed other effectiveness basis (OEB).

The value of each vehicle’s TEB for each applicable technology package is
determined as follows:

TotalEffect,, , 1-TotalEffect , ;
: % :
1 —=TotalEffea 1 —TotalEffect pit

TEB, =
~ 1-TotalEffea
1 -TotalEffea

Where

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

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

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

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

Equation 3.4-1 — TEB calculation

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

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

Where

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

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

i = the technology package being evaluated
i-1 = the previous technology package

Equation 3.4-2 — CEB calculation
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As described above, technology packages are applied to groups of vehicles which
generally represent a single vehicle platform and which are equipped with a single engine size
(e.g., compact cars with four cylinder engine produced by Ford). Thus, the fourth step is to
combine the fractions of the CEB and TEB of each technology package already present on the
individual baseline 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 a grouping. 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 a grouping. Once again, this process prevents the model from adding technology
which is already present on vehicles, and thus ensures that the model does not double count
technology effectiveness and cost associated with complying with the modeled standards.

The other effectiveness basis (OEB) was designed to appropriately account for credit
differences between technologies actually on the vehicle and technology packages applied
through the technology input file. As an example, if a baseline vehicle includes start stop
technology, and the applied package does not, the model needs to account for this different in
off-cycle credit. The OEB is an absolute credit value and is used directly in the model’s
compliance calculations. Accounting for Net Mass Reduction and Safety related Mass
reduction

For this analysis, as in the proposal, EPA applied mass reduction in a manner similar to
that used by NHTSA in the CAFE model analysis. In this methodology, and in contrast to the
approach taken by EPA in the MYs 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 a technology assessment that is estimated to result in a safety neutral
compliance path (i.e., no net additional fatalities attributable to the means modeled to achieve
the standards) to the fleet. The agencies received several comments on the safety analysis;
these comments are discussed in section II.G of the preamble to the final rule. Manufacturers
may not necessarily apply mass reduction in this manner, but as shown here, EPA
demonstrates that a technically feasible and economically practicable compliance 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 2012
Kahane report and the related adjustments for improvements in federal motor vehicle safety
standards (FMVSS) as discussed in Section I1.G of the Preamble, and are subject to the same
caveats. Between the 2011 Kahane report, and the updated 2012 report used in this final
rulemaking, several relevant coefficients were updated. As noted in the proposal, adjustments
to these coefficients changes the projected amount of mass reduction projected for the fleet,
and correspondingly, changes the projected amount of other technologies. Generally, the
revisions to the Kahane coefficients led to less mass reduction technology being used in our
modeling as compared to the proposal.

Using a spreadsheet scoping tool, EPA projected the maximum amount of mass
reduction on a vehicle by vehicle basis that would result in a net fatality neutral result. Based
on the Kahane 2012 coefficients used in the analysis, reducing weight from trucks above
4,594 pounds and from minivans, reduces fatalities. By contrast, the Kahane analysis states
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that removing weight from the other vehicle categories increases fatalities. The inputs used in
the OMEGA analysis are shown below (Table 3.4-3 Fatality coefficients used in OMEGA
analysis

).

Only the 1.56 percent risk increase in the lighter cars is statistically significant. There
are nonsignificant increases in the heavier cars and the lighter truck-based LTVs, and
nonsignificant societal benefits for mass reduction in CUVs, minivans, and the heavier truck-
based LTVs. The report concludes that judicious combinations of mass reductions that
maintain footprint and are proportionately higher in the heavier vehicles are likely to be
safety-neutral — i.e., they are unlikely to have a societal effect large enough to be detected by
statistical analyses of crash data. The primarily non-significant results are not due to a
paucity of data, but because the societal effect of mass reduction while maintaining footprint,
if any, is small. These coefficients are further discussed in Preamble Section II.G of the final
rule.

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 1.56% 11.091 0.904 1.6E-12
PC above 3106 0.51% 9.313 0.904 4.3E-13
LT below 4594 0.52% 13.241 0.904 6.2E-13
LT above 4594 -0.34% 13.032 0.904 -4.0E-13
Minivan -0.37% 7.499 0.904 -2.5E-13

'Expressed 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

The mass reduction scoping tool contains the entire fleet discussed in joint TSD 1,
along with their curb weight, and their passenger car, light truck, and minivan classification
according to the criteria in the 2012 Kahane report. Using this tool, EPA determined that a
simulation of fatality neutrality could result by assuming that no MY 2008 baseline passenger
car was had its curb weight reduced below 3,200 pounds, and no light trucks were reduced
below 4,594 pounds. These values were determined iteratively, with the end product a safety
neutral analysis. By contrast, in the proposal, we assumed that no MY 2008 baseline
passenger car was reduced in weight below 3,000 pounds, and no light trucks were reduced
below 4,594 pounds; for this final rule analysis, we reduced the maximum weight reduction
for cars based on the revisions to the Kahane report.““ The OMEGA model could still select
mass reduction for vehicles above these weight limits, with the amount constrained by these
limits and the phase-in cap on mass reduction. Vehicles above these weights could have their
weight reduced through mass reduction technology in the OMEGA model. The per vehicle

€€ The MY 2010 baseline, because it has a different distribution of weight by vehicle class, required a separate
analysis. Weight caps of 3,300 pounds (cars) and 4,100 pounds (trucks) were used.
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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. These weight increases were included in the proposal, but
were not included in the MY's 2012-2016 analysis or in the technical assessment report. A
table of these weight impacts is presented in Joint TSD Chapter 3. The per-vehicle limit on
weight reduction determined above is for net mass reduction, rather than the application of
total mass reduction technology.

Because the limits on net mass reduction are at the individual vehicle level, 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 baseline fleets, or in other words, that the
costs for mass reduction appropriately reflected the level of mass reduction technology
currently in the fleet.

2

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

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

¢ Maximum amount of mass reduction allowed

e Mass penalty for adding various technologies to that vehicle

Some examples:

® 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.

® A baseline vehicle has a 5 percent penalty for P2ZHEV 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.

Under this system, any amount of mass reduction already in the baseline vehicle will

be subtracted from the maximum amount of mass reduction allowed. All vehicles in the
baseline fleet are assumed to have no mass reduction technology applied.
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3.4.2 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 has an associated list of technology packages, costs, credit values, and
effectivenesses.”® For this analysis, as discussed below, we considered the off-cycle credit
values for active aerodynamics and start-stop technology We also considered the full size
pickup truck credits — both mild and strong. Each of the 19 lists was then ordered by how
OMEGA should add them to that specific vehicle type. The order of this list is influenced 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 a vehicle platform."™ The processes to build and rank technology packages
for the technology file are described in detail in Chapter 1 of the RIA.

For this analysis, a separate technology file was developed for each scenario
(reference and control) and model year (2021 and 2025) for which OMEGA was run. The
MY 2021 and MY 2025 costs differ due to the learning effects discussed in the Joint TSD
Chapter 3, and the technology files also differ due to the different limits on maximum
penetrations of technologies. MY 2016 was also run in order to evaluate stranded capital
costs.

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

For this final rulemaking, OMEGA has been modified to additionally include the cost
and benefits of certain off-cycle credits start-stop and active aerodynamics) and the full size
pickup mild and strong HEV credit. As a result, the model separately tracks each source of
CO, emissions that are used in the compliance equation, For this analysis, these sources are
the vehicle tailpipe and the credits associated with these technologies.

Equation 3.4-3- Calculation of New Tailpipe CO,

_ €02, x(1- AIE)

co2
! 1- AIEXTEB

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

FE 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 Joint TSD.
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The tailpipe CO, is adjusted for the usage of these credits in order to calculate
compliance CO,. If, for example, the applied package has 1.0 grams worth of credit
associated with it, then the 1.0 gram from the credit will be subtracted from the tailpipe CO,
to produce the CO; value that OMEGA uses in the compliance calculation. As the credits
differ on a vehicle by vehicle, rather than vehicle type by vehicle type basis, the OEB is used
in the compliance calculation rather than the credit value in the technology file.

OMEGA then adds technology cost according to the equations below, where CEB
refers to the “cost effectiveness basis”, or in other words, the technology cost that is present in
the baseline. Cost can be calculated for the application of 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-CED

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

AvgVehicleCost, ., 2{

TechCost* ModelSales}
TotalFleefSales MEFR

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

Relative to the proposal, EPA modified the methodology used to generate the
OMEGA technology input file relative to previous analyses.

As background, for both the MYs 2012-2016 rulemaking analysis and the Technical
Assessment Report supporting the MYs 2017-2025 NOI, the technology caps generally fell
into a few broad numeric categories. As an example, in the analysis supporting the MY's
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 TSD, there are both more technologies and more technology cap levels
considered in this final rule. Thus, it was more difficult to construct packages with uniform
sets of caps. For the proposal, these caps were incorporated into the OMEGA modeling in
one of two ways. Major engine technologies such as turbo-charging and downsizing,
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hybridization, electrification and dieselization were directly controlled through caps in the
technology file. Maximum penetration rates of other technologies were managed through
multiple runs of the TEB-CEB computation algorithm and modifications to the cost,
effectiveness, and electric conversion values in the technology file.

While this “weighting” method was used in the proposal, for this final rule, we have
implemented a package ranking scheme based solely upon calculated TARF values. This
ranking methodology is described in RIA chapter 1. In short, a list of technically reasonable
packages is fed into an algorithm which ranks the packages based on their cost-effectiveness
and the availability of space under the selected caps. » The output is a ranked technology file.
The ranked technology files and the ranking algorithm are docketed.**

OMEGA also tracks electrical consumption of each vehicle in kWh per mile. Each
technology package is associated with an “electricity conversion percentage” which refers to
the increase in the energy consumed by the electric drivetrain relative to reduction in the
consumption of energy from liquid fuel. Electricity is a highly refined form of energy which
can be used quite efficiently to create kinetic energy. Thus, electric motors are much more
efficient than liquid fuel engines. Consequently, the electric consumption percentage input in
the Technology File for plug-in vehicles is 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 vehicle is being converted into another plug-in vehicle and
electricity consumption per mile is increasing due to 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
(in this analysis) in the on-road energy consumption, calculated as

Equation 3.4-6 — Electricity Consumption considered in OMEGA
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 is the “electric conversion percentage,” which is
computed as a single fraction for each vehicle type. Thus, in OMEGA’s calculations, the
resulting electricity 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 N 1 gallon fuel N 3409 btu per kwh
44 Grams CO2 Carbon content of fuel Energy content of gasoline (btu)

(g CO2 reduction

)
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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

3.4.3 The Scenario File
3.4.3.1 Reference Scenario

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

EPA assumes that in the absence of the MYs 2017-2025 GHG and CAFE standards,
the reference case fleet in MYs 2017-2025 would have fleetwide GHG emissions
performance no better than that projected to be necessary to meet the MY 2016 standards.
While it 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 developing the reference case fleet for MYs 2017-2025. A
discussion of this topic is presented in section III.D of the preamble, and is presented below
with additional figures and tables.

One critical factor supporting the final approach is that AEO2012 Early Release
projects relatively stable gasoline prices over the next 13 years. The average actual price in
the U.S. for the first four months of 2012 for regular gasoline was $3.68 per gallon"" with
prices approaching $4.00 in March and April.°® The AEO2012 Early Release reference case
projects the regular gasoline price to be $3.87 per gallon in 2025, only slightly higher than the
price for the first four months of 2012."" Accordingly, the reference fleet for MYs 2017-2025
reflects constant GHG emission standards (i.e. the MY 2016 standards continuing to apply in
each of those model years), and gasoline prices only slightly higher than today’s gasoline
prices.

As discussed at proposal, these are reasonable assumptions to make for a reference
case. See 76 FR 75030-31. Based on these fuel price projections, the reference fleet for MY's
2017-2025 should correspond to a time period where there is a stable, unchanging GHG
standard, and essentially stable gasoline prices.

" In 2012 dollars. As 2012 is not yet complete, we are not relating this value to 2010 dollars. See RIA 1 for
additional details on the conversion between dollar years.

G http://www.eia.gov/petroleum/gasdiesel/ and click on “full history” for weekly regular gasoline prices
through May 7, 2012, last accessed on May 8§, 2012.

" hittp://www.eia.gov/forecasts/aeo/er/ last accessed on May 8, 2012,
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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
authoritative reference on new light-duty vehicle CO, emissions and fuel economy.” This
report contains very detailed data from MYs 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 almost 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 projects relatively
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),shown
in Table 3.4-4 and Table 3.4-5 and has 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)
almost all of this industry-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.

%% previous OMEGA documentation for versions used in MYs 2012-2016 Final Rule (EPA-
420-B-09-035), Interim Joint TAR (EPA-420-B-10-042). Docket Nos. EPA-HQ-OAR-2010-
0799-1108 and EPA-HQ-OAR-2010-0799-1109. The documentation for OMEGA 1.4.1 is
also in the docket.

A http://www.epa.gov/oms/climate/models.htm

> EPA-420-R-09-016, September 2009. (Docket No. EPA-HQ-OAR-2010-0799-1135)

» OMEGA model ranking algorithm. Available in the docket on the DVD ““FRM OMEGA
model, OMEGA inputs and outputs & GREET 2011 (DVD)”

** OMEGA model inputs and outputs. These are available on a DVD in the docket (Docket
No. EPA-HQ-OAR-2010-0799). “FRM OMEGA model, OMEGA inputs and outputs &
GREET 2011 (DVD)”

" Light-Duty Automotive Technology, Carbon Dioxide Emissions, and Fuel Economy Trends: 1975 through
2010, November 2010, available at www.epa.gov/otag/fetrends.htm.
" There are no EPA LD GHG emissions regulations prior to MY 2012.
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Table 3.4-4 Fuel Economy Data for Selected Manufacturers, 1986-2003—Cars

Sales- Vehicle . Sales- Vehicle Vehicle
Year Standard GM Ford Chrysler Weighted Delta Weight Toyota | Honda | Nissan | Weighted Delta Weight Weight
average average delta
1986 27.5 27.0 26.7 28.6 27.1 -0.4 3145 323 33.6 29.9 32.0 4.5 2706 439
1987 27.5 272 26.5 27.7 27.1 -0.4 3149 329 32.8 29.3 315 4.0 2782 368
1988 27.5 28.1 27.0 28.5 27.8 0.3 3157 32.7 31.8 30.6 31.8 43 2779 378
1989 27.5 274 26.9 28.0 27.3 -0.2 3207 31.8 31.3 30.2 31.2 3.7 2822 385
1990 27.5 27.3 26.3 274 27.0 -0.5 3298 304 304 28.4 29.9 24 2943 355
1991 27.5 272 27.2 27.5 272 -0.3 3252 30.6 30.3 29.0 30.1 2.6 2950 303
1992 27.5 26.7 26.7 27.7 26.8 -0.7 3329 28.9 30.9 29.9 29.9 24 3051 279
1993 27.5 27.3 27.8 279 27.6 0.1 3269 29.0 322 29.1 30.1 2.6 3071 198
1994 27.5 27.5 27.1 26.2 27.2 -0.3 3334 29.1 32.1 29.8 30.3 2.8 3084 250
1995 27.5 27.3 27.6 28.2 27.6 0.1 3330 30.0 32.8 29.2 30.8 33 3102 228
1996 27.5 27.9 26.3 272 27.3 -0.2 3388 29.5 31.8 30.2 30.5 3.0 3126 262
1997 27.5 28.2 26.9 27.2 27.6 0.1 3353 29.8 32.1 29.6 30.6 3.1 3122 230
1998 27.5 27.6 27.3 28.3 27.6 0.1 3347 30.2 32.0 30.2 30.9 3.4 3249 98
1999 27.5 274 272 27.0 27.3 -0.2 3429 304 30.9 29.6 30.4 29 3280 148
2000 27.5 27.6 27.1 27.6 274 -0.1 3448 30.5 31.0 28.0 30.2 2.7 3258 190
2001 27.5 28.1 26.8 27.6 27.6 0.1 3463 31.3 322 28.3 31.0 3.5 3233 230
2002 27.5 28.5 27.1 27.0 27.8 0.3 3442 30.7 32.0 28.9 30.8 33 3303 140
2003 27.5 28.6 26.7 28.5 279 0.4 3506 324 32.7 279 315 4.0 3276 230
Average 1986-2003 -0.1 33 262

Table 3.4-5 Fuel Economy Data for Selected Manufacturers, 1986-2003—Trucks
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Sales. Vehicle . Sales- Vehicle Vehicle
Year Standard GM Ford Chrysler Weighted | Delta Weight Toyota Honda Nissan Weighted | Delta Weight Weight
average average delta
1986 20.0 20.2 20.3 20.7 20.3 0.3 3917 26.1 24.7 25.5 5.5 3240 677
1987 20.5 20.5 20.5 21.3 20.7 0.2 3876 259 235 249 44 3259 617
1988 20.5 20.2 20.6 214 20.6 0.1 3961 244 22.7 23.8 33 3352 609
1989 20.5 204 20.1 21.0 20.5 0.0 4016 232 23.7 233 2.8 3420 596
1990 20.0 19.8 20.2 214 20.3 0.3 4102 21.8 253 232 32 3528 574
1991 20.2 21.2 20.5 21.1 20.9 0.7 4026 224 24.8 23.1 2.9 3628 397
1992 20.2 20.3 20.2 21.3 20.5 0.3 4132 21.9 24.0 225 23 3620 512
1993 20.4 20.3 20.8 21.2 20.7 0.3 4141 22.1 23.7 22.7 2.3 3637 505
1994 20.5 20.2 20.8 20.5 20.5 0.0 4204 22.0 20.2 229 223 1.8 3711 494
1995 20.6 20.1 20.6 20.1 20.3 -0.3 4248 21.2 25.5 224 22.0 14 3797 452
1996 20.7 20.8 20.8 20.2 20.6 -0.1 4295 23.1 222 229 23.0 2.3 3678 617
1997 20.7 204 20.2 20.2 20.3 -0.4 4445 22.6 24.7 223 22.8 2.1 3734 711
1998 20.7 21.2 20.2 20.0 20.5 -0.2 4376 234 25.5 223 23.5 2.8 3762 614
1999 20.7 20.3 19.8 19.9 20.0 -0.7 4508 23.0 252 21.2 23.1 24 3943 564
2000 20.7 20.7 20.0 20.4 20.4 -0.3 4456 22.0 25.0 20.8 222 1.5 4098 359
2001 20.7 204 20.1 19.5 20.0 -0.7 4591 223 24.7 20.7 223 1.6 4125 465
2002 20.7 19.8 20.2 20.0 20.0 -0.7 4686 222 253 20.7 225 1.8 4149 537
2003 20.7 20.2 20.0 20.9 20.3 -0.4 4738 22.0 24.8 21.9 229 2.2 4195 544
Average 1986-2003 -0.1 2.6 547
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Since the MYs 2012-2016 standards are footprint-based, every major manufacturer is
expected to be constrained by those standards in MY 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 MY 2016 GHG emissions
and CAFE standards strongly support the use of a reference case fleet where there are no
further fuel economy improvements beyond those required by the MY 2016 standards. While
it 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 3.4-1 shows that, 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 slightly increasing truck CAFE standards, as the market shifted from a market dominated
by cars in the 1980s to one split between cars and trucks in 2003."“ All projections of actual
GHG emissions and fuel economy performance in MY 2016 or any other future model year
are projections, of course, and it is plausible that actual GHG emissions and fuel economy
performance in MYs 2017-2025, absent more stringent standards, could be lower (or higher)
than projected if there are shifts in car and truck market share to truck market share, or to
higher footprint levels.

Based on the historical data discussed above, EPA believes that there is a very low
likelihood that any manufacturers will voluntarily achieve higher fuel economy than their
footprint-based targets relative to the projected fleet average 35.5 mpg level of MY 2016
standards in MYs 2017-2025, in the absence of more stringent standards. There are several
reasons for this: gasoline prices through MY 2025 are projected to be only slightly higher than
today’s levels, footprint-based standards are constraining for all manufacturers, and
manufacturers may use future technology to support other vehicle attributes preferred by
consumers such as power and utility. In addition, even if some individual manufacturers were
to voluntarily over comply, it is possible that they would sell their GHG credits to other
manufacturers who might find that it is more cost-effective to purchase credits than to
continue to meet the 35.5 mpg level. EPA is aware of several automakers that have already
purchased, or are in the process of negotiating to purchase, credits for MY 2012. In this
scenario, if all credits were sold to other manufacturers, there would be no meaningful impact
on the agency’s projected costs and benefits. But, the agency recognizes that it is possible
that, under certain circumstances, there might be some industry-wide over compliance. For
example, oil prices much higher than projected by AEO 2012 early release could lead to a
higher baseline due to industry-wide over compliance. But, under this higher baseline, costs
and benefits would both be lower and it is impossible to know whether net consumer and
societal benefits would be higher or lower. Both agencies assume no fuel economy

XK 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 values shown
throughout this preamble. Consumer label values are typically about 20% lower than compliance values. The
trends are the same.
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improvement in their primary analyses, but we note that NHTSA chose to analyze an
alternative market-driven baseline as a sensitivity case in their RIA.

Figure 3.4-1 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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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 levels. This reflects 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, (¢) in the absence of
additional regulation beyond the MYs 2012-2016 rule would not develop many of the
technologies become available under the control case runs. Similarly, the air conditioning
technology usage was capped at the MY 2016 projections, as manufacturers that were already
compliant would have no need to add additional air conditioning technology (especially as the
cost of alternative refrigerants 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 MYs 2016 and 2025 require
some manufacturers to add minimal additional technology to their vehicles in order to remain
in compliance. While slight additional amounts of technology are added or removed, the
compliance cost for the MY 2016 rule declines over time as a result of the learning effects
discussed in the RIA Chapter 1. To reflect this learning progression, but also that the
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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 proposal and the MY's 2012-2016 rule analysis, EPA did not allow
EVs and PHEVs (maximum penetration caps of zero) in the reference case. While the
penetration of EVs and PHEVs in MY 2016 will likely be non-zero, as they are being sold in
MY 2011, EPA chose not to include these technologies in the reference case assessment due
to their cost-distorting effects on the smallest companies (Table 3.4-6 ). In the OMEGA
projections, the vast majority of companies do not use EVs or PHEV's to comply with the MY
2016 standards. Six companies, some of which are intermediate or smaller volume, under the
technology restrictions set forth in this analysis, cannot comply with the MY 2016
standards.”™ This finding is consistent with the MY 2012-2016 rule analysis; these
companies are BMW, Daimler, Geely-Volvo, Volkswagen, Porsche and Tata (which is
comprised of Jaguar and Land Rover vehicles in 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 hybrids in their fleet. As reflected
in the MY 2012-2016 rule, EPA believes that it is unlikely that these manufacturers will
convert up to 10% of their fleet EVs and PHEVs by MY 2016. As an alternative to this
choice, these companies could exceed our assumed technology caps on other technologies
(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 III.D of the MYs 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 later MY
standards." Moreover the companies would eventually achieve the 2016 targets in the
reference case (Table 3.5-1 & Table 3.5-2).

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.
Again, this analytic choice increases the incremental costs of the MY 2017-MY 2025 program
for these companies.

MM 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. Under the final
rule, 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. Under the MY 2016 program, the TLAAS program — which
provides additional lead time to certain intermediate sized manufacturers which meet alternative standards would
also be available, and is not modeled here.

"N Of course, any manufacturer could, in theory, also find more cost-effective methods to comply than those
shown in this analysis.

3-24



MY 2017 and Later - Regulatory Impact Analysis

Table 3.4-6 — MY 2016 EV+PHEYV Penetrations, and additional potential additional

costs in MY 2016">
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
(&)
BMW 3 - -$89 3%
Daimler 19 - $1,447 7%
Geely-Volvo 20 - $1,846 8%
Porsche” 46 18 $2,195 11%
Tata/ JLR 25 - $2,215 9%
Volkswagen 14 - $803 6%

'Please note that these are MY 2016 costs, and would be significantly lower in later MYs as a result of learning.
See RIA 1 for more details

% For BMW, the few number of EV's that they would produce in the reference case would be more cost effective
than other technologies that they would need to use to comply, resulting in a negative cost delta.

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
MY 2012-2016 rule, is projected to have an impact of approximately 0.1 g/mile in MY 2016,
and expire afterwards.?? While this may have a more significant impact on specific
companies, as a result of the overall magnitude, no incentive credits are projected to be
available in the reference case modeled here. In a change from the proposal modeling, under
the reference case standards, manufacturers are allowed access to the off-cycle credit “menu.”
As a result, the off-cycle credits modeled here lower costs relative to the proposal.

00 EpA analyzed Porsche and VW as separate fleets for the Final Rule. However, on August 1, 2012, VW
completed its acquisition of Porsche and thus EPA expects that the Porsche fleet will be combined with the VW
fleet for purposes of compliance with the MY 2017-2025 standards.

P The credit available for producing FFVs will have expired, although the real world usage credits will be
available.

QI this final rulemaking, EPA is providing additional lead time to meet the initial model year standards for
certain intermediate volume manufacturers, as described in Preamble section III.B.8. The discussion in the text
above, however, concerns how the reference fleet is modeled in OMEGA, and in the reference fleet case, the
TLAAS ends with MY 2016.
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With respect to car-truck trading, the OMEGA model facilitates the trading of car-
truck credits on a total lifetime CO, emission basis, consistent with the provisions of the final
rule 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 a lifetime 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 a lifetime 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 MYs 2012-
2016 and MYs 2017-2025 GHG rules.

3.4.3.2 Control Scenarios

Similar to the reference scenario, OMEGA runs were conducted for MYs 2021 and
2025 for the standards adopted in the final rule and for alternative scenarios. The standards for
these scenarios were derived from the coefficients discussed in Section III.B of the preamble.
The joint EPA/NHTSA development of these target curve coefficients is discussed in Joint
TSD Chapter 2. Asin MYs 2012-2016, these curves were adjusted for air conditioning
through a negative additive offset based on the estimated year over year penetrations of air
conditioning shown in preamble III.C.1 and below. For the OMEGA cost analysis, as we
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 g/mi for cars and 24.4
g/mi for light trucks.

EPA’s final rule incorporates several additional compliance flexibilities. See
generally Preamble section II1.C for an extended discussion of these credits. EVs and PHEVs
were modeled with zero g/mile in all cases. As discussed in Section III.B of the preamble, the
cap for EVs and PHEVs at zero g/mile (i.e. the production cap relating to when upstream
emissions associated with increased electricity use is considered for compliance purposes) is
related to the standard level being finalized. As in the proposal, for purposes of this cost
modeling, we assume that this cap is never reached. The PH/EV multipliers (a regulatory
incentive, as explained in Preamble section III.C.2) were not modeled in this cost analysis, but
would reduce compliance costs in MY 2021 and earlier. The multiplier is included in EPA’s
benefits analysis, as discussed in RIA chapter 4. A discussion of the potential impacts of these
credits can be found in preamble section III.B.2 and RIA chapter 4. Costs beyond MY 2025
assume no technology changes on the vehicles, and implicitly assume that the compliance
values for EVs remains at zero gram/mile.*%

As discussed previously, in a difference from the proposal, the credit for mild and
strong HEV full size pickups was modeled in this final rule analysis. Two off-cycle credits,
those for start-stop technology and active aerodynamics were also included. In a change from

RR The costs for PHEVs and EVs in this rule reflect those costs discussed in Joint TSD Chapter 3, and do not
reflect any tax incentives, as the availability of those tax incentives in this time frame is uncertain.
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the proposal modeling, the impact of the off-cycle credits for start-stop technology and active
aerodynamics were modeled. This change lowers costs relative to the proposal.

Like the reference case, car-truck trading was allowed without limit.
3.4.4 Fuels and reference data

Fuels data was based on AEO fuel prices, as documented in Chapter 4 of the Joint
TSD. Estimates of carbon and energy content per gallon of liquid fuel are consistent with the
MYs 2012-2016 rule analysis.

The VMT schedules used in the TARF calculation were chosen for consistency with
the EPA credit trading regulations, and is 195,264 for cars and 225,685 for trucks. It is
important to use the same VMT schedules in the numerator and denominator of the TARF
equation, or unintended errors can be introduced to the 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
vehicle class (i.e., car or truck). As the reference case, the final rule, and all alternatives allow
for averaging across a manufacturer’s car and truck fleets, 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 difference in lifetime VMT of cars and trucks, as indicated
in the regulations which govern credit trading between these two vehicle classes.

The model then works with one manufacturer at a time to add technologies until that
manufacturer meets its applicable standard. The OMEGA model can utilize several
approaches to determining the order in which vehicles receive technologies. For this analysis,
EPA used a “manufacturer-based net cost-effectiveness factor” to rank the technology
packages in the order in which a manufacturer is likely to apply them. Conceptually, this
approach estimates the cost of adding the technology from the manufacturer’s perspective and
divides it by the mass of CO, the technology will reduce. One component of the cost of
adding a technology is its production cost, as discussed above. However, it is expected that
new vehicle purchaser’s 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
five years.>> It is also assumed that consumers discount these savings at the same rate as that
used in the rest of the analysis (3 or 7 percent).”" Any residual value of the additional
technology which might remain when the vehicle is sold is not considered for this analysis.

55 For a fuller discussion of this topic see Section IIL.H

™ 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 TAREF, 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 a single fuel in a single model year.
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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)."V Because the order of technology application is set for each
vehicle, the model uses the manufacturer-based net cost-effectiveness primarily to decide
which vehicle receives the next technology addition. Initially, technology package #1 is the
only one available to any particular vehicle. However, as soon as a vehicle receives
technology package #1, the model considers the manufacturer-based net cost-effectiveness of
technology package #2 for that vehicle and so on. In general terms, the equation describing
the calculation of manufacturer-based cost effectiveness is as follows:

Equation 3.4-8 — Calculation of Manufacturer-Based Cost Effectiveness

ATechCost — AFS
ACOZx VMTregulatory

CostEf fManuf, =

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 evaluating the value of a new vehicle at time of purchase

dCO, = Difference in CO, emissions (g/mile) due to the addition of technology

VMT quiaiory = the statutorily defined VMT

EPA describes the technology 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, credit values, and
relative fuel savings. This distinction 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 by OMEGA before the plug-in hybrid. The current TARF does not
reflect potential consumer concerns with the range limits of the electric vehicle (reflecting our
assumption that purchasers of these vehicles are aware of the vehicles’ limited range).."" As a
result 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
in the TARF equation, the full retail price of fuel, including taxes is used. While taxes are not
generally included when calculating the cost or benefits of a regulation, the net cost

YYU'To ensure a consistent approach to technology ranking, the credit value is modeled as producing fuel savings.
While credits will not actually provide fuel savings to a consumer, an increase in the denominator (increased
CO2 savings) without a corresponding change in the numerator (increased fuel savings) can provide a perverse
situation where adding credits makes a technology less desirable.

YV As the general form of the TARF is net cost change/net CO2 change, the electric vehicle attributes could be
assigned a value and incorporated into the TARF.
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component of the manufacturer-based net cost-effectiveness equation is not a measure of the
social cost of this rule, but a measure of the private cost, (i.e., a measure of the vehicle
purchaser’s willingness to pay more for a vehicle with higher fuel efficiency). Since vehicle
operators pay the full price of fuel, including taxes, they value fuel costs or savings at this
level, and the manufacturers will consider this when choosing among the technology
options.™"

The values of manufacturer-based net cost-effectiveness for specific technologies will
vary from vehicle to vehicle, often substantially. This occurs for three reasons. First, both the
cost and fuel-saving component cost, ownership fuel-savings, and lifetime CO, effectiveness
of a specific technology all vary by the type of vehicle or engine to which it is being applied
(e.g., small car versus large truck, or 4-cylinder versus 8-cylinder engine). Second, the
effectiveness of a specific technology often depends on the presence of other technologies
already being used on the vehicle (i.e., the dis-synergies). Third, the absolute fuel savings and
CO; reduction of a percentage an incremental reduction in fuel consumption depends on the
CO: level of the vehicle prior to adding the technology. Chapter 1 of EPA’s RIA contains
further detail on the values of manufacturer-based net cost-effectiveness for the various
technology packages.

3.5 Analysis Results
3.5.1 Targets and Achieved Values

3.5.1.1 Reference Case

Table 3.5-1 Reference Case Targets and Projected Shortfall in MY 2021

Fleet Target | Car Truck
Car Truck Fleet Target (VMT Achieved | Achieved
Manufacturer Target Target (Sales ng ghted) | and Sales Shortfall
weighted)
Aston Martin 222 -- 222 222 346 -- 123
BMW 228 285 243 245 237 287 6
Chrysler/Fiat 230 295 259 261 227 297 0
Daimler 234 301 250 252 253 324 21
Ferrari 235 0 235 235 399 0 165
Ford 230 305 256 258 232 302 0

YW This definition of manufacturer-based net cost-effectiveness ignores any change in the residual value of the
vehicle due to the additional technology when the vehicle is five years old. Based on historic used car pricing,
applicable sales taxes, 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 CO?2 level and fuel economy will retain this same percentage of value when the vehicle is five years
old. However, it is less clear whether first purchasers, and thus, manufacturers consider this residual value when
ranking technologies and making vehicle purchases, respectively. For this final rule, this factor was not included
in our determination of manufacturer-based net cost-effectiveness in the analyses.
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Geely 232 280 247 248 247 306 19
General Motors | 226 308 267 270 225 309 0
Honda 223 283 241 243 222 285 0
Hyundai 223 280 234 236 223 279 0
Kia 218 291 235 237 223 279 0
Lotus 206 - 206 206 240 - 34
Mazda 220 276 230 231 224 262 0
Mitsubishi 219 270 237 238 223 261 0
Nissan 226 294 247 249 222 302 0
Porsche™® 206 287 225 227 250 335 45
Spyker 219 280 227 229 248 319 31
Subaru 211 258 222 224 221 231 0
Suzuki 208 272 219 221 209 265 0
Tata 250 273 261 262 248 330 30
Tesla 206 - 206 206 0 - 0
Toyota 221 294 250 252 216 300 0
Volkswagen 217 296 233 235 225 329 14
Fleet 224 296 250 252 224 300 1

*X EPA analyzed Porsche and VW as separate fleets for the Final Rule. However, on August 1, 2012, VW
completed its acquisition of Porsche and thus EPA expects that the Porsche fleet will be combined with the VW
fleet for purposes of compliance with the MY 2017-2025 standards.
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Table 3.5-2 Reference Case Targets and Projected Shortfall in MY 2025

Fleet Target
Car Truck | Fleet Target (VMT Car Truck
Manufacturer Target | Target | (Sales Wfighted) and Sales Achieved | Achieved Shortfall
weighted)
Aston Martin | 222 - 222 222 346 - 123
BMW 228 286 243 245 237 289 7
Chrysler/Fiat | 229 294 257 259 227 296 -
Daimler 234 302 249 251 254 324 21
Ferrari 235 - 235 235 399 - 165
Ford 230 303 253 255 232 299 -
Geely 232 280 246 248 247 306 19
General | 576 | 307 264 267 225 307 .
Motors
Honda 223 283 240 242 221 285 -
Hyundai 223 280 234 235 223 279 -
Kia 218 292 234 236 222 278 -
Lotus 206 - 206 206 240 - 34
Mazda 220 277 230 231 223 263 -
Mitsubishi 219 270 236 238 223 261 -
Nissan 227 292 246 248 222 301 -
Porsche 206 287 224 226 250 335 45
Spyker 219 280 227 228 248 319 30
Subaru 211 258 222 223 220 230 -
Suzuki 208 272 219 220 209 265 -
Tata 250 273 261 261 248 330 28
Tesla 206 - 206 206 - - -
Toyota 221 293 247 250 215 302 -
Volkswagen 217 296 233 235 225 329 13
Fleet 224 295 248 250 224 299 1
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3.5.1.1 Final rule and Alternatives

Table 3.5-3 Final rule Targets and Projected Shortfall in MY 2021

Fleet Target | Car Truck
Manufacturer Car Target | Truck Target Fslzfé:&;fghte d) ;I:le\gzles Achieved Achieved Shortfall
weighted)

Aston Martin 171 - 171 171 192 - 21
BMW 175 236 191 193 180 225 -
Chrysler/Fiat 176 246 208 211 183 239 -
Daimler 180 253 198 200 176 262 -
Ferrari 181 - 181 181 227 - 46
Ford 177 261 205 208 189 240 -
Geely 178 231 195 196 174 237 -
General Motors 174 262 217 221 187 249 -
Honda 171 234 190 192 177 221 -
Hyundai 171 231 183 184 175 215 -
Kia 167 243 184 186 177 214 -
Lotus 157 - 157 157 156 - -
Mazda 169 227 179 180 176 198 -
Mitsubishi 168 220 186 188 182 197 -
Nissan 174 248 197 199 179 238 -
Porsche 157 238 176 178 148 263 -
Spyker 168 230 177 178 163 257 -
Subaru 161 207 172 174 175 167 -
Suzuki 158 222 170 171 164 199 -
Tata 193 223 208 209 153 256 -
Tesla 157 - 157 157 - - -
Toyota 170 247 200 202 172 242 -
Volkswagen 166 248 183 185 163 259 -
Fleet 172 250 199 202 178 239 -

3-32




MY 2017 and Later - Regulatory Impact Analysis

Table 3.5-4 Final rule Targets and Projected Shortfall in MY 2025

Fleet Target | Car Truck
Manufacturer Car Target | Truck Target FSIZT;:\?Vrgiegthte d) zfr?(]il\gzles Achieved Achieved Shortfall
weighted)

Aston Martin 142 - 142 142 142 - -
BMW 146 194 159 160 144 199 -
Chrysler/Fiat 146 201 170 172 154 191 -
Daimler 150 208 163 165 140 233 -
Ferrari 150 - 150 150 168 - 17
Ford 147 212 167 169 157 192 -
Geely 148 189 160 162 138 207 -
General Motors 144 213 177 180 156 202 -
Honda 142 191 156 158 145 183 -
Hyundai 142 188 151 152 146 172 -
Kia 139 199 152 153 145 177 -
Lotus 131 - 131 131 130 - -
Mazda 140 186 148 149 145 163 -
Mitsubishi 139 180 153 154 146 166 -
Nissan 145 202 162 163 149 191 -
Porsche 131 195 144 146 118 231 -
Spyker 139 188 146 147 132 231 -
Subaru 134 169 142 143 145 138 -
Suzuki 132 181 140 141 133 174 -
Tata 161 182 171 171 114 228 -
Tesla 131 - 131 131 - - -
Toyota 141 201 163 165 146 193 -
Volkswagen 138 203 151 152 131 228 -
Fleet 143 203 163 165 147 194 -
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Table 3.5-5 Alternative 1- (Trucks +20) Targets and Projected Shortfall in MY

2021
Fleet Target | Car Truck
Manufacturer Car Target | Truck Target FSIZT;:\?Vrgiegthte d) zfr?(]il\gzles Achieved Achieved Shortfall
weighted)

Aston Martin 171 - 171 171 192 - 21
BMW 175 256 197 199 188 225 -
Chrysler/Fiat 176 267 217 221 195 248 -
Daimler 180 273 203 206 184 263 -
Ferrari 181 - 181 181 227 - 46
Ford 177 282 213 216 196 249 -
Geely 178 250 201 203 184 237 -
General Motors 174 283 228 232 198 260 -
Honda 171 253 196 199 182 231 -
Hyundai 171 250 187 189 181 215 -
Kia 167 263 189 191 181 222 -
Lotus 157 - 157 157 156 - -
Mazda 169 245 182 184 179 204 -
Mitsubishi 168 238 192 195 185 209 -
Nissan 174 267 203 206 186 244 -
Porsche 157 258 181 184 155 263 -
Spyker 168 249 179 181 166 257 -
Subaru 161 225 176 178 177 180 -
Suzuki 158 241 173 175 169 199 -
Tata 193 242 217 219 171 260 -
Tesla 157 - 157 157 - - -
Toyota 170 266 207 211 180 251 -
Volkswagen 166 268 187 189 169 259 -
Fleet 172 270 206 210 185 247 -
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Table 3.5-6 Alternative 2- (Trucks -20) Targets and Projected Shortfall in MY

2021
Fleet Target | Car Truck
Manufacturer Car Target | Truck Target Fslzfé:&;gghte d) ;I:le\gzles Achieved Achieved Shortfall
weighted)

Aston Martin 171 - 171 171 192 - 21
BMW 175 217 186 188 172 224 -
Chrysler/Fiat 176 227 199 201 178 225 -
Daimler 180 232 193 194 168 262 -
Ferrari 181 - 181 181 227 - 46
Ford 177 240 198 200 183 229 -
Geely 178 212 189 190 165 236 -
General Motors 174 241 207 209 177 237 -
Honda 171 215 184 186 171 216 -
Hyundai 171 212 179 180 170 210 -
Kia 167 223 180 181 170 214 -
Lotus 157 - 157 157 156 - -
Mazda 169 208 176 177 172 193 -
Mitsubishi 168 202 180 181 172 195 -
Nissan 174 228 191 192 171 232 -
Porsche 157 219 172 173 142 262 -
Spyker 168 212 174 175 159 257 -
Subaru 161 190 168 169 170 167 -
Suzuki 158 204 167 168 160 199 -
Tata 193 205 199 199 134 256 -
Tesla 157 - 157 157 - - -
Toyota 170 227 192 194 170 226 -
Volkswagen 166 228 179 180 157 259 -
Fleet 172 229 192 194 172 229 -
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Table 3.5-7 Alternative 3- (Cars +20) Targets and Projected Shortfall in MY

2021
Fleet Target
Fleet Target (VMT Car Truck
Manufacturer | Car Target | Truck Target (Sales ngghte d) | and Sales Achieved Achieved Shortfall
weighted)
Aston Martin 190 - 190 190 192 - 1
BMW 196 236 206 208 200 226 -
Chrysler/Fiat 197 246 219 221 195 248 -
Daimler 201 253 214 215 196 263 -
Ferrari 202 - 202 202 227 - 25

Ford 197 261 219 221 201 255 -
Geely 199 231 209 210 194 237 -
General Motors 194 262 227 230 198 258 -
Honda 190 234 204 205 187 240 -
Hyundai 190 231 199 200 191 228 -
Kia 187 243 199 201 188 240 -
Lotus 176 - 176 176 175 - -
Mazda 188 227 195 196 191 216 -
Mitsubishi 187 220 199 200 190 216 -
Nissan 194 248 211 212 191 254 -
Porsche 176 238 190 192 166 264 -
Spyker 187 230 193 194 181 257 -
Subaru 180 207 187 187 187 187 -
Suzuki 177 222 185 186 179 215 -
Tata 215 223 219 219 171 260 -
Tesla 176 - 176 176 - - -
Toyota 189 247 212 214 180 258 -
Volkswagen 185 248 198 200 182 260 -
Fleet 192 250 212 214 190 251 -
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Table 3.5-8 Alternative 4- (Cars -20) Targets and Projected Shortfall in MY 2021

Fleet Target Car Achieved | Truck Achieved
Manufacturer | Car Target | Truck Target FSIZT; ST\aNIgiegthte ) El(l’?fil\gzles Shortfall
weighted)

Aston Martin 151 - 151 151 192 - 41
BMW 155 236 177 179 160 224 -
Chrysler/Fiat 156 246 197 200 178 223 -
Daimler 159 253 182 185 154 262 -

Ferrari 160 - 160 160 227 - 67
Ford 157 261 192 195 177 227 -
Geely 158 231 180 183 155 236 -
General Motors 154 262 207 211 178 239 -
Honda 151 234 177 179 163 211 -
Hyundai 151 231 167 169 162 193 -
Kia 148 243 169 172 161 204 -
Lotus 139 - 139 139 139 - -
Mazda 149 227 163 165 160 183 -
Mitsubishi 148 220 173 176 165 192 -
Nissan 154 248 183 186 166 224 -
Porsche 139 238 162 165 139 258 5
Spyker 148 230 160 161 143 255 -
Subaru 142 207 158 160 159 159 -
Suzuki 140 222 155 156 146 198 -
Tata 171 223 197 199 132 256 -
Tesla 139 - 139 139 - - -
Toyota 150 247 188 191 166 225 -
Volkswagen 147 248 167 170 144 257 -
Fleet 152 250 186 190 166 227 -
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Table 3.5-9 Alternative 1- (Trucks +20) Targets and Projected Shortfall in MY 2025

Fleet Target Car Truck
Manufacturer Car Target | Truck Target FSIZT;:\?Vrgiegthte d) zfr?(]il\gzles Achieved Achieved Shortfall
weighted)

Aston Martin 142 - 142 142 142 - -
BMW 146 213 164 166 152 199 -
Chrysler/Fiat 146 221 179 181 163 202 -
Daimler 150 228 168 170 148 233 -
Ferrari 150 - 150 150 168 - 17
Ford 147 232 173 176 162 202 -
Geely 148 207 166 168 149 207 -
General Motors 144 234 187 190 163 216 -
Honda 142 210 162 164 149 194 -
Hyundai 142 207 155 156 149 177 -
Kia 139 218 156 158 148 187 -
Lotus 131 - 131 131 130 - -
Mazda 140 204 151 152 149 163 -
Mitsubishi 139 198 159 161 154 171 -
Nissan 145 221 167 170 153 204 -
Porsche 131 214 149 151 125 231 -
Spyker 139 207 148 149 135 231 -
Subaru 134 186 146 147 149 142 -
Suzuki 132 200 143 145 138 174 -
Tata 161 200 179 181 128 231 -
Tesla 131 - 131 131 - - -
Toyota 141 221 170 173 152 204 -
Volkswagen 138 223 155 157 137 228 -
Fleet 143 223 170 172 153 205 -
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Table 3.5-10 Alternative 2- (Trucks -20) Targets and Projected Shortfall in MY 2025

Fleet Target Car Truck
Manufacturer Car Target | Truck Target FSIZT;:\?Vrgiegthte d) zfr?(]il\gzles Achieved Achieved Shortfall
weighted)
Aston Martin 142 - 142 142 142 - -
BMW 146 174 153 154 136 199 -
Chrysler/Fiat 146 181 161 163 143 185 -
Daimler 150 187 158 159 134 233 -
Ferrari 150 - 150 150 168 - 17
Ford 147 191 161 162 148 189 -
Geely 148 170 155 155 130 207 -
General Motors 144 192 167 169 142 193 -
Honda 142 172 151 152 140 176 -
Hyundai 142 170 147 148 142 168 -
Kia 139 179 147 148 141 171 -
Lotus 131 - 131 131 130 - -
Mazda 140 167 145 145 142 161 -
Mitsubishi 139 162 147 148 137 166 -
Nissan 145 182 156 157 141 190 -
Porsche 131 175 140 141 113 231 -
Spyker 139 170 143 144 129 231 -
Subaru 134 152 138 139 139 138 -
Suzuki 132 163 137 138 129 172 -
Tata 161 164 162 162 97 226 -
Tesla 131 - 131 131 - - -
Toyota 141 181 156 157 139 184 -
Volkswagen 138 183 147 148 125 228 -
Fleet 143 183 156 158 139 188 -
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Table 3.5-11 Alternative 3- (Cars +20) Targets and Projected Shortfall in MY 2025

Fleet Target | Car Truck
Manufacturer Car Target | Truck Target FSIZT;:\?Vrgiegthte d) zfr?(]il\gzles Achieved Achieved Shortfall
weighted)
Aston Martin 162 - 162 162 162 - -
BMW 166 194 173 174 163 199 -
Chrysler/Fiat 166 201 181 183 163 206 -
Daimler 171 208 179 180 161 233 -
Ferrari 171 - 171 171 171 - -
Ford 168 212 181 183 168 209 -
Geely 169 189 175 175 159 207 -
General Motors 164 213 188 189 163 214 -
Honda 162 191 170 171 158 196 -
Hyundai 162 188 167 168 159 194 -
Kia 158 199 167 168 160 193 -
Lotus 149 - 149 149 149 - -
Mazda 160 186 164 165 161 180 -
Mitsubishi 159 180 166 166 162 175 -
Nissan 165 202 176 177 159 211 -
Porsche 149 195 159 160 137 231 -
Spyker 159 188 163 163 151 231 -
Subaru 153 169 156 157 157 156 -
Suzuki 150 181 155 156 152 175 -
Tata 183 182 183 183 134 231 -
Tesla 149 - 149 149 - - -
Toyota 161 201 175 177 156 207 -
Volkswagen 157 203 166 168 150 228 -
Fleet 163 203 176 178 160 207 -
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Table 3.5-12 Alternative 4- (Cars -20) Targets and Projected Shortfall in MY 2025

Fleet Target | Car Truck
Manufacturer Car Target | Truck Target FSIZT;:\?Vrgiegthte d) zfr?(]il\gzles Achieved Achieved Shortfall
weighted)
Aston Martin 122 - 122 122 139 - 17
BMW 126 194 144 146 123 199 -
Chrysler/Fiat 126 201 158 161 141 184 -
Daimler 129 208 147 149 120 233 -
Ferrari 130 - 130 130 168 - 38
Ford 127 212 153 156 139 188 -
Geely 128 189 146 148 119 207 -
General Motors 124 213 167 170 146 193 -
Honda 122 191 143 145 133 168 -
Hyundai 122 188 135 137 129 165 -
Kia 120 199 136 138 129 167 -
Lotus 112 - 112 112 111 - -
Mazda 121 186 131 133 127 156 -
Mitsubishi 120 180 140 142 128 166 -
Nissan 125 202 147 150 132 186 -
Porsche 112 195 130 132 103 224 -
Spyker 120 188 129 130 112 231 -
Subaru 115 169 127 129 130 126 -
Suzuki 113 181 125 126 114 172 -
Tata 139 182 159 160 97 223 -
Tesla 112 - 112 112 - - -
Toyota 121 201 150 153 137 178 -
Volkswagen 119 203 135 137 112 228 -
Fleet 123 203 150 152 133 185 -

3.5.2 Penetration of Selected Technologies

On the following pages, we present OMEGA model projected penetrations of selected
technologies by manufacturer, model year, and car/truck class. These tables show results of
the reference case, the final standards, and the four alternatives which EPA examined. In
addition, we note that although the agencies have adopted technology phase-in caps for
purposes of their respective modeling analyses, no manufacturer is actually restricted by the
technology caps modeled in this analysis. However, a smaller manufacturer with only a few
vehicle platforms may only be able to pursue a single technology path. As an example, a
manufacturer with a single platform is unlikely to produce diesel, electric, and hybrid electric
vehicles, but is more likely to focus on a selected engine technology. Thus in reality,
manufacturers can use a greater (or lesser) degree of technology than we model.

Moreover, although OMEGA model results are presented assuming that all
manufacturers must comply with the base program as finalized (to the extent that they can),
some manufacturers, such as small volume manufacturers may be eligible for additional
options (including alternative case-by-case standards)which have not been considered here.
As described in the preamble, small volume manufacturers with U.S. sales of less than 5,000
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vehicles would be able to petition EPA for an alternative standard for MY 2017 and later.
Manufacturers currently meeting the 5,000 vehicle sales cut point include Lotus, Aston
Martin, and McLaren. Intermediate volume manufacturers may be eligible for additional lead
time in the early model years of the program, this is a flexibility also not considered here. As
described in Preamble Section III.B.6, EPA is finalizing provisions to allow additional lead
time for intermediate volume manufacturers that sell less than 50,000 vehicles per year, for
the first four years of the program (MY 2017-2020).

The technology penetrations presented here are absolute, and include baseline
technologies. The analyses shown here illustrate just one single path towards compliance,
although there are many. As an example, please see the September 2010 Technical
Assessment report, where we describe technology feasibility through several different
potential compliance paths.

Table 3.5-13 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

LRRT?2 Lower rolling resistance tires level 2

IACC2 Improved Accesssories level 2

EFR2 Engine friction reduction level 2

DI 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. (Docket No. EPA-HQ-OAR-2010-
0799-0833)

26 See 75 FR at 25457.

" See OMEGA documentation at http://www.epa.gov/otag/climate/models.htm.
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3.5.3 Projected Technology Penetrations in Reference Case

Table 3.5-14 Reference Car Technology Penetrations in MY 2021
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Aston Martin_| 8% |-8% [1% |40% |15% |0% 0% |0% |60% [24% |16% |0% |15% [15% |0% |0% |55% [0% |30% [0% |70% |15% |0%
BMW 6% |-6% [1% [45% [15% |0% |12% |0% |48% [26% |13% [0% |15% |15% |0% |0% |55% |0% |30% [0% |75% |15% |0%
Chrysle/Fiat__|-5% |-5% |0% |56% |14% [0% [5% |1% [52% |28% [3% [0% [2% |0% |0% |0% |0% |0% |30% [0% |70% |0% |0%
Daimler 7% | 6% |1% |40% [15% |0% |0% |38% |28% |30% |0% 0% |15% [15% [0% |0% |55% |0% |30% |0% |69% |16% |0%
Ferrari 4% | 3% 1% [40% [15% |0% |14% |0% |52% [28% |5% |0% |15% |15% |0% |0% |55% |0% |30% [0% |70% |15% |0%
Ford 5% | 5% |0% |64% [15% |0% |22% [9% |36% [19% |1% 0% |10% |2% [0% [0% |0% |0% |30% |0% |79% |[0% |0%
Geely 6% |-6% |1% |52% [15% |0% |13% |4% |46% |25% |3% |0% |15% |15% |0% |0% |57% [0% |30% [0% |72% |13% |0%
General Motors [ 5% _|-5% | 0% |47% |11% |0% 6% |2% |52% |26% |6% |0% 2% [0% |0% |0% |0% |0% |30% |[0% |59% |0% | 0%
Honda 1% [1% [0% [0% [0% |0% |0% [0% |50% |22% [12% 0% |0% [3% [0% [0% |0% |0% [2% |0% |0% |0% |0%
Hyundai 2% 2% |0% |28% [0% |0% |14% |7% |37% [20% |7% |0% [0% |0% |0% |0% |0% 0% |8% [0% |28% [0% |0%
Kia 1% 1% [0% 1% [0% |0% |5% |2% |46% |25% |9% 0% |0% |0% 0% [0% [0% |0% [2% [0% |71% |0% |0%
Lotus 1% [0% 1% [52% [15% [0% |0% |0% |15% |0% |85% |0% |15% |15% |0% |0% |55% |0% |30% [0% |70% |15% |0%
Mazda 3% | 3% |0% [47% [12% 0% |13% [5% [37% |20% [17% [0% |3% |0% [0% [0% |0% |0% [30% [0% |59% |0% |0%
Mitsubishi __|-5% |-4% [0% [71% |15% |0% |14% |5% |42% |22% [8% |0% |15% |0% |0% [0% |12% |0% |30% |0% |85% |0% |11%
Nissan 2% 2% |0% [22% [8% |0% 3% |1% [49% [27% |5% |0% 1% |[1% [0% [0% |0% |0% |30% [0% |30% [0% |0%
Porsche 2% | 2% |1% [43% [15% |0% |0% [0% |28% |10% |56% 0% |15% [15% [0% |0% |55% |0% |30% |0% |73% [15% |0%
Spyker 8% | 8% 1% [55% |15% |0% |2% |0% |49% |26% |13% |0% |15% |15% |0% |0% |55% |0% |30% [0% |70% |15% |0%
Subaru 3% | 3% |0% |72% [15% |0% [2% [0% |42% |22% |25% 0% |15% |0% 0% [0% |0% |0% |30% |0% |85% |0% |2%
Suzuki 0% [0% [0% |70% [15% |0% |4% |2% |45% |25% |12% |0% |15% |0% |0% |0% |0% |0% |30% |0% |85% |0% |0%
Tata 8% | 8% [1% |40% [15% |[0% |14% [0% |55% |30% |0% 0% |15% [15% [0% |0% |55% |0% |30% |0% |70% [15% |0%
Tesla 0% [0% 0% [0% |0% 0% [0% [0% |0% [0% |0% |0% |0% |0% |100%|0% 0% [0% |0% |0% [0% |0% |0%
Toyota 1% |-1% [0% [3% [0% [0% 5% 3% |50% |11% |7% |0% [0% |15% [0% [0% [0% [0% 1% [0% |8% [0% |0%
Volkswagen | -4% |-4% [1% |46% |15% |0% 9% |0% |51% [25% |14% |0% |15% [15% |0% |0% |55% |0% |30% |0% |84% |15% |0%
Fleet 3% 3% |0% [32% [8% 0% 8% 4% |46% [21% |8% 0% 4% 6% 0% 0% [8% 0% |19% [0% |43% [2% 0%

3-43



Chapter 3

Table 3.5-15 Reference 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 | NA
BMW 8% | 1% | 1% | 67% | 15% | 0% | 70% | 30% | 0% | 0% | 0% | 0% | 15% | 15% | 0% | 0% | 65% | 0% | 30% | 0% | 83% | 5% | 0%
Chrysler/Fiat 6% | 6% | 0% | 22% | 15% | 0% | 65% | 28% | 2% | 1% | 3% | 0% | 15% | 0% | 0% | 0% | 0% | 0% | 30% | 0% | 37% | 0% | 0%
Daimler 9% | 8% | 1% | 56% | 13% | 0% | 0% |100%| 0% | 0% | 0% | 0% | 13% | 15% | 0% | 0% | 62% | 0% | 30% | 0% | 69% | 19% | 0%
Ferrari NA | NA [ NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA
Ford 6% | 6% | 0% | 66% | 15% | 0% | 59% | 26% | 4% | 2% | 3% | 0% | 15% | 2% | 0% | 0% | 2% | 0% |29% | 0% | 81% | 0% | 0%
Geely 9% | 8% | 1% | 68% | 15% | 0% | 70% | 30% | 0% | 0% | 0% | 0% | 15% | 15% | 0% | 0% | 68% | 0% | 30% | 0% | 83% | 2% | 0%
General Motors | -7% | -7% | 0% | 33% | 15% | 0% | 66% | 29% | 1% | 0% | 0% | 0% | 15% | 0% | 0% | 0% | 0% | 0% | 30% | 0% | 48% | 0% | 0%
Honda 3% | 3% | 0% | 62% | 0% | 0% | 39% | 22% | 15% | 8% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 11% | 0% | 62% | 0% | 0%
Hyundai 4% | 4% | 0% | 85% | 0% | 0% | 59% | 30% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 15% | 0% | 85% | 0% | 0%
Kia 4% | 4% | 0% | 84% | 0% | 0% | 54% | 30% | 0% | 0% | 1% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 15% | 0% | 84% | 0% | 0%
Lotus NA | NA [ NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA
Mazda 8% | 8% | 0% | 64% | 15% | 0% | 47% | 20% | 17% | 9% | 2% | 0% | 11% | 0% | 0% | 0% | 0% | 0% | 30% | 0% | 79% | 0% | 0%
Mitsubishi 9% | 8% | 0% | 70% | 15% | 0% | 51% | 26% | 7% | 4% | 0% | 0% | 15% | 0% | 0% | 0% | 61% | 0% | 30% | 0% | 85% | 0% | 15%
Nissan 4% | 4% | 0% | 65% | 12% | 0% | 44% | 24% | 11% | 6% | 2% | 0% | 12% | 0% | 0% | 0% | 0% | 0% | 30% | 0% | 77% | 0% | 0%
Porsche 8% | 8% | 1% | 64% | 15% | 0% | 69% | 30% | 0% | 0% | 1% | 0% | 15% | 15% | 0% | 0% | 62% | 0% | 30% | 0% | 92% | 8% | 0%
Spyker 3% | 2% | 1% | 70% | 15% | 0% | 61% | 30% | 0% | 0% | 0% | 0% | 15% | 9% | 0% | 0% | 70% | 0% | 30% | 0% | 85% | 0% | 6%
Subaru 9% | 8% | 0% | 70% | 15% | 0% | 17% | 9% | 33% | 18% | 8% | 0% | 15% | 0% | 0% | 0% | 21% | 0% | 30% | 0% | 85% | 0% | 4%
Suzuki 7% | 1% | 0% | 70% | 15% | 0% | 55% | 30% | 0% | 0% | 0% | 0% | 15% | 0% | 0% | 0% | 82% | 0% | 30% | 0% | 85% | 0% | 0%
Tata 6% | 5% | 1% | 63% | 15% | 0% | 70% | 30% | 0% | 0% | 0% | 0% | 15% | 15% | 0% | 0% | 60% | 0% | 30% | 0% | 75% | 10% | 0%
Tesla NA | NA [ NA | NA | NA [ NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA
Toyota 2% | 2% | 0% | 47% | 0% | 0% | 47% | 25% | 5% | 3% | 3% | 0% | 0% | 5% | 0% | 0% | 0% | 0% | 12% | 0% | 48% | 0% | 0%
Volkswagen 8% | 8% | 1% | 67% | 15% | 0% | 70% | 30% | 0% | 0% | 0% | 0% | 15% | 15% | 0% | 0% | 67% | 0% | 30% | 0% | 96% | 4% | 0%
Fleet 5% | 5% | 0% | 50% | 9% | 0% | 55% | 28% | 5% | 3% | 2% | 0% | 9% | 3% | 0% | 0% | 7% | 0% | 23% | 0% | 61% | 1% | 0%
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MY 2017 and Later - Regulatory Impact Analysis

Table 3.5-16 Reference Fleet (Sales-Weighted) Technology Penetration in MY 2021
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AstonMartin_ | -8% | -8% | 1% | 40% | 15% | 0% | 0% | 0% | 60% | 24% | 16% | 0% | 15% | 15% | 0% | 0% | 55% | 0% | 30% | 0% | 70% | 15% | 0%
BMW 7% | 6% | 1% | 51% | 15% | 0% | 27% | 8% | 35% | 19% | 9% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 77% | 12% | 0%
Chrysler/Fiat 6% | 6% | 0% | 41% | 15% | 0% | 32% | 13% | 29% | 16% | 3% | 0% | 8% | 0% | 0% | 0% | 0% | 0% | 30% | 0% | 55% | 0% | 0%
Daimler 8% | 1% | 1% | 44% | 14% | 0% | 0% | 54% | 21% | 22% | 0% | 0% | 14% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 69% | 17% | 0%
Ferrari 4% | 3% | 1% | 40% | 15% | 0% | 14% | 0% | 52% | 28% | 5% | 0% | 15% | 15% | 0% | 0% | 55% | 0% | 30% | 0% | 70% | 15% | 0%
Ford 6% | 6% | 0% | 65% | 15% | 0% | 35% | 15% | 25% | 13% | 6% | 0% | 11% | 2% | 0% | 0% | 1% | 0% |29% | 0% | 79% | 0% | 0%
Geely 7% | 6% | 1% | 57% | 15% | 0% | 31% | 12% | 32% | 17% | 2% | 0% | 15% | 15% | 0% | 0% | 61% | 0% | 30% | 0% | 76% | 9% | 0%
General Motors | -6% | 6% | 0% | 40% | 13% | 0% | 36% | 16% | 27% | 14% | 3% | 0% | 8% | 0% | 0% | 0% | 0% | 0% | 30% | 0% | 53% | 0% | 0%
Honda 2% | 2% | 0% | 19% | 0% | 0% | 12% | 7% |39% | 18% | 8% | 0% | 0% | 2% | 0% | 0% | 0% | 0% | 5% | 0% | 19% | 0% | 0%
Hyundai 2% | 2% | 0% | 40% | 0% | 0% | 23% | 12% | 30% | 16% | 6% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 9% | 0% | 40% | 0% | 0%
Kia 2% | 2% | 0% | 24% | 0% | 0% | 16% | 9% | 35% | 19% | 7% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 5% | 0% | 24% | 0% | 0%
Lotus 1% | 0% | 1% | 52% | 15% | 0% | 0% | 0% | 15% | 0% | 85% | 0% | 15% | 15% | 0% | 0% | 55% | 0% | 30% | 0% | 70% | 15% | 0%
Mazda 4% | 4% | 0% | 50% | 13% | 0% | 19% | 7% | 33% | 18% | 14% | 0% | 4% | 0% | 0% | 0% | 0% | 0% | 30% | 0% | 62% | 0% | 0%
Mitsubishi 6% | 6% | 0% | 70% | 15% | 0% | 27% | 12% | 30% | 16% | 5% | 0% | 15% | 0% | 0% | 0% | 29% | 0% | 30% | 0% | 85% | 0% | 12%
Nissan 3% | 3% | 0% | 35% | 9% | 0% | 15% | 8% | 37% | 20% | 4% | 0% | 4% | 1% | 0% | 0% | 0% | 0% | 30% | 0% | 45% | 0% | 0%
Porsche 4% | 3% | 1% | 48% | 15% | 0% | 16% | 7% | 22% | 8% | 43% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 771% | 13% | 0%
Spyker 8% | 1% | 1% | 57% | 15% | 0% | 10% | 4% | 42% | 22% | 11% | 0% | 15% | 14% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | 13% | 1%
Subaru 5% | 5% | 0% | 2% | 15% | 0% | 6% | 2% | 40% | 21% | 21% | 0% | 15% | 0% | 0% | 0% | 5% | 0% | 30% | 0% | 85% | 0% | 3%
Suzuki 1% | -1% | 0% | 70% | 15% | 0% | 13% | 7% | 37% | 20% | 10% | 0% | 15% | 0% | 0% | 0% | 15% | 0% | 30% | 0% | 85% | 0% | 0%
Tata T% | 6% | 1% | 51% | 15% | 0% | 42% | 15% | 28% | 15% | 0% | 0% | 15% | 15% | 0% | 0% | 58% | 0% | 30% | 0% | 73% | 12% | 0%
Tesla 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% |[100%| 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%
Toyota 2% | 2% | 0% | 20% | 0% | 0% | 21% | 12% | 32% | 8% | 5% | 0% | 0% | 12% | 0% | 0% | 0% | 0% | 5% | 0% | 24% | 0% | 0%
Volkswagen 5% | 4% | 1% | 50% | 15% | 0% | 22% | 6% | 40% | 20% | 11% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 86% | 13% | 0%
Fleet 4% | 4% | 0% | 39% | 8% | 0% | 24% | 12% | 32% | 15% | 6% | 0% | 6% | 5% | 0% | 0% | 7% | 0% | 21% | 0% | 49% | 2% | 0%
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Chapter 3

Table 3.5-17

Reference Car Technology Penetrations in MY 2025
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AstonMartin_ |-8% |-8% [1% |40% |15% |0% |0% (0% [60% [24% |16% |0% 15% |15% 0% [0% |55% |0% [30% [0% |70% |15% |0%
BMW 6% |-6% |1% [45% |15% |0% 12% (0% |48% [26% |13% |0% 15% |15% 0% [0% [55% (0% |30% (0% |75% |15% |0%
Chrysler/Fiat  |-5% |-5% [0% |51% [14% [0% |4% 1% |52% |28% [3% |0% 1% (0% (0% [0% |0% (0% [30% [0% |65% |0% |0%
Daimler T% |-1% |1%  [40% |15% (0% [0% [39% |28% [30% [0% |0% 15% [15% (0% (0% [55% (0% [30% (0% [69% [16% [0%
Ferrari 4% |-3% 1% [40% |15% |0% 14% 0% |52% [28% |5% |0% 15% |15% 0% [0% |55% |0% [30% [0% |70% |15% |0%
Ford S% |-5% 0% [64% |15% (0% [23% 9% |35% [19% [7% |0% 11% |1% (0% [0% |0% (0% [30% [0% |79% |0% |0%
Geely 6% |-6% |1% [51% |15% |0% 13% 4% |46% [25% |3% |0% 15% |15% 0% [0% [57% (0% |30% (0% |72% |13% |0%
General Motors |-5% |-5% [0% |47% |11% 0% [5% |2% |52% |26% |[6% |0% 2% |0% [0% |0% [0% [0% [30% |0% [59% [0% |0%
Honda 1% |-1% 0% [0% |0% (0% 0% |[0% |50% [22% [12% |0% (0% |3% [0% |0% (0% |0% (2% |0% [0% [0% |0%
Hyundai 2% |-2% 0% [28% |0% |0% 13% 7% |38% [21% |7% (0% (0% (0% |0% (0% [0% |0% (6% |0% [28% |0% |0%
Kia 1% |-1% 0%  [6% |0% (0% [4% (2% |52% [19% (9% |0% (0% |0% [0% |0% (0% |0% (2% |0% [6% |[0% |0%
Lotus -1% 0% 1% |52% [15% [0% |0% |0% 15% 0% |85% |0% 15% |15% 0% [0% |55% |0% [30% [0% |70% |15% |0%
Mazda 3% |-3% 0% [46% |12% |0% 13% 4% |37% [20% |18% (0% |3% [0% |0% (0% [0% |0% |30% |0% [58% |0% |0%
Mitsubishi 4% 4% (0% [71% |15% |0% 13% 5% |42% [22% |8% |0% 15% (0% 0% [0% 11% (0% [30% [0% |85% |0% 11%
Nissan 2% |-2% 0% [22% |8% |0% |3% 1% 49% |27% [5% |0% 1% 1% (0% 0% [0% |0% |30% [0% [31% |0% |0%
Porsche 2% 2% |1%  [43% |15% |0% |[0% |[0% |28% [10% [56% |0% 15% |15% 0% [0% |55% |0% [30% [0% |73% |15% |0%
Spyker 8% |-8% 1% [55% |15% (0% [2% |0% |49% [26% [13% |0% 15% |15% 0% [0% |55% |0% [30% [0% |70% |15% |0%
Subaru A% |-3% 0% [72% |15% |0% [2% |[0% |42% [22% [25% |0% 15% 0% (0% [0% |0% (0% [30% [0% |85% |0% |5%
Suzuki 0% 0% (0% |70% [15% |0% 3% |2% [45% |25% |12% |0% 15% 0% 0% [0% [0% (0% [30% (0% |85% |0% |0%
Tata 9% |-8% 1% [40% |15% |0% 14% 0% |55% [30% |0% |0% 15% |15% 0% [0% |55% |0% [30% [0% |70% |15% |0%
Tesla 0% |0% (0% 0% [0% |0% 0% [0% |[0% (0% |0% [0% |0% |0% 100% |0% 0% [0% |[0% |0% 0% [0% |0%
Toyota 1% |-1% 0% [3% |0% (0% [5% |[3% |50% [11% [7% |0% |0% 16% 0% 0% [0% |0% 1% 0% 8% [0% |0%
Volkswagen A% |-4% |1%  [46% |15% (0% |[9% |[0% |51% [25% [14% |0% 15% |15% 0% [0% |55% |0% [30% [0% |84% |15% |0%
Fleet 3% |-3% 0% [32% |8% |0% [8% |4% |46% [21% [8% |0% |5% |6% [0% |0% |8% |0% 19% 0% |43% [2% |0%
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MY 2017 and Later - Regulatory Impact Analysis

Table 3.5-18 Reference 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 | NA
BMW 8% | 1% | 1% | 67% | 15% | 0% | 70% | 30% | 0% | 0% | 0% | 0% | 15% | 15% | 0% | 0% | 64% | 0% | 30% | 0% | 83% | 6% | 0%
Chrysler/Fiat 6% | 6% | 0% | 23% | 15% | 0% | 65% | 28% | 2% | 1% | 3% | 0% | 15% | 0% | 0% | 0% | 0% | 0% | 30% | 0% | 38% | 0% | 0%
Daimler 9% | 8% | 1% | 56% | 13% | 0% | 0% [100%| 0% | 0% | 0% | 0% | 13% | 15% | 0% | 0% | 62% | 0% | 30% | 0% | 69% | 19% | 0%
Ferrari NA | NA [ NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA
Ford 6% | 6% | 0% | 66% | 15% | 0% | 59% | 26% | 4% | 2% | 3% | 0% | 15% | 3% | 0% | 0% | 4% | 0% |29% | 0% | 81% | 0% | 1%
Geely 8% | 8% | 1% | 68% | 15% | 0% | 70% | 30% | 0% | 0% | 0% | 0% | 15% | 15% | 0% | 0% | 68% | 0% | 30% | 0% | 83% | 2% | 0%
General Motors | -7% | -7% | 0% | 36% | 15% | 0% | 66% | 29% | 1% | 0% | 0% | 0% | 15% | 0% | 0% | 0% | 0% | 0% | 30% | 0% | 51% | 0% | 0%
Honda 3% | 3% | 0% | 61% | 0% | 0% | 39% | 21% | 16% | 8% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 11% | 0% | 61% | 0% | 0%
Hyundai 4% | 4% | 0% | 85% | 0% | 0% | 59% | 30% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 15% | 0% | 85% | 0% | 0%
Kia 4% | 4% | 0% | 84% | 0% | 0% | 54% | 30% | 0% | 0% | 1% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 15% | 0% | 84% | 0% | 0%
Lotus NA | NA [ NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA
Mazda 8% | 8% | 0% | 65% | 15% | 0% | 48% | 21% | 15% | 8% | 2% | 0% | 11% | 0% | 0% | 0% | 0% | 0% | 30% | 0% | 80% | 0% | 0%
Mitsubishi 9% | 8% | 0% | 70% | 15% | 0% | 51% | 26% | 7% | 4% | 0% | 0% | 15% | 0% | 0% | 0% | 61% | 0% | 30% | 0% | 85% | 0% | 15%
Nissan 4% | 4% | 0% | 65% | 12% | 0% | 44% | 24% | 10% | 6% | 2% | 0% | 12% | 0% | 0% | 0% | 0% | 0% | 30% | 0% | 77% | 0% | 0%
Porsche 8% | 8% | 1% | 64% | 15% | 0% | 69% | 30% | 0% | 0% | 1% | 0% | 15% | 15% | 0% | 0% | 62% | 0% | 30% | 0% | 92% | 8% | 0%
Spyker 3% | 2% | 1% | 70% | 15% | 0% | 61% | 30% | 0% | 0% | 0% | 0% | 15% | 9% | 0% | 0% | 70% | 0% | 30% | 0% | 85% | 0% | 6%
Subaru 9% | 8% | 0% | 70% | 15% | 0% | 17% | 10% | 33% | 18% | 8% | 0% | 15% | 0% | 0% | 0% | 23% | 0% | 30% | 0% | 85% | 0% | 5%
Suzuki 7% | 1% | 0% | 70% | 15% | 0% | 55% | 30% | 0% | 0% | 0% | 0% | 15% | 0% | 0% | 0% | 82% | 0% | 30% | 0% | 85% | 0% | 0%
Tata 6% | 5% | 1% | 63% | 15% | 0% | 70% | 30% | 0% | 0% | 0% | 0% | 15% | 15% | 0% | 0% | 60% | 0% | 30% | 0% | 75% | 10% | 0%
Tesla NA | NA | NA | NA [ NA | NA [ NA | NA | NA | NA | NA | NA | NA | NA | NA | NA [ NA | NA | NA | NA | NA | NA | NA
Toyota 2% | 2% | 0% | 38% | 0% | 0% | 47% | 25% | 5% | 3% | 3% | 0% | 0% | 6% | 0% | 0% | 0% | 0% | 11% | 0% | 41% | 0% | 0%
Volkswagen 8% | 8% | 1% | 67% | 15% | 0% | 70% | 30% | 0% | 0% | 0% | 0% | 15% | 15% | 0% | 0% | 67% | 0% | 30% | 0% | 96% | 4% | 0%
Fleet 5% | 5% | 0% | 50% | 9% | 0% | 55% | 28% | 5% | 3% | 1% | 0% | 9% | 3% | 0% | 0% | 7% | 0% | 23% | 0% | 60% | 1% | 0%
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Table 3.5-19 Reference Fleet (Sales-Weighted) Technology Penetration in MY 2025
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Aston Martin 8% | -8% | 1% | 40% | 15% | 0% | 0% | 0% | 60% | 24% | 16% | 0% | 15% | 15% | 0% | 0% | 55% | 0% | 30% | 0% | 70% | 15% | 0%
BMW T% | 6% | 1% | 51% | 15% | 0% | 28% | 8% | 35% | 19% | 9% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 77% | 13% | 0%
Chrysler/Fiat 5% | 5% | 0% | 39% | 14% | 0% | 31% | 13% | 30% | 16% | 3% | 0% | 7% | 0% | 0% | 0% | 0% | 0% | 30% | 0% | 53% | 0% | 0%
Daimler 8% | 1% | 1% | 43% | 14% | 0% | 0% | 53% | 22% | 23% | 0% | 0% | 14% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 69% | 17% | 0%
Ferrari 4% | 3% | 1% | 40% | 15% | 0% | 14% | 0% | 52% | 28% | 5% | 0% | 15% | 15% | 0% | 0% | 55% | 0% | 30% | 0% | 70% | 15% | 0%
Ford 6% | 6% | 0% | 65% | 15% | 0% | 34% | 14% | 26% | 13% | 6% | 0% | 12% | 2% | 0% | 0% 1% | 0% | 29% | 0% | 80% | 0% 1%
Geely % | 6% | 1% | 56% | 15% | 0% | 30% | 12% | 33% | 18% | 2% | 0% | 15% | 15% | 0% | 0% | 60% | 0% | 30% | 0% | 75% | 10% | 0%
General Motors | -6% | -6% | 0% | 42% | 13% | 0% | 34% | 15% | 28% | 14% | 3% | 0% | 8% | 0% | 0% | 0% | 0% | 0% | 30% | 0% | 55% | 0% | 0%
Honda 2% | 2% | 0% | 18% | 0% | 0% | 12% | 6% | 40% | 18% | 8% | 0% | 0% | 2% | 0% | 0% | 0% | 0% | 5% | 0% | 18% | 0% | 0%
Hyundai 2% | 2% | 0% | 39% | 0% | 0% | 22% | 12% | 30% | 16% | 6% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 8% | 0% | 39% | 0% | 0%
Kia 2% | 2% | 0% | 23% | 0% | 0% | 15% | 8% | 41% | 15% | 7% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 5% | 0% | 23% | 0% | 0%
Lotus -1% | 0% 1% | 52% | 15% | 0% | 0% | 0% | 15% | 0% | 85% | 0% | 15% | 15% | 0% | 0% | 55% | 0% | 30% | 0% | 70% | 15% | 0%
Mazda 4% | 4% | 0% | 49% | 13% | 0% | 19% | 7% | 34% | 18% | 15% | 0% | 4% | 0% | 0% | 0% | 0% | 0% | 30% | 0% | 62% | 0% | 0%
Mitsubishi 6% | -5% | 0% | 70% | 15% | 0% | 25% | 12% | 31% | 16% | 5% | 0% [ 15% | 0% | 0% | 0% | 28% | 0% | 30% | 0% | 85% | 0% | 12%
Nissan 3% | 3% | 0% | 35% | 9% | 0% | 15% | 8% | 38% | 21% | 4% | 0% | 4% 1% | 0% | 0% | 0% | 0% | 30% | 0% | 44% | 0% | 0%
Porsche 4% | 3% | 1% | 47% | 15% | 0% | 15% | 6% | 22% | 8% | 44% | 0% | 15% | 15% | 0% | 0% | 56% | 0% | 30% | 0% | 77% | 14% | 0%
Spyker 8% | 7% | 1% | 57% | 15% | 0% | 10% | 4% | 43% | 22% | 11% | 0% | 15% | 14% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | 13% | 1%
Subaru S5% | 5% | 0% | 2% | 15% | 0% | 5% | 2% | 40% | 21% | 21% | 0% | 15% | 0% | 0% | 0% | 5% | 0% | 30% | 0% | 85% | 0% | 5%
Suzuki 1% | -1% | 0% | 70% | 15% | 0% | 12% | 7% | 37% | 20% | 10% | 0% | 15% | 0% | 0% | 0% | 14% | 0% | 30% | 0% | 85% | 0% | 0%
Tata 1% | 1% | 1% | 50% | 15% | 0% | 40% | 14% | 29% | 16% | 0% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 72% | 13% | 0%
Tesla 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% [100%| 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%
Toyota 2% | 2% | 0% | 15% | 0% | 0% | 20% | 11% | 34% | 8% | 5% | 0% | 0% | 12% | 0% | 0% | 0% | 0% | 5% | 0% | 20% | 0% | 0%
Volkswagen S% | 4% | 1% | 50% | 15% | 0% | 21% | 6% | 41% | 20% | 11% | 0% | 15% | 15% | 0% | 0% | 57% | 0% | 30% | 0% | 86% | 13% | 0%
Fleet 4% | 4% | 0% | 38% | 8% | 0% | 23% | 12% | 33% | 15% | 6% | 0% | 6% | 5% | 0% | 0% | 8% | 0% | 20% | 0% | 49% | 2% | 0%
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3.5.4 Projected Technology Penetrations in Final rule case

Table 3.5-20 Final rule Car Technology Penetrations in MY 2021
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Aston Martin | -16% |-11% [6% |7% |22% |15% [0% |0% 4% |73% |[7% |59% |30% [26% [16% |15% |35% [75% [24% |60% [84% |[0% |4%
BMW -10% [-9% (1% [52% [28% [6% (0% (0% [14% [72% [10% [60% [30% (9% (4% (0% [36% [75% [57% [60% [96% [0% [21%
Chrysler/Fiat  |-6% |-6% [0% [67% [21% [1% [1% |4% [21% [72% (2% [55% |[9% [0% [0% [0% [0% |75% [79% [54% [89% [0% |0%
Daimler -12% |-11% 1% [41% |29% |12% |0% |7% |6% |78% [0% |58% |30% |7% [9% |0% |41% |75% [54% |60% [89% [1% |22%
Ferrari 8% |-3% |5% |6% [22% |[15% |0% |0% |4% |78% |[2% |59% |30% [26% |[16% |[15% |35% |75% |24% |[60% [84% |[0% |4%
Ford 6% |-6% (0% [74% |17% |1% |[6% [23% |14% [49% [T% |45% |14% (2% [0% |0% 4% |74% [72% |47% |92% |0% |6%
Geely -11% [-10% (1% [36% [30% [13% (3% [11% [9% [66% (2% [59% [30% [13% (9% (0% [46% [75% [49% [60% [91% [0% [17%
General Motors | -6% |-6% [0% |48% |15% |1% [1% |5% |22% |66% |[6% |48% |9% 0% [0% |0% |0% [75% |79% |28% |63% [0% |0%
Honda 2% 2% (0% [15% |5% (0% |0% |[0% |21% [64% [12% |10% |0% |3% [0% |0% 0% |73% [77% |5% [20% |[0% |0%
Hyundai 3% |-3% |[0% |41% [14% |[0% [5% [20% |17% [51% |7% |[44% (2% |0% |[0% |0% |0% |75% |75% [21% [56% (0% |[1%
Kia 3% |-3% 0%  [17% |5% (0% (2% |7% |21% [62% (9% |17% |0% |0% [0% |0% 0% |75% [78% |9% |23% |[0% |0%
Lotus 3% |0% (3% [15% [29% [13% |[0% |0% |0% [39% [49% [58% |30% [22% |[12% |9% |38% |75% |45% |57% [88% |[0% |8%
Mazda 4% |-4% 0% [72% |28% |0% [3% |[13% |14% [54% [16% |55% |28% |0% [0% |0% |3% |75% [76% |55% |100% [0% |4%
Mitsubishi 6% |-6% (0% |[71% [29% |[0% (3% [14% [16% [59% [8% [58% [29% [0% (0% (0% [7% [75% |75% [58% [100% (0% [6%
Nissan 3% |-3% |0% |[42% [19% |[0% [1% |4% [21% |[69% |5% |[48% |9% |[1% |[0% |[0% |0% |74% |78% |32% [61% [0% |0%
Porsche 6% |-2% 4% [4% |28% |15% |0% |0% |3% [56% [29% |59% |30% |25% [12% |15% |34% |75% [36% |59% |88% |0% |5%
Spyker -14% |-12% (2% |20% [30% [15% |[0% |0% |8% |[72% |8% |[58% |30% [22% |[12% |2% |46% |75% |49% |[59% [88% |[0% |8%
Subaru 6% |-5% 1%  |[71% |29% (0% 0% |0% |15% [64% [20% |60% |29% |0% [0% |0% |5% |75% [74% |58% |100% [0% |19%
Suzuki 1% (0% (1% [70% [30% [0% (1% (5% [16% [68% [9% [60% [30% (0% (0% (0% (9% [75% [73% [60% [100% [0% [25%
Tata -16% |-13% |3% [13% |30% |15% [0% |[0% |10% [77% [0% |57% |30% |25% [13% |4% |35% |75% [40% |57% |87% |[0% |5%
Tesla 0% |0% (0% |0% [0% |0% 0% |0% [0% |0% 0% [0% |0% |0% [100% [0% |0% (0% |0% [0% |0% |0% |0%
Toyota 3% |-3% |[0% [23% |[0% |0% |[1% |4% |18% [55% |7% [4% |0% |[15% |[0% |0% |0% [63% |63% |[0% [24% [0% |0%
Volkswagen % |-5% 1% [49% |30% |12% |0% |0% |11% |[71% [10% |59% |30% |[1% [8% |0% |49% |75% [56% |60% |92% |[0% |29%
Fleet 5% |-5% |0% |43% [14% (2% (2% |7% |[17% |[61% |8% |[36% |[11% [4% |[1% [0% |7% |[72% |71% [29% [60% [0% |5%
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Table 3.5-21 Final rule 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 | NA
BMW -13% | -12% | 1% | 65% | 30% | 5% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 57% | 60% |100% | 0% | 30%
Chrysler/Fiat T% | 6% | 0% | 24% | 19% | 3% | 19% | 75% | 1% | 3% | 3% | 60% | 21% | 0% | 0% | 0% | 5% | 75% | 72% | 36% | 46% | 0% | 11%
Daimler -15% | -14% | 1% | 51% | 28% | 10% | 11% | 89% | 0% | 0% | 0% | 60% | 29% | 0% | 0% | 0% | 65% | 75% | 61% | 60% | 89% | 11% | 30%
Ferrari NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA
Ford B8% | 1% | 1% | 54% | 21% | 6% | 18% | 711% | 1% | 5% | 2% | 59% | 28% | 2% | 0% | 0% | 7% | 73% | 58% | 43% | 81% | 0% | 21%
Geely -15% | -14% | 1% | 64% | 30% | 6% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 52% | 60% |100% | 0% | 30%
General Motors | 8% | -8% | 0% | 35% | 15% | 5% | 20% | 78% | 0% | 1% | 0% | 59% | 20% | 0% | 0% | 0% | 8% | 75% | 66% | 25% | 55% | 0% | 10%
Honda 1% | 1% | 0% | 61% | 18% | 0% | 14% | 57% | 7% | 21% | 0% | 60% | 3% | 0% | 0% | 0% | 0% | 75% | 66% | 27% | 79% | 0% | 4%
Hyundai 9% | 9% | 0% | 75% | 25% | 0% | 20% | 80% | 0% | 0% | 0% | 60% | 5% | 0% | 0% | 0% | 0% | 75% | 60% | 20% | 100%| 0% | 5%
Kia 8% | -8% | 0% | 75% | 25% | 0% | 20% | 79% | 0% | 0% | 1% | 60% | 5% | 0% | 0% | 0% | 0% | 75% | 60% | 20% |100% | 0% | 5%
Lotus NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA
Mazda S13% | -12% | 0% | 72% | 28% | 0% | 14% | 54% | 8% | 23% | 2% | 60% | 28% | 0% | 0% | 0% | 26% | 75% | 66% | 54% | 100% | 0% | 14%
Mitsubishi -14% | -13% | 1% | 67% | 30% | 0% | 17% | 69% | 3% | 11% | 0% | 60% | 30% | 3% | 0% | 0% | 56% | 75% | 53% | 60% |100% | 0% | 26%
Nissan 5% | 5% | 0% | 79% | 17% | 3% | 16% | 64% | 5% | 14% | 1% | 60% | 16% | 0% | 0% | 0% | 7% | 75% | 68% | 27% | 100%| 0% | 15%
Porsche -15% | -14% | 1% | 59% | 30% | 11% | 20% | 79% | 0% | 0% | 1% | 60% | 30% | 2% | 0% | 0% | 65% | 75% | 61% | 60% | 100% | 0% | 28%
Spyker 3% | 2% | 1% | 61% | 30% | 9% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 2% | 0% | 0% | 61% | 75% | 56% | 60% | 100% | 0% | 28%
Subaru -15% | -13% | 1% | 50% | 30% | 0% | 6% | 25% | 12% | 51% | 6% | 60% | 30% | 20% | 0% | 0% | 24% | 75% | 60% | 60% | 100% | 0% | 10%
Suzuki 11% | -11% | 1% | 70% | 30% | 0% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 50% | 60% |100% | 0% | 30%
Tata -10% | 9% | 1% | 58% | 30% | 12% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 22% | 0% | 0% | 65% | 75% | 63% | 60% |[100% | 0% | 8%
Tesla NA | 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% | 61% | 2% | 3% | 17% | 66% | 2% | 7% | 3% | 50% | 3% | 5% | 0% | 0% | 0% | 711% | 63% | 2% | 66% | 0% | 0%
Volkswagen -14% | -13% | 1% | 63% | 30% | 7% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 54% | 60% | 100% | 0% | 30%
Fleet T% | 1% | 0% | 53% | 16% | 4% | 18% | 711% | 2% | 7% | 1% | 57% | 16% | 2% | 0% | 0% | 11% | 74% | 64% | 27% | 73% | 0% | 11%
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Table 3.5-22 Final rule Fleet Technology Penetration in MY 2021
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Aston Martin | -16% | -11% | 6% | 7% | 22% | 15% | 0% | 0% | 4% | 73% | 7% | 59% | 30% | 26% | 16% | 15% | 35% | 75% | 24% | 60% | 84% | 0% | 4%
BMW -11% | -10% | 1% | 55% | 29% | 6% | 5% | 21% | 10% | 53% | 7% | 60% | 30% | 7% | 3% | 0% | 43% | 75% | 57% | 60% | 97% | 0% | 23%
Chrysler/Fiat 6% | 6% | 0% | 48% | 20% | 2% | 9% | 36% | 12% | 41% | 3% | 57% | 15% | 0% | 0% | 0% | 2% | 75% | 76% | 46% | 69% | 0% | 5%
Daimler -13% | -12% | 1% | 44% | 29% | 11% | 3% | 27% | 4% | 58% | 0% | 58% | 29% | 5% | 7% | 0% | 47% | 75% | 55% | 60% | 89% | 3% | 24%
Ferrari 8% | 3% | 5% | 6% | 22% | 15% | 0% | 0% | 4% | 78% | 2% | 59% | 30% | 26% | 16% | 15% | 35% | 75% | 24% | 60% | 84% | 0% | 4%
Ford 1% | 1% | 0% | 67% | 19% | 3% | 10% | 39% | 10% | 34% | 5% | 50% | 19% | 2% | 0% | 0% | 5% | 74% | 671% | 46% | 89% | 0% | 11%
Geely -12% | -11% | 1% | 45% | 30% | 11% | 8% | 32% | 6% | 46% | 1% | 59% | 30% | 9% | 6% | 0% | 52% | 15% | 50% | 60% | 94% | 0% | 21%
General Motors | -7% | -7% | 0% | 41% | 15% | 3% | 10% | 41% | 11% | 34% | 3% | 53% | 14% | 0% | 0% | 0% | 4% | 75% | 72% | 27% | 59% | 0% | 5%
Honda 4% | 4% | 0% | 29% | 9% | 0% | 4% | 18% | 17% | 51% | 8% | 25% | 1% | 2% | 0% | 0% | 0% | 73% | 74% | 12% | 38% | 0% | 1%
Hyundai S% | 4% | 0% | 48% | 17% | 0% | 8% | 32% | 13% | 41% | 6% | 48% | 2% | 0% | 0% | 0% | 0% | 75% | 72% | 21% | 65% | 0% | 2%
Kia 4% | 4% | 0% | 30% | 10% | 0% | 6% | 23% | 16% | 48% | 7% | 26% | 1% | 0% | 0% | 0% | 0% | 75% | 74% | 11% | 40% | 0% | 1%
Lotus 3% | 0% | 3% | 15% | 29% | 13% | 0% | 0% | 0% | 39% | 49% | 58% | 30% | 22% | 12% | 9% | 38% | 75% | 45% | 57% | 88% | 0% | 8%
Mazda S% | 5% | 0% | 72% | 28% | 0% | 5% | 20% | 13% | 49% | 13% | 56% | 28% | 0% | 0% | 0% | 7% | 75% | 74% | 55% |100% | 0% | 6%
Mitsubishi 9% | 9% | 0% | 70% | 29% | 0% | 8% | 33% | 11% | 42% | 5% | 59% | 29% | 1% | 0% | 0% | 24% | 75% | 68% | 59% | 100% | 0% | 13%
Nissan 3% | 3% | 0% | 54% | 18% | 1% | 6% | 22% | 16% | 52% | 4% | 52% | 11% | 1% | 0% | 0% | 2% | 75% | 75% | 31% | 73% | 0% | 5%
Porsche 8% | 5% | 3% | 17% | 29% | 14% | 5% | 19% | 2% | 43% | 22% | 59% | 30% | 20% | 9% | 11% | 42% | 75% | 42% | 59% | 91% | 0% | 10%
Spyker -13% | -10% | 2% | 26% | 30% | 14% | 3% | 11% | 7% | 62% | 7% | 59% | 30% | 19% | 10% | 2% | 48% | 15% | 50% | 60% | 90% | 0% | 11%
Subaru 8% | 1% | 1% | 66% | 30% | 0% | 2% | 6% | 14% | 61% | 17% | 60% | 30% | 5% | 0% | 0% | 10% | 75% | 711% | 59% |100% | 0% | 17%
Suzuki 3% | 2% | 1% | 70% | 30% | 0% | 5% | 18% | 13% | 56% | 7% | 60% | 30% | 0% | 0% | 0% | 19% | 75% | 69% | 60% | 100% | 0% | 26%
Tata -13% | -11% | 2% | 36% | 30% | 13% | 10% | 40% | 5% | 39% | 0% | 58% | 30% | 23% | 7% | 2% | 50% | 75% | 52% | 58% | 93% | 0% | 7%
Tesla 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% [100%| 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%
Toyota 3% | 3% | 0% | 38% | 1% | 1% | 7% | 28% | 12% | 36% | 5% | 22% | 1% | 12% | 0% | 0% | 0% | 66% | 63% | 1% | 41% | 0% | 0%
Volkswagen 8% | 1% | 1% | 52% | 30% | 11% | 4% | 16% | 8% | 57% | 8% | 59% | 30% | 1% | 6% | 0% | 52% | 75% | 56% | 60% | 94% | 0% | 29%
Fleet 6% | 5% | 0% | 46% | 15% | 3% | 7% | 30% | 12% | 42% | 5% | 44% | 12% | 4% | 1% | 0% | 8% | 73% | 68% | 29% | 65% | 0% | 7%
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Table 3.5-23

Final rule Car Technology Penetrations in MY 2025
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Aston Martin | -20% |-12% [8% |0% 0% [29% |[0% |0% |0% [76% |1% |77% |29% [27% |23% |22% |5% 100% | 5% |77% |[77% |0% |23%
BMW -11% |-10% |2% [6% |60% [20% [0% |0% |0% [82% [6% |88% |75% |1% 12% 0% |33% [100% |38% |88% [88% [0% |49%
Chrysler/Fiat  |-8% |-7% [1% |24% |72% |3% (0% (4% |0% [94% |2% 100% |75% 0% (0% |0% |2% 100% | 73% |100% [99% |0% |27%
Daimler -15% |-13% 2% [6% |60% |12% [0% |0% (0% [83% [0% |83% |72% |4% 17% 0% |33% [100% [33% |83% [82% [1% |46%
Ferrari -10% |-3% (8% [0% |0% |5% |0% [0% |0% |77% [0% |77% |5% |50% [23% |22% |5% 100% | 5% |77% [77% |0% |0%
Ford -10% | -9% 1%  [21% |70% 4% 0% [29% |0% |63% [4% |97% |73% 1% (2% |0% 15% 199% [61% [97% |94% (0% |35%
Geely -14% |-11% |3% [5% |46% |26% |0% 13% 0% |71% [1% |85% |72% |5% 15% 4% |32% [100% |32% |85% |85% [0% |45%
General Motors |-8% |-7% [1% |23% |72% |3% |[0% |6% |0% [89% |5% 100% | 74% 0% [0% |0% |0% 100% | 78% |100% [97% |0% |22%
Honda 3% |-3% 0%  [24% |73% (0% 0% |[0% (0% [85% [12% |97% |73% |3% [0% |0% 0% |97% [97% |97% |97% [0% |0%
Hyundai S% |-4% 0% [25% |75% (0% |0% [24% |0% [69% |7% 100% |75% 0% (0% |0% |0% 100% | 90% |100% | 100% | 0% 10%
Kia 3% |-3% 0% [43% |57% |0% |0% |[7% |0% |84% [9% 100% | 57% 0% [0% |0% |0% 100% | 98% |100% | 100% |0% | 2%
Lotus 3% 0% (3% |[7% |56% |0% 0% |0% |0% [55% [25% |80% |56% |11% [20% |5% |25% |100% [25% |80% [80% [0% |39%
Mazda 6% |-5% 1% [20% |75% (0% |0% 15% 0% |74% [10% |98% |75% |3% (2% |0% |7% 100% | 56% |98% [98% |0% |39%
Mitsubishi 9% |-1% 2% 19% |74% (0% |0% 16% |0% |76% [4% |96% |74% |3% [4% |0% 11% |100% |46% [96% |96% |0% |47%
Nissan 4% |-3% 1% [25% |74% (0% |0% (5% 0% [91% (3% |99% |74% |1% (0% |0% 2% [99% [77% |99% [99% [0% |22%
Porsche T% 2% 4% (2% |56% |9% |0% [0% |0% |65% [12% |77% |65% |2% [23% |9% 18% |100% [18% [77% |77% |0% |48%
Spyker -16% |-13% |3% [8% |60% |8% |0% |0% |0% |74% [4% |79% |69% |2% [21% |0% |29% |100% [29% |79% |79% |[0% |48%
Subaru 9% |-8% |1% 10% |75% 0% [0% [0% (0% |78% [16% |95% |75% |10% [5% |0% |0% 100% | 68% |95% [95% |0% 17%
Suzuki -1% | 0% 1% 2% |75% [0% |0% 6% 0% [79% |7% |93% |75% [16% |7% |0% |3% 100% | 62% |93% [93% |0% 15%
Tata -19% |-14% 5% [0% |21% |37% |[0% |0% (0% |77% [0% |77% |58% |13% [23% |6% |21% [100% [21% |77% |77% [0% |37%
Tesla 0% |0% (0% 0% [0% |0% 0% [0% |0% (0% |0% [0% |0% |0% 100% |0% 0% [0% [0% (0% |0% [0% |0%
Toyota 3% |-3% 0% [48% |34% 1% |0% (4% (0% |74% [7% |84% |31% |16% [0% |0% 0% |84% [(84% |84% [83% [0% |0%
Volkswagen 8% |-6% 2% 9% |73% |2% [0% |0% (0% |79% [6% |85% |75% |0% 15% 0% |35% [100% |35% |85% |85% [0% |49%
Fleet 6% |-6% 1% [25% |63% |3% |0% |8% |0% |79% [6% |93% |65% |4% (3% |0% |7% [96% [73% |93% [93% [0% |20%
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Table 3.5-24 Final rule 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 | NA
BMW -17% | -16% | 1% | 15% | 65% | 19% | 0% |100% | 0% | 0% | 0% |100% | 75% | 0% | 0% | 0% | 50% |100% | 50% |100% | 100% | 0% | 50%
Chrysler/Fiat | -10% | -8% | 1% | 20% | 69% | 8% | 0% | 95% | 0% | 4% | 1% [100% | 75% | 2% | 0% | 0% | 48% |[100% | 51% [100% | 97% | 0% | 47%
Daimler 20% | -18% | 2% | 12% | 58% | 23% | 0% |100% | 0% | 0% | 0% |100% | 67% | 0% | 0% | 0% | 50% |100% | 50% | 100% | 92% | 8% | 50%
Ferrari NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA
Ford 1% | 9% | 2% | 14% | 64% | 20% | 0% | 88% | 0% | 9% | 1% | 99% | 74% | 28% | 0% | 0% | 45% | 99% | 49% | 99% | 99% | 0% | 23%
Geely 20% | -19% | 2% | 22% | 72% | 6% | 0% |100% | 0% | 0% | 0% |100% | 75% | 0% | 0% | 0% | 50% |100% | 50% |100% | 100% | 0% | 50%
General Motors | -11% | -10% | 1% | 17% | 61% | 15% | 0% | 98% | 0% | 2% | 0% |100% | 75% | 0% | 0% | 0% | 49% |[100% | 50% |100% | 93% | 0% | 50%
Honda -11% | -10% | 1% | 25% | 75% | 0% | 0% | 72% | 0% | 28% | 0% |100% | 75% | 0% | 0% | 0% | 3% |100% | 64% | 100% | 100% | 0% | 36%
Hyundai -14% | -12% | 2% | 25% | 15% | 0% | 0% |100% | 0% | 0% | 0% |100% | 75% | 0% | 0% | 0% | 50% |100% | 50% | 100% | 100% | 0% | 50%
Kia -12% | -10% | 1% | 25% | 75% | 0% | 0% | 99% | 0% | 0% | 1% |100% | 75% | 0% | 0% | 0% | 0% |100% | 51% | 100% | 100% | 0% | 49%
Lotus NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA
Mazda 19% | -17% | 1% | 18% | 75% | 0% | 0% | 70% | 0% | 26% | 1% | 98% | 75% | 5% | 2% | 0% | 35% |100% | 56% | 98% | 98% | 0% | 37%
Mitsubishi 20% | -18% | 2% | 22% | 710% | 0% | 0% | 86% | 0% | 11% | 0% | 8% | 0% | 7% | 2% | 0% | 43% |100% | 48% | 98% | 8% | 0% | 43%
Nissan 9% | 1% | 2% | 15% | 70% | 9% | 0% | 80% | 0% | 18% | 1% | 98% | 75% | 13% | 2% | 0% | 41% | 100% | 48% | 98% | 98% | 0% | 37%
Porsche 20% | -18% | 1% | 11% | 61% | 28% | 0% | 99% | 0% | 0% | 1% |100% | 75% | 0% | 0% | 0% | 50% |100% | 50% | 100% | 100% | 0% | 50%
Spyker 4% | 2% | 1% | 15% | 65% | 19% | 0% |100%| 0% | 0% | 0% |100% | 75% | 0% | 0% | 0% | 50% |100% | 50% |100% | 100% | 0% | 50%
Subaru -19% | -17% | 2% | 8% | 75% | 0% | 0% | 32% | 0% | 60% | 4% | 95% | 75% | 12% | 5% | 0% | 16% |100% | 45% | 95% | 95% | 0% | 38%
Suzuki -15% | -14% | 1% | 25% | 75% | 0% | 0% |100% | 0% | 0% | 0% |100% | 75% | 0% | 0% | 0% | 50% |100% | 50% |100% | 100% | 0% | 50%
Tata S13% | -11% | 2% | 9% | 59% | 33% | 0% |100%| 0% | 0% | 0% |100% | 75% | 16% | 0% | 0% | 50% |100% | 50% | 100% | 100% | 0% | 34%
Tesla NA | NA | NA | NA | NA [ NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA
Toyota 8% | 1% | 1% | 21% | 68% | 8% | 0% | 86% | 0% | 10% | 1% | 97% | 72% | 3% | 0% | 0% | 0% | 97% | 68% | 97% | 97% | 0% | 29%
Volkswagen -18% | -17% | 2% | 19% | 69% | 11% | 0% |100% | 0% | 0% | 0% |100% | 75% | 0% | 0% | 0% | 50% |100% | 50% | 100% | 100% | 0% | 50%
Fleet 11% | -10% | 1% | 19% | 67% | 11% | 0% | 89% | 0% | 9% | 1% | 99% | 74% | 5% | 0% | 0% | 32% | 99% | 55% | 99% | 97% | 0% | 39%
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Table 3.5-25 Final rule Fleet Technology Penetration in MY 2025
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Aston Martin | -20% | -12% | 8% | 0% | 0% | 29% | 0% | 0% | 0% | 76% | 1% | 77% | 29% | 27% | 23% | 22% | 5% [100% | 5% | 77% | 77% | 0% | 23%
BMW -13% | -11% | 2% | 8% | 62% | 20% | 0% | 26% | 0% | 60% | 4% | 91% | 75% | 1% | 9% | 0% | 37% |[100% | 41% | 91% | 91% | 0% | 49%
Chrysler/Fiat 9% | 8% | 1% | 22% | 11% | 5% | 0% | 43% | 0% | 55% | 1% [100% | 75% | 1% | 0% | 0% | 22% | 100% | 63% |100% | 98% | 0% | 36%
Daimler -16% | -14% | 2% | 7% | 60% | 14% | 0% | 23% | 0% | 64% | 0% | 87% | 711% | 3% | 13% | 0% | 37% |100% | 37% | 87% | 85% | 2% | 47%
Ferrari -10% | 3% | 8% | 0% | 0% | 5% | 0% | 0% | 0% | 77% | 0% | 77% | 5% | 50% | 23% | 22% | 5% [100% | 5% | 77% | 77% | 0% | 0%
Ford -10% | 9% | 1% | 19% | 68% | 9% | 0% | 48% | 0% | 46% | 4% | 97% | 73% | 10% | 1% | 0% | 24% | 9% | 57% | 97% | 96% | 0% | 32%
Geely -16% | -13% | 3% | 10% | 54% | 20% | 0% | 39% | 0% | 50% | 1% | 90% | 73% | 3% | 10% | 3% | 37% |100% | 37% | 90% | 90% | 0% | 47%
General Motors | -9% | -8% | 1% | 20% | 66% | 9% | 0% | 50% | 0% | 47% | 3% |100% | 74% | 0% | 0% | 0% | 23% |100% | 65% |100% | 95% | 0% | 35%
Honda S5% | 5% | 0% | 24% | 73% | 0% | 0% | 21% | 0% | 68% | 8% | 98% | 73% | 2% | 0% | 0% 1% | 98% | 87% | 98% | 98% | 0% | 11%
Hyundai T% | 6% | 1% | 25% | 75% | 0% | 0% | 39% | 0% | 55% | 6% |[100% | 75% | 0% | 0% | 0% | 10% |100% | 82% |100% | 100% | 0% | 18%
Kia 5% | 5% | 0% | 39% | 61% | 0% | 0% | 27% | 0% | 66% | 7% |[100% | 61% | 0% | 0% | 0% | 0% |100% | 88% |100% | 100% | 0% | 12%
Lotus 3% | 0% | 3% | 7% | 56% | 0% | 0% | 0% | 0% | 55% | 25% | 80% | 56% | 11% | 20% | 5% | 25% | 100% | 25% | 80% | 80% | 0% | 39%
Mazda 8% | 1% | 1% | 20% | 75% | 0% | 0% | 24% | 0% | 66% | 8% | 98% | 75% | 3% | 2% | 0% | 12% | 100% | 56% | 98% | 98% | 0% | 39%
Mitsubishi -13% | -11% | 2% | 20% | 73% | 0% | 0% | 39% | 0% | 55% | 3% | 97% | 73% | 4% | 3% | 0% | 22% |100% | 47% | 97% | 97% | 0% | 46%
Nissan S5% | 5% | 1% | 22% | 73% | 3% | 0% | 27% | 0% | 69% | 3% | 99% | 75% | 4% | 0% | 0% | 14% | 100% | 69% | 99% | 99% | 0% | 27%
Porsche -10% | -6% | 4% | 4% | 57% | 13% | 0% | 21% | 0% | 51% | 9% | 82% | 67% | 1% | 18% | 7% | 25% |100% | 25% | 82% | 82% | 0% | 49%
Spyker -14% | -11% | 3% | 9% | 61% | 10% | 0% | 13% | 0% | 65% | 4% | 81% | 70% | 1% | 19% | 0% | 31% |100% | 31% | 81% | 81% | 0% | 49%
Subaru 11% | -10% | 1% | 9% | 75% | 0% | 0% | 7% | 0% | 74% | 13% | 95% | 75% | 10% | 5% | 0% | 4% |100% | 63% | 95% | 95% | 0% | 22%
Suzuki 4% | 2% | 1% | 6% | 75% | 0% | 0% | 22% | 0% | 66% | 6% | 94% | 75% | 13% | 6% | 0% | 11% |100% | 60% | 94% | 94% | 0% | 21%
Tata -16% | -13% | 3% | 4% | 38% | 35% | 0% | 46% | 0% | 41% | 0% | 88% | 66% | 15% | 12% | 3% | 34% |100% | 34% | 88% | 88% | 0% | 35%
Tesla 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% [100%| 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%
Toyota 5% | 5% | 0% | 38% | 46% | 4% | 0% | 34% | 0% | 51% | 5% | 89% | 46% | 11% | 0% | 0% | 0% | 89% | 78% | 89% | 88% | 0% | 11%
Volkswagen -10% | 8% | 2% | 11% | 72% | 4% | 0% | 20% | 0% | 63% | 5% | 88% | 75% | 0% | 12% | 0% | 38% |100% | 38% | 88% | 88% | 0% | 49%
Fleet 8% | 1% | 1% | 23% | 64% | 6% | 0% | 35% | 0% | 56% | 4% | 95% | 68% | 5% | 2% | 0% | 15% | 97% | 67% | 95% | 94% | 0% | 26%
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3.5.5 Projected Technology Penetrations in Alternative Cases

Table 3.5-26 Alternative 1- (Trucks +20) Car Technology Penetrations in MY 2021
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Aston Martin_|-16% [-11% [6% |7% |22% |15% |0% |[0% [4% [73% |7% |59% |30% [26% [16% |15% [35% |75% |24% |60% [84% |0% |4%
BMW -10% [-9% |1% [58% [30% |6% [0% [0% [17% |71% |10% [58% [30% [4% [2% [0% [33% |75% |[60% |60% |98% [0% |26%
Chrysler/Fiat |-6% [-6% |[0% [36% |11% |1% [1% [4% [23% [70% [3% [38% |1% [0% |0% [0% [0% [75% |79% |[17% [48% |0% |0%
Daimler 12% [-11% |1%  [52% [28% |5% 0% [8% |7% |79% |0% [59% [29% [71% [6% |0% |38% |75% [571% |60% |93% [1% [22%
Ferrari 8% [-3% |5% 6% [22% |15% [0% [0% [4% |78% [2% [59% |30% [26% [16% [15% |35% |75% [24% |60% [84% [0% [4%
Ford 6% |-6% |0% [52% [16% |1% 6% [23% [15% |48% |7% |45% |9% [2% [0% [0% |0% |74% [73% [29% [69% [0% [1%
Geely -11% [-10% |1% [49% [27% |11% [3% [11% [13% |66% |2% |60% |30% [8% [6% |0% |43% |75% |52% |59% |94% [0% [22%
General Motors [ -5% |-5% 0% [37% |[1% 0% [1% [5% [22% [66% |6% |12% |0% [0% |0% [0% [0% [75% |79% [1% [38% |0% |0%
Honda 2% [2% 0% [15% [0% |[0% [0% [0% [21% |64% [12% [0% [0% [3% [0% [0% |0% [73% [43% |[0% [15% [0% [0%
Hyundai 3% 3% 0% [27% [8% |0% [5% [20% [17% [51% |7% [23% |[0% [0% [0% [0% [0% [75% [75% |10% [35% [0% [0%
Kia 2% [2% 0% [19% [0% 0% [2% [71% [21% |62% [9% [5% |0% [0% [0% [0% |0% [75% [63% |[0% [19% [0% [0%
Lotus 3% (0% 3% [15% [29% |13% [0% [0% [0% [39% [49% [58% |30% [22% [12% [9% |38% |75% [45% |57% |88% [0% [8%
Mazda 4% [-4% 0% [82% [18% |0% [3% [13% [16% |51% |17% [53% |[5% [0% [0% [0% |3% |75% |77% |54% [100%[0% [3%
Mitsubishi 5% [-5% 0% [74% [26% 0% [3% [14% [16% |58% |9% [58% [26% [0% [0% [0% 3% [75% [77% |51% [100%[0% |1%
Nissan 3% [-3% 0% [36% [6% |0% [1% [4% [22% |67% |5% [33% |[0% [1% [0% [0% [0% [74% [78% |7% [42% [0% [0%
Porsche 5% 2% |3% [10% [30% |15% [0% [0% [3% |55% |30% [58% [30% [21% [12% [12% |36% |75% [39% |59% |88% [0% |9%
Spyker -14% [-12% [2% [30% [30% |15% [0% [0% [9% |72% 8% [59% [30% [12% [11% [2% |45% |75% [50% |59% |89% [0% [19%
Subaru 6% |-5% |1% |73% [27% |0% [0% [0% [17% |61% |21% [57% |27% [0% [0% |0% |0% |75% |78% |58% |100%[0% [16%
Suzuki 0% [0% |0% [75% [25% [0% |1% [5% [21% |63% [10% [47% [25% |0% 0% |0% |4% |75% |78% |60% |100%[0% [12%
Tata -15% [-14% 1% [34% [24% [15% [0% [0% [14% |78% |0% [60% [30% [19% [8% [0% |38% |75% [49% |58% |92% [0% [11%
Tesla 0% (0% 0% [0% [0% [0% |0% [0% [0% [0% |0% [0% [0% |0% [100%[0% [0% |0% [0% [0% |0% [0% [0%
Toyota 2% 2% 0% [23% [0% |0% [1% [4% [18% [55% |7% [0% |0% [15% [0% [0% [0% [63% [2% |0% [24% [0% [0%
Volkswagen  |-6% |-5% |[1% |61% |27% [4% |[0% |0% [12% [72% [11% |60% [30% [1% |6% |0% |43% |75% |59% |60% [94% |0% [29%
Fleet 4% |-4% 0% [38% [9% [1% [2% |7% [18% [61% [8% [25% [1% [4% [1% [0% [6% [72% |56% |18% [49% [0% |4%
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Table 3.5-27

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 | NA
BMW -13% | -12% | 1% | 65% | 30% | 5% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 57% | 60% | 100% | 0% | 30%
Chrysler/Fiat T% | 1% | 0% | 22% | 9% | 3% | 19% | 75% | 1% | 3% | 3% | 60% | 6% | 0% | 0% | 0% | 0% | 75% | 74% | 30% | 34% | 0% | 2%
Daimler -15% | -14% | 1% | 51% | 28% | 10% | 11% | 89% | 0% | 0% | 0% | 60% | 29% | 0% | 0% | 0% | 65% | 75% | 61% | 60% | 89% | 11% | 30%
Ferrari NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA
Ford 1% | 1% | 0% | 37% | 16% | 6% | 18% | 711% | 1% | 5% | 2% | 59% | 18% | 2% | 0% | 0% | 3% | 73% | 60% | 26% | 59% | 0% | 16%
Geely -15% | -14% | 1% | 64% | 30% | 6% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 52% | 60% | 100% | 0% | 30%
General Motors | -7% | -7% | 0% | 34% | 11% | 1% | 20% | 78% | 0% 1% | 0% [ 59% | 3% | 0% | 0% | 0% | 0% | 75% | 711% | 21% | 46% | 0% | 2%
Honda 6% | 6% | 0% | 61% | 8% | 0% | 14% | 57% | 7% | 21% | 0% | 43% | 0% | 0% | 0% | 0% | 0% | 75% | 67% | 8% | 68% | 0% | 0%
Hyundai 9% | 9% | 0% | 75% | 25% | 0% | 20% | 80% | 0% | 0% | 0% | 60% | 5% | 0% | 0% | 0% | 0% | 75% | 60% | 20% |100% | 0% | 5%
Kia 1% | 1% | 0% | 94% | 0% | 0% | 20% | 79% | 0% | 0% 1% | 60% | 0% | 0% | 0% | 0% | 0% | 75% | 60% | 0% | 94% | 0% | 0%
Lotus NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA
Mazda -11% | -10% | 0% | 82% | 18% | 0% | 14% | 54% | 8% | 23% | 2% | 60% | 18% | 0% | 0% | 0% | 13% | 75% | 66% | 31% | 100% | 0% | 13%
Mitsubishi -11% | -10% | 1% | 75% | 25% | 0% | 17% | 69% | 3% | 10% | 0% | 60% | 25% | 0% | 0% | 0% | 17% | 75% | 63% | 36% | 100% | 0% | 17%
Nissan 5% | 5% | 0% | 66% | 17% | 3% | 16% | 64% | 5% | 14% | 1% | 60% | 9% | 0% | 0% | 0% | 0% | 75% | 68% | 25% | 86% | 0% | 9%
Porsche -15% | -14% | 1% | 59% | 30% | 11% | 20% | 79% | 0% | 0% 1% | 60% | 30% | 2% | 0% | 0% | 65% | 75% | 61% | 60% |100% | 0% | 28%
Spyker 3% | 2% | 1% | 61% | 30% | 9% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 2% | 0% | 0% | 61% | 75% | 56% | 60% |100% | 0% | 28%
Subaru -12% | -12% | 0% | 73% | 27% | 0% | 6% | 25% | 15% | 46% | 8% | 60% | 27% | 0% | 0% | 0% | 21% | 75% | 70% | 50% | 100% | 0% | 10%
Suzuki 1% | -11% | 1% | 70% | 30% | 0% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 50% | 60% | 100% | 0% | 30%
Tata -10% | 9% | 1% | 58% | 30% | 12% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 63% | 60% | 100% | 0% | 30%
Tesla NA | 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% | 63% | 0% | 3% | 17% | 66% | 2% | 7% | 3% | 11% | 3% | 5% | 0% | 0% | 0% | 71% | 24% | 0% | 66% | 0% | 0%
Volkswagen -14% | -13% | 1% | 63% | 30% | 7% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 54% | 60% | 100% | 0% | 30%
Fleet 1% | 6% | 0% | 50% | 12% | 3% | 18% | 711% | 2% | 6% 1% | 47% | 8% 1% | 0% | 0% | 7% | 74% | 57% | 21% | 65% | 0% | 7%
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Table 3.5-28 Alternative 1- (Trucks +20) Fleet Technology Penetration in MY 2021
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Aston Martin_| -16% | -11% | 6% | 7% | 22% | 15% | 0% | 0% | 4% | 73% | 7% | 59% | 30% | 26% | 16% | 15% | 35% | 75% | 24% | 60% | 84% | 0% | 4%
BMW 1% | -10% | 1% | 60% | 30% | 6% | 5% | 21% | 13% | 52% | 8% | 59% | 30% | 3% | 1% | 0% | 41% | 75% | 59% | 60% | 99% | 0% | 27%
Chrysler/Fiat__| -6% | 6% | 0% | 30% | 10% | 1% | 9% | 36% | 13% | 39% | 3% | 47% | 4% | 0% | 0% | 0% | 0% | 75% | 77% | 23% | 41% | 0% | 1%
Daimler 13% | -12% | 1% | 52% | 28% | 6% | 3% | 28% | 5% | 60% | 0% | 60% | 29% | 5% | 5% | 0% | 44% | 75% | 58% | 60% | 92% | 3% | 24%
Ferrari 8% | 3% | 5% | 6% | 22% | 15% | 0% | 0% | 4% | 78% | 2% | 59% | 30% | 26% | 16% | 15% | 35% | 75% | 24% | 60% | 84% | 0% | 4%
Ford 6% | 6% | 0% | 47% | 16% | 3% | 10% | 39% | 10% | 34% | 6% | 49% | 12% | 2% | 0% | 0% | 1% | 74% | 69% | 28% | 65% | 0% | 6%
Geely 12% | -11% | 1% | 53% | 28% | 9% | 8% | 32% | 9% | 45% | 2% | 60% | 30% | 5% | 4% | 0% | 49% | 75% | 52% | 59% | 96% | 0% | 25%
General Motors | -6% | 6% | 0% | 36% | 6% | 1% | 10% | 41% | 11% | 34% | 3% | 35% | 2% | 0% | 0% | 0% | 0% | 75% | 75% | 11% | 42% | 0% | 1%
Honda 3% | 3% | 0% | 29% | 2% | 0% | 4% | 18% | 17% | 51% | 8% | 13% | 0% | 2% | 0% | 0% | 0% | 73% | 50% | 2% | 32% | 0% | 0%
Hyundai 4% | 4% | 0% | 36% | 11% | 0% | 8% | 32% | 13% | 41% | 6% | 30% | 1% | 0% | 0% | 0% | 0% | 75% | 72% | 12% | 48% | 0% | 1%
Kia 3% | 3% | 0% | 36% | 0% | 0% | 6% | 23% | 16% | 48% | 7% | 17% | 0% | 0% | 0% | 0% | 0% | 75% | 63% | 0% | 36% | 0% | 0%
Lotus 3% | 0% | 3% | 15% | 29% | 13% | 0% | 0% | 0% | 39% | 49% | 58% | 30% | 22% | 12% | 9% | 38% | 75% | 45% | 57% | 88% | 0% | 8%
Mazda 5% | 5% | 0% | 82% | 18% | 0% | 5% | 20% | 15% | 46% | 14% | 54% | 8% | 0% | 0% | 0% | 5% | 75% | 75% | 50% | 100%| 0% | 5%
Mitsubishi 7% | 1% | 0% | 74% | 26% | 0% | 8% | 33% | 11% | 41% | 6% | 59% | 26% | 0% | 0% | 0% | 8% | 75% | 72% | 46% | 100% | 0% | 7%
Nissan 3% | 3% | 0% | 46% | 9% | 1% | 6% | 22% | 17% | 51% | 4% | 42% | 3% | 1% | 0% | 0% | 0% | 75% | 75% | 13% | 56% | 0% | 3%
Porsche 8% | 5% | 3% | 22% | 30% | 14% | 5% | 19% | 3% | 42% | 23% | 59% | 30% | 16% | 9% | 9% | 43% | 15% | 44% | 60% | 91% | 0% | 14%
Spyker 3% | -11% | 2% | 35% | 30% | 14% | 3% | 11% | 7% | 62% | 1% | 59% | 30% | 10% | 9% | 2% | 41% | 75% | 51% | 59% | 91% | 0% | 20%
Subaru 7% | 1% | 0% | 13% | 271% | 0% | 2% | 6% | 17% | 58% | 18% | 58% | 27% | 0% | 0% | 0% | 5% | 75% | 16% | 56% | 100% | 0% | 14%
Suzuki 2% | 2% | 0% | 74% | 26% | 0% | 5% | 18% | 17% | 52% | 9% | 49% | 26% | 0% | 0% | 0% | 15% | 75% | 73% | 60% | 100% | 0% | 15%
Tata 13% | -12% | 1% | 46% | 27% | 13% | 10% | 40% | 7% | 39% | 0% | 60% | 30% | 10% | 4% | 0% | 52% | 75% | 56% | 59% | 96% | 0% | 20%
Tesla 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% |100%| 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%
Toyota 2% | 2% | 0% | 39% | 0% | 1% | 1% | 28% | 12% | 36% | 5% | 4% | 1% | 12% | 0% | 0% | 0% | 66% | 11% | 0% | 40% | 0% | 0%
Volkswagen | -8% | 1% | 1% | 62% | 28% | 5% | 4% | 16% | 10% | 57% | 8% | 60% | 30% | 1% | 5% | 0% | 41% | 75% | 58% | 60% | 95% | 0% | 29%
Fleet 5% | 5% | 0% | 42% | 10% | 2% | 1% | 30% | 13% | 42% | 6% | 33% | 1% | 3% | 1% | 0% | 6% | 73% | 56% | 19% | 54% | 0% | 5%

3-57



Chapter 3

Table 3.5-29 Alternative 2- (Trucks -20) Car Technology Penetrations in MY 2021
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Aston Martin_|-16% |-11% |6% | 7% |22% |15% |0% |0% |4% |73% |1% |59% |30% |26% |16% |15% |35% |75% |24% |60% |84% |0% |4%
BMW 10% | -8% | 1% _|47% |28% |6% |0% |0% |12% |71% |9% |60% |30% |12% |7% |0% |40% |75% |54% |59% |93% |0% | 18%
Chrysler/Fiat__|-6% | 6% |0% |68% |28% |1% |1% |4% |19% |74% |2% |59% |29% |0% |0% 0% [1% |75% |78% |58% |98% |0% |3%
Daimler 12% |-10% |2% _|27% |30% |13% |0% |6% |5% |79% |0% |59% |30% |16% |10% |3% |44% |75% |49% |59% |89% |1% | 14%
Ferrari 8% |-3% |5% 6% |22% [15% |0% |0% |4% |78% |2% |59% |30% |26% |16% |15% |35% |75% |24% |60% |84% |0% |4%
Ford 8% |-1% 0% |65% |26% |1% |6% |23% |14% |50% |6% |53% |27% |2% |0% |0% | 10% |74% |70% |56% |93% |0% | 12%
Geely 12% | 9% |2% | 22% |30% |14% [3% |11% |8% |66% |2% |59% |30% |21% |10% |4% |42% |75% |44% |59% |90% |0% |9%
General Motors [ -7% | 1% |0% _|68% |25% |1% |1% |5% |19% |70% |5% |51% |26% |0% |0% |0% [1% |75% |79% |55% |95% |0% |2%
Honda 2% |2% 0% |36% |10% 0% |0% |0% |21% |64% |12% |28% |5% |3% |0% |0% |0% |73% |71% |32% |46% |0% | 0%
Hyundai 3% |3% 0% |62% |17% 0% |5% |20% [17% |51% |1% |45% |4% |0% [0% |0% |0% |75% |75% |31% |78% |0% |1%
Kia 3% |-3% 0% _|36% |12% 0% |2% |7% |21% |62% |9% |43% |0% |0% |0% |0% |0% |75% |78% |15% |48% |0% |0%
Lotus 3% 0% [3% |15% |29% |13% |0% |0% |0% |39% |49% |58% |30% |22% |12% |9% |38% |75% |45% |51% |88% |0% |8%
Mazda 5% |-4% 0% |70% |30% |[0% |3% |13% |14% |55% |15% |60% |30% |0% |0% |0% |10% |75% |74% |59% |100%|0% |11%
Mitsubishi 7% |-6% |1% | 66% |30% |0% |3% |14% |14% |61% |6% |60% |30% |3% |0% |0% |21% |75% |57% |60% |100% |0% | 26%
Nissan 3% |-3% 0% |78% |21% 0% |1% |4% |20% |70% |5% |49% |10% |1% [0% |0% |1% |74% |78% |56% |99% |0% |0%
Porsche 6% | 2% 4% |1% |28% |15% |0% |0% |3% |55% |26% |56% |30% |25% |15% |15% |31% |75% |33% |56% |85% |0% |5%
Spyker 4% |-11% [3% | 17% |30% [15% |0% |0% |8% |72% |8% |58% |30% |22% |12% |5% |44% |75% |41% |59% |88% |0% |8%
Subaru 6% |-5% |[1% |571% |29% |0% |0% |0% |15% |66% |19% |60% |29% |14% |0% |0% |8% |75% |68% |58% |100% |0% |15%
Suzuki 1% 0% [1% _|51% |30% 0% |1% |5% |16% |68% |9% |60% |30% |19% |0% |0% |9% |75% |73% |60% |100% |0% | 7%
Tata 16% |-11% [5% 5% |25% |[15% [0% |0% [5% |79% |0% |58% |27% |26% |16% |14% |35% |75% |28% |59% |84% |0% |4%
Tesla 0% [0% |0% |0% |0% |0% |0% |0% |0% |0% |0% |0% |0% |0% |100% 0% |0% |0% |0% |0% |0% |0% |0%
Toyota 3% |3% 0% |22% |4% 0% |1% |4% |18% |55% |1% |15% |1% |15% |0% |0% |0% |63% |61% |3% |21% |0% |0%
Volkswagen | -7% | 5% | 1% |43% |30% |15% |0% |0% |8% |71% |10% |59% |30% |1% |11% |0% |49% |75% |54% |59% |89% |0% |29%
Fleet 5% |-5% 0% |50% |19% |2% |2% |71% |16% |62% |71% |44% |17% |5% |2% |0% |8% |72% |70% |42% |74% |0% | 6%

3-58



MY 2017 and Later - Regulatory Impact Analysis

Table 3.5-30 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 | NA
BMW -13% [ -13% | 1% | 61% | 30% | 9% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 57% | 60% |100% | 0% | 30%
Chrysler/Fiat 9% | 8% | 1% | 36% | 27% | 3% | 19% | 75% | 1% | 3% | 2% | 60% | 29% | 0% | 0% | 0% | 45% | 75% | 63% | 47% | 66% | 0% | 21%
Daimler -15% | -14% | 1% | 51% | 28% | 10% | 11% | 89% | 0% | 0% | 0% | 60% | 29% | 0% | 0% | 0% | 65% | 75% | 61% | 60% | 89% | 11% | 30%
Ferrari NA | 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% | 61% | 29% | 6% | 18% | 711% | 1% | 5% | 2% | 59% | 29% | 2% | 0% | 0% | 48% | 73% | 54% | 58% | 97% | 0% | 27%
Geely -15% [ -14% | 1% | 64% | 30% | 6% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 4% | 0% | 0% | 65% | 75% | 52% | 60% |100% | 0% | 26%
General Motors | -9% | -9% | 1% | 39% | 24% | 5% | 20% | 78% | 0% | 1% | 0% | 59% | 29% | 0% | 0% | 0% | 24% | 75% | 60% | 49% | 68% | 0% | 23%
Honda 8% | 8% | 0% | 82% | 18% | 0% | 14% | 57% | 7% | 21% | 0% | 60% | 10% | 0% | 0% | 0% | 6% | 75% | 66% | 22% | 100% | 0% | 6%
Hyundai -10% | -10% | 0% | 75% | 25% | 0% | 20% | 80% | 0% | 0% | 0% | 60% | 23% | 0% | 0% | 0% | 18% | 75% | 60% | 20% |100% | 0% | 5%
Kia 8% | 8% | 0% | 75% | 25% | 0% | 20% | 79% | 0% | 0% | 1% | 60% | 5% | 0% | 0% | 0% | 0% | 75% | 60% | 20% | 100% | 0% | 5%
Lotus NA | NA [ NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA
Mazda -13% | -12% | 1% | 71% | 29% | 0% | 14% | 54% | 7% | 23% | 2% [ 60% | 29% | 1% | 0% | 0% | 44% | 75% | 59% | 56% |100% | 0% | 21%
Mitsubishi -14% [ -13% | 1% | 65% | 30% | 0% | 17% | 69% | 3% | 10% | 0% | 59% | 30% | 4% | 1% | 0% | 60% | 75% | 51% | 60% | 99% | 0% | 26%
Nissan 6% | 5% | 0% | 2% | 25% | 3% | 16% | 64% | 5% | 14% | 1% | 60% | 28% | 0% | 0% | 0% | 17% | 75% | 66% | 54% |100% | 0% | 18%
Porsche -15% | -14% | 1% | 59% | 30% | 11% | 20% | 79% | 0% | 0% | 1% | 60% | 30% | 13% | 0% | 0% | 65% | 75% | 61% | 60% | 100% | 0% | 17%
Spyker 3% | 2% | 1% | 61% | 30% | 9% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 2% | 0% | 0% | 61% | 75% | 56% | 60% | 100% | 0% | 28%
Subaru -15% | -13% | 1% | 50% | 30% | 0% | 6% | 25% | 12% | 51% | 6% | 60% | 30% | 20% | 0% | 0% | 24% | 75% | 60% | 60% | 100% | 0% | 10%
Suzuki 1% [ -11% | 1% | 70% | 30% | 0% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 50% | 60% |100% | 0% | 30%
Tata -10% | 9% | 1% | 58% | 30% | 12% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 22% | 0% | 0% | 65% | 75% | 63% | 60% |100% | 0% | 8%
Tesla NA | 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% | 68% | 19% | 3% | 17% | 67% | 2% | 7% | 3% | 57% | 8% | 5% | 0% | 0% | 0% | 71% | 62% | 22% | 90% | 0% | 8%
Volkswagen -14% | -13% | 1% | 63% | 30% | 7% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 54% | 60% |100% | 0% | 30%
Fleet 8% | 8% | 0% | 58% | 24% | 4% | 18% | 711% | 2% | 7% | 1% | 59% | 22% | 2% | 0% | 0% | 24% | 74% | 61% | 42% | 86% | 0% | 18%
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Table 3.5-31 Alternative 2- (Trucks -20) Fleet Technology Penetration in MY 2021
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Aston Martin -16% | -11% | 6% 7% | 22% | 15% | 0% 0% 4% | 73% | 7% | 59% | 30% | 26% | 16% | 15% | 35% | 75% | 24% | 60% | 84% | 0% 4%
BMW -11% | -10% | 1% | 51% | 29% | 7% 5% | 21% | 9% | 53% | 7% | 60% | 30% | 9% 5% 0% | 47% | 75% | 55% | 59% | 95% | 0% | 21%
Chrysler/Fiat T% | 1% | 0% | 54% | 28% | 2% 9% | 36% | 11% | 41% | 2% | 59% | 29% | 0% 0% 0% | 21% | 75% | 71% | 53% | 83% | 0% | 11%
Daimler -13% | -11% | 2% | 33% | 29% | 13% | 3% | 26% | 4% | 59% | 0% | 60% | 29% | 12% | 8% 2% | 49% | 75% | 52% | 60% | 89% | 3% | 18%
Ferrari 8% | 3% | 5% 6% | 22% | 15% | 0% 0% 4% | 8% | 2% | 59% | 30% | 26% | 16% | 15% | 35% | 75% | 24% | 60% | 84% | 0% 4%
Ford 8% | -T% | 0% | 64% | 27% | 3% | 10% | 39% | 10% | 35% | 5% | 55% | 28% | 2% 0% 0% | 23% | 74% | 65% | 57% | 94% | 0% | 17%
Geely -13% | -11% | 2% | 35% | 30% | 11% | 8% | 32% | 6% | 45% | 1% | 59% | 30% | 16% | 7% 3% | 49% | 75% | 47% | 59% | 93% | 0% | 14%
General Motors | -8% | -8% | 0% | 54% | 25% | 3% | 10% | 41% | 10% | 36% | 3% | 58% | 27% | 0% 0% 0% | 12% | 75% | 69% | 52% | 81% | 0% | 12%
Honda 4% | 4% | 0% | 50% | 12% | 0% 4% | 18% | 16% | 51% | 8% | 38% | 6% 2% 0% 0% 2% | 73% | 74% | 29% | 63% | 0% 2%
Hyundai 5% | 5% | 0% | 64% | 18% | 0% 8% | 32% | 13% | 41% | 6% | 48% | 8% 0% 0% 0% 4% | 75% | 72% | 34% | 83% | 0% 2%
Kia 4% | 4% | 0% | 45% | 15% | 0% 6% | 23% | 16% | 48% | 7% | 47% | 1% 0% 0% 0% 0% | 75% | 74% | 16% | 60% | 0% 1%
Lotus 3% | 0% 3% | 15% | 29% | 13% | 0% 0% 0% | 39% | 49% | 58% | 30% | 22% | 12% | 9% | 38% | 75% | 45% | 57% | 88% | 0% 8%
Mazda 6% | 6% | 0% | 70% | 30% | 0% 5% | 20% | 13% | 49% | 13% | 60% | 30% | 0% 0% 0% | 16% | 75% | 71% | 59% | 100% | 0% | 12%
Mitsubishi -10% | -9% 1% | 66% | 30% | 0% 8% | 33% | 10% | 44% | 4% | 60% | 30% | 4% 1% 0% | 35% | 75% | 55% | 60% | 9% | 0% | 26%
Nissan A% | 4% | 0% | 76% | 22% | 1% 6% | 22% | 15% | 53% | 4% | 52% | 16% | 1% 0% 0% 6% | 75% | 75% | 56% | 99% | 0% 6%
Porsche 8% | 5% | 4% | 15% | 29% | 14% | 5% | 19% | 2% | 42% | 20% | 57% | 30% | 23% | 12% | 11% | 39% | 75% | 40% | 57% | 88% | 0% 7%
Spyker -13% | -10% | 3% | 23% | 30% | 14% | 3% | 11% | 7% | 62% | 7% | 59% | 30% | 19% | 10% | 4% | 46% | 75% | 48% | 60% | 90% | 0% | 11%
Subaru -8% | -7% 1% | 55% | 30% | 0% 2% 6% | 14% | 62% | 16% | 60% | 30% | 15% | 0% 0% | 12% | 75% | 66% | 59% | 100% | 0% | 14%
Suzuki 3% | 2% 1% | 55% | 30% | 0% 5% | 18% | 13% | 56% | 7% | 60% | 30% | 15% | 0% 0% | 19% | 75% | 69% | 60% | 100% | 0% | 11%
Tata -13% | -10% | 3% | 32% | 27% | 13% | 10% | 40% | 3% | 40% | 0% | 59% | 29% | 24% | 8% 7% | 50% | 75% | 45% | 59% | 92% | 0% 6%
Tesla 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% |100% | 0% 0% 0% 0% 0% 0% 0% 0%
Toyota A% | 4% | 0% | 40% | 10% | 1% 7% | 29% | 12% | 36% | 5% | 32% | 3% | 11% | 0% 0% 0% | 66% | 65% | 10% | 51% | 0% 3%
Volkswagen -8% | -7% 1% | 47% | 30% | 13% | 4% | 16% | 7% | 57% | 8% | 59% | 30% | 1% 9% 0% | 52% | 75% | 54% | 59% | 91% | 0% | 29%
Fleet 6% | 6% | 0% | 53% | 21% | 3% 7% | 30% | 11% | 43% | 5% | 49% | 18% | 4% 1% 0% | 14% | 73% | 67% | 42% | 78% | 0% | 10%
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MY 2017 and Later - Regulatory Impact Analysis

Table 3.5-32 Alternative 3- (Cars +20) Car Technology Penetrations in MY 2021
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Aston Martin_|-16% | 11% |6% 7% |22% |15% |0% |0% |4% |73% |7% |59% |30% |26% |16% |15% |35% |75% |24% |60% |84% |0% |4%
BMW 9% [ 9% |0% |70% |24% 6% |0% 0% |17% |69% |13% |58% |30% |0% |0% 0% |0% |75% |77% |60% |100% |0% |13%
Chrysler/Fiat__| 6% | 6% 0% |36% |11% |[1% 1% |4% |23% |70% |3% |38% |1% |0% |0% |0% |0% |75% |79% |17% |48% |0% | 0%
Daimler 2% |11% [1% | 58% |28% |4% [0% |11% [8% |79% |0% |57% |29% |7% |2% 0% |31% |75% |61% |60% |96% |1% |21%
Ferrari 8% | 3% |5% 6% |22% [15% |0% |0% |4% |78% |2% |59% |30% |26% |16% |15% |35% |75% |24% |60% |84% |0% |4%
Ford 6% | 6% [0% |42% |10% [1% |6% |23% |16% |47% |1% |35% |3% |2% |0% |0% [0% |74% |73% |10% |54% |0% |1%
Geely 1% [ 10% [ 1% | 60% |30% |8% |3% | 11% |16% |66% |2% |59% |30% |0% |2% |0% |40% |75% |56% |60% |98% |0% |30%
General Motors | 5% | 5% |0% |37% 1% |0% |1% |5% |22% |66% |6% |14% [1% |0% |0% |0% [0% |75% |79% [1% |39% |0% |0%
Honda 1% |1% [0% |15% |0% [0% [0% |0% [21% |64% |12% |0% |0% |3% |0% 0% [0% |73% |6% 0% |15% |0% 0%
Hyundai 2% 2% [0% |32% [0% 0% |5% |20% |17% |51% |7% 0% |0% |0% 0% |0% |0% |75% |21% |0% |32% |0% |0%
Kia 2% 2% [0% |19% [0% [0% |2% |7% |21% |62% |9% 0% [0% [0% |0% |0% [0% |75% |0% 0% [19% |0% 0%
Lotus 1% [0% [1% |40% [30% [11% |0% |0% 0% |32% |58% |59% |30% |7% |11% |2% |46% |75% |54% |58% |89% |0% |23%
Mazda 3% | 3% [0% |31% |17% 0% |3% |13% |17% |50% |17% |46% |2% |0% |0% 0% |0% |75% |77% |23% |48% |0% 1%
Mitsubishi___ | 5% | 5% |0% |70% |22% |0% 3% |14% [16% |57% |9% |52% 4% |0% |0% |0% |0% |75% |77% |46% |92% |0% | 1%
Nissan 3% [ 3% 0% |30% [1% 0% |1% |4% |22% |67% |5% 3% |0% [1% 0% |0% |0% |74% |78% |1% |31% 0% |0%
Porsche 5% | 2% [2% |18% |30% |15% |0% |0% [3% |49% |36% |58% |30% |21% |12% |4% |44% |75% |47% |59% |88% |0% |9%
Spyker 13% | 12% [ 1% _|55% [30% |4% |0% 0% |12% |72% |9% |59% |30% |4% |7% |0% |41% |75% |56% |60% |93% |0% |26%
Subaru 5% |5% [0% |88% |10% 0% |0% |0% [17% |56% |27% |46% |5% |0% |0% 0% |0% |75% |80% |55% |98% |0% 0%
Suzuki 0% 0% 0% |98% |2% 0% |1% |5% |21% |62% |12% |11% |0% 0% |0% |0% 0% |75% |79% |57% |100% |0% | 0%
Tata 5% |-14% [1% | 34% |24% |15% [0% |0% |14% |78% |0% |60% |30% |19% |8% |0% |38% |75% |49% |58% |92% |0% |11%
Tesla 0% 0% [0% [0% 0% [0% [0% |0% 0% |0% |0% |0% [0% |0% |100% 0% |0% |0% |0% 0% |0% |0% 0%
Toyota 2% [ 2% [0% |23% [0% 0% |1% |4% |20% |53% |7% 0% |0% |15% |0% |0% |0% |63% |2% |0% |24% [0% |0%
Volkswagen | 6% | 5% |1% |68% [30% |1% 0% |0% [16% |72% |11% |60% |30% |1% |0% |0% |33% |75% |64% |60% |100% |0% |29%
Fleet 4% 4% 0% |37% 7% 1% 2% 7% |19% |60% |8% |19% |5% |4% 0% |0% |4% |72% |48% |13% |45% |0% |3%
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Table 3.5-33 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 | NA
BMW -13% | -12% | 1% | 65% | 30% | 5% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 61% | 60% |100% | 0% | 26%
Chrysler/Fiat T% | 1% | 0% | 22% | 9% | 3% | 19% | 75% | 1% | 3% | 3% | 60% | 6% | 0% | 0% | 0% | 0% | 75% | 74% | 30% | 34% | 0% | 2%
Daimler -15% | -14% | 1% | 51% | 28% | 10% | 11% | 89% | 0% | 0% | 0% | 60% | 29% | 0% | 0% | 0% | 65% | 75% | 61% | 60% | 89% | 11% | 30%
Ferrari NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA
Ford 1% | 1% | 0% | 30% | 15% | 6% | 18% | 711% | 1% | 5% | 2% | 59% | 14% | 2% | 0% | 0% | 1% | 73% | 68% | 22% | 51% | 0% | 9%
Geely -15% | -14% | 1% | 64% | 30% | 6% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 52% | 60% |100% | 0% | 30%
General Motors | -7% | -7% | 0% | 35% | 12% | 5% | 20% | 78% | 0% | 1% | 0% | 59% | 7% | 0% | 0% | 0% | 0% | 75% | 71% | 22% | 51% | 0% | 3%
Honda 4% | 4% | 0% | 68% | 0% | 0% | 14% | 57% | 7% | 21% | 0% | 23% | 0% | 0% | 0% | 0% | 0% | 75% | 31% | 0% | 68% | 0% | 0%
Hyundai 5% | 5% | 0% | 95% | 0% | 0% | 20% | 80% | 0% | 0% | 0% | 54% | 0% | 0% | 0% | 0% | 0% | 75% | 54% | 0% | 95% | 0% | 0%
Kia S5% | 5% | 0% | 94% | 0% | 0% | 20% | 79% | 0% | 0% | 1% | 0% | 0% | 0% | 0% | 0% | 0% | 75% | 1% | 0% | 94% | 0% | 0%
Lotus NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA
Mazda 9% | 9% | 0% | 59% | 17% | 0% | 14% | 54% | 8% | 23% | 2% | 60% | 4% | 0% | 0% | 0% | 0% | 75% | 66% | 27% | 77% | 0% | 3%
Mitsubishi -10% | -10% | 0% | 75% | 25% | 0% | 17% | 69% | 3% | 10% | 0% | 60% | 21% | 0% | 0% | 0% | 13% | 75% | 63% | 23% |100% | 0% | 4%
Nissan A% | 4% | 0% | 47% | 15% | 3% | 16% | 64% | 5% | 14% | 1% | 53% | 6% | 0% | 0% | 0% | 0% | 75% | 70% | 14% | 66% | 0% | 2%
Porsche -15% | -14% | 1% | 59% | 30% | 11% | 20% | 79% | 0% | 0% | 1% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 61% | 60% | 100% | 0% | 30%
Spyker 3% | 2% | 1% | 61% | 30% | 9% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 61% | 75% | 56% | 60% | 100%| 0% | 30%
Subaru 1% | -11% | 0% | 92% | 8% | 0% | 6% | 25% | 15% | 46% | 8% | 60% | 8% | 0% | 0% | 0% | 6% | 75% | 74% | 24% [100% | 0% | 5%
Suzuki 8% | 8% | 0% | 75% | 25% | 0% | 20% | 80% | 0% | 0% | 0% | 60% | 25% | 0% | 0% | 0% | 20% | 75% | 60% | 20% | 100% | 0% | 5%
Tata -10% | 9% | 1% | 58% | 30% | 12% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 63% | 60% | 100% | 0% | 30%
Tesla NA | 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% | 63% | 0% | 0% | 17% | 66% | 2% | 7% | 3% | 0% | 0% | 5% | 0% | 0% | 0% | 71% | 13% | 0% | 63% | 0% | 0%
Volkswagen -14% | -13% | 1% | 63% | 30% | 7% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 54% | 60% | 100% | 0% | 30%
Fleet 6% | 6% | 0% | 50% | 10% | 3% | 18% | 71% | 2% | 6% | 1% | 41% | 8% | 1% | 0% | 0% | 6% | 74% | 52% | 18% | 63% | 0% | 5%
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MY 2017 and Later - Regulatory Impact Analysis

Table 3.5-34 Alternative 3- (Cars +20) Fleet Technology Penetration in MY 2021
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Aston Martin_| -16% | -11% | 6% | 7% | 22% | 15% | 0% | 0% | 4% | 73% | 7% | 59% | 30% | 26% | 16% | 15% | 35% | 75% | 24% | 60% | 84% | 0% | 4%
BMW -10% | -10% | 0% | 69% | 25% | 6% | 5% | 21% | 13% | 51% | 10% | 59% | 30% | 0% | 0% | 0% | 17% | 75% | 73% | 60% | 100% | 0% | 16%
Chrysler/Fiat__| -6% | 6% | 0% | 30% | 10% | 1% | 9% | 36% | 13% | 39% | 3% | 47% | 4% | 0% | 0% | 0% | 0% | 75% | 77% | 23% | 41% | 0% | 1%
Daimler 12% | -12% | 1% | 56% | 28% | 6% | 3% | 31% | 6% | 59% | 0% | 58% | 29% | 5% | 2% | 0% | 39% | 75% | 61% | 60% | 95% | 4% | 23%
Ferrari 8% | 3% | 5% | 6% | 22% | 15% | 0% | 0% | 4% | 78% | 2% | 59% | 30% | 26% | 16% | 15% | 35% | 75% | 24% | 60% | 84% | 0% | 4%
Ford 6% | 6% | 0% | 38% | 12% | 3% | 10% | 39% | 11% | 33% | 6% | 43% | 1% | 2% | 0% | 0% | 0% | 74% | 71% | 14% | 53% | 0% | 4%
Geely 2% | -11% | 1% | 61% | 30% | 8% | 8% | 32% | 11% | 46% | 2% | 59% | 30% | 0% | 1% | 0% | 48% | 75% | 55% | 60% | 99% | 0% | 30%
General Motors | -6% | 6% | 0% | 36% | 6% | 3% | 10% | 41% | 11% | 34% | 3% | 36% | 4% | 0% | 0% | 0% | 0% | 75% | 75% | 12% | 45% | 0% | 2%
Honda 2% | 2% | 0% | 32% | 0% | 0% | 4% | 18% | 17% | 51% | 8% | 1% | 0% | 2% | 0% | 0% | 0% | 73% | 14% | 0% | 32% | 0% | 0%
Hyundai 3% | 3% | 0% | 45% | 0% | 0% | 8% | 32% | 14% | 41% | 6% | 11% | 0% | 0% | 0% | 0% | 0% | 75% | 28% | 0% | 45% | 0% | 0%
Kia 2% | 2% | 0% | 36% | 0% | 0% | 6% | 23% | 16% | 48% | 7% | 0% | 0% | 0% | 0% | 0% | 0% | 75% | 0% | 0% | 36% | 0% | 0%
Lotus 1% | 0% | 1% | 40% | 30% | 11% | 0% | 0% | 0% | 32% | 58% | 59% | 30% | 1% | 11% | 2% | 46% | 15% | 54% | 58% | 89% | 0% | 23%
Mazda 4% | 4% | 0% | 36% | 17% | 0% | 5% | 20% | 15% | 45% | 14% | 49% | 2% | 0% | 0% | 0% | 0% | 75% | 75% | 24% | 53% | 0% | 1%
Mitsubishi 1% | 1% | 0% | 72% | 23% | 0% | 8% | 33% | 12% | 41% | 6% | 55% | 10% | 0% | 0% | 0% | 5% | 75% | 72% | 38% | 95% | 0% | 2%
Nissan 3% | 3% | 0% | 36% | 5% | 1% | 6% | 22% | 17% | 51% | 4% | 18% | 2% | 1% | 0% | 0% | 0% | 75% | 16% | 5% | 42% | 0% | 1%
Porsche 1% | 5% | 2% | 28% | 30% | 14% | 5% | 19% | 3% | 38% | 28% | 59% | 30% | 16% | 9% | 3% | 49% | 75% | 50% | 60% | 91% | 0% | 14%
Spyker 2% | -11% | 1% | 56% | 30% | 5% | 3% | 11% | 10% | 61% | 8% | 59% | 30% | 4% | 6% | 0% | 44% | 75% | 56% | 60% | 94% | 0% | 26%
Subaru 6% | 6% | 0% | 89% | 10% | 0% | 2% | 6% | 17% | 53% | 22% | 49% | 6% | 0% | 0% | 0% | 2% | 75% | 78% | 48% | 99% | 0% | 1%
Suzuki 1% | 1% | 0% | 94% | 6% | 0% | 5% | 18% | 17% | 51% | 10% | 19% | 5% | 0% | 0% | 0% | 4% | 75% | 75% | 51% | 100%| 0% | 1%
Tata 13% | -12% | 1% | 46% | 27% | 13% | 10% | 40% | 7% | 39% | 0% | 60% | 30% | 10% | 4% | 0% | 52% | 75% | 56% | 59% | 96% | 0% | 20%
Tesla 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% |100%| 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%
Toyota 2% | 2% | 0% | 39% | 0% | 0% | 7% | 28% | 13% | 35% | 5% | 0% | 0% | 12% | 0% | 0% | 0% | 66% | 6% | 0% | 39% | 0% | 0%
Volkswagen | -8% | 1% | 1% | 61% | 30% | 2% | 4% | 16% | 13% | 51% | 9% | 60% | 30% | 1% | 0% | 0% | 40% | 75% | 62% | 60% | 100% | 0% | 29%
Fleet 5% | 5% | 0% | 41% | 8% | 2% | 1% | 30% | 13% | 41% | 6% | 21% | 6% | 3% | 0% | 0% | 4% | 73% | 49% | 15% | 51% | 0% | 4%
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Table 3.5-35

Alternative 4- (Cars -20) Car Technology Penetrations in MY 2021
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Aston Martin | -16% |-11% [6% |7% |22% |15% [0% |0% 4% |73% |[7% |59% |30% [26% [16% |15% |35% [75% [24% |60% |84% |[0% |4%
BMW -10% |-8% 2% [27% |30% |14% |0% (0% 9% [72% [9% |59% |30% |16% [11% |2% |43% |75% [49% |59% |89% |0% 14%
Chrysler/Fiat  |-7% |-71% [0% |68% |28% |1% 1% 4% 19% |74% 2% [59% [29% |0% 0% |0% 1% |75% |78% [58% |98% |0% |3%
Daimler -13% | -9% | 4% 12% 129% |13% [0% |4% |5% |79% [0% |58% |30% [23% [12% |10% |39% |75% |41% |60% |87% |[1% |7%
Ferrari 8% |-3% |5% [6% |22% |15% |0% |0% 4% |78% [2% |59% |30% |26% [16% |15% |35% |75% [24% |60% [84% |[0% |4%
Ford 8% |-8% 1% [63% |28% |1% |[6% |23% |13% [52% [5% |59% |29% |3% [0% |0% |24% |74% [61% |59% |94% (0% |27%
Geely -12% | -9% 3% 16% |30% |14% [3% 11% 6% [65% [2% |55% |30% |22% [13% |5% |43% |75% [39% |58% |87% [0% |8%
General Motors |-7% |-71% [0% |71% |23% |[1% 1% |5% 19% 69% |5% [57% [21% |0% 0% |0% 1% |75% |79% [55% |95% |0% 1%
Honda 2% |-2% 0% [61% |18% |0% [0% |0% 19% |66% |12% [47% |6% |3% 0% [0% |0% |73% |77% [42% |79% |0% |0%
Hyundai 4% |-4% (0% [73% |27% (0% |[5% [20% |15% |53% [7% |55% |27% |0% [0% |0% |5% |75% [75% |53% [100% [0% |5%
Kia 3% |-3% 0%  [79% |16% |0% (2% |7% 19% |63% 9% [43% |5% (0% |0% [0% |2% |75% |78% [53% |95% |0% |0%
Lotus 4% 0% 4% [0% |27% |14% |[0% [0% |0% [45% [40% |56% |30% |26% [15% |15% |30% |75% [36% |56% |83% [2% |4%
Mazda S% |-4% |[1%  [62% |30% |1% |3% 13% |13% |58% [11% |60% |30% [6% (2% |0% |52% |75% [56% |60% [98% |0% |24%
Mitsubishi 1% 6% 1% [61% |30% |1% |3% 14% |14% [60% [6% [59% |30% |5% (3% |0% |57% |75% [55% |59% |97% |[0% |25%
Nissan 3% |-3% 0% [70% |29% |0% 1% 4% 19% |72% 4% [56% [29% |1% 0% [0% |3% |74% |74% [59% |99% |0% 10%
Porsche 1% |-2% | 5% 1% 124% |15% [0% |[0% |3% |55% [26% |56% |30% [29% [16% |15% |30% |75% [32% |60% |84% |0% 1%
Spyker -15% |-10% |5% [4% |28% |15% |0% |0% |8% |74% [6% |59% |30% |25% [12% |15% |34% |75% [36% |59% |88% |[0% |5%
Subaru 1% |-5% 1% [49% |30% |0% [0% |0% 14% 64% [18% [60% [30% |17% [4% [0% |25% |75% |62% |[60% |96% |0% 13%
Suzuki -1% 0% 1% |37% |30% |0% 1% 5% 16% |65% 8% [60% [30% |28% |[5% (0% |56% |75% |64% [55% |95% |0% |2%
Tata -16% |-11% 6% [5% |23% |15% |0% |[0% |5% |79% [0% |58% |27% |26% [16% |15% |34% |75% [27% |59% |84% |[0% |4%
Tesla 0% |0% (0% 0% [0% |0% 0% [0% |[0% (0% |0% [0% |0% |0% 100% |0% 0% [0% |[0% |0% 0% [0% |0%
Toyota 3% |-3% 0% [44% |4% 0% 1% | 4% 18% |55% |7% [24% |1% 15% 0% 0% [0% |63% |67% |14% [48% |0% |0%
Volkswagen 1% |-5% |3% 17% |30% [15% [0% |0% |8% |72% [9% |59% |30% |22% [11% |6% |43% |75% |48% |59% |89% |[0% |8%
Fleet S% |-5% 1%  [55% |22% (2% (2% |7% 16% 63% 7% [50% [19% |7% [2% 1% 12% |72% |67% [48% |84% |0% |7%
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Table 3.5-36 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 | NA
BMW -13% | -13% | 1% | 61% | 30% | 9% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 15% | 57% | 60% |100% | 0% | 30%
Chrysler/Fiat 8% | 8% | 1% | 42% | 27% | 3% | 19% | 75% | 1% | 3% | 2% | 60% | 29% | 0% | 0% | 0% | 39% | 75% | 56% | 53% | 711% | 0% | 27%
Daimler -15% | -14% | 1% | 51% | 28% | 10% | 11% | 89% | 0% | 0% | 0% | 60% | 29% | 0% | 0% | 0% | 65% | 75% | 61% | 60% | 89% | 11% | 30%
Ferrari NA | 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% | 61% | 29% | 6% | 18% | 711% | 1% | 6% | 2% | 59% | 29% | 3% | 0% | 0% | 51% | 74% | 53% | 59% | 98% | 0% | 28%
Geely -15% | -14% | 1% | 64% | 30% | 6% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 8% | 0% | 0% | 65% | 75% | 52% | 60% |100% | 0% | 22%
General Motors | -9% | -9% | 1% | 36% | 24% | 5% | 20% | 78% | 0% | 1% | 0% | 59% | 29% | 0% | 0% | 0% | 17% | 75% | 62% | 47% | 65% | 0% | 20%
Honda 8% | -8% | 0% | 75% | 25% | 0% | 14% | 57% | 7% | 21% | 0% | 60% | 25% | 0% | 0% | 0% | 13% | 75% | 66% | 34% |100% | 0% | 10%
Hyundai -14% | -13% | 1% | 710% | 30% | 0% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 63% | 5% | 51% | 60% | 100% | 0% | 29%
Kia -10% | 9% | 1% | 75% | 25% | 0% | 20% | 79% | 0% | 0% | 1% | 60% | 25% | 0% | 0% | 0% | 20% | 75% | 60% | 35% | 100% | 0% | 20%
Lotus NA | 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% | 1% | 55% | 30% | 3% | 14% | 54% | 6% | 23% | 1% | 58% | 30% | 10% | 2% | 0% | 54% | 75% | 53% | 60% | 98% | 0% | 20%
Mitsubishi -15% | -14% | 1% | 60% | 30% | 4% | 17% | 69% | 1% | 11% | 0% | 60% | 30% | 4% | 1% | 0% | 62% | 75% | 51% | 60% | 99% | 0% | 26%
Nissan T% | 6% | 1% | 64% | 29% | 3% | 16% | 64% | 5% | 15% | 1% | 60% | 29% | 4% | 0% | 0% | 51% | 75% | 61% | 57% | 100% | 0% | 24%
Porsche -15% | -14% | 1% | 53% | 30% | 15% | 20% | 79% | 0% | 0% | 1% | 60% | 30% | 30% | 0% | 0% | 65% | 75% | 61% | 60% | 98% | 2% | 0%
Spyker 3% | 2% | 1% | 61% | 30% | 9% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 9% | 0% | 0% | 61% | 75% | 56% | 60% | 100%| 0% | 21%
Subaru -15% | -13% | 1% | 46% | 30% | 0% | 6% | 25% | 12% | 47% | 5% | 56% | 30% | 20% | 4% | 0% | 38% | 75% | 57% | 60% | 96% | 0% | 10%
Suzuki -12% | -11% | 1% | 65% | 30% | 5% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 0% | 0% | 0% | 65% | 75% | 50% | 60% |100% | 0% | 30%
Tata -10% | 9% | 1% | 58% | 30% | 12% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 22% | 0% | 0% | 65% | 75% | 63% | 60% |[100% | 0% | 8%
Tesla NA | 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% | 20% | 3% | 17% | 67% | 2% | 7% | 2% | 57% | 9% | 5% | 0% | 0% | 0% | 71% | 62% | 21% | 94% | 0% | 9%
Volkswagen -14% | -13% | 1% | 63% | 30% | 7% | 20% | 80% | 0% | 0% | 0% | 60% | 30% | 10% | 0% | 0% | 65% | 75% | 54% | 60% | 100% | 0% | 20%
Fleet 9% | 8% | 1% | 57% | 25% | 4% | 18% | 711% | 2% | 7% | 1% | 59% | 24% | 3% | 0% | 0% | 28% | 74% | 60% | 45% | 87% | 0% | 19%
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Chapter 3

Table 3.5-37 Alternative 4- (Cars -20) Fleet Technology Penetration in MY 2021
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Aston Martin_| 16% | 11% | 6% | 7% | 22% | 15% | 0% | 0% | 4% | 73% | 7% | 59% | 30% | 26% | 16% | 15% | 35% | 75% | 24% | 60% | 84% | 0% | 4%
BMW 1% | 9% | 2% | 36% | 30% | 12% | 5% | 21% | 6% | 53% | 7% | 59% | 30% | 12% | 8% | 1% | 49% | 75% | 51% | 59% | 92% | 0% | 18%
Chrysler/Fiat_| 7% | 7% | 0% | 56% | 28% | 2% | 9% | 36% | 11% | 41% | 2% | 59% | 29% | 0% | 0% | 0% | 18% | 75% | 68% | 56% | 86% | 0% | 14%
Daimler 3% | 11% | 3% | 22% | 29% | 13% | 3% | 25% | 4% | 59% | 0% | 59% | 29% | 17% | 9% | 7% | 46% | 75% | 46% | 60% | 88% | 3% | 13%
Ferrari 8% | 3% | 5% | 6% | 22% | 15% | 0% | 0% | 4% | 78% | 2% | 59% | 30% | 26% | 16% | 15% | 35% | 75% | 24% | 60% | 84% | 0% | 4%
Ford 9% | 8% | 1% | 62% | 29% | 3% | 10% | 39% | 9% | 37% | 4% | 59% | 29% | 3% | 0% | 0% | 33% | 74% | 58% | 59% | 95% | 0% | 27%
Geely 3% | 11% | 3% | 31% | 30% | 11% | 8% | 32% | 4% | 45% | 1% | 51% | 30% | 18% | 9% | 4% | 50% | 75% | 43% | 59% | 91% | 0% | 12%
General Motors | 8% | 8% | 0% | 54% | 23% | 3% | 10% | 41% | 10% | 36% | 3% | 58% | 25% | 0% | 0% | 0% | 9% | 75% | 71% | 51% | 80% | 0% | 11%
Honda 4% | 4% | 0% | 65% | 20% | 0% | 4% | 18% | 16% | 52% | 8% | 51% | 12% | 2% | 0% | 0% | 4% | 73% | 74% | 40% | 86% | 0% | 3%
Hyundai 6% | 6% | 0% | 72% | 28% | 0% | 8% | 32% | 12% | 42% | 6% | 56% | 28% | 0% | 0% | 0% | 17% | 75% | 70% | 54% | 100% | 0% | 10%
Kia 4% | 4% | 0% | 78% | 18% | 0% | 6% | 23% | 15% | 49% | 7% | 47% | 10% | 0% | 0% | 0% | 6% | 75% | 74% | 49% | 96% | 0% | 5%
Lotus 4% | 0% | 4% | 0% | 27% | 14% | 0% | 0% | 0% | 45% | 40% | 56% | 30% | 26% | 15% | 15% | 30% | 75% | 36% | 56% | 83% | 2% | 4%
Mazda % | 6% | 1% | 61% | 30% | 1% | 5% | 20% | 12% | 52% | 10% | 59% | 30% | 6% | 2% | 0% | 53% | 75% | 56% | 60% | 98% | 0% | 24%
Mitsubishi | 10% | 9% | 1% | 61% | 30% | 2% | 8% | 33% | 10% | 43% | 4% | 59% | 30% | 5% | 2% | 0% | 59% | 75% | 53% | 60% | 98% | 0% | 25%
Nissan 4% | 4% | 0% | 68% | 29% | 1% | 6% | 22% | 15% | 54% | 3% | 57% | 29% | 2% | 0% | 0% | 18% | 75% | 70% | 58% | 99% | 0% | 14%
Porsche 9% | 5% | 4% | 13% | 25% | 15% | 5% | 19% | 2% | 42% | 20% | 57% | 30% | 29% | 12% | 11% | 38% | 75% | 39% | 60% | 87% | 1% | 1%
Spyker 3% | 9% | 4% | 12% | 29% | 14% | 3% | 11% | 7% | 63% | 5% | 59% | 30% | 23% | 10% | 13% | 38% | 75% | 39% | 59% | 90% | 0% | 7%
Subaru 9% | 7% | 1% | 48% | 30% | 0% | 2% | 6% | 14% | 60% | 15% | 59% | 30% | 18% | 4% | 0% | 28% | 75% | 61% | 60% | 96% | 0% | 12%
Suzuki 3% | 2% | 1% | 42% | 30% | 1% | 5% | 18% | 13% | 53% | 6% | 60% | 30% | 23% | 4% | 0% | 57% | 75% | 61% | 56% | 96% | 0% | 7%
Tata 3% | 10% | 3% | 32% | 27% | 13% | 10% | 40% | 3% | 40% | 0% | 59% | 29% | 24% | 8% | 8% | 49% | 75% | 45% | 59% | 92% | 0% | 6%
Tesla 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% |100%| 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%
Toyota 4% | 4% | 0% | 55% | 10% | 1% | 7% | 29% | 12% | 36% | 5% | 37% | 4% | 11% | 0% | 0% | 0% | 66% | 65% | 17% | 66% | 0% | 4%
Volkswagen | 9% | 6% | 2% | 26% | 30% | 13% | 4% | 16% | 6% | 57% | 7% | 59% | 30% | 20% | 9% | 5% | 48% | 75% | 49% | 59% | 91% | 0% | 10%
Fleet 7% | 6% | 1% | 56% | 23% | 3% | 7% | 30% | 11% | 43% | 5% | 53% | 21% | 6% | 1% | 1% | 18% | 73% | 65% | 47% | 85% | 0% | 11%
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MY 2017 and Later - Regulatory Impact Analysis

Table 3.5-38 Alternative 1- (Trucks +20) Car Technology Penetrations in MY 2025
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Aston Martin | -20% |-12% [8% |0% (0% [29% [0% |0% 0% |76% [1% |77% |29% [27% [23% |22% |5% [100% [5% |77% |77% |[0% |23%
BMW -11% [-10% (2% (8% [62% [20% (0% (0% [0% [85% (6% (91% [75% (1% (9% (0% [21% [100% [41% [91% [91% [0% [49%
Chrysler/Fiat  |-7% |-7% [0% [24% [73% [3% [0% [4% [0% [94% [2% [100% [74% [0% [0% |[0% [0% |100% [98% [100% |[99% [0% |2%
Daimler -15% |-13% (2% [8% |61% |14% |0% |0% |0% [86% [0% |86% |74% |3% [14% |0% |31% |100% [39% |86% |85% |[1% |44%
Ferrari -10% |-3% 8% |0% |0% |5% |0% |0% |0% |[77% |0% |[77% |5% [50% [23% [22% |5% [100% |5% |[77% [77% |[0% |0%
Ford 9% |-8% 1% [23% |68% 4% |0% [29% |0% [64% [5% |98% |72% |1% [0% |0% |12% [99% [69% |98% |95% |[0% |29%
Geely -14% [-12% (2% |7%  [55% [26% (0% [13% (0% [73% (1% [(87% [75% [0% [13% (0% [38% [100% [38% [87% [87% [0% [49%
General Motors |-7% |-71% [0% |29% |65% |3% [0% |6% (0% |88% [6% |100% |68% [0% [0% |0% |[0% [100% |100% |100% |97% [0% |0%
Honda 2% |-2% 0% [28% |60% (0% |0% |[0% |0% [85% [12% |97% |36% |3% [0% |0% 0% |97% [97% |97% [89% |[0% |0%
Hyundai 4% |4% |0% |25% |75% |0% |0% [24% |0% [69% |7% [100% |75% |0% |[0% |0% |0% |100% |100% | 100% | 100% |0% |0%
Kia 3% |-3% 0%  [43% |57% 0% |0% |7% |0% [84% [9% |100% |21% |0% [0% |0% |0% |100% | 100% | 100% | 100% | 0% | 0%
Lotus 3% |0% 3% |T% |[56% |0% [0% [0% |0% [55% [25% [80% [56% |[11% [20% [5% [25% [100% [25% |[80% [80% [0% [39%
Mazda 6% |-5% 1% [23% |75% (0% |0% |[15% |0% |72% [12% |98% |75% |0% (2% |0% |7% [100% [67% |98% |[98% [0% |31%
Mitsubishi 8% |-1% (1% [24% [75% |[0% (0% [16% (0% [78% (4% [(99% [75% (0% (1% (0% (8% [100% [58% [99% [99% (0% [41%
Nissan 3% |-3% |0% |25% |[74% |0% (0% [5% |0% [90% [4% [99% |[74% [1% [0% [0% [0% [99% [89% [99% [99% [0% |10%
Porsche 6% |-2% 4% (2% |60% |9% 0% |0% |0% [62% [15% |77% |69% |2% [23% |5% |22% |100% [22% |77% |77% |[0% |48%
Spyker -16% |-13% |3% |8% |62% |8% |[0% |[0% |0% |[76% [4% [80% |71% [2% [20% [0% [30% [100% [30% [80% [80% [0% |[48%
Subaru 8% |-8% 1% [20% |75% |0% |[0% |0% |0% |76% [18% |95% |75% |0% [5% |0% 0% [100% [75% |95% |95% |[0% |19%
Suzuki 1% (0% (1% (2% [75% (0% (0% (6% [0% [78% [9% [93% [75% [16% (7% (0% (3% [100% [73% [93% [93% (0% (3%
Tata -19% |-16% |3% [0% |32% |38% |[0% |0% |0% [83% [0% |83% |70% |7% [17% |5% |28% |100% [28% |83% [83% [0% |43%
Tesla 0% |0% (0% 0% [0% |0% 0% |0% [0% |0% 0% [0% |0% |0% [100% [0% |0% (0% |0% [0% |0% |0% |0%
Toyota 3% |-3% |[0% [26% [27% |[1% |0% |4% |0% |[74% |7% |84% [19% [16% |[0% |0% |0% [84% |84% |84% |[55% [0% |0%
Volkswagen 8% |-6% (2% |[11% |73% 2% |0% |0% |0% [80% [7% |87% |75% |0% [13% |0% |39% |100% [40% |87% |871% |[0% |47%
Fleet 6% |-5% |0% [24% |[60% [3% [0% [8% |0% [79% |[7% [94% [57% [4% (2% [0% [6% [96% [81% [94% [87% [0% [13%
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Chapter 3

Table 3.5-39 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 | NA
BMW -17% | -16% | 1% | 15% | 65% | 19% | 0% |100% | 0% | 0% | 0% |100% | 75% | 0% | 0% | 0% | 50% |100% | 50% |100% | 100% | 0% | 50%
Chrysler/Fiat 9% | 8% | 1% | 9% | 65% | 8% | 0% | 94% | 0% | 4% | 2% |100%| 73% | 0% | 0% | 0% | 7% |100% | 63% |100% | 83% | 0% | 37%
Daimler 20% | -18% | 2% | 12% | 58% | 23% | 0% |100% | 0% | 0% | 0% |100% | 67% | 0% | 0% | 0% | 50% |100% | 50% | 100% | 92% | 8% | 50%
Ferrari NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA
Ford -10% | 9% | 1% | 15% | 63% | 20% | 0% | 88% | 0% | 8% | 1% | 98% | 73% | 6% | 0% | 0% | 45% | 98% | 49% | 98% | 98% | 0% | 45%
Geely 20% | -19% | 2% | 22% | 72% | 6% | 0% |100% | 0% | 0% | 0% |100% | 75% | 0% | 0% | 0% | 50% |100% | 50% |100% | 100% | 0% | 50%
General Motors | -9% | -8% | 1% | 14% | 53% | 15% | 0% | 98% | 0% | 2% | 0% |100% | 68% | 0% | 0% | 0% | 1% [100% | 70% |100% | 81% | 0% | 30%
Honda -10% | -10% | 0% | 25% | 75% | 0% | 0% | 72% | 0% | 28% | 0% |100% | 75% | 0% | 0% | 0% | 0% |100% | 97% |100% [ 100% | 0% | 3%
Hyundai -13% | -11% | 2% | 25% | 15% | 0% | 0% |100%| 0% | 0% | 0% |100% | 75% | 0% | 0% | 0% | 0% |100% | 50% |100% | 100% | 0% | 50%
Kia -14% | -14% | 0% | 25% | 75% | 0% | 0% | 99% | 0% | 0% | 1% |100% | 75% | 0% | 0% | 0% | 0% |100% | 100% | 100% | 100% | 0% | 0%
Lotus NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA
Mazda 19% | -17% | 1% | 18% | 75% | 0% | 0% | 70% | 0% | 26% | 1% | 98% | 75% | 5% | 2% | 0% | 35% |100% | 56% | 98% | 98% | 0% | 37%
Mitsubishi -18% | -16% | 2% | 22% | 75% | 0% | 0% | 86% | 0% | 12% | 0% | 99% | 15% | 2% | 1% | 0% | 43% |100% | 49% | 99% | 99% | 0% | 48%
Nissan T% | 6% | 1% | 20% | 70% | 9% | 0% | 80% | 0% | 19% | 1% |100% | 75% | 0% | 0% | 0% | 35% |100% | 59% | 100% | 100% | 0% | 41%
Porsche 20% | -18% | 1% | 11% | 61% | 28% | 0% | 99% | 0% | 0% | 1% |100% | 75% | 0% | 0% | 0% | 50% |100% | 50% | 100% | 100% | 0% | 50%
Spyker 4% | 2% | 1% | 15% | 65% | 19% | 0% |100%| 0% | 0% | 0% |100% | 75% | 0% | 0% | 0% | 50% |100% | 50% |100% | 100% | 0% | 50%
Subaru 20% | -18% | 1% | 8% | 75% | 0% | 0% | 32% | 0% | 57% | 6% | 95% | 75% | 12% | 5% | 0% | 16% |100% | 67% | 95% | 95% | 0% | 16%
Suzuki -15% | -14% | 1% | 25% | 75% | 0% | 0% |100% | 0% | 0% | 0% |100% | 75% | 0% | 0% | 0% | 50% |100% | 50% |100% | 100% | 0% | 50%
Tata S13% | -11% | 1% | 9% | 59% | 33% | 0% |100% | 0% | 0% | 0% |100% | 75% | 0% | 0% | 0% | 50% |100% | 50% | 100% | 100% | 0% | 50%
Tesla NA | 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% | 20% | 67% | 8% | 0% | 82% | 0% | 9% | 3% | 94% | 711% | 6% | 0% | 0% | 0% | 94% | 92% | 94% | 94% | 0% | 3%
Volkswagen -18% | -17% | 2% | 19% | 69% | 11% | 0% |100% | 0% | 0% | 0% |100% | 75% | 0% | 0% | 0% | 50% |100% | 50% | 100% | 100% | 0% | 50%
Fleet -10% | 9% | 1% | 17% | 64% | 11% | 0% | 88% | 0% | 9% | 1% | 8% | 2% | 2% | 0% | 0% | 14% | 9% | 1% | 98% | R2% | 0% | 27%
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MY 2017 and Later - Regulatory Impact Analysis

Table 3.5-40 Alternative 1- (Trucks +20) Fleet Technology Penetration in MY 2025
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Aston Martin | -20% | -12% | 8% | 0% | 0% | 29% | 0% | 0% | 0% | 76% | 1% | 77% | 29% | 27% | 23% | 22% | 5% [100% | 5% | 77% | 77% | 0% | 23%
BMW -13% | -11% | 1% | 10% | 63% | 20% | 0% | 26% | 0% | 62% | 5% | 93% | 5% | 1% | 7% | 0% | 29% |100% | 44% | 93% | 93% | 0% | 49%
Chrysler/Fiat 8% | 1% | 0% | 17% | 69% | 5% | 0% | 43% | 0% | 55% | 2% |100% | 74% | 0% | 0% | 0% | 3% |100% | 83% |100% | 92% | 0% | 17%
Daimler -16% | -14% | 2% | 9% | 60% | 16% | 0% | 23% | 0% | 66% | 0% | 89% | 73% | 2% | 11% | 0% | 35% |100% | 42% | 89% | 87% | 2% | 45%
Ferrari -10% | 3% | 8% | 0% | 0% | 5% | 0% | 0% | 0% | 77% | 0% | 77% | 5% | 50% | 23% | 22% | 5% |100% | 5% | 77% | 71% | 0% | 0%
Ford 9% | 8% | 1% | 20% | 67% | 9% | 0% | 48% | 0% | 47% | 4% | 98% | 12% | 3% | 0% | 0% | 22% | 98% | 63% | 98% | 96% | 0% | 34%
Geely -16% | -14% | 2% | 11% | 60% | 20% | 0% | 39% | 0% | 51% | 1% | 91% | 5% | 0% | 9% | 0% | 42% |100% | 42% | 91% | 91% | 0% | 49%
General Motors | 8% | -8% | 0% | 22% | 59% | 9% | 0% | 50% | 0% | 47% | 3% |100% | 68% | 0% | 0% | 0% | 0% [100% | 85% |100% | 90% | 0% | 14%
Honda S5% | 5% | 0% | 27% | 65% | 0% | 0% | 21% | 0% | 68% | 8% | 98% | 48% | 2% | 0% | 0% | 0% | 98% | 97% | 98% | 92% | 0% | 1%
Hyundai 6% | 5% | 0% | 25% | 75% | 0% | 0% | 39% | 0% | 55% | 6% |100%| 75% | 0% | 0% | 0% | 0% |100% | 90% |100% | 100% | 0% | 10%
Kia 5% | 5% | 0% | 39% | 61% | 0% | 0% | 27% | 0% | 66% | 7% [100% | 32% | 0% | 0% | 0% | 0% |100% | 100% | 100% | 100% | 0% | 0%
Lotus 3% | 0% | 3% | 7% | 56% | 0% | 0% | 0% | 0% | 55% | 25% | 80% | 56% | 11% | 20% | 5% | 25% | 100% | 25% | 80% | 80% | 0% | 39%
Mazda S8% | -T% | 1% | 22% | 75% | 0% | 0% | 24% | 0% | 64% | 10% | 98% | 75% | 1% | 2% | 0% | 12% | 100% | 65% | 98% | 98% | 0% | 32%
Mitsubishi -11% | -10% | 1% | 23% | 75% | 0% | 0% | 39% | 0% | 56% | 3% | 99% | 15% | 1% | 1% | 0% | 20% |100% | 55% | 99% | 99% | 0% | 43%
Nissan 4% | 4% | 1% | 23% | 73% | 3% | 0% | 27% | 0% | 69% | 3% | 99% | 75% | 1% | 0% | 0% | 10% | 99% | 80% | 99% | 99% | 0% | 19%
Porsche 9% | 6% | 3% | 4% | 60% | 13% | 0% | 21% | 0% | 49% | 12% | 82% | 70% | 1% | 18% | 4% | 28% | 100% | 28% | 82% | 82% | 0% | 49%
Spyker -14% | -12% | 2% | 9% | 63% | 10% | 0% | 13% | 0% | 66% | 4% | 83% | 11% | 1% | 17% | 0% | 33% |100% | 33% | 83% | 83% | 0% | 49%
Subaru 11% | -10% | 1% | 17% | 75% | 0% | 0% | 7% | 0% | 72% | 15% | 95% | 75% | 3% | 5% | 0% | 4% |100% | 73% | 95% | 95% | 0% | 19%
Suzuki 3% | 2% | 1% | 6% | 75% | 0% | 0% | 22% | 0% | 65% | 7% | 94% | 75% | 13% | 6% | 0% | 11% | 100% | 69% | 94% | 94% | 0% | 11%
Tata -16% | -14% | 2% | 4% | 45% | 36% | 0% | 46% | 0% | 44% | 0% | 91% | 72% | 4% | 9% | 3% | 38% |100% | 38% | 91% | 91% | 0% | 46%
Tesla 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% [100%| 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%
Toyota 4% | 4% | 0% | 24% | 42% | 4% | 0% | 33% | 0% | 50% | 5% | 88% | 38% | 12% | 0% | 0% | 0% | 88% | 87% | 88% | 710% | 0% | 1%
Volkswagen -10% | 8% | 2% | 13% | 72% | 4% | 0% | 20% | 0% | 64% | 5% | 89% | 15% | 0% | 11% | 0% | 41% |100% | 42% | 89% | 89% | 0% | 47%
Fleet T% | 1% | 1% | 21% | 61% | 6% | 0% | 35% | 0% | 56% | 5% | 96% | 62% | 3% | 2% | 0% | 9% | 97% | 78% | 96% | 89% | 0% | 17%
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Chapter 3

Table 3.5-41 Alternative 2- (Trucks -20) Car Technology Penetrations in MY 2025
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Aston Martin | -20% |-12% [8% |0% (0% [29% [0% |0% 0% |76% [1% |77% |29% [27% [23% |22% |5% [100% [5% |77% |77% |[0% |23%
BMW -12% [-9% (2% |5% [51% [20% (0% (0% (0% [79% (5% [84% [72% [7% [16% [0% [34% [100% [34% [84% [84% [0% [43%
Chrysler/Fiat  |-9% |-7% [1% [18% [73% [3% [0% [4% [0% [91% [1% [9%6% [75% [3% [4% |[0% [3% |100% [49% [96% |[9%6% [0% |[45%
Daimler -15% |-13% |3% [6% |56% |14% |0% |0% |0% [80% [0% |80% |70% |4% [20% |1% |29% |100% [29% |80% |79% |[1% |46%
Ferrari -10% |-3% 8% |0% |0% |5% |0% |0% |0% |[77% |0% |[77% |5% [50% [23% [22% |5% [100% |5% |[77% [77% |[0% |0%
Ford -11% |-9% 1% [14% |70% 4% |[0% [29% |0% [62% [4% 